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Structured Abstract 
 
Objectives: To create a systematic synthesis of the published evidence about the prevalence of 
eight geriatric syndromes and their association with survival and institutionalization, and to 
provide a review of models that report survival in elderly populations.  
 
Data Sources: Original epidemiologic studies were sought from several databases to identify 
articles published in English from January 1, 1990 to April 25, 2010. 
 
Review Methods: We identified studies of multiple morbidities, mild cognitive impairment, 
frailty, disability, sarcopenia, malnutrition, homeostenosis (i.e., impaired homeostasis), and 
chronic inflammation in the general elderly population and age, race, and sex subgroups. We 
developed standardized forms using different definitions of these syndromes and abstracted 
prevalence of the syndromes. Multivariate adjusted risks of mortality and institutionalization for 
elderly patients with syndromes were abstracted to calculate remaining life expectancy. Pooled 
analyses were conducted with random effects models. Statistical and decisionmaking models 
were appraised for content, simplicity, and validation.  
 
Results: Of the 2,377 publications retrieved, 509 publications of 123 studies were eligible for 
review. Definitions varied within each syndrome and overlapped across all syndromes. 
Prevalence estimates increased with age. African Americans had higher prevalence of multiple 
morbidities, frailty, malnutrition, and disability when compared to Caucasians. Evidence on 
other minority subgroups was sparse. All syndromes were associated with increased risk of death 
and institutionalization. A negative association between prevalence of a syndrome and its effect 
on survival was evident across all syndromes. Impaired homeostasis and dementia were 
associated with the lowest survival among elderly persons when compared to the general 
population. In the young-old, ages 65–74 years, those with homeostenosis, poor health, or 
advanced dementia suffered significant decreases in predicted life expectancy. The syndromes 
affected the likelihood of death more among the young-old. In those older than age 90 years, the 
added value of factoring in conditions and syndromes to evaluate the link to mortality beyond 1 
year was minimal. Complexity was not associated with better mortality models in elderly 
persons. 
 
Conclusions: Syndromes are not independent; definitions and prevalence estimates overlap 
substantially. Some minority subpopulations had higher prevalence of the syndromes. Less 
inclusive definitions had lower prevalence but were better predictors of outcomes. Complex 
mortality models added less benefit to simpler models that included age, specific diseases, and 
impact on overall health and functioning. For younger old persons, syndromes most strongly 
linked to mortality were homeostenosis, poor health, and dementia.  
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Executive Summary 
 
Geriatric syndromes can lead to age-related decline in well-being among elderly adults.1,2 The 
signs and symptoms encompassed by geriatric syndromes span multiple physiological systems 
related to functional dependency.3,4 A number of syndromes identified by longitudinal studies 
are associated with reduced function, quality of life and survival, and an increased risk of 
institutionalization.5-8 However, variations in syndrome definitions make systematic discussion 
of their effects difficult.  
 
Routine clinical practice includes assessment of age-related chronic diseases based on accepted 
diagnostic criteria. In contrast, comprehensive geriatric assessment goes beyond examination for 
chronic diseases and focuses on functional independence in daily activities and optimal 
interventions to improve functional status and quality of life.9 Indeed, comprehensive geriatric 
assessment emphasizes functional status as a major quality of life factor for older adults.10  
 
Quality of life improvements for older adults require addressing geriatric syndromes in addition 
to managing chronic disease.11 A geriatric syndrome‘s definition, along with its combination 
with any chronic disease, affects the syndrome‘s association with patient-centered outcomes, 
including quality of life, institutionalization, and survival.12-14 Certain factors are long known to 
affect patient-centered outcomes. For example, the persistently strong association between self-
assessed health status and patient-centered outcomes remains a marvel.15 Similarly, dependency, 
defined as deficiencies in activities of daily living (ADLs), also associates strongly with patient-
centered outcomes.16 Systematic reviews have yet to examine other syndromes such as cognitive 
impairment, frailty, poor nutrition status, or chronic inflammation for prevalence or association 
with institutionalization and survival. 
 
This review examines what is known about common geriatric syndromes and their effect on the 
clinical course of older patients. Our analysis examines the extent to which varying definitions of 
each syndrome can affect determination of its prevalence and its association with patient-
centered outcomes. In general, we anticipate a reciprocal relationship; the more inclusive the 
definition, the higher the prevalence. However, inclusivity should make the variable less 
predictive of adverse outcomes. More encompassing definitions or those with lower thresholds 
will inevitably raise prevalence estimates and be less precise in their predictive power than more 
stringent definitions with higher cut scores. For example, Manton applied ADL- and instrumental 
activities of daily living (IADL)-related measures for disability to describe a pattern of decline in 
prevalence over two decades.17 Systematic criteria to define multisystem complex geriatric 
syndromes are needed.1 
 
Meanwhile, multiple operational definitions of the syndromes presented a challenge to 
summarizing the research on their prevalence and predictive power. Frailty, especially, persists 
as an elusive concept, despite efforts at consensus conferences on the topic.18-21 Frailty may be 
viewed as a specific phenotype or as an index of deficit accumulations.22,23 However, despite 
problems of definition and measurement, frailty demonstrates a potent association with 
outcomes. Different indices derived from frailty measures have shown associations with adverse 
events.24 Likewise, increasing frailty is typically associated with adverse events.25 Frailty and 
related components (such as ADL dependency, delirium, malnutrition risk, and comorbidity) are 
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linked to increased mortality risk.26 More deficit accumulation is associated with worse 
outcomes.13 Frailty predicts mortality even after consideration of the effects of clinical and 
subclinical disease.27 Frailty‘s predictive capacity also seems to hold up among various 
populations in different countries.28 
 
Syndromes are also not independent; definitions and prevalence estimates overlap considerably. 
For example, sarcopenia is associated with frailty, but some view the former as a dimension of 
the latter.29-31 Frailty is associated with comorbidity and disability, although efforts to distinguish 
the latter emphasize frailty‘s multisystem dysfunction and instability.

32,33 Various geriatric 
conditions (such as cognitive impairment, falls, and ADL dependency) are associated with 
disability.34 Polypharmacy may indicate multiple morbidities, but overzealous prescription may 
also be a factor.35 Research suggests that inflammatory cytokines play a substantial role in age-
related disease.36 Thus, separating the syndromes presents another challenge. 
 
This report was commissioned by the U.S. Preventive Services Task Force (USPSTF) as 
background material to help them understand the impact of geriatric syndromes on well-being. 
The USPSTF opted not to consider disease as a risk factor for the purposes of this review. Our 
review does not address the suitability of preventing the examined syndromes or altering their 
courses. 
 
The Technical Expert Panel selected geriatric syndromes (but not diseases) for this review 
according to how much each syndrome would affect the enthusiasm of clinicians for 
recommending prevention strategies. We addressed the eight syndromes that were most highly 
rated. 
 
We included original epidemiologic studies that examined prevalence of the eligible syndromes 
in adults older than age 65 years. We defined young-old as ages 65–80 years, elderly as ages 80–

90 years, and very old as ages 90 years and older. We defined age categories the same as they 
were defined in the original studies. 
 
We retrieved 2,377 publications and excluded 1,865 that were not eligible for review. We 
included 509 publications of 123 studies. The majority of the studies were well designed 
prospective cohorts or national surveys conducted in the United States, including the National 
Health and Nutrition Examination Survey (NHANES), the National Health Interview Survey, 
and the National Survey of Self-Care and Aging (76 studies, 62 percent). 
 

Key Question 1. What is the Definition and Prevalence of 
Common Syndromes/Conditions in Older Adults? 

 
Definitions of a given syndrome vary, and the concepts underlying various syndromes overlap. 
For example, frailty measures often include disability and comorbidity. 
 
Multiple Morbidities  
 
The studies used a variety of definitions for multiple morbidities, including number of chronic 
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diseases or conditions, high comorbidity score, polypharmacy, or self-perceived poor health. 
Prevalence estimates varied depending on definitions, with more than 20 percent of older adults 
suffering from multiple chronic conditions. One-third to one-half of older adults take more than 
five drugs. One-third of older adults reported fair or poor health. 
 
Cognitive Impairment 
 
Definitions of cognitive impairment varied. The most common definition required subjective 
complaint of memory impairment with objective memory impairment, normal general cognitive 
function, and intact cognitive ADLs/IADLs.37,38 Depending on diagnostic method, prevalence 
(defined as a score of <24 on the Mini-Mental State Examination [MMSE]) varied from 10.6 to 
33.1 percent.14,39-45 Studies of the Established Populations for Epidemiologic Studies of the 
Elderly demonstrated that 7.1 percent of the tested elderly had cognitive impairment detected 
with the 10-item Short Portable Mental Status Questionnaire.46-48 Prevalence of self-reported 
cognitive impairment varied from 2.8 to 13.2 percent.49  
 
Prevalence estimates varied substantially in the same study, from 42 percent having self-reported 
memory complaint to less than 1 percent with mild or moderate cognitive impairment or 
questionable dementia.50 The variation in prevalence estimates (concordance from 0 to 24 
percent) indicates that each definition identified a unique group, and total prevalence of mild 
cognitive impairment without dementia may exceed 50 percent of community-dwelling older 
adults.50  
 
Prevalence of dementia did not exceed 8 percent in persons older than age 65 years, but this 
estimate can be misleading because of substantial variation in prevalence across age subgroups. 
 
Frailty 
 
Wide variances in frailty definitions affects prevalence estimates. Using the framework from the 
Interventions on Frailty Working Group, we categorized frailty definitions into two groups: 
phenotype and accumulation of deficits. When the studies accepted the biologic syndrome model 
of frailty with five major criteria, including weight loss, fatigue and exhaustion, weakness, low 
physical activity and slowness, and mobility impairment, we categorized the estimates into 
phenotype definitions.23 When the studies accepted the burden model of frailty, including 
symptoms, diseases, conditions, and disability, we categorized the estimates into the 
accumulation of deficits definition.22 Accumulation deficit indices included up to 75 
components.12,51,52 Separation of these two definition types and estimation of disability in frail 
persons were somewhat artificial. Prevalence was higher when using accumulation of deficits 
(24 percent) than phenotype definitions, such as low physical activity or fatigue (14 percent). 
The overlap in prevalence estimates using different definitions was small. The Health and 
Retirement Study examined prevalence of frailty using different definitions, including phenotype 
and accumulation deficit, and found that 30 percent of elderly people were frail according to at 
least one definition, but only 3 percent according to all three definitions. 
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Disability 
 
The most common definitions of disability included having difficulty with or needing assistance 
with basic activities of daily living (BADLs) or with IADLs. Disability was defined as having 
―any‖ (limitations with one or more activities), ―moderate‖ (limitations with one to two 

activities), or ―severe‖ (three or more activity limitations) disability or having a limitation with 
an individual activity. Definitions were based on self-reported inability and need for assistance to 
perform particular tasks. IADL disabilities were more common than BADL disabilities. 
Reporting of IADL disability ranged in prevalence from 12 to 46.7 percent53-57 compared to 558

 

to 25.6 percent for BADL disability.41,53,55-64  
 
In general, disability prevalence decreased as severity increased. For example, the prevalence of 
severe BADL and severe IADL disability was lower than the prevalence for moderate disability, 
which was lower than having any disability. The order of individual IADLs from most to least 
common was having limitations with driving, housekeeping, personal finances, shopping, meal 
preparation, using the telephone, and medication management. For individual BADL disabilities, 
the hierarchy of most to least common disability was walking, bathing, dressing, transferring, 
toileting, and eating.65  
 
Sarcopenia  
 
Sarcopenia was defined as a loss of skeletal muscle mass owing to any disease or condition.66 
Operational definitions were based on lean body mass relative to skeletal size and total body 
mass. Sarcopenia was defined based on index values within the sex-specific distribution in a 
healthy, younger population67,68 or based on a linear regression modeling the relationship 
between lean mass with fat mass and height. Recently published recommendations from the 
European Working Group on Sarcopenia in Older People defined sarcopenia as the presence of 
both low muscle mass and low muscle function (strength or performance).69 Prevalence 
estimates varied depending on definition from 14 to 60 percent among age, sex, and ethnicity 
categories. Simple relative skeletal muscle index underestimated sarcopenia in obese older 
persons. Residual methods adjusting for fat mass may be a better method to identify sarcopenia 
in overweight and obese older adults. 
 
Malnutrition  

 
Studies defined malnutrition as unintended weight loss70-72 or low body mass index (BMI).46,72-

76 Among biochemical markers, low blood albumin levels,73,75,77 anemia,77,78 and deficit of 
micronutrients79-81 may identify older persons with poor nutritional status. Several studies used 
composite nutritional scores based on self-reported dietary intake and habits to identify elderly 
persons with malnutrition.70,72,82-85 Prevalence estimates varied across definitions and were less 
than 3 percent when defined with low BMI, 6–10 percent with vitamin and micronutrient 
deficit, and 1–5 percent with a low composite nutritional score. The prevalence of low BMI and 
blood albumin level was highest in older American veterans (15 percent). 
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Homeostenosis (Impaired Homeostasis) 
 
Very few studies examined the prevalence of impaired homeostasis in elderly persons. Several 
studies that examined impaired homeostenosis used allostatic load defined by elevated markers 
of chronic inflammation, low albumin levels, impaired creatinine clearance, increased blood 
pressure, hemoglobin A1C, homocysteine, total cholesterol, and triglycerides.86 NHANES defined 
impaired homeostasis using an allostatic load score and found that 1.4 percent of older adults in 
the United States had an allostatic load score of more than 4.86 The Duke Established Populations 
for Epidemiologic Studies of the Elderly defined plasma tonicity as a marker of impaired 
homeostasis46 and found that 10 percent of older adults had increased plasma tonicity.  
 
Chronic Inflammation 
 
Few studies provided information on the prevalence of unspecified chronic inflammation in older 
adults. Elevated C-reactive protein (CRP) was found in 24.4 percent of older adults,87 while 5 
percent had elevated interleukin 6 (IL6), and 5 percent had elevated tumor necrosis factor-
alpha.88  
 

Key Question 2. What is the Prevalence of Common 
Syndromes/Conditions in Older Adults in Sex, Age, Race, 

Ethnicity, and Other Subgroups? 
 

Multiple Morbidities  
 

Prevalence of multimorbid conditions increased with age from 28 percent in adults ages 65 to 74 
years to 37 percent in adults older than age 75 years. Women tended to have a higher prevalence 
than men of having more than three comorbidities (16 to 18.4 percent), polypharmacy (43 
percent), and poor health (7 percent). Prevalence of more than three chronic diseases was higher 
in African American women (13.4 percent) than in Caucasian women (9.5 percent).89 
Inconsistent definitions of outcomes across the studies made comparison of the estimates 
difficult. 
 
Cognitive Impairment 
 
Prevalence of cognitive impairment without dementia increased with age across all definitions 
and studies, from 18.8 percent in adults older than age 75 years90 to 44.1 percent among those 
older than age 90 years.91 Prevalence of dementia also increased with age across all definitions. 
Prevalence of senile dementia increased from 1.6 percent in those age 67.5 years to 36.7 percent 
in those older than age 95 years. Prevalence of Alzheimer‘s disease increased from 0.4 percent in 
those age 67.5 years to 37.4 percent in those older than age 95 years.92,93  
 
Older men and women had comparable prevalence of cognitive impairment. Prevalence of 
cognitive impairment in older men varied from 16 percent to 36 percent.59,94 No age associated 
increase was evident. Prevalence of cognitive impairment in older women varied from 10 to 12 
percent using the Modified Mini-Mental State Examination (3MSE) questionnaire.59,95 
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Prevalence was higher (24 percent) when the authors defined cognitive impairment using an 
MMSE score of <24.42,90,94,96 Prevalence of dementia in older women was consistent across 
different countries, with an evident increase with age, from 0.25 percent in those ages 65–69 
years to 5 percent in those older than age 80 years.97  
 
About 20 to 40 percent of older persons with cognitive impairment developed dementia within 2 
to 5 years of followup.98-100 Several studies demonstrated that older persons with cognitive 
impairment were at higher risk of developing dementia. 
 
Frailty 
 
Prevalence of frailty increased with age but differed within age subgroups depending on 
definitions. Prevalence of frailty in those ages 65 to 70 years ranged from 3 to 6 percent, using a 
phenotype definition, to 5 to 15 percent using an accumulation deficit definition.23,101-104 
Prevalence among those ages 70 to 80 years varied from 5 to 12 percent, according to a 
phenotype definition, to 8 to 17 percent according to accumulated deficits.22,23,101,104,105 
Prevalence was more than 16 percent in those older than age 80 years according to any 
definition.23,101-104 
 
Among race groups, African Americans had the highest prevalence of frailty across different 
definitions. More than half of older African Americans were frail according to two 
studies.23,104,106,107 Two studies examined the prevalence of frailty in older Hispanics and 
reported that 8 to 20 percent met different frailty criteria.104,108 Prevalence of frailty in older 
Caucasians varied from 6 to 12 percent, using a phenotype definition, to 15 to 40 percent using 
an accumulation deficit definition.23,104,107,109 The large cohort studies of predominantly older 
Caucasians in the Survey of Health, Aging and Retirement in Europe demonstrated that 17 
percent were frail according to phenotype criteria.110 
 
Among sex groups, prevalence of frailty was somewhat higher in women than in men, and 
increased with age in both sexes. Prevalence of phenotype frailty was 7 percent in older men, and 
accumulation deficit frailty was 24 percent.23,103-105,107,109,111-115 
 
Prevalence was higher in aging African American and Hispanic men compared to Asian or 
Caucasian men.23,113,116 Prevalence of phenotype frailty in older women was 13 percent, and 
accumulation deficit frailty was 26 percent.23,24,103-105,107,109,111,115-117 African American women 
had the highest prevalence of frailty, with 60 percent of adults older than age 85 years being 
frail.23,116 
 
Disability 
 
In general, women had higher rates of BADL disability than men. However, as the severity of 
disability increased, the prevalence for women and men became similar (i.e., 7.0 percent for 
severe BADL disability118 and 1.2 percent for eating disability119,120). Few studies reported sex 
differences in IADL disabilities. The prevalence of any IADL disability was higher in women 
than men.121 One study described changes in the prevalence of any IADL disability over 6 years 
between men and women.121 More women reported an IADL disability than men at any time 
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period, but showed less change over time. In terms of individual IADL disabilities, more women 
had difficulty with housekeeping and meal preparation than men but less difficulty with 
shopping.119,122 
 
Only two studies reported the prevalence of any BADL disability by ethnic group, and one study 
enrolled only older Hispanic Americans.41,60,62 The prevalence of any BADL disability, in order 
of highest to lowest, was African Americans (13.6 percent), American Indians (11.6 percent), 
Hispanic Americans (11 percent),41 and Caucasians (8.1 percent).62 Racial differences persisted 
after accounting for sex. Older African American women had the highest prevalence of having 
any BADL disability (10.7 percent), followed by African American men (7.5 percent), Caucasian 
women (5.2 percent), and Caucasian men (4.7 percent).60 There were no racial differences in 
eating disabilities.119 
 
Two studies reported age differences in the prevalence of BADL disability.59,118 Reporting any 
disability and moderate disability was more prevalent in the oldest age groups and in older 
women. The prevalence of severe BADL disability ranged from 10 to 11 percent in people ages 
80 years and older, was 6 percent in those ages 65 to 74 years, and did not differ significantly by 
sex.118  
 
Sarcopenia 
 
Prevalence of sarcopenia increased with age.68,123 Older African Americans had significantly 
lower odds of sarcopenia when compared to older Caucasian Americans.123 Odds of sarcopenia 
did not differ between Hispanic and non-Hispanic whites.68 
 
Malnutrition 
 
Age and sex differences in malnutrition were not consistent across the studies. Pooled prevalence 
of poor nutritional score was 18.3 percent in older men and 24 percent in older women. Women 
had a lower prevalence of decreased albumin levels77 but higher prevalence of low BMI.  
 
Older African Americans had a significantly higher risk of malnutrition, defined as unintentional 
weight loss, compared to older Caucasian persons.71 Prevalence of anemia did not differ among 
Caucasians and non-Caucasians.78 Prevalence of unintentional weight loss did not differ in 
Hispanics and non-Hispanics.72 Older Hispanic women had a higher prevalence of poor 
nutritional scores compared to non-Hispanic women (30 percent vs. 17 percent, respectively).72 
 
The studies did not report prevalence of homeostenosis and chronic inflammation in older 
subpopulations. 
 

Key Question 3. What is the Association Between These 
Common Syndromes/Conditions and Mortality, 

Institutionalization, Hospitalization, and Activities of Daily 
Living? 
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We analyzed the association between outcomes and each syndrome and across all syndromes to 
identify links to mortality. Estimates of association varied depending on definitions of 
comorbidities, population subgroups, definitions of outcomes, and adjustment for correlated 
contributing factors. Not all analyses addressed the multifactorial nature of geriatric syndromes 
and the role of baseline diseases. For example, disability was an outcome but also a part of the 
definition of frailty. Adjustment for correlated multifactorial syndromes that ignored definitive 
primary cause of disability or death may give invalid estimation of the association between 
syndromes and mortality. No studies separately examined age and specific disease contributions. 
 
Multiple Morbidities 
 
We observed a consistent and significant positive association between multiple morbidities and 
mortality across the studies. Older persons with multiple morbidities had a 32 to 112 percent 
relative increase in death compared to those without multiple morbidities.39,124-129 The magnitude 
of the association was dose responsive, with an 85 percent relative increase in mortality for those 
with four to five diseases and 112 percent among those with six or more chronic conditions.39,124-

129 The magnitude of the association decreased with time of followup, from a 100 percent 
relative increase at 10 years (odds ratio [OR], 2 [95% confidence interval (CI), 1.4–2.8]) to a 59 
percent increase at 15 years of followup (OR, 1.6 [95% CI, 1.1–2.3]).125 However, this may be a 
statistical reflection of a greater denominator as outcomes accrue over time. 
 
Polypharmacy was significantly associated with mortality in two studies, with evidence of a dose 
response.54,130 Those with poor health had an increased risk of death in all studies that examined 
the association.27,103,131 
 
The Longitudinal Study of Aging demonstrated a positive significant association between 
multiple morbidities and institutionalization.128 Those with poor health had a 10 to 80 percent 
relative increase in institutionalization.8,103,132  
 
Older adults with multiple morbidities had increased odds of hospitalization (OR, 1.7 [95% CI, 
1.1–2.9]).133 The association with hospitalization was dose responsive.126 The relative increase in 
odds of hospitalization was 37 percent in those with morbidity scores of 3 versus ≤2, 46 percent 

in those with scores of 4–5 versus ≤2, and 94 percent in those with scores of ≥6 versus ≤2.
126  

 
Polypharmacy was significantly associated with hospitalization.133,134 The Medicare Risk 
Demonstration cohort reported a 190 percent increase (OR, 2.9 [95% CI, 2.2–4.1) in odds of 
hospitalization among those with more than five prescriptions compared to those with fewer than 
five concurrent drugs.133 The Longitudinal Study of Aging reported a significant increase in risk 
of hospitalization among older adults with poor health.135-140 
 
We concluded that multimorbid conditions and poor perceived health demonstrated a strong 
association with mortality. Poor perceived health was a strong predictor of institutionalization. 
The number of chronic conditions, polypharmacy, and poor perceived health was associated with 
hospitalization. 
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Cognitive Impairment 
 
Cognitive impairment was associated with a significantly higher risk of mortality in all studies 
that examined this association. The largest relative increase of 250 percent in women and 280 
percent in men was found in the Canadian Study of Health and Aging, which defined cognitive 
impairment as a score of <78 on the 3MSE scale.141,142 There was dose response association, 
with a 4 percent relative increase in mortality for each decrease by 1 point on the 
MMSE.39,44,54,143-148 The studies that estimated relative risk ratio (RR) or hazard rate ratio (HR) 
found a 37 percent39,54 and a 61 percent44,147 relative increase in risk of death, respectively. 
 
Older women (pooled RR, 1.4 [95% CI, 1.11–1.7]) but not men (pooled RR, 1.2 [95% CI, 0.8–

1.8]) with MMSE scores of <24 had a significant risk of death.39,94 Both men and women with 
severe cognitive impairment, defined as an MMSE score of <18, were at higher risk of death. 
 
Dementia was associated with a significantly higher risk of mortality in the majority of the 
studies that examined this association.149 Overall, dementia was associated with a 163 percent 
relative increase in odds of death (pooled OR, 2.6 [95% CI, 2.2–3.2]). 
 
Cognitive impairment was associated with a significant risk of institutionalization in the majority 
of the studies that examined this association. For cognitive function measured with MMSE, the 
association was dose responsive and significant even within the normal ranges of the scale. Older 
persons had a higher relative increase in institutionalization of 9 percent per each 1-point 
decrease on the MMSE.145 Those with dementia were at a significant risk of institutionalization 
in several large studies, including the Medicare Current Beneficiary Survey (OR, 34.9),150 the 
Canadian Study of Health and Aging (OR, 36.3),151 and the Marshfield Epidemiologic Study 
Area (HR, 5.1).152 
 
We concluded that older persons with cognitive impairment had a higher risk of mortality and 
institutionalization. Magnitude of the association varied depending on the country, age, and sex 
of the participants, definitions of the cognitive impairment, and statistical estimates. 
 
Frailty 
 
Frailty was associated with mortality across a number of studies with varying 
definitions.14,23,111,115,148,153-156 The strength of the association was cumulative157 and dose 
responsive,14,156 with a greater risk among those with increasing numbers of frailty 
components.14,156 The association generally persisted over longer followup periods.23,156 
 
The association was significant in men and women. Frail men had a relatively greater risk of 
death of 105 to 251 percent according to phenotype definitions and of 65 to 356 percent 
according to accumulation deficit definitions.113,114,158,159 Frail women had increased mortality 
across different studies and definitions of frailty.158-160  
 
Frailty was associated with an increased risk of institutionalization155,160 and 
hospitalization.14,28,161 The studies demonstrated a 29 percent relative increase in risk161 and a 41 
to 345 percent relative risk14,161 in odds of hospitalization.  
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Disability 
 

Disability and hospitalization. The statistically significant association between disability and 
hospitalization was demonstrated in four studies (adjusted relative measures of association 
ranged from 1.8 to 16.0).136,137,162,163 Risk of hospitalization depended on the definition of 
disability, and, in general, risk increased along with the severity of disability. Older people who 
had any BADL (defined as having one or more BADL dependencies) had the lowest risk of 
hospitalization. Those with severe BADL disability (defined as having three or more BADL 
dependencies) had the highest risk. The risk for women was also greater than the risk for men. 
The manner in which BADL disability develops appears to influence the risk for hospitalization. 
Older people who experienced catastrophic severe disability (defined as the sudden onset of 
three or more BADL disabilities when no BADL disabilities existed before) were 16 times more 
likely to be hospitalized than those who had moderate BADL disability.163 When ADL disability 
was measured on a continuous scale, the risk for hospitalization was not statistically significant, 
nor was it significant when measured as having any BADL or IADL dependencies.  
 
Disability and risk of death. In general, older people with BADL disabilities were at higher risk 
for death (OR range, 1.9–86.8) than those with IADL disabilities (OR range, 1.5–6.6) when 
compared to those without disability. Those with more BADL disabilities had a higher risk of 
death than those with fewer BADL disabilities. Severe BADL disabilities were associated with 
the highest risk of death,128,164 followed by moderate BADL disabilities.128,164 The lowest risk of 
death occurred when any BADL disability was reported.162 The risk of death associated with 
individual BADL disabilities was not reported in the studies, with one exception. The risk for 
death at 48 months doubled for older people with bathing disabilities.53 The risk of death 
associated with IADL disabilities was highest when any IADL disability was reported.128,164 
Those with severe IADL disability had slightly higher risks of death (OR range, 1.6–2.2) than 
those with moderate IADL disabilities (OR range, 1.5–1.7). Those with difficulty managing 
personal finances were twice as likely to die as those without this disability.53 When disability 
was measured on a continuous scale, the per one-point increase in the disability score and the 
risk of death were the same whether the scale measured BADL, IADL, or BADL/IADL 
disability. Men with BADL disabilities had slightly higher risks of death than women.64 
Caucasian men and women who were unable to prepare a meal had higher risks of death than 
African American men and women.119 Women suffer greater discrepancies in years of expected 
active life remaining than men if they have a BADL/IADL disability.40 In summary, older people 
with the most severe BADL disabilities had the highest risks of death. No studies examined how 
individual BADL and IADL disabilities increase the risk of death. Women fared worse than men 
in terms of expected active life remaining, but men with BADL disabilities had slightly higher 
death rates than women with BADL disabilities. Older Caucasian people were more likely to die 
than older African American people if they reported difficulty with preparing meals. Few studies 
reported differences in death rates between men and women or between older people of different 
ethnicities who have disabilities.  
 
Sarcopenia 
 
Limited evidence indicates that sarcopenia was associated with significantly higher odds of 
multiple disabilities68 but not mortality.165 
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Malnutrition 
 
The association between malnutrition and mortality was consistent across the studies and 
different definitions of malnutrition.70,71,83,166-169 Low BMI166,167 and malnutrition identified using 
the Mini Nutritional Assessment70 were the strongest predictors for mortality. 
 
Among biological markers that may be related to malnutrition, red cell distribution width (RDW) 
demonstrated strong and significant association with mortality in all examined age, sex, and race 
subgroups in a meta-analysis of individual subject data from seven community-based studies of 
11,827 older adults.79 Red cell distribution was associated with mortality, however, in those with 
iron, folate, and/or vitamin B12 deficiencies (adjusted HR for 1 percent increment in RDW, 1.2 
[95% CI, 1.1–1.2]), as well as in those without these deficiencies (adjusted HR for 1 percent 
increment in RDW, 1.2 [95% CI, 1.2–1.3]).79 Routinely measured as a part of the complete blood 
count, a red cell distribution width of >15 percent was associated with a 151 percent relative 
increase in risk of death (HR, 2.5 [95% CI, 2.2–2.9]).79 Very low albumin levels and very high 
pre-albumin levels (transthyretin >316mg/L or <258mg/L) were associated with increased 
mortality.167,170  
 
Several studies analyzing composite measures of malnutrition and chronic inflammation found a 
significant positive association with mortality. Those with the highest levels of alpha-1-acid 
glycoprotein and the lowest levels of transthyretin had the highest risk of death, with a 364 
percent relative increase in women and a 586 percent relative increase in men.170 Elevated 
composite measure of chronic inflammation and poor nutritional status was associated with an 
increased risk of death in older men but not women.170 
 
Homeostenosis (Impaired Homeostasis) 
 
Individual studies demonstrated a significant association between disability, mortality, and 
indicators of impaired homeostasis. The association of impaired homeostasis with clinical 
outcomes varied depending on the definitions of the exposure and population studied. Unstable 
BMI (HR, 1.3 [95% CI, 1.0–1.8]), pulse pressure (HR, 1.3 [95% CI, 1.0–1.7]), and fasting 
plasma glucose (HR, 1.6 [95% CI, 1.2–2.1]) were associated with a greater risk of mortality in an 
Italian cohort.171 The MacArthur Studies of Successful Aging demonstrated a significant 
association between increased allostatic load and mortality.124,172,173 The same study found a 27 
percent relative increase in the odds of death (OR, 1.3 [95% CI, 1.0–1.5]) in those with an 
elevated stress hormone index.124 Consensus around the operational definition of homeostenosis 
and its biomarkers is necessary for a better interpretation of the results. 
 
Chronic Inflammation 
 
Studies consistently found positive significant associations between chronic inflammation and 
mortality. Among common definitions of chronic inflammation, elevated IL6 and CRP were 
associated with higher mortality. Those with elevated IL6 levels had a 42 percent relative 
increase in death (pooled RR, 1.4 [95% CI, 1.2–1.7]).124,174-177 Those with elevated CRP had a 42 
percent relative increase in death (pooled RR, 1.4 [95% CI,1.3–1.6]).87,124,129,166,167,170,174,177-179 
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Among other individual markers of chronic inflammation, the strongest association with 
mortality was demonstrated for a combination of elevated CRP with low albumin (HR, 5.0 [95% 
CI, 2.3–11.0])170 or with elevated fibrinogen levels (HR, 9.56 [95% CI, 4.34–21.1]).178 
 
We found no studies that examined the association between chronic inflammation and 
institutionalization or hospitalization. 
 
Key Question 4. What Statistical and Decisionmaking Models 

Report Mortality Based on These Common Geriatric 
Syndromes/Conditions? 

 
Models reporting mortality vary by complexity, by selection of predictors, and by time course. 
We found 28 studies that described prognostic indices for mortality in older adults. Previous 
indices are complex, time consuming, or have a lack of clinical applicability. However, recent 
studies have been designed to develop and validate easy-to-use indices using information readily 
available from administrative data, laboratory data, diagnoses, or self-reported health status data. 
Some indices were created for certain segments of the population (e.g., hospitalized elderly,26,180-

183 community dwellers,4,23,27,148,155,184-188 or older individuals with acquired mental disorders).189 
Others have been developed with the use of nationally representative samples.53,186,187,190 While 
the majority of studies have been conducted in the U.S. population ages 50 years and older, a few 
have been done in European countries14,134,180,189,191,192 and Canada.155,193,194 
 
To examine overall effects of different syndromes on mortality in adults older than age 65 years, 
we estimated numbers of deaths per 1,000 from individual studies that provided death rates 
among persons with and without different syndromes (Table 1).195 We estimated that among frail 
older persons, 459 per 1,000 died within 1–2 years of followup.182,187 Disability in basic ADLs 
and IADLs were the strongest predictor of mortality.196 
 
Within 3 years, 500–600 older persons with malnutrition, 351 with cognitive impairment, and 
534 with severe dementia died per 1,000 older persons.189,197,198  
 
Within 5 years, 490 elderly persons with malnutrition, 513 with frailty, 530 with elevated CRP, 
and 827–941 with vascular dementia died per 1,000 older persons.70,91,141,186 Frailty and cognitive 
impairment were associated with 400–800 deaths per 1,000 during more than 5 years of 
followup.23,148,199 Such estimations may not reflect mortality in age, sex, or race subgroups but 
demonstrate a burden of geriatric syndromes.  
 

We also estimated population risk of mortality attributable to geriatric syndromes (Table 2). 
When population prevalence and multivariate adjusted relative risks were taken into account, 
more than 7 percent of deaths were attributable to multiple morbidities and elevated CRP. We 
estimated that 3 to 5 percent of deaths among older persons could be delayed by preventing 
frailty; prevention of mild cognitive impairment could delay 5 to 6 percent of deaths. Overall, 
around 26 percent of deaths in older persons can be attributed to geriatric syndromes. 
Conversely, having these syndromes affects the likelihood of benefitting from preventive 
interventions. 



 

Common Syndromes in Older Adults  ES-13 Minnesota Evidence-based Practice Center 

The prevalence and risk of mortality and institutionalization were almost inversely related. The 
prevalence of accumulation deficit frailty (which uses many components) was higher than 
phenotype frailty (which uses only a few components). The relative risk of mortality and 
institutionalization was higher for phenotype frailty (Figure 1). The same negative association 
was seen for more severe forms of the same syndrome. Prevalence of severe cognitive 
impairment and dementia were lower, but risk of mortality was higher when compared to mild 
cognitive impairment (Figure 2). A negative association between the prevalence of a syndrome 
and its effect on mortality was evident across those syndromes in which the more restricted 
definition defines a more severe state (Figure 3). 
 
We estimated remaining life expectancy in individuals with syndromes using Centers for Disease 
Control and Prevention United States Life Tables and the relative risk of death from pooled 
analyses and individual studies. Increased levels of allostatic load (impaired homeostasis) and 
dementia were associated with the lowest survival among older persons when compared to the 
general U.S. population. The data shown in Figure 4 represent a merger of several data sets to 
yield general trends. The influence on survival of some factors is much greater than others. Poor 
health, malnutrition, and allostatic load (poor homeostasis) exert twice the influence of factors 
such as comorbidity and frailty. The size of the effect differs by age (and thus expected life 
expectancy) (Table 3). Relative risk is likely more useful than population attributable risk. In the 
young-old, ages 65–74 years, only the very few who are very ill (e.g., homeostenosis, poor 
health, or advanced dementia) or frail suffer significant alterations in predicted life expectancy. 
From ages 75–90 years, maximal heterogeneity of disease and geriatric syndromic states result in 
larger mortality deviations from unafflicted individuals than seen in other age groups. In the old-
old, particularly past age 90 years, the added value of factoring in conditions and syndromes to 
predict mortality beyond 1 year is minimal. 
 
Models reporting mortality vary by complexity, by selection of predictors, and by time course. 
Some models strive for simplicity, with few predictors that are easily measured, much or all of 
which could be gained by culling administrative data. Other much more complex models rely on 
data gathered from clinician and/or patient assessments. For purposes of anticipating the benefit 
of preventive services, a simpler approach, based on some crude classifications around average 
life expectancy (based on age and sex), serves better than more complex models.  
 
Geriatrics teaches that age is a good general predictor, but great care is needed to look within 
older people to distinguish other risk factors. In this case, the evidence for added benefit from 
factoring in syndromic information is mixed; syndromic information is helpful for younger old 
persons, but adds little insight for the very old. The most potent predictors are the rarest 
syndromes. Absolute risk differences and remaining life expectancy in comparison groups 
should be taken into consideration when analyzing predictive value of syndromes in different age 
subgroups. 
 
Some basic relationships hold regardless of the measure used. They can be summarized as 
follows: 

 Simple disease-based measures, such as number of comorbid illnesses or measures of 
inflammation, add modestly to the relative risk of mortality provided by age and sex 
alone but account for a more population-based mortality burden due to their high 
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prevalence. 
 Advanced dementia is one specific condition that confers significantly added mortality 

risk. 
 More complex syndromic measures, such as those assessing frailty or incorporating 

functional status (e.g., allostatic load and dementia), better capture increased mortality 
risk (indicated by higher relative risk) than simpler measures, as they more selectively 
identify the relatively few (indicated by lower population attributable risk) sickest 
patients most likely to experience deterioration in health and death. 

 Simpler measures that reflect the severity of individual diseases, such as indicators of 
advanced dementia, or the overall impact of multiple conditions, such as assessments of 
overall health, also identify the fewer and sicker patients at higher risk of mortality. 

 
In conclusion, complex mortality models add comparatively little understanding to more simply 
measured and calculated models. Measures of the impact of conditions and syndromes on overall 
health and functioning provide greater discrimination among individual patients for assessing 
mortality risk. Mortality predictors appear to be relatively consistent across short- and long-range 
models. The greatest added advantage of mortality models over simple remaining life expectancy 
was observed among patients ages 75 to 90 years. No models considered psychosocial factors, such 
as resilience, or the role and quality of health care for elderly patients with syndromes. 
Decisionmaking models are based on various assumptions and simulation techniques that need 
careful sensitivity analysis and validation.  
 
Our review does not address the extent to which the presence of a syndrome adds predictive 
power over and above the presence of specific diseases. It seems likely that the syndromes 
represent intermediate states between the disease and mortality, but their specific additive 
explanatory power remains unknown. For clinicians, the syndromes offer summative approaches 
that can help in some instances to improve the estimate of the risk of mortality. 
 
Ideally, we would consider other outcomes besides mortality, but the measures used present 
large problems of endogeneity. Measures of frailty and disability contain elements central to 
quality of life. They also frequently provide the basis for institutionalization. 
 
All syndromes had overlapping definitions or closely related pathophysiology. The multifactorial 
interactive nature of syndromes should be analyzed with interaction models rather than 
adjustment. The majority of the studies, however, provided multivariate adjustment for known 
confounding factors, causes of death, and presence of other syndromes. The models that 
analyzed the association between syndromes and mortality grouped primary causes of death into 
larger categories of cancer or cardiovascular diseases to adjust for them. The syndromes 
associated with decompensated chronic diseases, including inability to maintain homeostasis, 
poor general health, or low BMI, had the strongest association with mortality and 
institutionalization. 
 
Evidence suggests that, despite differences in definitions, common geriatric syndromes can be 
examined and constructed from a variety of different measures. By almost all definitions used, 
evidence suggests a considerable disease burden as population age increases. Evidence about 
how geriatric syndromes may modify the efficacy of preventive or other interventions is needed 
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but was outside of our scope. Future research should examine effectiveness of screening, 
preventive treatment, and disease management strategies in elderly adults with common geriatric 
syndromes.  
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Chapter 1. Introduction 
 

Geriatric syndromes can lead to age-related decline in well-being among elderly adults.1,2 The 
signs and symptoms encompassed by geriatric syndromes span multiple physiological systems 
related to functional dependency.3,4 A number of syndromes identified by longitudinal studies 
are associated with reduced function and quality of life and increased risk of institutionalization 
and mortality.5-8 However, variations in syndrome definitions make systematic discussion of 
their effects difficult.  
 
Routine clinical practice includes assessment of age-related chronic diseases based on accepted 
diagnostic criteria. In contrast, comprehensive geriatric assessment goes beyond examination for 
chronic diseases and focuses on functional independence in daily activities and optimal 
interventions to improve functional status and quality of life.9 Indeed, comprehensive geriatric 
assessment emphasizes functional status as a major quality of life factor for older adults.10  
 
Quality of life improvements for older adults require addressing geriatric syndromes in addition 
to managing chronic disease.11 A geriatric syndrome‘s definition, along with its combination 
with any chronic disease, affects the syndrome‘s association with patient-centered outcomes, 
including quality of life, institutionalization, and mortality.12-14 Certain factors are long known to 
affect patient-centered outcomes. For example, the persistently strong association between self-
assessed health status and patient-centered outcomes remains a marvel.15 Similarly, dependency, 
defined as deficiencies in activities of daily living (ADLs), also associates strongly with patient-
centered outcomes.16 Systematic reviews have yet to examine other syndromes, such as cognitive 
impairment, frailty, poor nutrition status, or chronic inflammation for prevalence or association 
with institutionalization and mortality. 
 
This review examines what is known about common geriatric syndromes and their effect on the 
clinical course of older patients. Our analysis examines the extent to which varying definitions of 
each syndrome can affect determination of its prevalence and its association with patient-
centered outcomes. In general, we anticipate a reciprocal relationship; the more inclusive the 
definition, the higher the prevalence. More encompassing definitions or those with lower 
thresholds will inevitably raise prevalence estimates and be less precise in their predictive power 
than more stringent definitions with higher cut scores. For example, Manton applied ADL- and 
instrumental activities of daily living (IADL)-related measures for disability to describe a pattern 
of decline in prevalence over two decades.17 Our review synthesizes the evidence for the 
following research questions.  
 

Key Questions 
 
Key Question 1. What is the definition and prevalence of common syndromes/conditions in older 
adults? 

 Multiple morbidities (using polypharmacy as a proxy) 
 Cognitive impairment 
 Frailty  
 Disability  
 Sarcopenia 
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 Malnutrition 
 Homeostenosis 
 Chronic inflammation  

 
Key Question 2. What is the prevalence of common syndromes/conditions in older adults in sex, 
age, race, ethnicity, and other subgroups? 

 Sex subgroups (men, women) 
 Age subgroups (>65 years, >85 years) 
 Race subgroups (European, African, Asian, American Native) 
 Ethnicity subgroups (white Hispanic, white non-Hispanic, African American, Asian, 

Arab, Oceanic, Jewish) 
 Comorbidity profile defined as a composite comorbidity measure rather than the presence 

of the specific disease 
 

Key Question 3. What is the association between these common syndromes/conditions and 
mortality, institutionalization, hospitalization, and activities of daily living?  

 
Key Question 4. What statistical and decisionmaking models report mortality based on these 
common geriatric syndromes/conditions? 
 

Focus of the Review 
 
This review examines selected geriatric syndromes for prevalence and potential impact on 
various outcomes. We do not address the suitability of preventing these syndromes or altering 
their courses. 
 
Multiple operational definitions of the syndromes presented a challenge to summarizing the 
research on their prevalence and predictive power. Frailty, especially, persists as an elusive 
concept, despite efforts at consensus conferences on the topic.18-21 Frailty may be viewed as a 
specific phenotype or as an index of deficit accumulations.22,23 However, despite problems of 
definition and measurement, frailty demonstrates a potent association with outcomes. Different 
indices derived from frailty measures have shown association with adverse events.24 Likewise, 
increasing frailty is typically associated with adverse events.25 Frailty and related components 
(such as ADL dependency, delirium, malnutrition risk, and comorbidity) are linked to increased 
mortality risk.26 More deficit accumulation is associated with worse outcomes.13 Frailty predicts 
mortality even after consideration of the effects of clinical and subclinical disease.27 Frailty‘s 

predictive capacity also seems to hold up among various populations in different countries.28 
 
Syndromes are also not independent; definitions and prevalence estimates overlap considerably. 
For example, sarcopenia is associated with frailty, but some view the former as a dimension of 
the latter.29-31 Frailty is associated with comorbidity and disability, although efforts to distinguish 
the latter emphasize frailty‘s multisystem dysfunction and instability.32,33 Various geriatric 
conditions (such as cognitive impairment, falls, and ADL dependency) are associated with 
disability.34 Polypharmacy may indicate multiple morbidities, but overzealous prescription may 
also be a factor.35 Research suggests that inflammatory cytokines play a substantial role in age-
related disease.36 Thus, separating the syndromes presents another challenge. 



 

Common Syndromes in Older Adults  3 Minnesota Evidence-based Practice Center 

This report was commissioned by the U.S. Preventive Services Task Force (USPSTF) as 
background material to help them understand the impact of geriatric syndromes on well-being. 
The USPSTF opted not to consider disease as a risk factor. Our review does not address the 
suitability of preventing the examined syndromes or altering their courses. 
 
The Technical Expert Panel (TEP) selected geriatric syndromes (but not diseases) for this review 
according to how much each syndrome would affect the enthusiasm of clinicians for 
recommending prevention strategies. We addressed the eight syndromes that were most highly 
rated. 
 
We included original epidemiologic studies that examined prevalence of the eligible syndromes 
in adults older than age 65 years. We defined young-old as ages 65–80 years, elderly as ages 80–

90 years, and very old as ages 90 years and older. We defined age categories the same as they 
were defined in the original studies. 
 
We retrieved 2,377 publications and excluded 1,865 that were not eligible for review. We 
included 509 publications of 123 studies. The majority of the studies were well designed 
prospective cohorts or national surveys conducted in the United States, including the National 
Health and Nutrition Examination Survey (NHANES), the National Health Interview Survey, 
and the National Survey of Self-Care and Aging (76 studies, 62 percent). 
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Chapter 2. Methods 
 
Our analytical framework includes target population, syndromes, and patient mortality, 
morbidity, disability, and institutionalization. Our conceptual model (Figure 5) outlines the 
pathways from the development of the syndromes to patient outcomes, including health care 
interventions related to screening and prevention. However, health care interventions were 
beyond the scope of this project. 
 
Figure 5 also provides information about the following research questions: 

Key Question 1. What is the prevalence of syndromes? 
Key Question 2. What is the epidemiology of syndromes? 
Key Question 3. What is the association between syndromes and patient outcomes? 
Key Question 4. What models report mortality and morbidity in association with the 
syndromes? 

 
Selection of Eligible Syndromes 

 
The TEP selected geriatric syndromes for this review. We sent a list of 21 syndromes to nine 
TEP members, asking them to indicate the extent to which the presence of each syndrome in an 
older person would affect their enthusiasm for recommending each of four prevention strategies. 
Prevention strategies included simple (e.g., immunization) and complex (e.g., weight loss 
program) primary prevention or simple (e.g., visual screening) and complex (e.g., colonoscopy) 
secondary prevention. The TEP used 0 to indicate no effect, 1 to indicate a very mild effect, and 
9 to indicate a very strong effect. We collected responses and calculated the mean score for each 
syndrome. For this review we selected syndromes with a mean score >4. The TEP members 
responded (eight responses) that presence of each syndrome in an older person would not greatly 
affect their enthusiasm for recommending simple primary or secondary prevention (mean scores 
were <4). TEP members responded that eight syndromes would affect their decision about 
complex primary and secondary prevention in an elderly population (Figure 6). We defined these 
eight syndromes as eligible for this review. 
 

Search Strategy 
 
We sought studies from a wide variety of sources, including MEDLINE via Ovid and PubMed, 
Cochrane databases, manual searches of reference lists from systematic reviews and other 
relevant publications, and the Centers for Disease Control and Prevention (CDC) Web site that 
lists all publications from the Longitudinal Study of Aging. The search strategies for the three 
research questions are described in Appendix A. Exact search strategies were developed through 
consultation with qualified librarians. We developed a priori search strategies based on relevant 
medical subject headings terms, text words, and weighted word frequency algorithms to identify 
related articles. We documented each recommended, included, and excluded study in the 
reference library. We limited our search to studies published in English from January 1, 1990 to 
April 25, 2010. 
 
Excluded references are shown in Appendix B. All work was conducted under the guidance of a 
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TEP, whose members are identified in Appendix C.  
 

Eligibility 
 
We included studies that were original epidemiologic population-based surveys and cohorts and 
well designed systematic reviews and meta-analyses published in English from January 1, 1990 
to April 25, 2010. The studies had to report the prevalence or incidence of the eligible geriatric 
syndromes or the association geriatric syndromes had with frailty, disability, or mortality. The 
study sample had to include community-dwelling adults ages 65 years or older. We defined 
young-old as ages 65–80 years, elderly as ages 80–90 years, and very old as ages 90 years and 
older. We also used the same definitions of age categories used in the original studies. We 
reviewed results from the Survey of Income and Program Participation, the National Long-Term 
Care Survey, and the Medicare Current Beneficiary Survey.  
 
Exclusion Criteria  
 
Studies were excluded from the review if any of the following conditions were met: 

 Study participants are in a hospital or long-term care facility setting. 
 Study participants were recruited in hospital settings and followed after discharge. 
 Study participants are a disease-specific population (i.e., all participants have congestive 

heart failure). 
 Study does not report prevalence of the syndromes or the relative measures of the 

association with outcomes. 
 Study reports the mean value of a continuous measure of the geriatric syndrome (i.e., 

muscle strength, blood levels of biomarkers, scores of cognitive function or functional 
decline) rather than prevalence of the syndromes. 

 Study is an intervention to prevent eligible syndromes and/or progression of such. 
 Study is a screening intervention to reduce morbidity and mortality. 
 Study assesses the cost-effectiveness of screening and prevention strategies. 
 Study reports diagnostic values and psychometric evaluations of geriatric assessment 

tools. 
 
For key question 3, we included statistical and decisionmaking models that report mortality 
based on geriatric syndromes. We used the Social Security Administration‘s 2007 Period Life 
Table (available at http://www.ssa.gov/OACT/STATS/table4c6.html) to estimate life expectancy 
for participants with eligible syndromes when compared to the general population. We excluded 
articles that described methods for quantifying frailty, calibration of depression symptoms, and 
methods differing in handling survival data. 
 

Data Extraction 
 
Evaluations of the studies and data extraction were performed manually and independently by 
five researchers. The data abstraction forms are shown in Appendix D. We abstracted the 
information relevant to the PICOTS (population, intervention, comparator, outcomes, time, and 
settings) framework for each question (Table 4). Errors in data extractions were assessed by 
comparison with the established ranges for each variable and the data charts from the original 

http://www.ssa.gov/OACT/STATS/table4c6.html
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articles. Any discrepancies were detected and discussed without formal double entry or statistical 
evaluation of inter-rater reliability. We abstracted exact definitions of the outcomes from the 
studies. We analyzed sampling strategies and inclusion of disabled or institutionalized 
participants in the primary studies. We abstracted the sample size and prevalence of the 
syndromes to calculate 95 percent confidence intervals of the prevalence using Meta-Analyst 
software (Tufts Medical Center, Boston, MA).200 We abstracted adjusted relative measures of the 
association between syndromes and outcomes with 95 percent confidence intervals, descriptive 
information about populations, definitions of the syndromes, outcomes, and time to measure 
outcomes. We abstracted all variables that were included in multivariate adjusted models. 
  
Data Synthesis 
 
For key question 1, results of individual studies (expressed as crude and age-adjusted prevalence 
estimates) were summarized in evidence tables to analyze prevalence, depending on the 
definitions of the syndrome. We categorized operational definitions of the syndromes as:  

 Abnormal categories of individual biomarkers or diagnostic tests. 
 Composite measures of the same syndrome. 
 Composite measures of more than one syndrome (e.g., malnutrition and chronic 

inflammation). 
 
We synthesized the evidence regarding homeostenosis, chronic inflammation, and malnutrition 
following definitions from the guidelines (Table 5) and from the original studies. We defined 
homeostenosis as homeostatic dysregulation.201 We categorized generally similar cutoffs of 
anthropometric and diagnostic tests as well as biomarkers into the same groups. For example, we 
categorized the studies with increased C-reactive protein (CRP) levels of >2.8mg/L,174 >3 
mg/L,87,177 or in the highest quartile124,202 into one group of chronic inflammation.  
 
We defined comorbidity and multimorbidity according to the National Institute on Aging Task 
Force on Comorbidity.203 Comorbidity was defined as co-occurrence of preexisting age-related 
health conditions or diseases in reference to an index disease. Multimorbidity was defined as the 
co-occurrence of two or more diseases or active health conditions (e.g., aggregate of coequals) 
that may or may not be linked by a causal relationship or with no consistent dominant index 
disorder. Both definitions ignore severity of the diseases or conditions and quality of health care 
managing the diseases. We analyzed previously validated composite comorbidity weighted 
indices that take into account the number and seriousness of comorbid diseases.204 We analyzed 
the prevalence of polypharmacy because it reflects comorbidity and treatment utilization.205,206 
We analyzed poor self-perceived health in relation to mortality because it reflects morbidity and 
well-being.15,207 We focused on poor self-reported health because this category has been 
associated with health problems and physical functioning in older individuals.208 
 
We used the framework proposed by the Interventions on Frailty Working Group to identify 
criteria of frailty in epidemiologic studies (Table 6).209 We categorized the definitions of frailty 
into two groups: phenotype and accumulation of deficits. When the studies accepted the biologic 
syndrome model of frailty, with five major criteria, including weight loss, fatigue and 
exhaustion, weakness, low physical activity and slowness, and mobility impairment, we 
categorized the estimates into phenotype definitions of frailty.23 When the studies accepted the 
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burden model of frailty, including symptoms, diseases, conditions, and disability, we categorized 
the estimates into the accumulation of deficits definition of frailty.22 
 
We synthesized the evidence about disability using two operational definitions: measures of 
basic activities of daily living (BADLs) and instrumental activities of daily living (IADLs). We 
defined BADL disability as difficulty with or requiring help with any number of the following 
activities: dressing/hygiene, bathing, toileting, transferring, ambulating, feeding, and grooming. 
We defined IADL disability as having difficulty with or needing help with using the telephone, 
shopping, preparing meals, housekeeping, transportation, medication management, and financial 
management. Since each study used a different combination of items or scoring system to define 
BADL or ADL disability, a new set of categorical definitions was created to organize and 
compare the study findings on disability prevalence and incidence. The new categorical 
definitions represent a hierarchy of disability; for example, BADL disabilities are more life 
limiting than IADL disabilities. For categorical operational definitions of IADLs, the indicators 
―any,‖ ―moderate,‖ or ―severe‖ represent severity of a given type of IADL disability. For 
example, studies that used a cutoff score of one or more BADL present were labeled as ―any 

BADL disability.‖ Moderate IADL disability was designated when the study indicated that one 
or two items were used to define disability. Severe disability was designated if three or more 
items were used to define disability. Some studies used a continuous measure of IADL disability, 
and these study results are reported separately from categorical definitions. A few studies used a 
measure that combined BADL and IADL disability, which are also reported separately. Table 7 
summarizes how ADL disability definitions were recategorized. 
 
Results from studies with the same operational definition of the geriatric syndrome were pooled 
to estimate prevalence and incidence.210 Meta-analysis was used to assess the consistency of the 
association between syndromes and outcomes with random effects models.200 Chi-square tests 
were used to assess consistency in study results.211,212 Significant heterogeneity means that 
estimates of prevalence and association were not consistent in the studies (not replicable results). 
We used Stata 10.1 software (StataCorp, College Station, TX) to calculate pooled prevalence and 
association estimates with random effects models. All calculations were conducted at a 95 
percent confidence level. 
 
We synthesized the evidence in the total samples and then in age, race, and gender categories 
when possible. We synthesized the evidence answering the research question about prevalence of 
all syndromes and then the association with morbidity, mortality, and health care utilization. 
 
For key question 3, we used published criteria to appraise cost-effectiveness models213 and 
criteria from the British Medical Journal economic submissions checklist.214 We also estimated 
the number of deaths among 1,000 older persons with each syndrome using calculations based 
on the simulation algorithm.195 We calculated population attributable risk of mortality or 
institutionalization using prevalence and risk estimates from pooled analyses when available or 
from individual studies.215 We estimated remaining life expectancy for those with each syndrome 
from CDC United States Life Tables (available at 
http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_09.pdf) and relative risks of all cause 
mortality in older populations with each syndrome. Life expectancy was estimated as the area 
under the survival curve. In such estimations we could not address the length of having 

http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_09.pdf


 

Common Syndromes in Older Adults  8 Minnesota Evidence-based Practice Center 

syndromes, interaction with other syndromes, and health care interventions. We used the 
mortality rates of the general population, which also contains people at risk of the syndromes. 
When available in the studies, sex and race specific regression coefficients were applied.  
 

Quality Assessment 
 
We included original epidemiologic studies that employed strategies to reduce bias in 
observational research. We evaluated quality of individual studies and level of evidence using 
the following USPSTF criteria.216 

1.  Do the studies have the appropriate research design to answer the key question(s)? 
2.  To what extent are the existing studies of high quality (i.e., what is the internal validity)? 
3.  To what extent are the results of the studies generalizable to the general U.S. primary 

care population and situation (i.e., what is the external validity)? 
4.  How many studies have been conducted that address the key question(s)? How large are 

the studies (i.e., what is the precision of the evidence)? 
5.  How consistent are the results across the studies? 
6.  Are there additional factors that assist in drawing conclusions (e.g., presence or absence 

of dose-response effects, fit within a biologic model)? 
 

We defined the nationally representative population based surveys and prospective cohort studies 
having the highest applicability.  
 

Rating the Body of Evidence 
 
We assessed study quality and strength of evidence using guidelines from the Agency for 
Healthcare Research and Quality.217 The strength of evidence was judged according to the 
domains of risk of bias, consistency, and precision for each major outcome.217 When appropriate, 
presence of confounders that would diminish an observed effect and strength of association were 
also included. We graded the quality of evidence as follows: 
 
Grade Definition 

High High confidence
 
that the evidence reflects the true effect. Further research 

is very unlikely to change confidence in the estimate of effect. 

Moderate Moderate confidence that the evidence reflects the true effect. Further 
research may change confidence in the estimate of effect and may change the 

estimate.  

Low Low confidence that the evidence reflects the true effect. Further research 
is likely to change confidence in the estimate of effect and is likely to change 
the estimate. 

Insufficient Evidence either is unavailable or does not permit a conclusion.  
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Chapter 3. Results 
 
We retrieved 2,377 publications and excluded 1,865 that were ineligible for review (Figure 7). 
We included 509 publications of 123 studies. Results from the same studies have been published 
in more than one article. The articles could provide slightly different information about included 
and excluded subjects. For key questions 2 through 4 we identified four meta-analyses79,93,97,233 
and 119 original studies (Appendix E Table 1). The majority of the studies were conducted in the 
United States (76 studies, 62 percent). The studies included 5,420,254 subjects. The majority of 
the subjects resided in the United States (5,287,278 or 98 percent of the total subjects). The 
majority of the studies were prospective cohorts, nationally representative surveys, or Medicare 
analyses. Retrospective analyses of the administrative data were presented in two studies.101,127 
Randomized controlled clinical trials (RCTs) provided information relevant to our research 
questions and were included in the review.42,153 The majority of eligible studies enrolled adults 
older than age 65 years. Several cohorts enrolled centenarians, including the Danish Centenarian 
Study,176 the Vitality 90+ Study,179 and the 90+ Study.91 Two cohort studies, including the 
Baltimore Epidemiologic Catchment Area Program40 and the Framingham Offspring Study,234 
did not enroll exclusively older individuals but reported the outcomes in age categories eligible 
for our review. Three studies enrolled men exclusively, including the Osteoporotic Fractures in 
Men Study,113 the Honolulu-Asia Aging Study of the Honolulu Heart Program,235 and the 
University of Connecticut Center on Aging Osteoporosis in Men Study.112 Some studies enrolled 
women exclusively, including the Nun Study,236 the Study of Osteoporotic Fractures,237 and the 
Women‘s Health and Aging Studies.89,117,160,166,169,238-246 
 
Almost all studies enrolled some race and ethnic subgroups, but very few reported the outcomes 
among them. NHANES III,247 the National Health Interview Survey,121 and the Cardiovascular 
Health Study (CHS)87 reported oversampling of minority populations. The Frailty Study of African 
Americans in South Central Los Angeles enrolled only African Americans.106 The National Survey 
of Self-Care and Aging248,249 oversampled the oldest old. The Precipitating Events Project107 
oversampled persons who were physically frail. The majority of the eligible studies enrolled 
community-residing older persons. Several studies included residents of long-term care 
facilities.44,58,61,93,97,106,154,176,179,219,250-253 
 
Internal validity of the majority of the studies was good. The studies provided multivariate 
adjusted estimates of the association between syndromes and outcomes. Adjustment varied 
across the studies. The majority of the studies adjusted for age, sex, socioeconomic status, 
comorbidities, and behavioral factors. Some studies adjusted for correlated syndromes, thus 
underestimating the strength of the association. Adjustment for components of the definition of 
frailty may also underestimate the association between frailty and mortality. Adjustment for a 
disability that is an outcome of several syndromes may also underestimate the association 
between syndromes and mortality. Therefore, we judged crude but not overadjusted estimates as 
poor quality. 
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Key Question 1. What is the Definition and Prevalence of 
Common Syndromes/Conditions in Older Adults? 

 
Multiple Morbidities  
 
The studies used a variety of definitions for multiple morbidities, including number of chronic 
diseases or conditions, high comorbidity score, polypharmacy, and self-perceived poor health. 
Prevalence estimates varied depending on definitions (Table 8).  
 
A majority of older people suffered from chronic diseases;254 28 to 37 percent had more than 
three chronic conditions (Figure 8). Prevalence did not decrease in association with a greater 
number of diagnoses. More than 20 percent of older persons suffered from five or more chronic 
diseases, and the same number suffered from 11 or more (Appendix E Table 2).152 Population-
based studies relied on self-reported medical diagnoses to define older people with multiple 
morbidities. The simple number of the self-reported diseases, however, may not reflect severity 
of the conditions. 
 
Studies of community-dwelling older adults in clinical settings defined multimorbid conditions 
using medical examinations and documentation. Such studies were able to address clinical 
importance of multiple morbidities. Some analyzed severity and seriousness of multiple 
morbidities by analyzing major diagnoses among all listed; others calculated the weighted 
Charlson comorbidity index (Appendix E Table 2). Prevalence estimates differ depending on the 
population studied. A prospective cohort study of community-dwelling older adults attending a 
large primary care clinic reported that 9.3 percent had two or more serious diagnoses among six 
to nine listed.255 A prospective study that aimed to develop the Burden of Illness Score for 
Elderly Persons reported that 61 to 71 percent of patients had a Charlson comorbidity index 
score of ≥2.

4 The Swedish Prescribed Drug Register analysis reported that 25 percent of older 
adults had a Charlson comorbidity index score of 1–2, 3 percent had a score of 3–4, and 0.4 
percent had a score of >5.205 
 
Several studies defined multiple comorbidity as polypharmacy because it reflected prevalence of 
diseases that required treatments.205,206 The prevalence of polypharmacy (defined as concurrent 
use of five or more drugs) varied from 22 percent in the United States152 to 29 percent in 
Europe256 and 57 percent in Sweden205 (Appendix E Table 3). Polypharmacy was also defined as 
the number of doctor visits in which at least one drug was prescribed on the patient record. 
Annual drug visits increased from an average of three per older patient in 1995–1996 to five per 
older patient in 2004–2005 (Figure 9). The number of drugs per patient increased from nine to 12 
in 1995–1996 to 19–22 in 2004–2005 (Figure 10). The annual number of drug visits increased by 
25–29 percent during the analyzed 10 years from 1995–2005 (Figure 11). During the same time 
period, the number of drugs per patient increased by 85–89 percent (Figure 11). Almost 18 
percent of older people have taken more than 11 drugs.205 Prevalence of inappropriate 
polypharmacy, defined according to the Physicians‘ Desk Reference, was as high as 34.6 percent 
in a study of more than 60,000 older patients.205 
 
Poor self-perceived health reflected a person‘s morbidity, physical functioning, and well-
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being.15,207,208 The prevalence of fair health in older people was 28.24 percent (Figure 
12).14,103,109,250  Poor health was reported by 3 percent of older persons.14,103,109,250 
 
In conclusion, more than 20 percent of older persons suffer from multiple chronic conditions. 
One-third to one-half take more than five drugs, with inappropriate polypharmacy in 35 percent 
of cases. One-third of older people report fair or poor health. 
 
Cognitive Impairment  
 
Definitions of cognitive impairment varied in the studies categorizing pathophysiological 
classification of the condition, prevalence, or association estimates (Table 9).50 Some studies 
defined age-associated cognitive decline257 as part of the normal aging process.50,258 Several 
studies defined it as memory impairment and absence of dementia259 or absence of neurological, 
psychiatric, or systemic illnesses that could explain the presence of cognitive deficits.90 The 
definitions can also be categorized as self-reported memory complaints50 or memory impairment 
diagnosed with validated tools.37,38,90 Operational definitions varied depending on inclusion of 
impaired ADLs and social functions. Some studies defined cognitive decline as objective 
memory deficit resulting in decreased performance in employment or social situations.38,260 The 
most common definition of cognitive impairment required subjective complaint of memory 
impairment with objective memory impairment, normal general cognitive function, and intact 
cognitive ADLs and IADLs.37,38 Prevalence estimates varied substantially depending on the 
definitions.  
 
The Medical Research Council Cognitive Function and Aging Study used 17 different definitions 
of cognitive impairment in the same sample of 2,053 older people (Appendix E Table 4).50 
Prevalence estimates varied from 42 percent having self-reported memory complaints to less 
than 1 percent having mild or moderate cognitive impairment or questionable dementia.50 
Interestingly, the authors found little overlap (concordance from 0 to 24 percent) in different 
definitions of cognitive impairment. First, this means that each definition identified a unique 
group of older people. Therefore, prevalence estimation of cognitive impairment in the 
population requires using several definitions to distinguish different types of impairment. 
Second, overall prevalence of cognitive impairment without dementia may exceed half of older 
individuals residing in the community.50  
 
Prevalence of cognitive impairment in other studies was lower, probably because the studies 
used fewer definitions (Appendix E Table 5).From the individual studies, the Canadian Study of 
Health and Aging reported the highest prevalence of positivity on the Modified Mini-Mental 
State Examination (3MSE) for cognitive functioning (41.0250 to 46.3 percent95 had a 3MSE score 
of <78). The CHS Cognition Study demonstrated a much lower prevalence of amnestic cognitive 
impairment (Figure 13).90 Prevalence of probable mild cognitive impairment-amnestic type was 
less than 3 percent.90 Prevalence of probable mild cognitive impairment-multiple cognitive 
deficit type was slightly higher but still less than 6 percent.90 NHANES III found prevalence of 
amnestic cognitive impairment (6.6 percent) similar to that found in CHS.247 
 
Prevalence varied depending on the diagnostic methods used to identify cognitive impairment. 
Prevalence of cognitive impairment (defined as a score of <24 on the Mini-Mental State 
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Examination [MMSE]) varied from 10.6 to 33.1 percent (Figure 14).14,39-45 Prevalence of severe 
cognitive impairment (defined as an MMSE score of <15) was lower and varied between 1.3 and 
9.3 percent (Figure 15).39,44,261 The second Longitudinal Study of Aging obtained self-reported 
responses to the Telephone Interview of Cognitive Status (TICS) instrument.49 This study found 
cognitive impairment in 2.8 to 13.2 percent of older individuals (Figure 16).49 Studies of the 
Established Populations for Epidemiologic Studies of the Elderly used the 10-item Short Portable 
Mental Status Questionnaire and demonstrated that, on average, 7.1 percent of those tested met 
criteria of cognitive impairment (Figure 17).46-48 
 
Prevalence of dementia was less variable across the studies because of standardized consensus 
definitions (Figure 18).262 Prevalence of senile dementia diagnosed using Diagnostic and 

Statistical Manual of Mental Disorders, Third Edition criteria varied from 3.6 percent in France 
to 6.7 percent in Finland.262 Prevalence of senile dementia diagnosed using the Geriatric Mental 
Status Examination in England was 4.6 to 5.2 percent.262 Prevalence of probable Alzheimer‘s 
disease in older people was 14 percent (Figure 19).92,93 Prevalence of definitive Alzheimer‘s 
disease was much less at 3.1 percent.92,93 The Canadian Study of Health and Aging reported the 
highest prevalence, with 31.6 percent scoring positive for dementia on the 3MSE (Appendix E 
Table 6).95 The same study identified 5.1 percent of older patients with Alzheimer‘s disease and 
8 percent with all types of dementia combined.95 Prevalence of severe dementia was 2.6 
percent95 or 42 percent of all dementia cases.263 
 
In conclusion, prevalence of cognitive impairment is estimated at around 30 percent in older 
people across different studies and definitions. Prevalence of amnestic cognitive impairment was 
around 7 percent. Prevalence of dementia did not exceed 8 percent in elderly persons older than 
age 65 years, but this estimate can be misleading because of substantial variation in prevalence 
across age subgroups. 
 
Frailty 
 
Definitions of frailty vary widely, and the nature of the definition affects the prevalence of 
reported frailty. Table 10 arrays a number of studies on frailty in order of the reported prevalence 
and shows the components used to determine frailty. There is no clear relationship between the 
number or type of components and the prevalence of frailty. Accumulation deficit indices 
included up to 75 components. Phenotype indices typically included five criteria. Self-reported 
mobility limitations were included in the phenotype definition. Disability in ADLs was included 
in the accumulation deficit definition. Separation of the two types of definitions and estimation 
of disability in frail persons was somewhat artificial. 
 
Table 11 summarizes these arrays slightly differently, by showing the effect of including a 
specific component on the prevalence of frailty. Lung function, chronic or terminal illness, visual 
or cognitive impairment, and incontinence are all strong influences. 
 
Another way of synthesizing this complex array is to contrast the measures that use various 
phenotypic measures, such as low physical activity or fatigue, as compared to specific deficits. 
Figure 20 shows the odds of having a frailty prevalence higher than 20 percent for these two 
types of indicators. The studies that used accumulation deficit components reported higher 
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prevalence estimates more often. Figure 21 graphs the prevalence of frailty from various studies 
according to the type of measure used; again, the prevalence is higher when using accumulation 
of deficits.23,101,103,104,107,109,111,115,229,264  
 
The initial manifestations of frailty criteria in association to the development of frailty was 
examined in the Women‘s Health and Aging Study II.

265 Weakness was the most common first 
manifestation that could predict development of frailty during 7.5 years of followup.265 Other 
studies did not analyze temporality in different frailty criteria. 
 
Variability in prevalence estimates was substantial within the same study and across different 
studies. The Health and Retirement Study examined prevalence of frailty using different 
definitions, including phenotype and accumulation deficit, and found that 30 percent of older 
people were frail according to at least one definition, but only 3 percent according to all three 
definitions (Figure 22).104 Such a small overlap indicates that each definition distinguished 
unique groups, and population-based studies should use all definitions to detect frailty. 
 
Appendix E Table 7 summarizes the prevalence rates from various studies, showing the measure 
used. The same study may generate a different prevalence depending on the measure used or 
severity of the condition (Appendix E Table 8). 
 
In conclusion, prevalence of frailty varied depending on definitions. Prevalence of frailty, 
defined as accumulation deficit, was 24 percent. Prevalence of frailty, defined as phenotype, was 
14 percent. The overlap in definitions was small. Thus, according to at least one definition, 
around 30 percent of older people were frail. 
 
Disability 
 
Definition and prevalence of BADL disability in older people.  
 
Any BADL disability. The prevalence of any BADL disability was reported in 12 studies (Table 
12).41,53,55-64 The percentage of older people with any BADL disability ranged from 5.0 to 25.6 
percent (Appendix E Table 9). The prevalence was lowest (5.0 to 9.1 percent) in national surveys 
that included people of all ages, but reported those aged 65 years and older separately (i.e., the 
National Health Interview Survey,58 the American Community Survey,60 the Survey on Income 
and Program Participation,58 and the Census Public Use Microdata Files62), higher (11.0 to 18.3 
percent) in studies exclusively targeting older adults (i.e., Established Populations for 
Epidemiologic Studies of the Elderly,41,57,64 Longitudinal Studies of Aging56,63), and highest 
(13.9 to 25.6 percent) in studies targeting the oldest of the old (i.e., Survey of Assets and Health 
Dynamics of the Oldest Old,55 CHS All Stars59) (Figure 23).  
 
Moderate BADL disability. The prevalence of moderate BADL disability (defined as having one 
to two BADL disabilities) was reported in two studies, and ranged from 16.1 to 20.5 percent 
(Figure 24).5,118 
 
Severe BADL disability. The lowest rates were reported for severe BADL disability, which 
ranged from 6.0 to 7.8 percent5,118 when it was measured as having three to four BADL 
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disabilities and 4.8 percent5 when it was measured as having five to seven BADL disabilities 
(Figure 24). 
 

Bathing disability. The percentage of older people with bathing disabilities ranged from 3.9 to 
9.0 percent (Figure 25).53,55,65,122,248 In the Massachusetts Health Care Panel Study, the 
percentage of older adults who had a bathing disability increased from 3.9 to 14.7 percent over 5 
years.65  
 
Dressing/hygiene disability. The percentage of older people with dressing or hygiene disabilities 
ranged from 0.8 to 11.0 percent (Figure 26).53,55,65,120,248 In the Massachusetts Health Care Panel 
Study, the percentage of older adults who had a dressing disability increased from 0.8 to 9.3 
percent over 5 years.65  
 
Eating disability. The percentage of older people with eating disabilities ranged from 0.4 to 4.5 
percent (Figure 27).53,55,58,65,119,120,248 In the Massachusetts Health Care Panel Study, the 
percentage of older adults who had an eating disability increased from 0.4 to 2.2 percent over 5 
years.65  
 
Toileting disability. The percentage of older people with toileting disabilities ranged from 2.4 to 
6.0 percent (Figure 28).53,55,58  
 
Transferring disability. The percentage of older people with transferring disabilities ranged from 
0.4 to 21.1 percent (Figure 28).53,55,58,65,120 In the Massachusetts Health Care Panel Study, the 
percentage of older adults who had a transferring disability increased from 0.4 to 5.8 percent 
over 5 years.65  
 
Walking disability. Between 0.8 and 27.3 percent of older people reported walking disabilities 
(Figure 28).53,55,65,120 In the Massachusetts Health Care Panel Study, the percentage of older 
adults who had a walking disability increased from 0.8 to 7.7 percent over 5 years.65  
 
Summary. The prevalence of any BADL disability was quite variable and depended on the target 
population of the study. It was lower in national surveys and highest in studies targeting the 
oldest old. Moderate BADL disability was the most common, and severe BADL disability was 
the least common. In terms of individual BADL disabilities, the hierarchy of most to least 
common disability was walking, bathing, dressing, transferring, toileting, and eating (Table 12). 
Over a period of 5 years, more older people developed individual BADL disabilities (Table 13). 
 

Definition and prevalence of IADL disability in older people.  

 
Any IADL disability. The percentage of older people reporting any IADL disability ranged from 
12.0 to 46.7 percent (Figure 29 and Table 14).53-57,266  
 
Moderate IADL disability. The percentage of older people reporting a moderate IADL disability 
ranged from 7.2 to 31.0 percent (Figure 29).5,248,267  
 
Severe IADL disability. The percentage of older people reporting a severe IADL disability 
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ranged from 4.5 to 21.2 percent (Figure 29).5,54,267 The prevalence was lowest when severe IADL 
disability was defined as having difficulty with four or more IADLs (4.5 to 5.7 percent)5,54 and 
higher when it was defined as having difficulty with three or more IADLs (6.2 to 21.2 percent) 
(Appendix E Table 10).5,267  
 
Financial disability. The percentage of older people reporting a financial disability ranged from 
8.0 to 19.3 percent (Figure 30).53,55,65 The percentage of older people with difficulty managing 
finances increased from 19.3 to 36.7 percent over a 5-year period in the Massachusetts Health 
Care Panel Study.65  
 
Housekeeping disability. The percentage of older people reporting a housekeeping disability 
ranged from 7.5 to 35.8 percent (Figure 30).65,122 The percentage of older people with difficulty 
doing housework increased from 35.8 to 48.0 percent over a 5-year period in the Massachusetts 
Health Care Panel Study.65 
 
Meal preparation disability. The percentage of older people reporting difficulty with meal 
preparation ranged from 7.1 to 32.4 percent (Figure 30).53,65,119 The percentage of older people 
with difficulty preparing meals increased from 32.4 to 34.1 percent over a 5-year period in the 
Massachusetts Health Care Panel Study.65 
 
Medication management disability. The percentage of older people reporting difficulty with 
medication management ranged from 3.0 to 4.7 percent (Figure 30).53,55 
 
Shopping disability. The percentage of older people reporting difficulty with shopping ranged 
from 11.0 to 32.9 percent (Figure 30).53,65,119 The percentage of older people with difficulty 
shopping increased from 32.9 to 41.3 percent over a 5-year period in the Massachusetts Health 
Care Panel Study.65 
 
Telephone disability. The percentage of older people reporting difficulty using the telephone 
ranged from 4 to 6 percent (Figure 31).53,55 
 
Transportation disability. The percentage of older people requiring assistance with transportation 
increased from 54.3 to 67.6 percent over a 5-year period in the Massachusetts Health Care Panel 
Study (Figure 31).65 
 

Summary. Prevalence was highest when any IADL disability was reported, lower when moderate 
IADL disability was reported, and lowest for severe IADL disability. The order of individual 
IADL disabilities from most to least common was needing assistance with or having difficulty 
with driving, housekeeping, personal finances, shopping, meal preparation, using the telephone, 
and medication management. Over a 5-year period the percentage of older people with IADL 
disabilities increased (Table 15).  
 
Sarcopenia  

 
Sarcopenia was defined as a loss of skeletal muscle mass owing to any disease or condition.66 
Operational definitions were based on lean body mass relative to skeletal size and total body 
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mass.66 Relative indices were calculated using dual energy x-ray absorptiometry. Sarcopenia was 
defined as index values of less than 2 standard deviations below the sex-specific mean in a 
healthy, younger population.67,68 Using this definition, sarcopenia was identified when relative 
skeletal muscle index or appendicular skeletal muscle mass index (kg/m2) was less than 7.3 
kg/m2 for men and 5.5 kg/m2 for women.67,68 The recently published recommendations from the 
European Working Group on Sarcopenia in Older People defined sarcopenia as the presence of 
both low muscle mass and low muscle function (strength or performance).69 
 
The Rosseta study,67 Aging Process Study,268 and the New Mexico Elder Health Survey68 
defined sarcopenia using a relative skeletal muscle index. This definition, however, does not take 
into account individuals with increased fat mass who will not be diagnosed with sarcopenia 
despite inadequate low muscle mass. The investigators of the Health Aging and Body 
Composition (Health ABC) Study proposed adjusting relative skeletal muscle indices for body 
fat mass and height to determine the expected total lean mass.123 Total lean mass was measured 
relative to height squared and relative to height and total fat mass.123 Sarcopenia was defined as 
lean mass/height2 in the lowest 20 percent of the sex-specific distribution of the index using cut-
off points of 7.2 kg/m2 (men) and 5.7 kg/m2 (women).123 A second definition of sarcopenia was 
based on linear regression modeling the relationship between lean mass and height (meters) and 
fat mass (kilograms). Individuals below the 20th percentile of the distribution of residuals were 
diagnosed with sarcopenia.123 
 
Prevalence estimates varied depending on definitions. The studies provided sex-specific 
estimates only. The New Mexico Elder Health Survey68 reported sarcopenia in 13.5 percent of 
non-Hispanic white men younger than age 70 years and in 53 percent of Caucasian men older 
than age 80 years.68 Prevalence of sarcopenia was slightly higher in Hispanic men, ranging from 
17 percent in men younger than age 70 years to 58 percent in those older than age 80 years.68 
Prevalence of sarcopenia was greater in older women and varied from 23.1 percent in non-
Hispanic white women to 24 percent in Hispanic women younger than age 70 years.68 Hispanic 
women older than age 80 years had the highest prevalence of sarcopenia (60 percent).68 The 
Health ABC Study found sarcopenia in 50.4 percent of men with a body mass index (BMI) of 
<25 kg/m2 using a lean mass index and in 32.8 percent of men using definitions adjusted for fat 
mass (Figure 32).123 The same study found sarcopenia in 51.9 percent of women with a BMI of 
<25 kg/m2 using a lean mass index and in 23 percent of women using definitions adjusted for fat 
mass. Prevalence of sarcopenia using the residual method was identified in 11.5 percent of obese 
older men and in 21 percent of obese older women.123 Using the unadjusted lean mass index, no 
obese individuals with relatively low lean mass were found to have sarcopenia.123 
 
In conclusion, prevalence of sarcopenia in older individuals varied from 14 to 60 percent, 
depending on age, sex, and ethnicity. Simple relative skeletal muscle index can underestimate 
sarcopenia in obese patients. Residual methods adjusting for fat mass may more effectively 
identify sarcopenia in overweight and obese patients. 

 
Malnutrition  
 
The studies defined malnutrition as abnormal categories of individual biomarkers or composite 
measures of poor nutritional status. Among individual anthropometric markers, unintended 
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weight loss70-72 and low BMI46,72-76 defined individuals with malnutrition. Among biochemical 
markers, low blood albumin levels,73,75,77 anemia,77,78 and deficit of micronutrients79-81 identified 
people with poor nutritional status. Several studies used composite nutritional scores based on 
self-reported dietary intake and habits to identify people with malnutrition.70,72,82-85 Prevalence 
estimates varied across the definitions. 
 

Anthropometric definitions of malnutrition. Unexpected weight loss of more than 5 percent of 
baseline body weight was reported by 21 percent of individuals in the Danish part of a large 
survey of European older adults (Appendix E Table 11).70 Low BMI was defined as <18.5 
kg/m2,46,73,76,121 <19 kg/m2,75 or <22 kg/m2.72 The highest prevalence of malnutrition according to 
low BMI (15 percent) was found among older American veterans.75 A European study found that 
5.8 percent of older individuals had low BMI.73 The prevalence of low BMI in older people from 
the general American population was as low as 2.3 percent.46 The Geisinger Rural Aging Study 
did not find any rural older Americans with a BMI of <18.5 kg/m2 (0 percent prevalence) 
(Appendix E Table 11).76  
 
Biochemical definitions of malnutrition. Low albumin levels were found in 3.1 percent of 
American veterans (Appendix E Table 11).75 Prevalence was remarkably higher in studies that 
recruited older people in clinical settings. The Italian Group of Pharmacoepidemiology in the 
Elderly study found that 38.1 percent of individuals had albumin levels <35 g/L.73 American 
studies developing the High-Risk Diagnoses for the Elderly Scale found that 24 to 49 percent of 
older patients in clinical settings had albumin levels <3.5 mg/dL.4 
 
A micronutrient deficit was more common in older Europeans (18.2 percent) than in older 
Americans (6.4 percent) (Appendix E Table 12).79 On average, 5.3 percent of older people had a 
folate deficit (Figure 33).80,81 Older Europeans also had a higher prevalence of vitamin B12 
deficiency (11.7 percent) compared to Americans (5.4 percent).79 On average, 7.5 percent had a 
vitamin B12 deficiency (Figure 33). Prevalence of iron deficiency was similar in older 
Europeans (6.1 percent) and Americans (5.6 percent) (Appendix E Table 12).79 On average, 4.7 
percent of older adults had an iron deficiency (Figure 33). Prevalence of vitamin D insufficiency 
was the same (36.7 percent) in older Europeans80 and Americans.81 On average, 9.9 percent of 
older adults had a vitamin D deficiency (Figure 33).  
 
Composite nutritional score. Prevalence of malnutrition in older adults varied from 1 percent82 
in eight European countries to 5 percent in Australia (Appendix E Table 13).83 According to the 
Nutrition Screening Initiative, 21 percent of older adults in the United States had a high 
nutritional risk.84 Half of the American older adults with poor perceived health were at high risk 
of malnutrition.84 Overall, 33 percent of older individuals had a high nutritional risk (Figure 
34).70,72,82-85 
 
In conclusion, the prevalence of malnutrition depended on definitions. The chance of having low 
BMI was less than 3 percent, around 6 to 10 percent for having a vitamin and micronutrient 
deficit, and 1 to 5 percent for having a low composite nutritional score. The prevalence of low 
BMI and blood albumin level was highest in older American veterans.75 
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Homeostenosis (Impaired Homeostasis) 
 
Very few studies examined the prevalence of impaired homeostasis (Appendix E Table 14). 
NHANES I and II defined impaired homeostasis in older persons using an allostatic load score.86 
The total score was based on elevated CRP level of >0.5 mg/dL, low albumin level of <4.5 g/dL, 
creatinine clearance of <78.5 mL/min/1.73 m2, and increased blood pressure, hemoglobin A1C, 
homocysteine, total cholesterol, and triglycerides. The surveys found that 1.4 percent of the 
elderly population in the United States had an allostatic load score of >4.86 The Duke Established 
Populations for Epidemiologic Studies of the Elderly analyzed plasma tonicity as a marker of 
impaired homeostasis that can predict frailty and disability.46 Plasma tonicity was estimated from 
plasma glucose, sodium, and potassium measures and was used to classify subjects as 
normotonic (285–294 mOsm/L) or hypertonic (>300 mOsm/L). This study found that 10 percent 
of individuals had increased plasma tonicity. 
 
In conclusion, existing evidence was insufficient to estimate the prevalence of homeostenosis. 

 

Chronic Inflammation 
 
Few studies provided prevalence of unspecified chronic inflammation (Appendix E Figure 
1).87,88,146 CHS found that 24.4 percent of older adults had elevated CRP.87 The Health ABC 
Study reported that 5 percent of older adults had elevated IL6 and 5 percent had elevated tumor 
necrosis factor-alpha.88 The Swedish NONA Immune Study demonstrated that 15.3 percent of all 
older adults and 18.4 percent of frail older persons had an inverted CD4/CD8 ratio.146 
 
In conclusion, existing evidence was insufficient to estimate a prevalence of chronic 
inflammation. 
 

Key Question 2. What is the Prevalence of Common 
Syndromes/Conditions in Older Adults in Sex, Age, Race, 

Ethnicity, and Other Subgroups? 
 

Multiple Morbidities  
 
Prevalence of three or more chronic diseases increased from 28 percent in adults ages 65–74 
years to 37 percent in adults older than age 75 years (Figure 8). Older persons living below the 
poverty level had a higher prevalence of multiple morbidities. The prevalence of polypharmacy 
also increased from 50 percent in adults ages 75–79 years to 63 percent in those older than age 
85 years (Table 16).205  
 
Prevalence of comorbidities in older men varied from 16 percent having two chronic diseases to 
5 percent having four to six chronic diseases (Appendix E Table 2).125 More than one-third of 
older men took more than five drugs,94 while 16 percent took more than 11 drugs (Appendix E 
Table 3).205 On average, an older man took 9.6 to 12 drugs in 1995–1996 but 18 to 21 drugs in 
2004–2005 (Figure 10). The increase in annual drug visits (35 percent) and drugs taken (102 
percent) in men ages 65–74 years during the decade from 1996 to 2005 was largest when 
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compared to other sex and age categories (Figure 11). Poor health was reported by 7 percent of 
older men (Figure 35).94,103,280

 

 
The prevalence of more than three comorbidities in older women varied from 16.0 to 18.4 
percent (Table 16).89,117 The prevalence of five, six, or more diseases was lower among older 
women who participated in the Women‘s Health and Aging Studies.117,242 Thus, the majority of 
older women reported three or four comorbidities. 
 
The prevalence of polypharmacy was greater in older women than in men; 43 percent had taken 
more than five drugs94 and 19 percent took more than 11 drugs.205 From 1996–2005, women 
older than age 75 years experienced a 32 percent increase in annual drug visits and a 94 percent 
increase in the number of prescribed drugs (Figure 11). Poor health was reported by 7 percent of 
older women (Figure 36).94,103,280

 

 
Prevalence of more than three chronic diseases was higher in African American women (13.4 
percent) than in Caucasian women (9.5 percent).89 A comparison of the estimates was difficult 
because there were inconsistent definitions of the outcomes and older subgroups across the 
studies. 
 
In conclusion, prevalence of multimorbid conditions increased with age. Women tended to have 
a higher prevalence of comorbidities, polypharmacy, and poor health. African American women 
had a higher prevalence of comorbidities than Caucasian women. 
 

Cognitive Impairment 
 
Age. Prevalence of cognitive impairment increased with age across all definitions and studies. 
Prevalence of mild cognitive impairment identified using the 3MSE increased from 18.8 percent 
in individuals older than age 75 years to 44.1 percent among those older than age 90 years 
(Figure 37).90,91,146,281 Prevalence of cognitive impairment in elderly persons defined as an 
MMSE score of <24 increased from 16.9 percent among those older than age 65 years to 22.9 
percent in centenarians older than age 90 years (Figure 14).14,39-45 The prevalence of cognitive 
impairment identified through the TICS instrument increased from 3.38 percent in persons ages 
70–74 years to 19.6 percent among those older than age 85 years (Figure 16).49 
 
Prevalence of dementia increased with age in all studies. Prevalence of senile dementia increased 
from 1.6 percent in individuals age 67.5 years to 36.7 percent in those older than age 95 years 
(Figure 19).92,93 The prevalence of Alzheimer‘s disease increased from 0.4 percent in individuals 
age 67.5 years to 37.4 percent in those older than age 95 years.92,93 Prevalence of severe 
dementia increased dramatically from 3.2 percent in individuals ages 75–84 years to 14.6 percent 
in those older than age 85 years.95 A meta-analysis of nine studies concluded that the highest 
prevalence of dementia was among individuals ages 80–85 years, with a minimal increase after 
age 90 years.93 
 

Race. Limited evidence from the CHS Cognition Study indicates that older individuals of 
African American descent had a higher prevalence of mild cognitive impairment (45.5 percent) 
compared to Caucasians (14 percent) (Figure 37).90  
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Sex. Prevalence of cognitive impairment in men varied from 16 percent in the Canadian Study of 
Health and Aging250 and PAQUID (Personnes Agées QUID) Research Program94 to 36 percent 
in the CHS All Stars Study (Appendix E Table 15).59 No age-associated increase was evident. 
For instance, the Survey in Europe on Nutrition and the Elderly reported that 14 percent of men 
ages 80–85 years had cognitive impairment.96 The prevalence was 10.342 to 14.9 percent59 in 
men older than age 89 years. 
 
Prevalence of dementia in older men was consistent across different countries, with an evident 
increase with age (Figure 38).97 The EURODEM-Prevalence Research Group reported that 3.25 
percent of older men had vascular or mixed dementia.97 Prevalence increased from 1.04 percent 
in men ages 65–69 years to 5.8 percent in those older than age 85 years.97 CHS identified 
dementia in 9 percent of men younger than age 75 years and in 43 percent of those older than age 
85 years (Figure 39).282 The Canadian Study of Health and Aging demonstrated an evident 
increase in severe dementia in aging men, from 0.4 percent in those ages 65–74 years to 8.8 
percent in those older than age 85 years.95 
 
The prevalence of cognitive impairment in women varied depending on definitions and age. 
Cognitive impairment detected with the 3MSE questionnaire varied from 10.4 to 11.5 percent in 
older women (Figure 40).59,95 Functional cognitive impairment was identified with the 3MSE 
questionnaire in 35 to 59 percent of older women.59 Cognitive and physical impairment were 
identified with the same instrument in 6.3 to 24.3 percent of older women.59 The prevalence of 
cognitive impairment defined as an MMSE score of <24 was 24 percent in women older than age 
65 years (Figure 41).42,90,94,96  
 
Prevalence did not increase substantially with age. Pooled prevalence of cognitive impairment in 
women ages 80 to 85 years was 31.8 percent but was reduced to 14.2 percent in those older than 
age 90 years.42,90,94,96 Since prevalence of dementia increases with age, a decrease in prevalence 
of cognitive impairment may reflect a competing risk issue. 
 
The prevalence of cognitive impairment was lower in the Longitudinal Study of Aging that used 
the TICS instrument (Figure 42).49 The Longitudinal Study of Aging found an increase in 
prevalence with age, from 8.6 percent in women ages 70–74 years to 33 percent in those older 
than age 85 years.49

 

 
The prevalence of dementia in older women was consistent across different countries, with 
evident increases with age (Figure 43).97 The EURODEM-Prevalence Research Group found 
vascular or mixed dementia in 2.3 percent of older women.97 Prevalence increased from 0.3 
percent in those ages 65–69 years to 5.4 percent in those older than age 80 years.97 Prevalence of 
any dementia increased from 8.8 percent in women younger than age 75 years to 51 percent in 
those older than age 85 years, and to 56 percent in centenarians (Figure 44).95,176,236,282 Severe 
dementia increased from 0.6 percent in women ages 65–74 years to 17.2 percent in those older 
than age 85 years.95,176,236,282 
 
Other factors. Several factors have been associated with the development of cognitive 
impairment and dementia in healthy aging people (Appendix E Table 16).283,284 Sedentary 
lifestyle was associated with dementia in several studies.285-292 Several cohort studies 
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demonstrated an increased risk of dementia among smokers (Appendix E Table 16).284,285,293-295 
The association with alcohol intake was not linear, with an increased risk of dementia among 
both nondrinkers and heavy drinkers.285,288,296-300 Obesity301-304 and increased saturated fat intake 
in older adults was also associated with a higher risk of cognitive impairment.285,305 
 
Several studies showed that cognitive impairment was associated with a greater risk of dementia. 
More than 20 percent of older people with cognitive impairment developed dementia during 2 to 
5 years of followup (Appendix E Table 17).98 The Cache County Study on Memory, Health, and 
Aging demonstrated that 46 percent of older individuals with mild cognitive impairment 
developed dementia during 3 years of followup.306 The Religious Orders Study99 and the German 
Study on Aging, Cognition, and Dementia in Primary Care Patients Study Group100 demonstrated 
a significant risk of any dementia and Alzheimer‘s disease in older individuals with cognitive 
impairment (Appendix E Table 18). Several cognitive tests have been shown to predict dementia 
in older people with cognitive impairment, including the Selective Reminding Test, Benton 
Visual Retention Test, Wechsler Memory Scale, Paired Associate Learning, Mattis Dementia 
Rating Scale, Rey Auditory Verbal Learning Test, Cambridge Mental Disorders in the Elderly 
Examination, Wechsler Adult Intelligence, Fuld Object Memory Test, Boston Naming Test, and 
California Verbal Learning Test (Appendix E Table 19).98,283 The differences in the magnitude of 
the association between different definitions of cognitive impairment and dementia have not 
been documented in large population-based studies. 
 
In conclusion, prevalence of cognitive impairment and dementia increased with age, with the 
highest prevalence among community-dwelling persons ages 80–85 years. Older African 
Americans had a higher prevalence of cognitive impairment. Older men and women had 
comparable prevalence of cognitive impairment and dementia. Older persons with cognitive 
impairment were at a higher risk of developing dementia. 
 
Frailty 
 
Prevalence of frailty increased with age but differed within age subgroups, depending on 
definitions (Appendix E Table 20). Prevalence in those between the ages of 65 and 70 years 
ranged from 3–6 percent, using the phenotype definition, to 5–15 percent using the accumulation 
deficit definition (Figure 45).23,101-104 Prevalence of frailty in adults between the ages of 70 and 
80 years varied from 5–12 percent, according to the phenotype definition, to 8–17 percent 
according to the accumulation deficit definition (Figure 46).22,23,101,104,105 Prevalence of frailty 
according to any definition was more than 16 percent in those older than age 80 years (Figure 
47).23,101-104 Prevalence according to the phenotype definition increased from 16 percent in those 
ages 80–84 years to 26 percent in those ages 85–89 years, without further increase with age. 
Prevalence of frailty according to the accumulation deficit definition continued increasing with 
age. More than half (50 to 56 percent) of people older than age 85 years were frail according to 
the accumulation deficit definition. 
 
Among race groups, older African Americans had the highest prevalence of frailty across 
different definitions (Appendix E Table 21). More than half of older African Americans were 
frail according to two studies (Precipitating Events Project and Frailty Study of African 
Americans in South Central Los Angeles) (Figure 48).23,104,106,107 Two studies examined 
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prevalence of frailty in older Hispanics and reported that 8–20 percent met different frailty 
criteria (Figure 49).104,108 Prevalence of frailty in older Caucasians varied from 6–12 percent, 
using the phenotype definition, to 15–40 percent using the accumulation deficit definition 
(Figure 50).23,104,107,109 The large cohort studies of predominantly Caucasian participants in the 
Survey of Health, Aging and Retirement in Europe demonstrated that, according to phenotype 
criteria, 17 percent of older people were frail.110 
 
Among sex groups, prevalence of frailty was somewhat higher in women than in men. Estimates 
varied depending on studies, definitions, and age subgroups. In older men, prevalence of 
phenotype frailty was 7 percent, and accumulation deficit frailty was 24 percent (Figure 
51).23,103-105,107,109,111-115 Prevalence of phenotype frailty increased from 2–37 percent in higher 
age subgroups (Figure 52).23,101,111,113,115 Prevalence of accumulation deficit frailty increased 
from 3 percent in men ages 65–69 years to 55 percent in those older than age 90 years. 
Prevalence was higher in aging African American and Hispanic men compared to Asian or 
Caucasian men (Figure 53).23,113,116 Prevalence of phenotype frailty was 13 percent in women, 
and accumulation deficit frailty was 26 percent (Figure 54).23,24,103-105,107,109,111,115-117 Prevalence 
of phenotype frailty increased from 3–13 percent in higher age subgroups (Figure 
55).23,101,104,111,115 Prevalence of accumulation deficit frailty increased from 6–57 percent in 
higher age subgroups. African American women had the highest prevalence of frailty, with 60 
percent of those older than age 85 years being frail (Figure 56).23,116 
 
In conclusion, prevalence of frailty varied depending on studies, definitions, and age subgroups. 
Prevalence increased with age and was higher when accumulation deficit definitions were used. 
Older African Americans and Hispanics had a higher prevalence of frailty. 
 
Disability 
 

Prevalence of BADL disability by sex.  

 

Any BADL disability. Four studies reported prevalence for any BADL disability by sex, and 
women had a higher prevalence of any BADL disability (8.1–14.0 percent) than men (6.5–10.3 
percent) (Figures 57–60).61,63,64,121  
 
Moderate BADL disability. Women (21.7 percent) had a higher prevalence of moderate BADL 
disability than men (19.1 percent) in the one study that reported this outcome (Figure 61).118  
 
Severe BADL disability. The prevalence of severe BADL disability was the same in older men 
and women (6 percent) (Figure 62).118 
 
Individual BADL disabilities. Women had a higher prevalence of disabilities in bathing, 
dressing/hygiene, transferring, and walking than men (Table 17). The prevalence was equal 
between men and women for eating disabilities, and no study reported on differences in toileting 
disabilities.  
 
Summary. In general, women had higher rates for all types of BADL disabilities, except for 
eating disabilities, which had an equal prevalence. The highest prevalence reported for BADL 
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disability occurred when it was measured as moderate BADL disability, then as any BADL 
disability, and finally as severe BADL disability.  
 

Prevalence of IADL disability by sex. Few studies reported differences by sex in IADL 
disabilities (Table 18).  
 

The prevalence of any IADL disability was higher in women than men (Table 18).121 One study 
described changes in the prevalence of any IADL disability over 6 years between men and 
women.121 More women reported an IADL disability than men at any time period, but showed 
less change over time (Figure 63). In terms of individual IADL disabilities, more women had 
more difficulty with housekeeping and meal preparation than men, but less difficulty with 
shopping (Figures 64 and 65).119,122 
 

Prevalence of BADL disability by ethnicity. 

 
Any BADL disability. Two studies reported prevalence of any BADL disability by ethnic group 
and one study enrolled only older Hispanic Americans (Table 19).41,60,62 Prevalence of any 
BADL disability, in order of highest to lowest, was African Americans (13.6 percent), American 
Indians (11.6 percent), Hispanic Americans (11.0 percent),41 and Caucasian Americans (8.1 
percent) (Figure 66).62 Racial differences persisted after accounting for sex. Older African 
American women had the highest prevalence of having any BADL disability (10.7 percent), 
followed by African American men (7.5 percent), Caucasian women (5.2 percent), and 
Caucasian men (4.7 percent) (Figure 67).60 
 
Eating disability. One study reported the prevalence of eating disabilities by ethnic group and 
found that African American and Caucasian older adults had the same prevalence (1.2 percent) 
(Figure 68).119 
 
Summary. The prevalence of BADL disabilities was highest in African American older people, 
followed by American Indian older people and Hispanic older people, and was lowest in 
Caucasian older Americans. African American women had the highest prevalence of BADL 
disability, followed by African American men, Caucasian women, and Caucasian men. There 
were no racial differences in eating disabilities. 
 

Prevalence of IADL disability by ethnicity. Only one study reported differences in the 
prevalence of IADL disabilities by race.119 Older African Americans had a higher percentage of 
individuals having difficulty with meal preparation and shopping than Caucasian older adults. 
Older African American women had the highest prevalence (Figures 69 and 70).  
 
Summary. Very little is known about racial differences in the prevalence of IADL disability in 
older people. African American women appear to have more IADL disability.  
 

Prevalence of BADL disability by age groups. 

 
Any BADL disability. One study reported differences in the prevalence of any BADL disability 
by sex and age group.59 In general, the prevalence of any BADL disability increased with age 
and was higher in women (Table 20).  
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Moderate BADL disability. One study reported differences in the prevalence of moderate BADL 
disability by sex and age group.118 In general, prevalence of moderate BADL disability was 
higher in women and in the oldest age groups. Women older than age 80 years had the highest 
prevalence of moderate BADL disability. 
 
Severe BADL disability. One study reported differences in the prevalence of severe BADL 
disability by sex and age group.118 Prevalence of severe BADL disability ranged from 10–11 
percent in people ages 80 years and older, was 6 percent in those ages 65–74 years, and did not 
differ significantly by sex (Table 21).  
 
Summary. BADL disability was highest in the oldest age groups, and in older women. 
 

Sarcopenia 
 

Prevalence of sarcopenia increased with age.68,123 However, the association was strong and 
consistent only in men.68,123 The association was significant in women in the New Mexico Elder 
Health Survey68 but random in female participants in the Health Aging and Body Composition 
Study.123  
 
Older African Americans had significantly lower odds of sarcopenia when compared to 
Caucasians (OR, 0.2 [95% CI, 0.1–0.3]).123 The odds of sarcopenia did not differ among 
Hispanic and non-Hispanic whites.68 
 
Prevalence of sarcopenia did not demonstrate a consistent association with comorbidity across 
the studies. Older men with more than three diseases had significantly higher odds of sarcopenia 
in the Health Aging and Body Composition Study123 but not in the New Mexico Elder Health 
Survey.68 Sarcopenia was not associated with multimorbid conditions in women in both 
studies.68,123 
 
Malnutrition 
 
Prevalence of poor nutritional scores did not demonstrate a linear association with age in the 
Nutrition Screening Initiative.84 Prevalence was highest in those ages 65–74 years (46 percent) 
but decreased to 31 percent in those older than age 85 years.84 Sex differences in prevalence of 
malnutrition were evident for some but not all definitions of malnutrition (Appendix E Figure 
2).96 
 
Prevalence of poor nutritional scores was the same in men and women in the Nutrition Screening 
Initiative (Figure 71).84 The pooled prevalence of poor nutritional scores was 18.27 percent in 
older men and 24 percent in older women (Figure 34). Prevalence of unintentional weight loss 
also did not differ by sex (Figure 72).71,72 Women, however, had a lower prevalence of decreased 
albumin levels77 but a higher prevalence of low BMI (Appendix E Table 10).72  
 
Older African Americans had a significantly higher risk of malnutrition defined as unintentional 
weight loss when compared to Caucasians (Figure 71).71 According to NHANES II, prevalence 
of anemia did not differ among older Caucasians and non-Caucasians (Appendix E Table 11).78 
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Prevalence of unintentional weight loss did not differ in older Hispanics and non-Hispanics.72 
Older Hispanic women had a higher prevalence of poor nutritional scores when compared to 
non-Hispanic women (30 percent vs. 17 percent, respectively).72 
 
In conclusion, age and sex differences in malnutrition were not consistent across the studies. 
Older African Americans had a higher prevalence of unintentional weight loss. Older Hispanic 
women had a higher prevalence of poor nutritional scores. 

 
Homeostenosis (Impaired Homeostasis) 

 
We could not identify studies that reported prevalence of homeostenosis in age subgroups. 

 
Chronic Inflammation 

 
We could not identify studies that reported prevalence of chronic inflammation in age, sex, or 
race subgroups. Older women with higher blood levels of carotene, lycopene, lutein, b-
cryptoxanthin, and selenium had a lower prevalence of elevated IL6 (Appendix E Table 22).240 
 
In conclusion, evidence was insufficient about prevalence of unspecified chronic inflammation in 
older subpopulations. 
 

Key Question 3. What is the Association Between These 
Common Syndromes/Conditions and Mortality, 

Institutionalization, Hospitalization, and Activities of Daily 
Living? 

 
We analyzed the association of outcomes with each syndrome and across all syndromes. The 
estimates of the association varied depending on definitions of comorbidities, population 
subgroups, definitions of the outcomes, and adjustment for correlated contributing factors. Some 
analyses did not address the multifactorial nature of geriatric syndromes and the role of baseline 
diseases. For example, disability was an outcome but also a part of the definition of frailty. 
Adjustment for correlated multifactorial syndromes that ignored definitive primary cause of 
disability or death may give invalid estimation of the association between syndromes and 
mortality. Age and specific disease contributions were not separately examined in the studies. 
 
Multiple Morbidities 
 
The estimates of the association varied depending on definitions of comorbidities, population 
subgroups, definitions of the outcomes, and adjustment for correlated contributing factors. The 
Women‘s Health and Aging Studies I and II demonstrated increased odds of frailty in women 
with more than three chronic diseases (OR, 1.5 [95% CI, 1.3–1.7])89 or more than eight 
inflammatory diseases (OR, 1.8 [95% CI, 1.5–2.3]) (Appendix E Table 23).117 The Health ABC 
Study found an increased risk of sarcopenia in older men (RR, 2.8 [95% CI, 1.7–4.8]) but not in 
women.123  
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The positive significant association between multiple morbidities and mortality was consistent 
across the studies. Older persons with comorbidities had a 32–112 percent relative increase in 
death (Table 22).39,124-129 The magnitude of the association decreased during the time of 
followup, from a 100 percent relative increase at 10 years (OR, 2 [95% CI, 1.4–2.8)] to a 59 
percent increase at 15 years (OR, 1.59 [95% CI, 1.1–2.3]).125 The association between 
comorbidity and mortality attenuated dramatically during the longer time of followup in another 
cohort, from a 471 percent relative increase at 1 year to a 120 percent increase at 10 years.129 
Attenuation in association may be a statistical reflection of a greater denominator as outcomes 
accrue over time. The magnitude of the association was dose responsive, with an 85 percent 
relative increase in mortality for older persons with four to five diseases and a 112 percent 
relative increase among those with six or more chronic conditions.126  
 
A prospective cohort from a large health maintenance organization demonstrated a significant 
increase in mortality in older women (OR, 2.5 [95% CI, 1.1–6.0]) and men (OR, 2.3 [95% CI, 
1.3–4.1]) who had a Charlson comorbidity index score of 2–4 versus 0.308 
 
Polypharmacy was significantly associated with mortality in two studies with evidence of a dose 
response.54,130 One European cohort, the PAQUID study, did not find a significant association 
between polypharmacy and death in older men and women.94  
 
Older persons with poor health had an increased risk of death in all studies that examined the 
association (Figure 73).27,103,131 Older women with poor health had a 235 percent relative 
increase in mortality94,280 and older men had a 233 percent increase.94,280 The magnitude of the 
association decreased over the time of followup in women (Appendix E Table 24). Women with 
poor health had a 280 percent increase in risk of death at 5 months of followup in the 
Longitudinal Study of Aging (HR, 3.8 [95% CI, 2.0–7.1]), a 100 percent increase at 23 months 
(HR, 2.0 [95% CI, 1.3–3.0]), but no significant association at 32 months.309 Among other 
population subgroups, older Medicare beneficiaries with functional dependency and poor health 
had an increased risk of death of 99–124 percent.310 
 
The Longitudinal Study of Aging demonstrated a positive significant association between 
multiple morbidities and institutionalization (Appendix E Table 25).128 Older persons with poor 
health had a 10–80 percent relative increase in institutionalization (Appendix E Table 26).8,103,132 
The Longitudinal Study of Aging reported a significant risk of first admission ever to a nursing 
home (HR, 1.2 [95% CI, 1.1–1.2]) and overall nursing home placement (HR, 1.1 [95% CI, 1.1–

1.2]) in older Caucasians with poor health.132,311 The association was not significant among older 
African Americans. 
 
Older persons with multiple morbidities had increased odds of hospitalization (OR, 1.7 [95% CI, 
1.1–2.9]) (Appendix E Table 27).133 The association with hospitalization was dose responsive.126 
The relative increase in odds of hospitalization was 37 percent in persons with comorbidity 
scores of 3 versus ≤2, 46 percent in those with scores of 4–5 versus ≤5, and 94 percent in those 
with scores of ≥6 versus ≤2.

126  
 
Polypharmacy was significantly associated with hospitalization.133,134 The Medicare Risk 
Demonstration cohort reported a 190 percent increase (OR, 2.9 [95% CI, 2.2–4.1]) in odds of 
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hospitalization among older persons with more than five prescriptions when compared to those 
with less than five concurrent drugs.133 The Assistenza Socio-Sanitaria Italian cohort found a 124 
percent relative increase in odds of hospitalization among older persons with more than five 
prescription medications (OR, 2.2 [95% CI, 1.8–2.8]).134 
 
The Longitudinal Study of Aging reported a significant increase in the risk of hospitalization 
among older persons with poor health (Appendix E Table 28).135-140 Older persons with poor 
health had increased odds of any hospital admission (OR, 2.8),136 any Medicare-reimbursed 
hospital episode (OR, 2.1),135 hospitalization for ambulatory care-sensitive conditions (OR, 
1.5),137 and repeated admissions (OR, 2.2).140 
 
In conclusion, among different definitions of multimorbid conditions, comorbidity scores and 
poor perceived health demonstrated a strong association with mortality in older people. Poor 
perceived health was a strong predictor for institutionalization. The number of chronic 
conditions, comorbidity scores, polypharmacy, and poor perceived health were associated with 
hospitalization. 
 
Cognitive Impairment 
 
Cognitive impairment was associated with a significantly higher risk of mortality in all studies 
that examined this association (Appendix E Table 29).149 The magnitude of the association 
varied depending on the definition of cognitive impairment, country of study, and adjustment for 
other contributing factors (Appendix E Table 30). The largest relative increase of 250 percent in 
women and 280 percent in men was found in the Canadian Study of Health and Aging, which 
defined cognitive impairment as a score of <78 on the 3MSE scale.141,142 The association was 
dose responsive, with a 4 percent relative increase in mortality for each one-point decrease in 
MMSE score (Figure 74).39,44,54,143-148 The magnitude of the association was highest in studies 
that estimated the association with odds ratios (pooled OR, 4.2 [95% CI, 2.6–6.8]).144,146 The 
studies that estimated relative risk of hazard rate ratios found a 37 percent39,54 and a 61 
percent44,147 relative increase in risk of death, respectively (Figure 74). Odds ratios may 
overestimate relative risk when baseline event rates are higher than 30 percent.312 Estimation of 
relative risk from the reported odds ratio was not feasible because of inconsistent reporting of 
baseline rates. 
 
Fewer studies analyzed the association between different definitions of cognitive impairment. 
The Canadian Study of Health and Aging examined different case definitions of mild cognitive 
impairment313 and did not demonstrate a significant increase in risk of mortality (Figure 
75).39,94,313  
 
Among sex groups, older women (pooled RR, 1.37 [95% CI, 1.11–1.69]) but not men (pooled 
RR, 1.2 [95% CI, 0.8–1.8]) with an MMSE score of <24 had a significant risk of mortality 
(Figure 75).39,94 Both men and women with severe cognitive impairment, defined as an MMSE 
score of <18, were at a higher risk of death. 
 
Dementia was associated with a significantly higher risk of mortality in the majority of the 
studies that examined this association (Appendix E Table 31).149 Overall, dementia was 
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associated with a 163 percent relative increase in the odds of death (pooled OR, 2.6 [95% CI, 
2.2–3.2]).149 The highest risk of death was found in the North Manhattan Aging Project, among 
three ethnoracial groups (Latinos, African Americans, and non-Latino whites) with dementia. 
Several European cohorts, including the Helsinki Aging Study,314 the Longitudinal 
Gerontological and Geriatric Population Studies in Gothenburg,315 the Swedish Kungsholmen 
Study,316 the Italian Longitudinal Study on Aging,317 and the Appignano Study318 demonstrated 
more than a 100 percent relative increase in mortality in older individuals with dementia. 
 
Cognitive impairment was associated with a significant risk of institutionalization in the majority 
of the studies that examined this association (Appendix E Table 32). For cognitive function 
measured with MMSE, the association was dose responsive and significant even within the 
normal ranges of the scale. Older individuals had a higher relative increase in institutionalization 
of 9 percent per each one-point decrease in MMSE score.145 The magnitude of the association 
varied substantially across the studies. Studies that reported odds ratios tended to overestimate 
the magnitude of the association. The Canadian Study of Health and Aging demonstrated that 
older persons with age-associated memory impairment (OR, 17.5 [95% CI, 14.0–22.0]) or mild 
cognitive impairment with an MMSE score of <23 (OR, 29.1 [95% CI, 25.1–33.8]) had a 
substantial increase in the odds of nursing home placement.151 The Asset and Health Dynamics 
Among the Oldest Old Study demonstrated a smaller but still highly significant risk of 
institutionalization in older people with mild/moderate (HR, 2.3 [95% CI, 1.8–2.8]) or severe 
cognitive impairment.319 Older persons with dementia had a significant risk of 
institutionalization in several large studies, including the Medicare Current Beneficiary Survey 
(OR, 34.9),150 the Canadian Study of Health and Aging (OR, 36.3),151 and the Marshfield 
Epidemiologic Study Area (HR, 5.1) (Appendix E Table 32).152 The magnitude of the association 
was higher in the studies that reported odds ratios rather than relative risk. 
 
Cognitive impairment was associated with a significant risk of hospitalization in one study of 
three that examined this association (Appendix E Table 33). The MacArthur Research Network 
on Successful Aging Community Study demonstrated 680 percent higher odds of hospitalization 
in older people with a decline in the Short Portable Mental Status Questionnaire (OR, 7.8 [95% 
CI, 2.0–30.8]).320 The Longitudinal Study of Aging137,140 and the Medicare Current Beneficiary 
Survey321 did not find a significant association between cognitive impairment and dementia. 
 
In conclusion, older individuals with cognitive impairment had a higher risk of mortality and 
institutionalization. The magnitude of the association varied depending on the country, age, and 
sex of the participants, definitions of the cognitive impairment, and statistical estimates. 
 
Frailty 

 
Frailty was associated with cognitive impairment, comorbidities, and disability. The prevalence 
of frailty demonstrated a dose response association with a larger number of comorbidities or 
ADL disability (Appendix E Table 34).23,104 
 
Frailty was associated with mortality (Appendix E Table 35). Figure 76 summarizes the overall 
association between frailty and mortality across a number of varying studies, organized by the 
general definitional approach to frailty.14,23,111,115,148,153-156 Although there is substantial 
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heterogeneity across the studies, there is a positive relationship. The relationship is stronger 
when accumulated deficits are employed as the basis for the definition. 
 
The strength of the association was cumulative. Figure 77 uses data from an analysis of the 
Medicare Current Beneficiary Survey to show that more deficits were associated with a higher 
risk of bad events.157 Figure 78 shows how increasing numbers of phenotypic frailty components 
were associated with a greater risk of mortality.14,156 As shown in Figure 79, this effect generally 
persisted over longer followup periods.23,156 The strongest association between frailty and 
mortality was demonstrated at 4 years of followup. The relative increase in mortality was less at 
11 years but remained significant. 
 
The association was significant in men and women. Older frail men had a relatively greater risk 
of death of 105 to 251 percent, according to the phenotype definition, and 65 to 356 percent 
according to the accumulation deficit definition (Appendix E Figure 3).113,114,158,159 The dose 
response association between the increasing value of the frailty accumulation deficit index and 
mortality was significant in Chinese men ages 80–99 years but random in those ages 65–80 years 
or older than age 100 years (Appendix E Figure 4).159 Frail older women had increased mortality 
across different studies and definitions of frailty (Appendix E Figure 5).158-160 The dose response 
association between the increasing value of the frailty accumulation deficit index and mortality 
was significant in all age categories of Chinese women (Appendix E Figure 6).159 
 
Frailty was associated with an increased risk of institutionalization (Appendix E Table 36). The 
magnitude of association was higher in studies of disabled older persons, including the Women‘s 

Health and Aging Studies160 and the Canadian Study of Health and Aging.155 Different frailty 
criteria were also associated with increased risk of institutionalization in the Precipitating Events 
Project.147 Slow gait speed and cognitive impairment were the strongest predictors. Frailty was 
also associated with an increased risk of hospitalization (Appendix E Table 37).14,28,161 The 
studies demonstrated a 29 percent relative increase in risk161 and a 41–345 percent relative 
increase in odds of hospitalization.14,161 
 
Two studies examined the association between frailty and emergency department (ED) visits 
(Appendix E Table 38). The MOBILIZE Boston Study found that the relative increase in odds of 
ED visits was 210–254 percent in frail older persons compared to nonfrail older persons.109 
Secondary analysis of data from the Medicare Current Beneficiary Survey that adjusted for 
previous ED visits and previous hospitalizations did not find a significant association between 
frailty and ED visits.157 
 
In conclusion, frail older adults had an increased risk of disability, mortality, and 
institutionalization. The association was consistent across the studies, persisted with more years 
of followup, and demonstrated a dose response association with the number of criteria met. 
 
Disability 
 
Disability and hospitalization. The results of studies examining the association between 
disability and risk of hospitalization are summarized in Table 23. A more detailed accounting of 
the results appears in Appendix E Table 39. The statistically significant association between 
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disability and hospitalization was demonstrated in four studies (adjusted relative measures of 
association ranged from 1.8 to 16.0).136,137,162,163 The risk of hospitalization depended on the 
definition of disability, and in general this risk increased with the severity of disability. Older 
people who had any BADL disability (defined as having one or more BADL dependencies) had 
the lowest risk of hospitalization. Older individuals with severe BADL disability (defined as 
having three or more BADL dependencies) had the highest risk. The risk for women was also 
greater than the risk for men. The manner in which BADL disability develops appears to 
influence the risk for hospitalization. Older people who experienced catastrophic severe 
disability (defined as the sudden onset of three or more BADL disabilities when none existed 
before) were 16 times more likely to be hospitalized than those who had moderate ADL 
disability.163 When ADL disability was measured on a continuous scale, the risk for 
hospitalization was not statistically significant, nor was it significant when it was measured as 
having any ADL or IADL dependencies.  
 
Disability measures not measured as ADLs also predicted hospitalization. The greatest risk was a 
two-fold increase for older people who were not physically able (difficulty in walking 1/4 of a 
mile; stooping, crouching, or kneeling; lifting 10 pounds; or walking up 10 steps without 
resting).162 
 
The majority of the studies that examined the association between disability and 
institutionalization found that disabled elderly adults had a significantly higher risk of placement 
in nursing homes (Appendix E Table 40). 
 

Disability and mortality. 

 

Risk of death for older people with BADL disabilities. Several studies reported the odds ratio or 
hazard ratio associated with different definitions of disability and the risk of death during 
different time periods (Appendix E Table 41). 
 
Table 24 summarizes the studies that reported these relationships. In general, older people with 
BADL disabilities were at higher risk for death (OR range, 1.9–86.8) than those with IADL 
disabilities (OR range, 1.5–6.6) compared to elderly adults without disabilities (Figures 80 and 
81). Those with more BADL disabilities had a higher risk of death than those with fewer BADL 
disabilities (Figure 80). Severe BADL disabilities were associated with the highest risk of death 
at 72 months (OR, 30.0 [95% CI, 18.0–51.0])128 and 24 months (OR, 86.8 [95% CI, 39.4–

190.8]).164 Moderate BADL disabilities were associated with greater odds of death at 72 months 
(OR, 8.6 [95% CI, 6.6–11.0])128 and 24 months (OR, 14.1 [95% CI, 9.2–21.6]).164 The lowest 
risk of death occurred when any BADL disability was reported (OR, 1.9 [95% CI, 1.2–2.7]).162 
The risk of death associated with individual BADL disabilities was not reported in the studies, 
with one exception. The risk for death at 48 months doubled for older people with bathing 
disabilities.53  
 

Risk of death for older people with IADL disabilities. The risk of death associated with IADL 
disabilities was highest when any IADL disability was reported. Older adults reporting any 
IADL disability were 6.6 times more likely to die at 72 months128 and 4.1 times more likely to 
die at 24 months.164 Those with severe IADL disability had slightly higher odds of death (OR 
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range, 1.6–2.2) than those with moderate IADL disabilities (OR range, 1.5–1.7) (Figure 81). The 
risk of death associated with individual IADL disabilities was only reported in one study. Those 
with difficulty managing personal finances were twice as likely to die as those without this 
disability.53 
 
When disability was measured on a continuous scale, the per one-point increase in disability 
score and the risk of death were the same whether the scale measured BADL, IADL, or 
BADL/IADL disability (Figure 82). 
 

Difference in risk of death and disability by sex and race. Men with BADL disabilities had 
slightly higher risks of death than women.64 One study looked at risk disparities in race 
subgroups of older people with IADL disabilities.119 White men and women who were unable to 
prepare a meal had higher risks of death than African American men and women with this 
disability (Figure 83).  
 

Life expectancy. One study reported differences in life expectancy by age and sex for older 
people with and without BADL/IADL disabilities (Figure 84).40 Women suffered greater 
discrepancies in years of expected active life remaining if they had a BADL/IADL disability. 
Women age 78 years who have a disability had a 49 percent reduction in expected active life 
remaining compared to women the same age without a disability; this reduction was 34 percent 
for women age 65 years, 38 percent for men age 78 years, and 25 percent for men age 65 years.40 
 

Summary. In general, older people with the most severe BADL disabilities had the highest risks 
of death. There is basically no research on how individual BADL and IADL disabilities increase 
the risk of death. Men with BADL disabilities had slightly higher death rates than women with 
BADL disabilities. There are few studies reporting race or ethnic differences in death rates 
among disabled older men and women.  
 

Sarcopenia 
 
Sarcopenia was associated with significantly higher odds of multiple disabilities.68 The relative 
increase in odds of having more than three disabilities was 266 percent in older men with 
sarcopenia and 308 percent in women with sarcopenia.68 The association with impaired lower 
extremity function depended on the definitions of sarcopenia. A significant increase in the odds 
of mobility disability was demonstrated among older patients with sarcopenia who were 
diagnosed using a lean mass index adjusted for fat mass (Appendix E Table 42).123 The 
unadjusted relative lean mass index was positively associated with mobility disability in men but 
not in women.123 
 
The association between sarcopenia and mortality was examined in one study (the Invecchiare in 
Chianti Study).165 Even though older people with greater muscle density had a lower risk of 
death, sarcopenia was not associated with mortality.165 
 
The association between sarcopenia and hospitalization was examined in one study, the Health 
ABC Study.322 The study demonstrated a significant positive association between low muscle 
density (RR, 1.5 [95% CI, 1.2–1.7]) or weak grip strength (RR, 1.5 [95% CI, 1.3–1.8]) and 
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hospitalization. Lean mass or sarcopenia was not associated with hospitalization.322 The authors 
concluded that poor function and low muscle density are better predictors for treatment 
utilization in older individuals and should be measured in population-based studies. 
 
In conclusion, limited evidence suggests that sarcopenia was associated with disability but not 
mortality in older people. Mobility disability and low muscle density may predict hospitalization 
better than simple lean mass index.  
 
Malnutrition 
 
The association between mortality and malnutrition was consistent across the studies and 
different definitions of malnutrition (Figure 85).70,71,83,166-169 
 
Low BMI166,167 and malnutrition identified using the Mini Nutritional Assessment70 were the 
strongest predictors for mortality. 
 
In addition, several biological markers related to malnutrition have been shown to be strong and 
significant predictors of mortality (Appendix E Table 43). Red cell distribution width is typically 
elevated in older persons with malnutrition, iron deficiency, or vitamin B12 or folate deficiency.79 
Meta-analysis of individual subject data from seven community-based studies of 11,827 older 
adults demonstrated a strong and significant association with mortality in all examined age, sex, 
and race subgroups.79 Red cell distribution width was associated with mortality in older adults 
with and without iron, folate, and/or vitamin B12 deficiencies (adjusted HR for a 1 percent 
increment in RDW, 1.2 [95% CI, 1.1–1.2]), as well as in those without these deficiencies 
(adjusted HR for a 1 percent increment in RDW, 1.2 [95% CI, 1.2–1.3]).79 Routinely measured as 
a part of the complete blood count, red cell distribution width >15 percent was associated with a 
151 percent relative increase in risk of death (HR, 2.5 [95% CI, 2.2–2.9]).79 Very low albumin 
levels and very high prealbumin levels (transthyretin >316mg/L or <258mg/L) were associated 
with increased mortality (Figure 86).167,170 Low albumin level predicted a higher risk of early 
death in older men but not women (Appendix E Table 44).170 Low vitamin D levels were 
associated with higher mortality in older women participating in the Women‘s Health and Aging 
Studies241 but not in the Longitudinal Aging Study Amsterdam when men and women were 
combined in one model.80 
 
Several studies analyzed composite measures of malnutrition and chronic inflammation in older 
people and found a significant positive association with mortality. For instance, elevated levels 
of inflammatory globulin, orosomucoid (alpha-1-acid glycoprotein), was associated with 
increased mortality.167 The relative increase in mortality was 126 percent in older men and 161 
percent in women (Appendix E Table 44).170 Elevated alpha-1-acid glycoprotein levels predicted 
followup mortality of 5 years, but not longer (Figure 86).170 Older people with the highest levels 
of alpha-1-acid glycoprotein and the lowest levels of transthyretin had the highest risk of death, 
with a 364 percent relative increase in women and 586 percent relative increase in men 
(Appendix E Table 44).170 An elevated composite measure of chronic inflammation and poor 
nutrition was associated with increased risk of death in older men but not women (Figure 87).170 
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Women with nutritional deficit or multiple definitions of malnutrition, however, had a higher 
prevalence of frailty (Figure 88).238 The evidence about treatment utilization in older people with 
malnutrition is limited to one study of domiciliary care services for older people with moderate 
or severe functional limitations that found an increased risk of ED admissions and 
hospitalizations in those with undernutrition and malnutrition (Appendix E Table 43).83 
 
In conclusion, low BMI, nutritional risk identified with the Mini Nutritional Assessment, and 
increased red cell distribution width were strong and consistent predictors of mortality in older 
individuals. Other biomarkers and their combinations need further examination. 
 
Homeostenosis (Impaired Homeostasis) 
 
The association of impaired homeostasis with clinical outcomes varied depending on the 
definitions of the exposure and study populations (Appendix E Table 44). Older women with 
increased allostatic load had significantly greater odds of frailty (OR, 1.2 [95% CI, 1.0–1.3]), 
with a 16 percent relative increase per each one-point increase in score in the Women‘s Health 
and Aging Studies.89 Older persons with high plasma tonicity had a significantly higher risk of 
impaired ADLs (RR, 2.7 [95% CI, 1.3–5.6]), impaired IADLs (RR, 2.3 [95% CI, 1.2–4.3]), and 
overall disability (RR, 2.1 [95% CI, 1.2–3.6]) in the Duke Established Populations for 
Epidemiologic Studies of the Elderly.46 
 
The association between mortality and homeostenosis was examined in several studies that used 
different definitions of homeostenosis (Appendix E Table 44). Unstable BMI (HR, 1.3 [95% CI, 
1.0–1.8]), pulse pressure (HR, 1.3 [95% CI, 1.0–1.7]), and fasting plasma glucose (HR, 1.6 [95% 
CI, 1.2–2.1]) were associated with greater risk of mortality in an older Italian cohort.171 The 
MacArthur Studies of Successful Aging demonstrated a significant association between 
increased allostatic load and mortality.124,172,173 The same study found a 27 percent relative 
increase in odds of death (OR, 1.3 [95% CI, 1.0–1.5]) in older people with an elevated stress 
hormone index.124 The Invecchiare in Chianti Study demonstrated a relative increase of death of 
472 percent in older people with elevated free estrogen levels (OR, 5.7 [95% CI, 1.7–19.4]).323 
 
In conclusion, individual studies demonstrated a significant association between disability, 
mortality, and indicators of impaired homeostasis in elderly people. Consensus operational 
definition of homeostenosis and its biomarkers is necessary for better interpretation of the 
results. 
 
Chronic Inflammation 
 
The studies consistently found positive significant association between chronic inflammation and 
disability and mortality, despite different markers of inflammation and study populations. Older 
people with three elevated markers of chronic inflammation had increased odds of cognitive 
decline (OR, 1.5 [95% CI, 1.0–2.3]) (Appendix E Figure 7).324 The Framingham study 
demonstrated decreasing brain volume among elderly individuals with elevated markers of 
chronic inflammation.234

 Older individuals with increased levels of IL6 (OR, 3.7 [95% CI, 1.9–

6.9]) or CRP (OR, 1.9 [95% CI, 1.1–3.4]) had significantly higher odds of sarcopenia (Appendix 
E Figure 8).325 The highest relative increase in odds of sarcopenia of 627 percent was 
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demonstrated among those with elevated IL6 and alpha 1-antichymotrypsin.325 Older women 
with elevated IL6 and decreased insulin-like growth factor had increased odds of disability in 
ADLs (OR, 2.5 [95% CI, 1.0–6.3]) and IADLs (OR, 3.7 [95% CI, 1.1–12.2]) (Appendix E 
Figure 9).239 Older women with elevated IL6 had increased odds of frailty (OR, 2.0 [95% CI, 
1.1–3.6]) (Appendix E Figure 10).238,244 
 
The association between chronic inflammation and mortality differed across the studies 
depending on the markers and populations. Older women with elevated levels of two markers, 
IL6 and CRP, did not have a higher risk of death in a pooled analysis among women (Appendix 
E Figure 11).124,174,219,220 However, older men with chronic inflammation had a higher risk of 
death (RR, 2.8 [95% CI, 1.4–5.5]).174 A composite inflammatory index was not associated with 
mortality in the MacArthur Studies of Successful Aging and in the Leiden 85-Plus Study 
(Appendix E Figure 12).124,219 Only older people with low levels of proinflammatory markers 
(IL-1Ra) and anti-inflammatory markers (IL10) had higher risk of death (RR, 2.2 [95% CI, 1.3–

3.8]).219 
 
Among common definitions of chronic inflammation, elevated IL6 and CRP were associated 
with higher mortality in older people. Elderly individuals with elevated IL6 levels had a 42 
percent relative increase in death (pooled RR, 1.4 [95% CI, 1.2–1.7]) (Figure 89).124,174-177 Older 
people with elevated CRP had a 42 percent relative increase in death (pooled RR, 1.4 [95% CI, 
1.3–1.6]) (Figure 90).87,124,129,166,167,170,174,177-179 
 
The association differed among men and women. Elevated IL6 was associated with increased 
mortality in women but not men (Appendix E Figure 13).166,174,239 In contrast, elevated CRP was 
associated with increased mortality in men (pooled RR, 1.6 [95% CI, 1.2–2.2]) but not women 
(pooled RR, 1.1 [95% CI, 0.8–1.7]) (Figure 90).87,124,166,167,170,174,176,177,202 
 
The studies reported different times of followup to analyze the association between mortality and 
different cut-off points for elevated CRP (Appendix E Table 45). The association attenuated with 
longer time of followup in CHS.178 Older men with elevated CRP had a 300 percent relative 
increase in early 3-year mortality (HR, 4.1 [95% CI, 2.7–6.3]) but only a 42 percent relative 
increase in 8-year mortality (HR, 1.4 [95% CI, 1.1–1.8]).178 Older women with elevated CRP had 
a 134 percent relative increase in 3-year mortality (HR, 2.3 [95% CI, 1.4–3.9]) and no significant 
association at 8 years of followup (HR, 1.2 [95% CI, 0.9–1.7]). The attenuation during longer 
followup was not evident when the association was compared at 5 and 9 years of followup in the 
Pathologies Oculaires Liées à l‘Age Study.

170 Older men with elevated CRP had a significantly 
higher risk of death at 5 and 9 years while women did not.170 One cohort (the Invecchiare in 
Chianti Study) demonstrated that an increase in CRP during the time of followup was the best 
predictor of mortality when compared to baseline or followup absolute CRP levels.177 In a study 
in which CRP increased during followup, older subjects had a 210 percent relative increase in 
mortality (HR, 3.1 [95% CI, 1.3–7.7]).177 Meta-regression analyses did not find a significant 
modification in association by the time of followup across all studies. 
 
The studies reported different cut-off points for elevated CRP (Appendix E Table 45). The 
studies categorized older people by a single cut-off point for CRP, ranging from 3 mg/L87,174,177 
to 15 mg/L.167 CHS178 and the Iowa 65+ Rural Health Study174 analyzed mortality in quartiles, 
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while the Vitality 90+ Study179 and the Women‘s Health and Aging Study
166 analyzed mortality 

in tertiles of CRP levels. All studies reported a greater risk of death in larger categories of CRP. 
Few studies analyzed the dose response association between CRP levels and mortality. The 
Helsinki Ageing Study found a 20 percent increase in death per 10 mg/L increase in CRP.326 The 
Danish Centenarian Study found a significant 26 percent increase in mortality (crude HR, 1.3 
[95% CI, 1.0–1.5]) per increase in 1 standard deviation of CRP levels in logarithmic scales.176 
Meta-regression analyses did not find a significant modification in association by cut-off point of 
CRP across all studies. 
 
Individual studies reported other markers of chronic inflammation. Among them, elevated levels 
of tumor necrosis factor-alpha,176 D-dimer,175 fibrinogen,178 and IL1 receptor antagonist179 levels 
were associated with mortality (Appendix E Table 46). The strongest association with mortality 
was demonstrated for elevated CRP combined with low albumin (HR, 5.0 [95% CI, 2.3–11.0])170 
or elevated fibrinogen levels (HR, 9.6 [95% CI, 4.3–21.1]).178 Significant association was found 
for early mortality and in men. 
 
We could not find studies that examined the association between chronic inflammation and 
institutionalization or hospitalization. 
 
In conclusion, chronic inflammation was associated with increased risk of frailty, disability, and 
mortality in older people. The risk was higher for early mortality and attenuated during longer 
time of followup. The risk was dose responsive for IL6 and CRP. The association was consistent 
for men but not for women. The strongest predictor of early mortality was elevated CRP 
combined with low albumin or increased fibrinogen. 
 
Key Question 4. What Statistical and Decisionmaking Models 

Report Mortality Based on These Common Geriatric 
Syndromes/Conditions? 

 
Models reporting mortality vary by complexity, by selection of predictors, and by time course. 
Some models strive for simplicity, with few predictors that are easily measured, much or all of 
which could be gained by culling administrative data. Others are much more complex, with data 
gathered from clinician and/or patient assessments. While a simpler approach is more appealing 
from a cost and operational perspective, the question remains as to the marginal benefit of more 
complex models. The basic relationship holds regardless of the measure used. 
 
To provide an overview of overall effects of different syndromes on mortality in adults older 
than age 65 years, we estimated the number of deaths per 1,000 older persons from individual 
studies that provided death rates among those with and without different syndromes (Table 1). 
We estimated that among frail older persons, 459 older persons per 1,000 died within 1–2 years 
of followup.182,187  
 
Within 3 years, 500–600 older persons with malnutrition, 351 with cognitive impairment, and 
534 with severe dementia died per 1,000.189,197,198 Disability in basic ADLs and IADLs were 
associated with the highest risk of mortality.196 
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Within 5 years, 490 older persons with malnutrition, 513 with frailty, 530 with elevated CRP, 
and 827–941 with vascular dementia died per 1,000.70,91,141,186 Frailty and cognitive impairment 
were associated with 400–800 deaths per 1,000 during more than 5 years of followup.23,148,199 
Such estimations may not reflect mortality in age, sex, or race subgroups but demonstrate a 
burden of geriatric syndromes. 
 

We also estimated population risk of mortality attributable to geriatric syndromes (Table 2). 
When population prevalence and multivariate adjusted relative risks were taken into account, 
more than 7 percent of deaths were attributable to multiple morbidities and elevated CRP. We 
estimated that 3–5 percent of deaths among elderly persons could be delayed if frailty was 
prevented. Prevention of mild cognitive impairment could result in delaying 5–6 percent of 
deaths among elderly persons. Overall, around 26 percent of deaths in elderly persons can be 
attributed to geriatric syndromes. Conversely, having the syndrome may affect the likelihood of 
benefitting from other interventions, such as prevention. 
 
The prevalence and risk of mortality and institutionalization were almost inversely related. The 
prevalence of accumulation deficit frailty (which uses many components) was higher than 
phenotype frailty (which uses only a few components). The relative risk of mortality and 
institutionalization was higher for phenotype frailty (Figure 1). The same negative association 
was seen for more severe forms of the same syndrome. Prevalence of severe cognitive 
impairment and dementia were lower, but risk of mortality was higher when compared to mild 
cognitive impairment (Figure 2). A negative association between the prevalence of a syndrome 
and its effect on mortality was evident across those syndromes in which the more restricted 
definition defines a more severe state (Figure 3). 
 
The remaining life expectancy of individuals with syndromes was estimated using the CDC 
United States Life Tables and the relative risk of death from pooled analyses and individual 
studies. Increased levels of allostatic load (impaired homeostasis) and dementia were associated 
with the lowest survival among older persons when compared to the general population in the 
United States. The data shown in Figure 4 represent a merger of several data sets to yield general 
trends. The influence on survival of some factors was much greater than others when we 
compared them across studies. Poor health, malnutrition, and allostatic load (impaired 
homeostasis) exerted twice the influence of factors such as comorbidity and frailty. Since not a 
single study measured and compared all syndromes in association with mortality, indirect 
comparisons may be erroneous. The size of the effect differed by age (and thus expected life 
expectancy) (Table 3). For the purposes of informing prevention decisions, relative risk is likely 
more useful than population attributable risk. In the young-old, ages 65–74 years, only the very 
few who were very ill or frail (e.g., homeostenosis, poor health, or advanced dementia) suffered 
significant alterations in predicted life expectancy. From ages 75–90 years there was maximal 
heterogeneity of disease and geriatric syndromic states, resulting in larger mortality deviations 
from unafflicted individuals than in other age groups. In the old-old, particularly past age 90 
years, the added value of factoring in conditions and syndromes to predict mortality beyond 1 
year was minimal. 
 
Statistical Models 
 
We found 28 studies that described prognostic indices that report mortality in elderly people. 
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Since previous indices are complex, time consuming, or have a lack of clinical applicability, 
recent studies have been designed to develop and validate easy-to-use indices using information 
readily available from administrative data, laboratory data, diagnoses, or self-reported health 
status data (Appendix E Table 47). Some indices were created for certain segments of the 
population (e.g., hospitalized elderly,26,180-183 community dwellers,4,23,27,148,155,184-188 or older 
people with acquired mental disorders).189 Others have been developed with the use of nationally 
representative samples.53,186,187,190 Most studies have been conducted in the U.S. population ages 
50 years and older, but a few have been done in European countries14,134,180,189,191,192 and 
Canada.155,193,194 
 
To assess the predictive accuracy of the final logistic model used to derive the frailty index, 
calibration (i.e., the degree of similarity between predicted and actual risk) and discrimination 
(i.e., the ability of a risk score to correctly assign a higher mortality risk value to a person who 
died than to one who survived) were largely evaluated in many models (Appendix E Table 
48).4,24,26,27,53,114,134,155,181,182,184,187,193 The point scoring system created in the development (or 
derivation) cohort was applied to the validation cohort to determine risk scores for all of the 
population in the validation cohort. Then, the mean predicted mortality from the development 
cohort and the observed mortality in the validation cohort were compared in each quartile, 
quintile, or other groups of risk score. To determine the discrimination of the index, the area 
under the receiver operating characteristic curve (AUC) was calculated in both cohorts and 
compared. In general, studies chose to report number of deaths versus number at risk and AUC 
for both cohorts.4,26,27,53,134,181,182,184,187 Validation procedures and results were not reported in the 
articles in a consistent manner. Variability in design, validation, and reporting of the models 
hampered comparison to conclude which models are better than others. The studies did not 
validate predictive models against actual life expectancies in the general population of older 
adults. 
 
We believe that there are at least four areas to consider when evaluating prognostic instruments: 
simplicity, geriatric syndromes or disease approach, frailty or mortality indices, and short- or 
long-term estimate of the risk of mortality. We recognize an overlap between different categories 
of models. 
 
Simplicity of the models. In simple models, all the variables should be either readily available 
or straightforward to measure (without the aid of any instrument) or found in medical records 
(Appendix E Table 49). The scoring system should be easy to follow and reproduce in clinical 
settings. Unless complex indices can be hard-wired into an electronic medical record, clinicians 
are unlikely to use them.  
 
Some of the models were complex in terms of the number of index components, measurement of 
each component, weight method, and design of risk scoring systems.27,180,186,190,191,193 These 
indices are time consuming and rely heavily on availability of clinical data or the clinician‘s 

experience. Therefore, they are not easy to use and are of limited clinical use, but they can be 
useful for research purposes (Appendix E Table 50). 
 

Diseases versus geriatric syndromes. In an attempt to evaluate the added benefit of 
incorporating more functional and multidimensional predictors, we calculated the relative risk 
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and attributable risk of different syndromes on mortality (Table 2). Some of the indices were 
oriented toward diseases as predictors, and some incorporated more geriatric principles such as 
geriatric syndromes and functionality. While disease-oriented methods are more pragmatic and 
easy to capture with administrative data, more gerocentric indices are more conceptually 
appealing and do appear to add predictive value. 
 
Frailty or mortality indices. Among geriatric syndromes, frailty was examined to predict 
mortality with different composite indices. Fried et al23 considers frailty as a unique clinical 
syndrome that differs from comorbidity or disability. According to Fried, an individual who is 
frail presents three of the following criteria: unintentional weight loss (10 pounds in past year), 
self-reported exhaustion, weakness (grip strength), slow walking speed, and low physical 
activity. Quite a few studies followed this approach, either adopting or improving their indices 
based upon Fried‘s model (Appendix E Table 51).14,23,24,109,114,148,183,188 
 
The other widely accepted approach considers frailty as the accumulation of symptoms, diseases, 
and disabilities and combines all of them in one frailty index score (Appendix E Table 
52).4,26,27,53,155,180-182,184,186,187,189-191,193,194,332 
 
Short- or long-term mortality risk. Some of the indices were validated using a continuous 
mortality outcome variable, while others used categorical variables. Published models offer a 
range of 1–10 years for mortality prediction. Selection of how far one wants to assess mortality 
risk varies by clinical and policy considerations. A 1-year mortality risk would be important for 
revisiting patient preferences for care at the end of life (Appendix E Table 53). An assessment of 
3-year mortality could be useful for health care providers in heightening awareness of the 
transition from a chronic disease to a frail state, and for patients in estate planning and putting 
other affairs in order. Five-year mortality risk is an important consideration for decisions 
regarding cancer screening, given that many cancer screening tests require 5 or more years to 
realize a benefit (Appendix E Table 54).181 Whereas 6- to 10-year mortality risk might be useful 
for policy issues, shorter time spans are much more useful for individual patient care.  
 
A few summary statements are possible:  

 Simple disease-based measures, such as number of comorbid illnesses or measures of 
inflammation, add modestly to the relative risk of mortality but account for more 
population-based mortality burden due to their high prevalence. 

 Advanced dementia is one specific condition that confers significantly added mortality risk. 
 More complex syndromic measures, such as those assessing frailty or incorporating 

functional status (e.g., allostatic load), better capture increased mortality risk (indicated by 
higher relative risk) than simpler measures, as they more selectively identify the relatively 
few (indicated by lower population attributable risk) sickest patients most likely to 
experience deterioration in health and death. 

 Simpler measures that reflect the severity of individual diseases, such as indicators of 
advanced dementia, or the overall impact of multiple conditions, such as assessments of 
overall health, also identify the fewer and sicker patients at higher risk of mortality. 

 
In conclusion, complex mortality models added comparatively little understanding  to more 
simply measured and calculated models. Measures of the impact of conditions and syndromes on 
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overall health and functioning provided greater discrimination among individual patients for 
assessing mortality risk. Mortality predictors appeared to be relatively consistent across short- 
and long-range models. The greatest added advantage of mortality models over simple remaining 
life expectancy was observed among patients ages 75–90 years. Decisionmaking models that are 
based on various assumptions and simulation techniques need careful sensitivity analysis and 
validation. 



 

Common Syndromes in Older Adults  40 Minnesota Evidence-based Practice Center 
 

Chapter 4. Discussion 
 
This review examines the prevalence of common geriatric syndromes and their association with 
patient-centered outcomes. Syndrome definitions varied and overlapped. Prevalence estimates 
increased with age. Women had higher rates of frailty and all types of disabilities; African 
Americans had higher prevalence of multiple morbidities, frailty, malnutrition, and disability 
compared to Caucasians; and evidence on other minority subgroups was sparse.  
 
All syndromes were associated with increased risk of death and institutionalization. Age and sex 
were strongly associated with mortality, and the additional presence of one or more conditions 
increased the effect. Using relative risk, several conditions strongly influenced mortality, 
including poor health, severe BADL disability, low BMI, dementia, and impaired homeostenosis. 
The syndromes increased the likelihood of death more among the young-old. For those older 
than age 90 years, factoring in conditions and syndromes in relation to survival added minimal 
value. Complexity was not associated with better mortality models in older persons.  
 
Our review offers several insights. Previous studies have inconsistently defined the conditions 
we considered. Two factors influence the structure of the measure: composition (i.e., its 
combination of elements) and the cut-off score used to determine severity levels. The definition‘s 

nature, or operationalization, affects both the measure‘s prevalence and its predictive power—
usually in opposite directions. Across all syndromes, we observed a negative association between 
syndrome prevalence and its effect on mortality, and more severe forms of the same syndrome 
demonstrated the same negative association. Also across all syndromes, more inclusive 
definitions led to higher prevalence but lower predictive value. Lower prevalence of severe 
cognitive impairment and dementia were associated with higher risk of mortality and 
institutionalization compared to more common mild cognitive impairment. Figure 1 shows how 
the measure‘s composition can affect its prevalence and strength of association with outcomes, 
while Figure 2 shows how different cut-off scores for the same measure affect its prevalence and 
strength of association.  
 
Estimates of association varied depending on syndrome definitions, population subgroups, 
outcome definitions, and adjustment for correlated contributing factors. Some analyses addressed 
neither the multifactorial nature of geriatric syndromes nor the role of baseline diseases. For 
example, disability was an outcome of frailty but also part of frailty‘s definition. Adjustment for 
correlated multifactorial syndromes that ignored the definitive primary cause of disability or 
death may give invalid estimation of the association between syndromes and mortality. Not all 
studies separately examined age and specific disease contributions. 
 
Geriatric syndromes had overlapping definitions or interacting pathophysiology.1 For example, 
multimorbidity increased risk of frailty,89,117 which in turn was associated with cognitive 
impairment, comorbidities, and disability. The prevalence of frailty demonstrated a dose 
response association with a larger number of comorbidities or ADL disabilities.23,104 Sarcopenia 
was associated with significantly higher odds of multiple disabilities.68,123 Elderly adults with 
impaired homeostasis had significantly greater odds of frailty89 and disabilities.46 
 
Interaction models are better suited than adjustment models for analyzing the multifactorial 



 

Common Syndromes in Older Adults  41 Minnesota Evidence-based Practice Center 

interactive nature of syndromes. Linear models that separately examine risk factors for chronic 
disease and patient outcomes are commonly accepted in disease epidemiology but fail to 
adequately address the multifactorial nature of geriatric syndromes.1 The majority of studies, 
however, provided multivariate adjustment for known confounding factors, causes of death, and 
the presence of other syndromes. Models that analyzed the association between syndromes and 
mortality grouped primary causes of death into larger categories of cancer or cardiovascular 
diseases and adjusted for them. Using multivariate adjustment, the studies demonstrated 
significant association between each syndrome and outcomes, and concluded that syndromes 
contributed to the outcome independent of specific diseases included in the models. Concentric 
models include multiple etiological pathways contributing to the same clinical outcomes. 
Concentric models evaluate various pathways in developing and treating malignant tumors,1 but 
like linear models, concentric models fail to capture the interacting nature of syndromes. Some 
authors have proposed interactive concentric models that address synergisms in how syndromes 
develop, and their association with outcomes.1 However, published studies have provided 
insufficient evidence for better accuracy of interactive concentric models or of new measurement 
technologies. 
 
Geriatric wisdom holds that age is a good predictor of average change but not of individual 
change because health status varies increasingly with age. The question then is whether a more 
complex approach that assigns varying weights to different syndromes/conditions is more useful 
than a more general approach that assigns older persons to general risk categories (e.g., high, 
medium, and low) and applies the 25th, 50th, and 75th percentiles of expected 
institutionalization or survival accordingly. When adjusted for age, the predictive value of the 
syndromes diminished by the time of followup to death. Few studies addressed syndrome length 
or used informative censoring when evaluating survival.333 Few studies analyzed the order in 
which components of the syndromes manifested.  
 
Ideally we would consider outcomes other than mortality, but the measures used present large 
problems of endogeneity. Measures of frailty and disability, already closely linked, contain 
elements central to quality of life. They are also the basis for institutionalization. Comparative 
effectiveness of outpatient management strategies for prevention of disability and 
institutionalization fell beyond our scope. 
 
Increased knowledge of prevalence, epidemiology, and the relationship between syndromes and 
health status illuminates the environment in which patients and physicians make decisions about 
preventive services. At the population level, the relevant measure is population attributable risk, 
which includes prevalence and risk of death. However, clinicians‘ concerns are with individual 

prognosis. In that light, we based our estimation of life expectancy on the CDC United States 
Life Tables that incorporate average survival of older adults with different diseases and 
syndromes. Life expectancy was calculated assuming the same relative risk across the remaining 
life span. About 26 percent of the risk of death was attributable to the syndromes. Modifiable 
syndromes, including elevated CRP and allostatic load, were associated with 8.3 percent of all 
deaths in older persons. The effectiveness of preventive interventions in older persons would 
depend on their age and the nature of the syndromes. To be effective, preventive interventions 
targeting multimorbidity and geriatric syndromes in older persons may need to have multiple 
distinct components and must improve functional status.334 
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Our report has limitations. Several factors may affect interpretation of our results, including the 
metric chosen and population versus individual risks. We could not explain heterogeneity in 
prevalence estimates using available information about study participants or methodology. We 
analyzed the differences between self-reported syndromes and objectively assessed syndromes 
when possible. However, the studies used different methods to measure several syndromes, 
including disability. We could not address three-way interaction in prevalence estimates by age, 
sex, and race because the studies inconsistently analyzed these differences. We could not 
evaluate nonlinearity in the association between age and syndromes because the primary studies 
did not test the hypothesis of nonlinearity. We were not able to evaluate predictive value for all 
possible definitions of syndromes because no studies examined risk of death for different 
definitions of the same syndrome. We found limited evidence with which to examine race and 
ethnic differences in mortality and institutionalization in older persons with geriatric syndromes. 
 

Future Research 
 
Future research should address temporal associations between components of syndromes as well 
as the order in which various diagnostic criteria manifest. Individual patient data analysis from 
large cohort studies can provide a precise powered estimation of risk of death and 
institutionalization for age, race, and ethnic subgroups. Future research should also investigate 
how geriatric syndromes may modify utility and effectiveness of preventive and treatment 
interventions in older adults with geriatric syndromes. 
 
Future research should address how prevention of modifiable geriatric syndromes may delay 
mortality and institutionalization. Future research should also examine how optimal outpatient 
management for older adults may prevent development of disability and institutionalization. An 
analytic framework for comparative effectiveness of different preventive interventions in aging 
populations should be developed. Such a framework should recognize the multifactorial nature 
of the syndromes and the importance of improved functional status.334 
 
Evidence-based guidelines across disciplines should include assessment of geriatric syndromes 
for disease management in older adults, emphasizing functional independence as a central patient 
outcome. Knowledge of common geriatric syndromes should be translated into routine clinical 
practice.
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Table 1. Mortality Among Older Persons With Geriatric Syndromes 

Common Syndromes in Older Adults  62 Minnesota Evidence-based Practice Center 

 

Reference Syndrome Deaths per 1,000 Elderly Persons With Different Definitions of the Syndrome 

3-Year Mortality 

Dependent in ADLs or IADLs 

Carey, 2008
184

 Preparing meals Shopping Housework Laundry Managing 
finances 

Taking  
medications 

424 416 418 411 424 439 

Bathing Toileting Transferring Eating Dressing Walking across  
a room 

418 470 476 463 434 450 

Cognitive impairment 

Lee, 2006
197

 No cognitive disorder Mild cognitive impairment Mild dementia Moderate dementia Severe dementia  

63 180 260 280 534  

Pijpers, 2009
189

 MMSE score >24 MMSE score ≤24     

192 351     

Frailty 

Fried, 2001
23

 Not frail Intermediate Frail    

30 70 180    

Frailty phenotype  

Ensrud, 2009
114

 Not Frail  Intermediate Frail    

29 62 166    

Fried, 2001
23

 Not Frail Intermediate Frail    

30 70 180    

Malnutrition 

Saletti, 2005
198

 Well Nourished At risk of malnutrition Malnutrition    

279 400 500    

BMI 20-23 BMI 23-28 BMI <20    

348 353 500    

Pijpers, 2009
189

 BMI ≥8.5 BMI <18.5     

274 611     

5-Year Mortality 

Self-perceived health 

Gutman, 2001
103

 Very good Pretty good Not too good Poor/very poor   

146 225 359 339   

Cognitive impairment 

 Cognitively normal Alzheimer's disease Vascular dementia Other dementia and 
cognitive impairment 

  

Ostbye, 1999
141

 Women Men Women Men Women Men Women Men   

65-74 yrs 156 200 579 684 600 739 342 422   

75-84 yrs 237 359 643 725 776 769 468 577   

85+ yrs 448 500 820 911 827 941 613 680   

Disability 

 
 
Schonberg, 
2009

186
 

Quintile of Risk 
(Age, sex, smoking, BMI, perceived health, ADL or IADL disability, emotional health, comorbidity, hospitalization, emergency room and clinic visits) 

1 2 3 4 5  

60 100 140 270 520  

50 100 170 310 500  

57 100 151 284 513  

       



Table 1. Mortality Among Older Persons With Geriatric Syndromes 
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Reference Syndrome Deaths per 1,000 Elderly Persons With Different Definitions of the Syndrome 

Disability (cont’d) 

 Mortality Index, Points 
(Age, sex, smoking, BMI, perceived health, ADL or IADL disability, emotional health, comorbidity, hospitalization, emergency room and clinic visits) 

Schonberg, 
2009

186
 

0-1 2-3 4-5 6-7 8-9 10-11 

20 70 80 110 150 250 

30 50 80 120 190 290 

24 63 80 114 164 264 

Lee, 2006
53

 Difficulty bathing Difficulty preparing meals  Difficulty using 
telephone 

Difficulty managing finances Difficulty walking 
several blocks 

Difficulty pushing 
heavy objects 

431 334 454 364 257 224 

Malnutrition 

Beck, 1999
70

 NSI checklist NSI checklist MNA MNA   

0-5 ≥6 ≥24 17-23.5   

230 360 170 490   

Chronic inflammation 

Kravitz, 2009
91

 CRP      

Undetectable (<0.5) Detectable (0.5-0.7) Elevated (≥0.8)    

375 531 530    

5- to 7-Year Mortality 

Cognitive impairment 

Stump, 2001
199

 None Mild Moderate to 
severe 

   

214 215 408    

Frailty 

Fried, 2001
23

 Not frail Intermediate Frail    

120 230 430    

10-Year Mortality 

Disability 

Graham, 2009
148

 ADL limitation IADL limitation     

805 555     

Frailty 

Graham, 2009
148

 Not Frail Intermediate Frail    

336 487 840    

Bold indicates the best predictors of mortality. 



Table 2. Population Risk of Mortality Attributable to Geriatric Syndromes, Sorted 
in Descending Order of Population Attributable Risk 
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Syndrome Definition Prevalence (%) Relative Risk PAR (%) 

Multiple comorbidity* >3 diseases 31 1.32-2.12 7.52-16.38 

BADL disability Moderate 16.1-20.5 14.1 15.8 

Chronic inflammation* Elevated CRP 24.4 1.42 7.22 

BADL disability Severe 6.0-7.8 86.8 6.9 

Frailty* Phenotype 14.35 1.5 4.78 

Cognitive impairment* MMSE score <24 16.86 1.37-1.61 4.55-6.39 

Cognitive impairment MMSE score <18 7.5 2.2 4.09 

Multiple comorbidity Poor health, men 6.94 2.33 3.96 

Multiple comorbidity Poor health, women 6.71 2.35 3.85 

Cognitive impairment Dementia 6.28 2.2-2.69 3.43-3.95 

Frailty Accumulation deficit  23.57 1.15 3.07 

Multiple comorbidity Poor health 2.93 2.04 1.49 

Malnutrition* Low BMI 2.3 2.03 1.17 

Homeostenosis* Allostatic load score 6 vs. 1 1.4 4.45 1.09 

*Combining PAR, 26% of mortality in elderly persons was attributable to geriatric syndromes. 
 

 



Table 3. Differences in Remaining Life Expectancy Between Older Persons From the General Population and 
Older Persons With Geriatric Syndromes 
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Age 

Remaining Life 
Expectancy in 

General Population 

Multiple 
Morbidity 

(>3 Diseases) 
Elevated 

CRP 
Frailty 

(Phenotype) 
MMSE 

Score <24 
MMSE 

Score <18 
Accumulation 

Deficit 
Poor 

Health 
Low 
BMI 

Allostatic 
Load 

ADL 
Disability 

65 18.4 -2.2 -2.8 -3.2 -2.5 -6.0 -1.1 -5.6 -5.4 -10.3 -3.85 

70 14.9 -2.0 -2.5 -2.8 -2.2 -5.3 -1.0 -5.0 -4.8 -8.9 -3.43 

75 11.7 -1.7 -2.1 -2.5 -1.9 -4.5 -0.9 -4.3 -4.1 -7.5 -2.97 

80 8.9 -1.4 -1.8 -2.1 -1.6 -3.7 -0.7 -3.6 -3.4 -6.0 -2.48 

85 6.5 -1.1 -1.4 -1.6 -1.3 -3.0 -0.6 -2.8 -2.7 -4.7 -1.98 

90 4.6 -0.8 -1.1 -1.2 -1.0 -2.2 -0.4 -2.1 -2.0 -3.5 -1.45 

95 2.8 -0.5 -0.6 -0.7 -0.6 -1.3 -0.2 -1.3 -1.2 -2.2 -0.86 

100 0.4 -0.1 -0.1 -0.1 -0.1 -0.3 -0.1 -0.2 -0.2 -0.4 -0.17 

 



Table 4. Population, Intervention, Comparator, Outcomes, Time, and Settings for Each Research Question 
(PICOTS Framework) 
 

Common Syndromes in Older Adults  66 Minnesota Evidence-based Practice Center 

 

Question Population 
Intervention 

(Independent Variable) Comparator Outcomes Time, Setting 

1. What is the definition and 
prevalence of common 
syndromes/conditions in 
older adults? 

Elderly:  
>65 years  
≥80 years in 
community 

Definitions of the outcomes 
Measurements of the 
outcomes 
Socioeconomic groups 
Race groups 

Definitions of the outcomes 
Measurements of the 
outcomes 
Socioeconomic groups 
Race groups 

Prevalence of cognitive impairment  
-Frailty 
-Malnutrition 
-Multiple morbidities (using polypharmacy 
as a proxy) 
-Homeostenosis 
-Disability 
-Sarcopenia 
-Chronic inflammation 

1990-2009 
General population 

2. What is the prevalence of 
common syndromes/ 
conditions in older adults in 
sex, age, race, ethnicity, and 
other subgroups? 

Elderly: 
>65 years  
≥80 years in 
community 

Sex: male 
Age: age categories 
Comorbidity 

Sex: female 
Age: age categories 
No comorbidity 

Prevalence of cognitive impairment  
-Frailty 
-Malnutrition 
-Multiple morbidities (using polypharmacy 
as a proxy) 
-Homeostenosis 
-Disability 
-Sarcopenia 
-Chronic inflammation 

1990-2009 
General population 

3. What is the association 
between these common 
syndromes/conditions and 
mortality, institutionalization, 
hospitalization, and activities 
of daily living?   

Elderly : 
>65 years  
≥80 years in 
community 

Prevalence and degree of 
cognitive impairment  
-Frailty 
-Malnutrition 
-Multiple morbidities (using 
polypharmacy as a proxy) 
-Homeostenosis 
-Disability 
-Sarcopenia 
-Chronic inflammation 

Absence or low degree of 
cognitive impairment  
-Frailty 
-Malnutrition 
-Multiple morbidities (using 
polypharmacy as a proxy) 
-Homeostenosis 
-Disability 
-Sarcopenia 
-Chronic inflammation 

Morbidity 
Mortality 
Disability 
Institutionalization 

1990-2009 
General population 

4. What statistical and 
decisionmaking models 
predict mortality based on 
these common geriatric 
syndromes/conditions? 

Elderly: 
>65 years  
≥80 years in 
community 

Prevalence and degree of 
cognitive impairment  
-Frailty 
-Malnutrition 
-Multiple morbidities (using 
polypharmacy as a proxy) 
-Homeostenosis 
-Disability 
-Sarcopenia 
-Chronic inflammation 

Statistical modeling of the 
association between 
interacting syndromes and 
conditions and patient 
outcomes 

Morbidity 
Mortality 

1990-2009 
General population 

 



Table 5. Definitions of Homeostatic Dysregulation in Older Persons, Modified 
From Kuchel201 
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Syndrome Operational Definition 

Impaired Homeostasis 

Homeostenosis Diminished capacity to respond to varied homeostatic challenges, such as changes in ambient temperature, 
orthostasis, fluid load, or dehydration. 
High plasma tonicity (>300 mOsm/L

46
) 

Greater intraindividual variability in fasting glucose, pulse pressure, and BMI
171

 

Abnormal 
allostatic 
load

86,89,124
 

Increased biological burden in terms of estimates of cumulative exposure exacted by attempts to adapt to life's 
demands predicts future mortality, as well as declines in cognitive and physical function: 

• High-sensitivity CRP (>5.0 mg/L) 

• Albumin (<3.6 g/dL) 

• IL-6 (>2.76 pg/ml) 

• Aldosterone (<4.5 ng/dL) 

• Urinary cortisol 

• Males (<25.0 or >72.0 mg/24 hours) 

• Females (<8.0 or >37.0 mg/24 hours) 

• Dehydroepiandrosterone sulfate 

• Males (<79.5 mg/dL) 

• Females (<15.5 mg/dL) 

• Epinephrine (>24.0 pg/mL) 

• Norepinephrine (>433.0 pg/mL) 

Excessive 
response to 
stressors 

Sympathetic responses to common challenges are excessively large and prolonged.
124

 
High urinary epinephrine  
High urinary free cortisol 
High urinary norepinephrine  
Stress hormone index 

Malnutrition 

Poor nutritional 
status 

Significant weight change: a) 10% of body weight in 6 months or b) involuntary loss of >10 lb in 6 months
70-72

 
Anthropometric data: body mass index <20

46,72-76,166,167
 

Laboratory data: serum prealbumin <15 mg/dl,
167,170 

serum transferrin <200 mg/dl, or serum albumin <3.5 
g/dl

73,75,124,167,170
 

Anemia with nutritional deficiencies
169

 
Red cell distribution width

79
 

Transthyretin (mg/L)
167,170

 
Micronutrients deficit

79-81,218
 

Composite 
nutritional score 

Risk of malnutrition accoridng to the Mini Nutritional Assessment; maximum score is 30, with cut-off values of 
24 points (well nourished), 17 points (risk of malnutrition), <17 (malnourished).

70,82,83
 

Nutritional risk using the “Determine Your Nutritional Health Checklist”: low nutritional risk (0-2), moderate risk 
(3-5), and high risk (6+)

70,72,82,84,85
 

Chronic Inflammation 

Increased levels 
of individual 
biomarkers 

Elevated high-sensitivity CRP
87,124,166,167,170,174,176,177,202

 
Increased levels of Interleukin-6

124,174-177
 

CD4/CD8 ratio
146

 
High fibrinogen

124
 

High D-dimer levels
175

 
Increased levels of tumor necrosis factor-alpha

176
 

Inflammatory 
indices 

Balance between pro-inflammatory and anti-inflammatory markers
124,219

 
Elevated levels of several biomarkers

124,174,219,220
 

Prognostic 
inflammatory and 
nutritional indices 

Prognostic Inflammatory and Nutritional Index (PINI) defined as (CRP * alpha 1-acid glycoprotein)/(albumin * 
transthyretin)

170
 

 



Table 6. Reported Components of Frailty Syndrome By the Interventions on 
Frailty Working Group209 
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Reference Mobility Strength Balance 
Motor 

Processing 
Cognition Nutrition Endurance 

Physical 
Activity 

Ory 1993
221

 X X X  X  X  

Brown 2000
222

 X X X X     

Tinetti 1995
3
 X X       

Fried 2001
23

 X X    X X X 

Gill 1996
223

 X  X      

Winograd 
1988

224
 

X    X X  X 

Strawbridge 
1998

225
 

X    X X   

Saliba 2001
226

 X        

Pendergast 
1993

227
 

 X X X   X  

Campbell 
1997

228
 

 X X X X X X  

Dayhoff 
1998

229
 

 X X      

Vellas 2000
230

  X    X X X 

Rockwood 
1994

231
 

    X   X 

Chin 1999
232

      X  X 

 



Table 7. Summary of Basic and Instrumental ADL Disability Definitions 
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Disability Definition Operational Definition of Disability 

Any BADL disability  1 or more BADL items present 

Moderate BADL disability 1 to 2 BADL items 

Severe BADL disability 3 or more BADL items 

BADL disability continuous BADLs measured on a continuous scale  

Individual BADL disability items Measure only contains 1 BADL item (bathing, dressing/hygiene, eating, toileting, 
transferring, walking) 

Any IADL disability  1 or more IADL items present 

Moderate IADL disability 1 to 2 IADL items 

Severe IADL disability 3 or more IADL items 

IADL disability continuous IADLs measured on a continuous scale  

Individual IADL disability items Measure only contains 1 IADL item (finances, housekeeping, meal preparation, 
shopping, medication management, telephone, transportation) 

Any BADL/IADL disability  

BADL/IADL disability continuous  

 



Table 8. Prevalence of Multiple Morbidities in Older Persons 
 

Common Syndromes in Older Adults  70 Minnesota Evidence-based Practice Center 
 

Number of Chronic Conditions  
(high level of evidence) 

Polypharmacy 
(low level of evidence) 

Self-Perceived Health 
(high level of evidence) 

Suffer from chronic diseases: 77.4%
254

 2-3 drugs: 40.7%
269

 Fair/poor: 
Pooled 28.24% (95% CI, 20.98-38.00)

14,103,109,250
 

3-4: 18.7-30.7%
250,270

 4-5 drugs: 0.09%
269

 Poor: 
Pooled  2.93% (95% CI, 1.90-4.51)

14,103,109,250
 

≥3: 27.80-36.60%* 
 

5-9 drugs: 21.8%
152

  

≥4: 10.8%270
 >5 drugs: 29.0%

256
 to 56.6%

205
 

>11 drugs: 17.7%
205

 
 

5-6: 8.2-18.3%
250

   

>5: 23%
176

   

≥7: 1.9-13.9%
250

   

8-10: 20.1%
152

   

≥11: 23.7%
152

   

*From the National Health Interview Survey. 



Table 9. Components of Systems Classifying Cognitive Impairment in Older 
Persons50 
 

Common Syndromes in Older Adults  71 Minnesota Evidence-based Practice Center 
 

System, Reference Criteria 

Age-associated cognitive 
decline

257
 

Impairments (below age- and education-matched norms) in memory, learning, attention, 
thinking, language, or visuospatial functioning. Onset of decline is described as gradual and 
has been present for at least 6 months, which is confirmed by an informant. 

Age-associated memory 
impairment

50
 

Gradual decline in memory (below young healthy norms), with other cognitive functions 
unimpaired. Adequate intellectual functioning. 

Age-consistent memory 
impairment

50
 

Decline in memory is observed as expected for age. Performance ±1 SD of the mean 
established for age on 75% or more of memory tests administered. 

Age-related cognitive decline Objective decline from premorbid level (within normal limits for the person’s age) in cognitive 
function on a comprehensive neuropsychological assessment, not otherwise specified. 

Benign senescent 
forgetfulness

258
 

Inability to recall relatively unimportant data and parts of experiences belonging to remote 
rather than the recent past; use of compensatory strategies. 

Cognitive impairment, no 
dementia

259
 

Cognitively impaired but no evidence of dementia, as diagnosed according to the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition; cognitive impairment can be in one 
or multiple domains and have a variety of aetiologies. This category is therefore more inclusive 
than age-associated memory impairment and age-related cognitive decline. 

Limited cognitive 
disturbance

272
 

Referred to in the Comprehensive Assessment and Referral Evaluation and contrasts with 
pervasive cognitive disturbance and dementia. 

Mild cognitive decline
260

 Stage 3 of the Global Deterioration Scale, the earliest stage of clinical decline. Objective 
evidence of a memory deficit resulting in decreased performance in demanding employment 
and social situations. 

Moderate cognitive decline
260

 Stage 4 of the Global Deterioration Scale, a late confusional phase in which a clear cut deficit 
is apparent. Patients almost always make three or more errors on the Mental Status 
Questionnaire. 

Mild cognitive disorder
50

 Decline in cognitive performance, including memory impairment and learning or concentration 
difficulties. Cognitive tests must corroborate complaint. The disorder may precede, accompany, 
or follow a wide variety of infections. 

Mild cognitive impairment 
(amnestic)

37,38
 

Subjective complaint of memory impairment with objective memory impairment adjusted for 
age. Normal general cognitive function. Intact activities of daily living/instrumental activities of 
daily living. 

Mild cognitive impairment
37

 
(multiple)

38
 

Deterioration in at least one nonmemory cognitive domain in addition to memory impairment 
without sufficiently severe functional impairment or loss of instrumental activities of daily living 
to constitute dementia. Normal general cognitive function. 

Mild cognitive impairment 
(nonamnestic) 

50
 

Objective impairment in one or more nonmemory domains. Memory performance is not 
impaired. No functional impairment or loss of instrumental activities of daily living. Normal 
general cognitive function. 

Probable mild cognitive 
impairment

90
 

Meeting the following criteria: 1) participants or their families reported cognitive problems and 
2) there were no neurological, psychiatric, or systemic illnesses that could explain the presence 
of cognitive deficits. 

Possible mild cognitive 
impairment

90
 

Meeting the following criteria: 1) neither participants nor their families reported cognitive 
problems; or 2) there were neurological, psychiatric, or systemic illnesses that might explain 
the presence of cognitive deficits; or 3) there was an incomplete evaluation. 

Minimal dementia
50

 Corresponds closely to ‘‘questionable dementia’’ (CDR score of 0.5).
16

 Deficits in memory and 
minor and variable errors in orientation. No evident impairment in occupational functioning. 

Mild neurocognitive 
disorder

50
 

Impairment arising as a consequence of a general medical condition. 

Self-reported memory 
complaint

50
 

Complaints of memory loss in the absence of formal testing. When formal testing indicates no 
impairment, an individual would be classified as ‘‘worried well.’’ 

Questionable dementia
273,274

 The worst end of the mild cognitive impairment spectrum; associated with a CDR score of 0.5, 
indicative of cognitive impairment 2 SDs below the mean in one cognitive domain. Objective 
evidence of cognitive impairment not satisfying criteria for dementia. 

 



Table 10. Definitions and Prevalence of Frailty 
 

Common Syndromes in Older Adults  72 Minnesota Evidence-based Practice Center 
 

Study 
Prevalence 
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Cardiovascular Health Study 
Fried, 2001

23
 

6.9            

Canadian Study of Health and Aging 
Gutman, 2001

103
 

21.2            

Women’s Health and Aging Studies 
Bandeen-Roche, 2006

160
 

11.3            

PAVAMC Frailty Study 
Winograd, 1991

25
  (hospital based) 

27            

Cooperative Cardiovascular Project 
Lichtman, 2009

275  
(hospital based) 

27.5             

Heart Failure Cohort 
Lupon, 2008

276
 (among diseases) 

39.9            

Beaver Dam Eye Study Cohort 
Klein et al, 2005

111
 

44.7            

Precipitating Events Project  
Hardy, 2005

107
 

42.7            

Chinese Longitudinal Healthy Longevity Survey 
Gu, 2009

159
 

NR            

Study of Osteoporotic Fractures 
Ensrud, 2008

24
 

17            

Osteoporotic Fractures in Men 
Cawthon, 2007

113
 

4            

Longitudinal Aging Study Amsterdam 
Puts, 2005

277
 

5.8            

Three-City Study 
Avila-Funes, 2008

28
 

7            

MacArthur Study 
Sarkisian, 2008

220
 

6.7            

Depression Among Caregivers of Impaired Elders Study 
Tennstedt, 1992

264
 

18.9            

Hispanic Established Populations for Epidemiologic Studies of the Elderly 
Ottenbacher, 2009

108
 

7.6            

Chinese University of Hong Kong Aging Study 
Woo, 2008

278
 

NR            

Rush Memory and Aging Project 
Boyle, 2010

279
 

NR            

Health and Retirement Study 
Cigolle, 2009

104
 

21.3            

National Population Health Survey of Canada 
Song, 2010

115
  

22.7            

Health, Aging and Body Composition Study 
Peterson, 2009

105
 

2.7            

NR=prevalence estimate not reported; study defined frailty and examined association between frailty and outcome. 



Table 11. Number of Studies and Prevalence Estimates By Each Criterion of the Definition of Frailty 
 

Common Syndromes in Older Adults  73 Minnesota Evidence-based Practice Center 
 

Prevalence 
Category 

Mobility 
Impairment Weakness 

Weight Loss/Poor 
Nutritional Status 

Low Physical 
Activity Fatigue 

Bowel and 
Bladder 

Incontinence 
Cognitive 

Impairment 
Visual 

Impairment 
ADL/IADL 

Impairment 
Lung 

Function 

Chronic/ 
Terminal 
Illness 

0-5% 2 1 1 1 1 0 0 0 0 0 0 

10-20% 3 1 2 2 2 0 1 0 0 1 0 

20-30% 4 1 3 1 1 4 4 2 2 1 1 

5-10% 4 4 5 5 4 1 2 1 1 0 0 

>30% 2 1 0 0 0 0 1 1 1 1 0 

Total 15 8 11 9 8 5 8 4 4 3 1 

Average prevalence of frailty in studies when component is included in the definition of frailty 

Mean 17.9 13.7 12.5 10.1 10.4 20.8 21.0 23.6 24.7 27.2 27.0 

Standard 
deviation 

13.3 13.6 8.1 6.4 6.3 8.8 11.2 16.0 16.1 11.2  

 



Table 12. Prevalence of Basic ADL Disability (Evidence From Good-Quality 
Studies) 
 

Common Syndromes in Older Adults  74 Minnesota Evidence-based Practice Center 
 

Disability Definition Range of Older Persons With Disability (%) 

Any BADL disability  5.0-18.3
41,53,55-64

 
25.6 (CHS All Stars)

59
 

Moderate BADL disability 16.1-20.5
5,118

 

Severe BADL disability 6.0-7.8 (3-4 BADLs)
5,118

 
4.8 (5-7 BADLs)

5
 

Bathing disability 3.9-9.0
53,55,65,122,248

 

Dressing/hygiene disability 0.8-11.0
53,55,65,120,248

 
9.2 (Alumni Health Study)

120
 

Eating disability 0.4-4.5
53,55,58,65,119,120,248

 
7.3 (Alumni Health Study)

120
 

Toileting disability 2.4-6.0
53,55,58

 

Transferring disability 0.4-9.0
53,55,58,65

 
21.1 (Alumni Health Study)

120
 

Walking disability 0.8-13.0
53,55,65,120

 
20.6 (Alumni Health Study)

120
 

 



Table 13. Increase in Individual Basic ADL Disability Over 5 Years65 
 

Common Syndromes in Older Adults  75 Minnesota Evidence-based Practice Center 
 

Individual BADL Disability 

Year 

1980 1985 

Bathing disability 3.9 14.7 

Dressing/hygiene disability 0.8 11.0 

Eating disability 0.4 2.2 

Transferring disability 0.4 5.8 

Walking disability 0.8 7.7 

 



Table 14. Prevalence of Instrumental ADL Disability (Moderate to High Level of 
Evidence) 
 

Common Syndromes in Older Adults  76 Minnesota Evidence-based Practice Center 
 

Disability Definition Range of Older Persons With Disability (%) 

Any IADL disability  12.0-46.7
53-57

 

Moderate IADL disability 7.2-31.0
5,248,267

 

Severe IADL disability 4.5-21.2
5,54,267

 

Finance disability 8.0-19.3
53,55,65

 

Housekeeping disability 7.5-35.8
65,122

 

Meal preparation disability 7.1-32.4
53,65,119

 

Medication management disability 3.0-4.7
53,55

 

Shopping disability 11.0-32.9
53,65,119

 

Telephone disability 4.0-6.0
53,55

 

Transportation disability 54.3
65

 

 



Table 15. Increase in Individual Instrumental ADL Disability Over 5 Years (Good-
Quality Study)65  
 

Common Syndromes in Older Adults  77 Minnesota Evidence-based Practice Center 
 

Individual IADL Disability 

Year 

1980 1985 

Finance disability 19.3 36.7 

Housekeeping disability 35.8 48.0 

Meal preparation disability 32.4 34.1 

Shopping disability 32.9 41.3 

Transportation disability 54.3 67.6 

 



Table 16. Prevalence of Multiple Morbidities in Older Subgroups 
 

Common Syndromes in Older Adults  78 Minnesota Evidence-based Practice Center 
 

Subgroup 
Number of Chronic Conditions 

(low to moderate level of evidence) 
Polypharmacy 

(insufficient level of evidence) 
Self-Perceived Health 

(high level of evidence) 

65-74 years ≥3 diseases: 27.80%
307

   

>75 years 
>100 years 

≥3 diseases: 36.60%
307 

>5 diseases: 23%
176

 
75-79 years: 50.3% 
80-84 years: 57.2% 
85-89 years: 63.1%

205
 

 

Men 2 diseases: 16%
125

 
4-6 diseases: 5%

125
 

≥5 drugs: 35.6%
94

 
>11 drugs: 15.5%

205
 

Fair 
Pooled: 27.61% (95% CI,16.77-45.47)

94,280
 

 

Fair/poor 
14.20% (95% CI,13.30-15.10)

74
 

 

Poor 
Pooled: 6.94% (95% CI, 3.00-16.10)

94,103,280
 

Women 2 diseases: 16%
125

 
3 diseases: 23.0%

242
 

≥3 diseases: 16-18.4%
89,117

 
4 diseases: 16.0%

242
 

>4 diseases: 8.6%
117

 
5 diseases: 9.0%

242
 

>5 diseases: 1.6%
117

 
6 diseases: 4.5%

242
  

7 diseases: 2.0%
242

  
8 diseases: 0.5%

242
 

≥5 drugs: 43.0%
94

 
>11 drugs: 19.1%

205
 

Fair 
Pooled: 31.64% (95% CI, 14.31-69.93) 
 

Poor 
Pooled: 6.71% (95% CI, 3.04-14.81)

94,103,280
 

African Americans ≥3 diseases in women: 13.4%
89

    

Caucasians ≥3 diseases in women: 9.5%
89

   

 



Table 17. Prevalence of Basic ADL Disability in Women and Men 
 

Common Syndromes in Older Adults  79 Minnesota Evidence-based Practice Center 
 

Disability Definition 

Range of Older Persons With Disability (%) 

Women Men 

Any BADL disability  8.1-14.0
61,63,64,121

 (high level of evidence) 6.1-10.3
61,63,64,121

 (high level of evidence) 

Moderate BADL disability 21.7
118

 19.1
118

 

Severe BADL disability 7.0
118

 7.0
118

 

Bathing disability 7.7
122

 4.4
122

 

Dressing/hygiene disability 17.1 (Alumni Health Study)
120

 13.2 (Alumni Health Study)
120

 

Eating disability 1.2
119

 to 11.8 (Alumni Health Study)
120

 1.2
119

 to 6.0 (Alumni Health Study)
120

 

Toileting disability None None 

Transferring disability 27.6 (Alumni Health Study)
120

 19.2 (Alumni Health Study)
120

 

Walking disability 27.3 (Alumni Health Study)
120

 18.6 (Alumni Health Study)
120

 

 



Table 18. Differences in Instrumental ADL Disability Prevalence By Sex (Good-
Quality Individual Studies) 
 

Common Syndromes in Older Adults  80 Minnesota Evidence-based Practice Center 
 

IADL Disability Men Women 

Any IADL 9.2
121

 12.7
121

 

Housekeeping 23.6
120

 40.1
120

 

Meal Preparation 9.8
119

 10.2
119

 

Shopping 20.5
119

 10.4
119

 

 



Table 19. Prevalence of Basic ADL Disability By Ethnic Group (Good-Quality 
Individual Studies) 
 

Common Syndromes in Older Adults  81 Minnesota Evidence-based Practice Center 
 

Disability Definition 

Prevalence (%) 

African American Older 
Persons With Disability 

American Indian Older 
Persons With Disability 

White Older Persons 
With Disability 

Any BADL disability  13.6
62

 
Men: 7.5

60
 

Women:10.7
60

 

11.6
62

 8.7
62

 
Men: 4.7

60
 

Women: 5.2
60

 

Moderate BADL disability    

Severe BADL disability    

Bathing disability    

Dressing/hygiene disability    

Eating disability 1.2
119

  1.2
119

 

Toileting disability    

Transferring disability    

Walking disability    

 



Table 20. Differences in Prevalence of Moderate Basic ADL Disability By Age and 
Sex Groups (Good-Quality Study)118 
 

Common Syndromes in Older Adults  82 Minnesota Evidence-based Practice Center 
 

 

 Ages 65-74 Ages 80+ 

Women 18.0% 33.0% 

Men 17.0% 28.0% 



Table 21. Differences in Prevalence of Severe Basic ADL Disability By Age and 
Sex Groups (Good-Quality Study)118 

Common Syndromes in Older Adults  83 Minnesota Evidence-based Practice Center 
 

 

 Ages 65-74 Ages 80+ 

Women 6.0% 10.0% 

Men 6.0% 11.0% 



Table 22. Association Between Multiple Morbidities and Clinical Outcomes 
 

Common Syndromes in Older Adults  84 Minnesota Evidence-based Practice Center 
 

Population Number of Chronic Diseases Charlson Score Polypharmacy Poor Health 

Relative increase in risk of death 

 High level of evidence Good-quality individual study Moderate level of evidence High level of evidence 

All sexes 32-112%
39,124,125-129

  13-16% per drug
54,130

 Pooled: 104%
27,103,131

 

Women 18%
243

 89-154%
308

 Not significant
94

 Pooled: 235%
94,280

 

Men  127%
308

 Not significant
94

 Pooled: 233%
94,280

 

Relative increase in risk of institutionalization 

 Low-quality individual study   Moderate level of evidence 

All sexes 20%
128

   10-80%
8,103,132

 
Dose response: 20% per score (0-5)

327
 

African Americans    Not significant
311,328

 

Caucasians    10-12%
311,328

 

Relative increase in risk of hospitalization 

 Low-quality individual study Low-quality individual study Moderate level of evidence Low level of evidence 

All sexes 70%
133

 37-94%
126

 124-190%
133,134

 7-179%
135-140

 

 



Table 23. Association Between Disability and Risk of Hospitalization (Moderate-
Quality Individual Studies) 
 

Common Syndromes in Older Adults  85 Minnesota Evidence-based Practice Center 
 

Disability Definition Estimate (95% CI) 

Any BADL disability 1.8 (1.6-2.0)
136

 
2.0 (1.1-3.4)

162
 

3.3 (1.9-5.5)
162

 

Severe BADL disability Progressive disability*  
Men: 2.8 (1.6-5.2)

163
 

Women: 3.8 (2.2-4.9)
163

 

Catastrophic disability** 
Men: 15.8 (9.1-27.5)

163
 

Women: 16.0 (11.1-23)
163

 

BADL disability, continuous variable 1.31
137

 (NS) 

Any IADL disability 2.5 (1.4-4.5)
162

 

Any IADL/BADL disability 1.2 (0.8-1.8)
140

 

Other disability definitions Not physically able***  
2.1 (1.2-3.5)

162
 

Number of restricted-activity bed days   
1.7 (0.86-2.9)

133
 (NS) 

Uses cane, walker, wheelchair   
1.16

253
 (p=0.006) 

NS=statistically nonsignificant result. 
*Progressive disability is defined as the development of an additional ADL dependency after having 1-2 ADL 
disabilities. 
**Catastrophic disability is defined as the onset of 3 or more ADL dependencies when none existed before. 
***Physically able is defined as having no difficulty in walking 1/4 of a mile, stooping, crouching or kneeling, lifting 10 
pounds, or walking up 10 steps without resting. 
 



Table 24. Association Between Disability and Risk of Death (Good-Quality 
Individual Studies) 
 

Common Syndromes in Older Adults  86 Minnesota Evidence-based Practice Center 
 

Disability Definition Time to Mortality (Months) 
Estimated Subpopulation  

(95% CI) 

BADL disability continuous  48 1.1 (1.04-1.16)
329

 

6 1.4 (NR); p<0.01
127

 – Frail 

1.5 1.11 (1.06-1.15)
251

 – Hospitalized 

Any BADL disability 24 1.9 (1.3-2.7)
162

 

Moderate BADL disability 24 14.1 (9.2-21.6)
164

   

48 2.0 (1.2-3.3)
164

 

72 8.6 (6.6-11.0)
128

 

12 2.1 (1.6-2.8)
181

 – Hospitalized 

Severe BADL disability 24 86.8 (39.4-190.8)
164

   

48 3.4 (1.6-7.5)
164

   

72 30.0 (18.0-51.0)
128

 

96 1.13 (1.07-1.19) Hispanic elders
266

 

Dressing 30 ±19.2 1.6 (1.3-2.1) fully dependent
184

 – Frail 

30 ±19.2 1.2 (1.0-1.4) partially dependent
184

 – Frail 

Toileting 30 ±19.2 1.3 (1.1-1.5) fully dependent
184

 – Frail 

Walking 6 1.7 (NS)
127

 – Frail 

Bathing 48 2.0 (1.6-2.4)
53

 

IADL continuous 48 1.12 (1.08-1.17)
53

 

6 0.88 (NS)
127

 – Frail  

Any IADL disability 24 4.14 (3.20-5.36)
164

   

48 1.86 (1.4-2.46)
164

   

72 6.6 (5.0-8.6)
128

 

Moderate IADL disability 36 1.54 (NR); p=0.05
54

 

60 1.72 (NR); p=0.001
54

 

120 1.62 (NR); p<0.001
54

 

60 1.46 (1.20-1.78)
27

 

Severe IADL disability 36 2.49 (NR); p=0.02
54

 

60 1.64 (1.26-2.14)
27

 

60 2.09 (NR); p=0.03
54

 

120 2.2 (NR); p=0.001
54

 

Meal preparation 6 2.42 (NS)
127

 – Frail 

Medication management 6 1.15 (NS)
127

 

Financial management 48 1.9 (1.6-2.3)
53

 

BADL/IADL continuous 96 1.10 (1.08-1.12)
330

 

Any BADL/IADL disability Variable death or institutionalization 1.84 (1.04-3.24)
153

 – Frail 

NS=not significant; NR=not reported. 



Figure 1. Negative Association Between Prevalence of Frailty and Relative Risk of 
Mortality and Institutionalization Among Different Definitions of Frailty: 
Measurement Effect 

Common Syndromes in Older Adults  87 Minnesota Evidence-based Practice Center 
 

 

 
 
 
 
 
Vertical axis=logarithmic value of prevalence or relative risk; poly=polynomial trend; linear=linear trend. 
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Figure 2. Negative Association Between Prevalence of Cognitive Impairment and 
Relative Risk of Mortality and Institutionalization Among Different Definitions of 
Cognitive Impairment: Severity Effect 

Common Syndromes in Older Adults  88 Minnesota Evidence-based Practice Center 
 

 

 
 
 
 
Vertical axis=logarithmic value of prevalence or relative risk; linear=linear trend. 



Figure 3. Negative Association Between Prevalence of Geriatric Syndromes and 
Relative Risk of Mortality: Tendency of Lower Risk for Higher Prevalence Across 
All Syndromes 

Common Syndromes in Older Adults  89 Minnesota Evidence-based Practice Center 
 

 

 
 
 
Horizontal axis=logarithmic value of prevalence or relative risk; poly=polynomial trend. 

0 0.5 1 1.5 2 2.5 3 3.5 4

Comorbidity

Inflammation

Frailty (Accumulation deficit)

Cognitive impairment

Frailty (Phenotype)

Severe cognitive impairment 

Dementia

Poor health

Malnutrition

Homeostenosis

Log(prevalence) Log(relative risk of death)



Figure 4. Survival in Older Persons in the General Population and With Geriatric 
Syndromes: Effect of Relative Risk of Mortality 

Common Syndromes in Older Adults  90 Minnesota Evidence-based Practice Center 
 

 

 
 
 
 
 
Vertical axis=probability of survival; horizontal axis=years of age; dots=probability of surviving until the next year for 
adults older than age 65 years from the general population and with geriatric syndromes. 
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Figure 5. Conceptual Model 

Common Syndromes in Older Adults  91 Minnesota Evidence-based Practice Center 
 

 
 

 
Arrows describe screening, primary prevention of the syndromes, and secondary prevention of the progression of the syndromes. However, 
health care interventions are beyond the scope of the project. 

- - - Dotted line describes the association between syndromes and outcomes. 

 

Rounded corner rectangles provide information about intermediate outcomes (disability, hospitalization, and institutionalization). 

 
Squared corner rectangles contain patient important clinical outcomes (mortality and morbidity). 

 
Ovals represent cost and adverse events of the assessments and preventive interventions. 
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Figure 6. Results of Ranking Exercise 

Common Syndromes in Older Adults  92 Minnesota Evidence-based Practice Center 
 

 
 
 
Bars represent mean scores, based on ranking of each syndrome on a scale of 0 to 9 by eight TEP members. 
Horizontal axis shows the mean score for each syndrome. 



Figure 7. Study Flow 

Common Syndromes in Older Adults  93 Minnesota Evidence-based Practice Center 
 

 

Consensus and guidelines = 3

Total retrieved = 2,374

Medline = 2,073

Manual search = 290

Expert recommendation = 7

CDC website = 4

Total Included = 509 

Total Excluded = 1,865

Reviews = 23 

Comment = 32 

Not eligible target population = 201

Patient handout = 1 

Not eligible outcomes = 1,444

Not eligible exposure = 152 

Other = 12



Figure 8. Prevalence of Three or More Chronic Conditions Among Older Persons 
By Percent of Poverty Level: United States, 2005 (Good-Quality National Survey*) 
 

Common Syndromes in Older Adults  94 Minnesota Evidence-based Practice Center 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* National Health Interview Survey.
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Figure 9. Increase in Drug Visits in Which at Least One Prescription or 
Nonprescription Drug Was Recorded on the Patient Record Form, per 100 Older 
Persons (Good-Quality National Surveys*) 
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Vertical axis=number of drug visits. 
 
*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.
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Figure 10. Increase in the Number of Drugs per 100 Older Persons (Good-Quality 
National Surveys*) 
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Vertical axis=total number of drugs. 
 
*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.
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Figure 11. Percentage Increase in Drug Visits and the Number of Drugs per 100 
Older Persons From 1994–1996 to 2004–2005 (Good-Quality National Surveys*) 
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Vertical axis=percent increase in drug visits and the number of drugs. 
 
*National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey.

271 



Figure 12. Prevalence of Fair/Poor Health Status in Older Persons (High Level of Evidence)14,103,109,250 
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NOTE: Random effects analysis 
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Figure 13. Prevalence of Amnestic or Multiple-Deficit Mild Cognitive Impairment in Age Categories (Low Level of 
Evidence)90,247  
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<80 (CHS Cognition Study) 
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Figure 14. Prevalence of Cognitive Impairment in Older Persons Defined as an MMSE Score of <24 (Moderate 
Level of Evidence)14,39-45 
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NOTE: Random effects analysis 
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Subtotal (I-squared = 98.8%, p = 0.000) 
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20.10 (18.60, 21.60) 

10.60 (9.60, 11.70) 

11.80 (11.00, 12.60) 

16.86 (10.41, 27.31) 

28.20 (25.20, 31.30) 

3.30 (2.80, 4.00) 

19.30 (17.00, 21.80) 

12.18 (4.04, 36.76) 

3.30 (2.60, 4.30) 

29.20 (26.20, 32.30) 

5.80 (4.50, 7.50) 

13.30 (10.70, 16.50) 

39.00 (35.80, 42.30) 

22.89 (7.97, 65.67) 

  
1 1 90 



Figure 15. Prevalence of Severe Cognitive Impairment in Older Persons Defined as an MMSE Score of <15 (Low 
Level of Evidence)39,44,261 
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Figure 16. Prevalence of Cognitive Impairment in Age Categories of Self-
Respondents (High Level of Evidence)49 
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NOTE: Random effects analysis 
. 

70-74 

Cardiovascular Health Study 

Health and Retirement Survey (HRS) 

National Long-Term Care Survey (NLTCS) 
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Figure 17. Prevalence of Cognitive Impairment Using the 10-Item Short Portable Mental Status Questionnaire 
(High Level of Evidence)46-48 
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NOTE: Random effects analysis 

Overall (I-squared = 97.9%, p = 0.000) 

Established Populations for Epidemiologic Studies of the Elderly (EPESE) 
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Figure 18. Prevalence of Senile Dementia in Older Persons According to 
Definition (High Level of Evidence)262 
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Figure 19. Prevalence of Dementia in Age Groups: Results From the East Boston 
Study and Meta-Analysis of 13 Epidemiological Studies of Senile Dementia (High 
Level of Evidence)92,262 
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NOTE: random effects analysis 
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Figure 20. Odds of Higher Frailty Prevalence Estimates (>20%) in Studies That 
Included Components in the Definition of Frailty Compared to Those That Did Not 
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3.00 (0.22, 40.93) 
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Odds Ratio, % (95% CI) 
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0.33 (0.02, 4.55) 
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Figure 21. Prevalence of Frailty in Older Persons (High Level of Evidence)23,101,103,104,107,109,111,115,229,264 
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NOTE: Random effects analysis 

Overall (I-squared = 99.5%, p = 0.000) 
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National Population Health Survey (2740) 
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Subtotal (I-squared = 99.4%, p = 0.000) 
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6.90 (6.20, 7.60) 
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Prevalence, % (95% CI) 
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Figure 22. Differences in Prevalence of Frailty in the Same Population According to Definition: Results From the 
Health and Retirement Study (Good-Quality Study)104 
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3.10 (2.80, 3.40) 

29.00 (28.20, 29.90) 
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Figure 23. Prevalence of Any ADL Disability (Good-Quality Studies)41,53,55-64 
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Cardiovascular Health Study All Star 

≥1 ADL (4 items) 
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Figure 24. Prevalence of Moderate or Severe ADL Disability (Good-Quality Studies)5,118 
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3-4 ADLS (7 items) (Longitudinal Study on Aging) 
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Figure 25. Prevalence of Bathing ADL Disability (High Level of Evidence)53,55,58,65,122,248 
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Massachusetts Health Care Panel Study (MHCPS) 

National Health Interview Survey, Supplement on Aging 

Health and Retirement Study 

SITE Sources of Independence in the Elderly 

Health and Retirement Study 

Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) 

National Survey on Self-Care and Aging 

Massachusetts Health Care Panel Study (MHCPS) 
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SITE Sources of Independence in the Elderly 
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3.90 (2.60, 5.90) 
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6.00 (5.60, 6.40) 

6.70 (4.50, 9.80) 

8.00 (7.40, 8.60) 

8.80 (8.20, 9.50) 
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Figure 26. Prevalence of Dressing/Hygiene ADL Disability (High Level of Evidence)53,55,58,65,248 
 

Common Syndromes in Older Adults  112 Minnesota Evidence-based Practice Center 
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Massachusetts Health Care Panel Study (MHCPS) 

National Health Interview Survey, Supplement on Aging 

National Survey on Self-Care and Aging 

Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) 

Massachusetts Health Care Panel Study (MHCPS) 

Health and Retirement Study - development cohort 

Health and Retirement Study - validation cohort 
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Alumni Health Study/hygiene 

Alumni Health Study/dressing/grooming 
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7.70 (7.10, 8.30) 
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9.00 (8.50, 9.50) 

11.00 (10.30, 11.70) 

9.20 (7.80, 10.90) 

12.80 (11.10, 14.70) 

17.10 (15.20, 19.20) 

8.10 (6.80, 9.70) 

13.20 (11.50, 15.10) 

Prevalence, % (95% CI) 
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Figure 27. Prevalence of Eating ADL Disability (High Level of Evidence)53,55,58,65,119,248 
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Massachusetts Health Care Panel Study (MHCPS) 

National Health Interview Survey, Supplement on Aging 

National Survey on Self-Care and Aging 

Massachusetts Health Care Panel Study (MHCPS) 

Health and Retirement Study - Development Cohort 

Health and Retirement Study - Validation Cohort 

Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) 
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Alumni Health Study 

Eating ADL Disability in women 
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Alumni Health Study 
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Alumni Health Study 
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7.30 (6.00, 8.80) 
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1.20 (0.80, 1.80) 

7.30 (6.00, 8.80) 
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Figure 28. Prevalence of Individual ADL Disability (High Level of Evidence)53,55,58,65,120  
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National Health Interview Survey, Supplement on Aging 
Asset and Health Dynamics Among the Oldest Old (AHEAD) 

Health and Retirement Study - Development Cohort 

Health and Retirement Study - Validation Cohort 

Transferring ADL Disability 

Massachusetts Health Care Panel Study (MHCPS) 

 National Health Interview Survey, Supplement on Aging 

Survey on Income and Program Participation 

Asset and Health Dynamics Among the Oldest Old (AHEAD) 

 Massachusetts Health Care Panel Study (MHCPS) 

Health and Retirement Study - Development Cohort 

Health and Retirement Study - Validation Cohort 

Alumni Health Study 

Walking ADL Disability 

Massachusetts Health Care Panel Study (MHCPS) 

 Asset and Health Dynamics Among the Oldest Old (AHEAD) 
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Health and Retirement Study - Validation Cohort 

Alumni Health Study 
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Transferring ADL Disability in men 

Alumni Health Study 
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2.50 (2.20, 2.90) 
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Figure 29. Prevalence of Instrumental ADL Disability (High Level of Evidence)5,53-57,248,266,267 
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Prevalence of Any IADL Disability 

≥1 IADL (5 items) (Health and Retirement Study - Development Cohort) 

≥ 1 IADL (5 items) (Health and Retirement Study - Validation Cohort) 

1-3 IADL (# items not specified OARS) (Monongahela Valley Independent Elders Survey) 

≥1 IADL (5 items) (Survey of Asset and Health Dynamics of the Oldest Old (AHEAD)) 

≥1 IADL (6 items) (The Longitudinal Study on Aging) 

≥1 IADL (3 items) (EPESE) 

≥1 IADL (# items not specified) (H-EPESE) 

Prevalence of Moderate IADL Disability 

1 IADL (8 items) (EPIDOS) 

2 IADL (8 items) (EPIDOS) 

1-2 IADL (6 items) (Longitudinal Study on Aging) 

≥2 IADL (6 items) (National Survey on Self-Care and Aging) 

Prevalence of Severe IADL Disability 

≥3 IADL (8 items) (EPIDOS) 

≥4 IADL (# items not specified OARS) (Monongahela Valley Independent Elders Survey) 

3-4 IADL (3 items) (MOBILIZE (MBS)) 

3-4 IADL (6 items) (Longitudinal Study on Aging) 

5-6 IADL (6 items) (Longitudinal Study on Aging) 

Definition of disability (study) 

12.00 (11.40, 12.60) 

16.00 (15.20, 16.80) 

23.80 (21.30, 26.50) 

26.50 (25.50, 27.50) 

26.90 (25.90, 27.90) 

35.50 (33.90, 37.20) 

46.70 (44.90, 48.50) 

15.10 (14.30, 15.90) 

7.20 (6.60, 7.80) 

21.30 (20.40, 22.20) 

31.00 (29.50, 32.60) 

8.50 (7.90, 9.20) 

5.70 (4.50, 7.30) 

21.20 (18.40, 24.20) 

6.20 (5.70, 6.80) 

4.50 (4.00, 5.00) 

12.00 (11.40, 12.60) 

16.00 (15.20, 16.80) 

23.80 (21.30, 26.50) 

26.50 (25.50, 27.50) 

26.90 (25.90, 27.90) 

35.50 (33.90, 37.20) 

46.70 (44.90, 48.50) 

15.10 (14.30, 15.90) 

7.20 (6.60, 7.80) 

21.30 (20.40, 22.20) 

31.00 (29.50, 32.60) 

8.50 (7.90, 9.20) 

5.70 (4.50, 7.30) 

21.20 (18.40, 24.20) 

6.20 (5.70, 6.80) 

4.50 (4.00, 5.00) 
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Figure 30. Prevalence of Individual Instrumental ADL Disability (High Level of Evidence)53,55,65,119,122 
 

Common Syndromes in Older Adults  116 Minnesota Evidence-based Practice Center 

 

Finances 
Health and Retirement Study - Development Cohort (2006) 
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AHEAD (2001) 

Medication management 
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Health and Retirement Study - Validation Cohort  
AHEAD (2001) 
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14.00 (13.30, 14.80) 
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Prevalence, % (95% CI) 
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13.80 (12.30, 15.40) 
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Figure 31. Prevalence of Telephone and Transportation Instrumental ADL Disability (Low to Moderate Level of 
Evidence)53,55,65 
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Health and Retirement Study - Development Cohort (1998) 

Health and Retirement Study - Validation Cohort (1998) 

Survey of Asset and Health Dynamics of the Oldest Old (AHEAD) (1994) 

Prevalence of Transportation IADL Disability 

Massachusetts Health Care Panel Study (MHCPS) (1980) 

Massachusetts Health Care Panel Study (MHCPS) (1985) 

 
Study (year of the study) 

4.00 (3.70, 4.40) 

6.00 (5.50, 6.50) 
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67.60 (63.40, 71.50) 

Prevalence, % (95% CI) 
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Figure 32. Prevalence of Sarcopenia in Participants of the Health, Aging, and Body Composition Study (Good-
Quality Study)123  
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Sarcopenia was defined using relative lean mass index (<7.23 kg/m

2
 for men and <5.67 kg/m

2
 for women) and negative residuals that were derived by adjusting 

for fat mass in addition to height. 

Relative lean mass index 

Men with BMI <25 
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Prevalence, % (95% CI) 
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Figure 33. Prevalence of Micronutrient Deficiency in Older Persons (High Level of Evidence)80,81 
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NOTE: Random effects analysis 
. 

Folate deficient 

Women’s Health and Aging Study I 

NHANES III 

InCHIANTI 

Subtotal (I-squared = 98.9%, p = 0.000) 

Iron deficient 

Women’s Health and Aging Study I 

NHANES III 

InCHIANTI 

Subtotal (I-squared = 84.1%, p = 0.002) 

Vitamin B12 deficient 

NHANES III 

Women’s Health and Aging Study I 

InCHIANTI 

Subtotal (I-squared = 96.4%, p = 0.000) 

Vitamin D deficient 

Older Americans Act Nutrition Program (OAANP) in northeast Georgia 

Longitudinal Aging Study Amsterdam (1995–1996) 

Subtotal (I-squared = 0.0%, p = 0.454) 

 
Study 
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6.10 (4.80, 7.70) 

4.74 (3.35, 6.71) 
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11.70 (9.90, 13.80) 

7.47 (4.41, 12.67) 

8.20 (4.80, 13.60) 
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9.92 (8.49, 11.58) 

Prevalence, % 95% CI) 
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Figure 34. Prevalence of Malnutrition Using the Composite Nutritional Score (High Level of Evidence)70,72,82-85 
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NOTE: Random effects analysis 
. 

Both sexes 
Danish part of Survey in Europe on Nutrition and the Elderly, a Concerted Action (SENECA) 
Singapore Longitudinal Aging Study, SLAS 
SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action 
Subtotal (I-squared = 97.9%, p = 0.000) 

Men 
San Luis Valley Health and Aging Study 
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Prevalence, % (95% CI) 
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Figure 35. Prevalence of Fair/Poor Health Status in Older Men (Moderate Level of Evidence)74,94,103,280 
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NOTE: Random effects analysis 
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Osteoporotic Fractures in Men (MrOS) 
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Subtotal (I-squared = 99.5%, p = 0.000) 

 

Study 

35.60 (34.10, 37.20) 
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Prevalence, % (95% CI) 
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Figure 36. Prevalence of Fair/Poor Health Status in Older Women (Moderate Level of Evidence)94,103,280 
 

Common Syndromes in Older Adults  122 Minnesota Evidence-based Practice Center 
 

 

NOTE: Random effects analysis 

Fair 

PAQUID (Personnes Agées QUID) Research Program 

Longitudinal Study of Aging 

Subtotal (I-squared = 99.8%, p = 0.000) 

Poor 

Canadian Study of Health and Aging 

PAQUID (Personnes Agées QUID) Research Program 

Longitudinal Study of Aging 

Subtotal (I-squared = 99.4%, p = 0.000) 

 
Study 

47.40 (45.80, 49.00) 

21.10 (19.90, 22.30) 

31.64 (14.31, 69.93) 

2.60 (2.30, 3.00) 

10.50 (9.50, 11.50) 

11.00 (10.10, 12.00) 

6.71 (3.04, 14.81) 

Prevalence, % (95% CI) 

47.40 (45.80, 49.00) 

21.10 (19.90, 22.30) 

31.64 (14.31, 69.93) 

2.60 (2.30, 3.00) 

10.50 (9.50, 11.50) 

11.00 (10.10, 12.00) 

6.71 (3.04, 14.81) 

  
1 1 50 



Figure 37. Prevalence of Mild Cognitive Impairment in Different Race and Age 
Categories Using the 3MSE Questionnaire for Cognitive Functioning (High Level 
of Evidence)90,91,146,281 
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Figure 38. Prevalence of Vascular and Mixed Dementia in Older Men: Results 
From the EURODEM Prevalence Research Group (High Level of Evidence)97 
 

Common Syndromes in Older Adults  124 Minnesota Evidence-based Practice Center 

 

NOTE: Random effects analysis 
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Figure 39. Prevalence of Dementia in Older Men in Age and Severity Categories 
(Moderate Level of Evidence)95,282 
 

Common Syndromes in Older Adults  125 Minnesota Evidence-based Practice Center 
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Figure 40. Prevalence of Cognitive Impairment in Older Women in Age Categories 
Using Definitions Derived From the 3MSE Questionnaire (Moderate Level of 
Evidence)59,95 
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Figure 41. Prevalence of Cognitive Impairment in Older Women Defined as an MMSE Score <24 (High Level of 
Evidence)42,90,94,96 

Common Syndromes in Older Adults  127 Minnesota Evidence-based Practice Center 
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Figure 42. Prevalence of Cognitive Impairment in Older Women in the Cardiovascular Health Study Using the 
3MSE Questionnaire and in the Second Longitudinal Study of Aging Using the Telephone Interview of Cognitive 
Status Instrument (Good-Quality Study)49 
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Figure 43. Prevalence of Vascular or Mixed Dementia in Older Women From the 
EURODEM Prevalence Research Group (High Level of Evidence)97 
 

Common Syndromes in Older Adults  129 Minnesota Evidence-based Practice Center 
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Figure 44. Prevalence of Dementia in Older Women in Age and Severity Categories (High Level of 
Evidence)95,176,236,282 
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Figure 45. Differences in Prevalence of Frailty in Older Persons Ages 65 to 70 Years According to Definition of 
Frailty (Moderate Level of Evidence)23,101-104 
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Figure 46. Differences in Prevalence of Frailty in Older Persons Ages 70 to 80 Years According to Definition of 
Frailty (Moderate Level of Evidence)22,23,101,104,105 
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Figure 47. Differences in Prevalence of Frailty in Persons Older Than Age 80 Years According to Definition of 
Frailty (Moderate Level of Evidence)23,101-104 
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Figure 48. Prevalence of Frailty in Older African Americans According to Definition of Frailty (Moderate Level of 
Evidence)23,104,106,107 
 

Common Syndromes in Older Adults  134 Minnesota Evidence-based Practice Center 
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Figure 49. Prevalence of Frailty in Older Hispanics According to Definition of Frailty (Low Level of Evidence)104,108 
 

Common Syndromes in Older Adults  135 Minnesota Evidence-based Practice Center 
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Figure 50. Prevalence of Frailty in Older Caucasians According to Definition of Frailty (Low Level of 
Evidence)23,104,107,109 
 

Common Syndromes in Older Adults  136 Minnesota Evidence-based Practice Center 
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Figure 51. Prevalence of Frailty in Older Men (Moderate Level of Evidence)23,103-105,107,109,111-115 

Common Syndromes in Older Adults  137 Minnesota Evidence-based Practice Center 
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Figure 52. Prevalence of Frailty in Older Men By Definition and Age Group, Sorted By Increasing Age (High Level 
of Evidence)23,101,111,113,115 

Common Syndromes in Older Adults  138 Minnesota Evidence-based Practice Center 
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Kaiser Permanente Aging Study (70 - 74) 
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Kaiser Permanente Aging Study (85 - 89) 

Beaver Dam Eye Study cohort (>85) 

National Population Health Survey (>85) 
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Figure 53. Prevalence of Frailty in Men Using Phenotype Definition in Race and Age Subgroups, Sorted By 
Increasing Age (High Level of Evidence)23,113,116 

Common Syndromes in Older Adults  139 Minnesota Evidence-based Practice Center 
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Figure 54. Prevalence of Frailty in Older Women According to Definition (High Level of Evidence)23,24,103-

105,107,109,111,115-117 
 

Common Syndromes in Older Adults  140 Minnesota Evidence-based Practice Center 
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Beaver Dam Eye Study cohort (2,515) 

Canadian Study of Health and Aging - 1 (5,987) 

National Population Health Survey (2,740) 

The Health and Retirement Study (1,657) 

Subtotal (I-squared = 99.4%, p = 0.000) 

Phenotype 

Cardiovascular Health Study (5,317) 

Health, Aging, and Body Composition (Health ABC) Study (2,964) 

Hispanic Established Populations for Epidemiologic Study of the Elderly (621) 

MOBILIZE (765) 

New Haven Older Americans Independence Center Study (754) 

Study of Osteoporotic Fractures (6,701) 

The Health and Retirement Study (1,657) 

Women's Health and Aging Studies I and II and complementary cohorts (620) 

Subtotal (I-squared = 99.4%, p = 0.000) 

 

Study (sample) 
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Prevalence, % (95% CI) 
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Figure 55. Prevalence of Frailty in Older Women By Definition and Age Group, Sorted By Increasing Age (High 
Level of Evidence)23,101,104,111,115 

Common Syndromes in Older Adults  141 Minnesota Evidence-based Practice Center 
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Cardiovascular Health Study (65 - 70) 
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Figure 56. Prevalence of Frailty in Older Women Using Phenotype Definition in Race and Age Subgroups, Sorted 
By Increasing Age (Moderate Level of Evidence)23,116 

Common Syndromes in Older Adults  142 Minnesota Evidence-based Practice Center 
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Figure 57. Prevalence of Any Basic ADL Disability in Women and Men (Moderate Level of Evidence)61,63,64 

Common Syndromes in Older Adults  143 Minnesota Evidence-based Practice Center 
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Figure 58. Prevalence of Any Basic ADL Disability in Women Increases With Older 
Age (Good-Quality Study)59 

Common Syndromes in Older Adults  144 Minnesota Evidence-based Practice Center 
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Figure 59. Prevalence of Any ADL Disability in the Cardiovascular Health Study 
Increases With Older Age (Good-Quality Study)59 

Common Syndromes in Older Adults  145 Minnesota Evidence-based Practice Center 
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Figure 60. Differences in Prevalence of Any Basic ADL Disability By Age and Sex 
(Good-Quality Study)59 
 

Common Syndromes in Older Adults  146 Minnesota Evidence-based Practice Center 
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Figure 61. Prevalence of Moderate ADL Disability By Age (Good-Quality Study)118 
 

Common Syndromes in Older Adults  147 Minnesota Evidence-based Practice Center 
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Figure 62. Prevalence of Severe ADL Disability By Age (Good-Quality Study)118 

Common Syndromes in Older Adults  148 Minnesota Evidence-based Practice Center 
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Figure 63. Time Trend and Differences in Prevalence of One or More Instrumental 
ADL Disabilities By Sex (Good-Quality Study)121 
 

Common Syndromes in Older Adults  149 Minnesota Evidence-based Practice Center 
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Figure 64. Difference in Prevalence of Meal Preparation and Shopping Disability 
By Sex (Good-Quality Study)122 

Common Syndromes in Older Adults  150 Minnesota Evidence-based Practice Center 
 

 
 

 



Figure 65. Prevalence of Housekeeping Disability By Sex and Age (Good-Quality 
Study)122 
 

Common Syndromes in Older Adults  151 Minnesota Evidence-based Practice Center 
 

 
 

 

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

7.0%

8.0%

9.0%

10.0%

Men age < 75 Men age >=75 Women age < 75 Women age >=75



Figure 66. Differences in Prevalence of Any ADL Disability By Race and Ethnicity 
in the Census Public Use Microdata Sample (Good-Quality Study)62 
 

Common Syndromes in Older Adults  152 Minnesota Evidence-based Practice Center 
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Figure 67. Differences in Prevalence of Any Basic ADL Disability By Sex and Race 
(Good-Quality Study)60 
 

Common Syndromes in Older Adults  153 Minnesota Evidence-based Practice Center 
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Figure 68. Differences in Prevalence of Eating Disability By Race and Sex (Good-
Quality Study)119 
 

Common Syndromes in Older Adults  154 Minnesota Evidence-based Practice Center 
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Figure 69. Prevalence of Shopping Disability By Race and Sex (Good-Quality 
Study)119 
 

Common Syndromes in Older Adults  155 Minnesota Evidence-based Practice Center 
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Figure 70. Prevalence of Meal Preparation Disability By Race and Sex (Good-
Quality Study)119 
 

Common Syndromes in Older Adults  156 Minnesota Evidence-based Practice Center 
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Figure 71. Factors Associated With Malnutrition Defined as High Nutritional Score, Low Body Mass Index, or 
Unintentional Weight Loss (Good-Quality Individual Studies)79-81 
 

Common Syndromes in Older Adults  157 Minnesota Evidence-based Practice Center 
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Figure 72. Prevalence of Malnutrition Defined as Low Body Mass Index, Low Serum Albumin Level, or 
Unintentional Weight Loss (Good-Quality Individual Studies)46,70-77 
 

Common Syndromes in Older Adults  158 Minnesota Evidence-based Practice Center 
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Figure 73. Association Between Mortality and Poor Self-Perceived Health (High Level of Evidence)27,94,103,131,280 
 

Common Syndromes in Older Adults  159 Minnesota Evidence-based Practice Center 
 

 

NOTE: Random effects analysis 
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Figure 74. Association Between Cognitive Impairment and Mortality (High Level of Evidence)39,44,54,143-148  
 

Common Syndromes in Older Adults  160 Minnesota Evidence-based Practice Center 
 

 

NOTE: Random effects analysis 
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Figure 75. Association Between Cognitive Impairment and Mortality in Older Persons According to Measurement 
and Severity (Moderate Level of Evidence)39,94,313  
 

Common Syndromes in Older Adults  161 Minnesota Evidence-based Practice Center 
 

 

NOTE: Random effects analysis 
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Figure 76. Association Between Frailty and Mortality in Older Persons: Effect of the Definition (Moderate Level of 
Evidence)14,23,111,115,148,153-156 
 

Common Syndromes in Older Adults  162 Minnesota Evidence-based Practice Center 
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Figure 77. Dose Response Association Between Accumulation Deficits and 
Mortality or Treatment Utilization Among Medicare Beneficiaries (Good-Quality 
Study)157 
 

Common Syndromes in Older Adults  163 Minnesota Evidence-based Practice Center 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*From the Medicare Current Beneficiary Survey; adjusted for age, sex, race, income, living alone, insurance status, 

previous emergency department (ED) visits, and previous hospitalizations. 
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Figure 78. Dose Response Association Between Mortality and Frailty Definitions in Older Persons (Good-Quality 
Individual Study)14,156  

Common Syndromes in Older Adults  164 Minnesota Evidence-based Practice Center 
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Figure 79. Dose Response Association Between Phenotypic Frailty Components 
and Mortality According to Time of Followup: Results From the Cardiovascular 
Health Study (Good-Quality Individual Study)23,156 

Common Syndromes in Older Adults  165 Minnesota Evidence-based Practice Center 
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Figure 80. Different Definitions of Basic ADL Disability and Risk of Death in the 
General Older Adult Population27,53,54,128,162,164,329,330 

Common Syndromes in Older Adults  166 Minnesota Evidence-based Practice Center 
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Figure 81. Different Definitions of Instrumental ADL Disability and Risk of Death 
in the General Older Adult Population27,53,54,128,162,164,329,330 
 

Common Syndromes in Older Adults  167 Minnesota Evidence-based Practice Center 
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Figure 82. Risk of Death per 1-Point Increase in Disability Score27,53,54,128,162,164,329,330 
 

Common Syndromes in Older Adults  168 Minnesota Evidence-based Practice Center 
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Figure 83. Association Between Disability and Mortality in Older Persons in Race 
and Sex Subgroups (Good-Quality Individual Studies)64,119 

Common Syndromes in Older Adults  169 Minnesota Evidence-based Practice Center 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LASA=Longitudinal Study on Aging – Amsterdam; EPESE=Established Populations for Epidemiologic Studies of the 
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Figure 84. Years of Expected Active Life Remaining in Older Persons With and 
Without Disability: Results From the Baltimore Epidemiologic Catchment Area 
(Good-Quality Individual Study)40 

Common Syndromes in Older Adults  170 Minnesota Evidence-based Practice Center 
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Figure 85. Association Between Different Definitions of Malnutrition and Mortality (Good-Quality Individual 
Studies)70,71,83,166-169,331 

Common Syndromes in Older Adults  171 Minnesota Evidence-based Practice Center 
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Figure 86. Association Between Mortality and Biomarkers of Malnutrition and 
Inflammation in Older Participants of the Pathologies Oculaires Liées à l'Age 
Cohort (Good-Quality Individual Study)170 
 

Common Syndromes in Older Adults  172 Minnesota Evidence-based Practice Center 
 

 

Albumin <39.44 g/L vs. 39.44-44.77 g/L 

Men (5 years) 
Women (5 years) 

Men (5-9 years) 
Women (5-9 years) 

Alpha 1-acid glycoprotein, highest quartile and transthyretin, lowest quartile 

Men (5 years) 
Women (5 years) 

Alpha 1-acid glycoprotein <0.64 g/L vs. 0.64-0.89 g/L 

Men (5 years) 
Women (5 years) 

Men (5-9 years) 
Womens (5-9 years) 

Alpha 1-acid glycoprotein >0.90 g/L vs. 0.64-0.90 g/L 

Men (5 years) 
Women (5 years) 

Men (5-9 years) 
Women (5-9 years) 

Transthyretin <0.24 g/L vs. 0.24-0.29 g/L 
Men (5 years) 

Women (5 years) 
Men (5-9 years) 

Women (5-9 years) 

Transthyretin >0.30 g/L vs. 0.24-0.30 g/L 
Men (5 years) 

Women (5 years) 

Men (5-9 years) 
Women (5-9 years) 

 Sex (year to assess mortality) 

2.72 (1.44, 5.14) 
1.37 (0.70, 2.70) 

1.13 (0.61, 2.11) 
0.84 (0.48, 1.48) 

6.86 (3.20, 14.71) 
4.64 (1.79, 12.05) 

1.03 (0.47, 2.28) 
1.99 (0.95, 4.16) 

0.38 (0.16, 0.92) 
0.68 (0.36, 1.29) 

2.26 (1.19, 4.31) 
2.61 (1.27, 5.35) 

1.44 (0.82, 2.53) 
1.10 (0.60, 2.02) 

2.23 (1.21, 4.13) 

2.39 (1.24, 4.58) 
1.17 (0.64, 2.17) 

1.36 (0.77, 2.38) 

0.39 (0.13, 1.16) 

0.97 (0.41, 2.33) 

0.89 (0.47, 1.68) 
1.04 (0.52, 2.10) 

Hazard ratio (95% CI) 

2.72 (1.44, 5.14) 
1.37 (0.70, 2.70) 

1.13 (0.61, 2.11) 
0.84 (0.48, 1.48) 

6.86 (3.20, 14.71) 
4.64 (1.79, 12.05) 

1.03 (0.47, 2.28) 
1.99 (0.95, 4.16) 

0.38 (0.16, 0.92) 
0.68 (0.36, 1.29) 

2.26 (1.19, 4.31) 
2.61 (1.27, 5.35) 

1.44 (0.82, 2.53) 
1.10 (0.60, 2.02) 

2.23 (1.21, 4.13) 

2.39 (1.24, 4.58) 
1.17 (0.64, 2.17) 

1.36 (0.77, 2.38) 

0.39 (0.13, 1.16) 

0.97 (0.41, 2.33) 

0.89 (0.47, 1.68) 
1.04 (0.52, 2.10) 

1 .068 1 14.7 



Figure 87. Association Between the Prognostic Inflammatory and Nutritional Index* and Mortality in Older 
Participants of the Pathologies Oculaires Liées à l'Age Cohort (Good-Quality Individual Study)170 
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*The Prognostic Inflammatory and Nutritional Index is defined as (C-reactive protein * alpha 1-acid glycoprotein)/(albumin * transthyretin). 

Prognostic Inflammatory and Nutritional Index <0.052 vs. 0.052-0.265 

Men (5 years) 

Women (5 years) 

Men (5-9 years) 

Women (5-9 years) 

Prognostic Inflammatory and Nutritional Index >0.266 vs. 0.052-0.266 

Men (5 years) 

Women (5 years) 

Men (5-9 years) 

Women (5-9 years) 

 Sex (year to assess mortality) 

0.66 (0.27, 1.58) 

1.28 (0.61, 2.68) 

0.53 (0.23, 1.23) 

0.78 (0.39, 1.56) 

2.13 (1.15, 3.95) 

1.33 (0.66, 2.68) 

2.50 (1.44, 4.36) 

1.25 (0.72, 2.18) 

Hazard ratio (95% CI) 

0.66 (0.27, 1.58) 

1.28 (0.61, 2.68) 

0.53 (0.23, 1.23) 

0.78 (0.39, 1.56) 

2.13 (1.15, 3.95) 

1.33 (0.66, 2.68) 

2.50 (1.44, 4.36) 

1.25 (0.72, 2.18) 

1 .229 1 4.36 



Figure 88. Association Between Nutritional and Metabolic Abnormalities and Frailty in Older Women: Results 
From the Women’s Health and Aging Studies I and II (Good-Quality Individual Studies)238 
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Abnormalities: anemia, inflammation, endocrine, micronutrient, body composition, fine motor speed 

Multiple vs. isolated abnormalities 

Abnormal levels in 3-4 physiological measures 

Abnormal levels in >5 physiological measures 

Anemia 

Anemia 

Testosterone 

Dehydroepiandrosterone sulfate (DHEA-S) <0.215 mcg/mL 

Nutritional deficit 

>2 nutritional deficits 

Risk factors 

2.59 (1.22, 5.52) 

11.00 (2.50, 47.90) 

26.00 (3.70, 183.30) 

1.50 (0.70, 3.40) 

1.40 (0.70, 2.80) 

2.60 (1.30, 5.00) 

Relative measure of association (95% CI) 

2.59 (1.22, 5.52) 

11.00 (2.50, 47.90) 

26.00 (3.70, 183.30) 

1.50 (0.70, 3.40) 

1.40 (0.70, 2.80) 

2.60 (1.30, 5.00) 

1  1 183 



Figure 89. Association Between Increased Interleukin-6 and Mortality in Older Persons (High Level of 
Evidence)124,174-177 
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NOTE: Random effects analysis 

. 

. 

Increased levels of interleukin-6  

Cohen (Duke Established Populations for Epidemiologic Studies of the Elderly) 

Harris (Iowa 65+ Rural Health Study) 

Seeman (MacArthur Studies of Successful Aging) 

Alley (Invecchiare in Chianti Study) 

Subtotal (I-squared = 0.0%, p = 0.535) 

Increased level of interleukin-6 in log scale 

Cohen (Duke Established Populations for Epidemiologic Studies of the Elderly) 

Bruunsgaard (Danish Centenarian Study) 

Subtotal (I-squared = 64.9%, p = 0.092) 

 
Author (study) 

1.28 (0.98, 1.69) 

1.90 (1.20, 3.10) 

1.41 (0.92, 2.16) 

1.78 (0.63, 5.07) 

1.42 (1.16, 1.74) 

1.53 (1.13, 2.08) 

1.12 (0.92, 1.36) 

1.28 (0.95, 1.73) 

Relative measure of association (95% CI) 

1.28 (0.98, 1.69) 

1.90 (1.20, 3.10) 

1.41 (0.92, 2.16) 

1.78 (0.63, 5.07) 

1.42 (1.16, 1.74) 

1.53 (1.13, 2.08) 

1.12 (0.92, 1.36) 

1.28 (0.95, 1.73) 

1 .197 1 5.07 



Figure 90. Association Between Elevated Levels of C-Reactive Protein and Mortality in Older Persons (High Level 
of Evidence)87,124,129,166,167,170,174,177-179 
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NOTE: Random effects analysis 

Overall (I-squared = 21.4%, p = 0.221) 

Helsinki Aging Study 

Women’s Health and Aging Study 

Subtotal (I-squared = 0.0%, p = 0.528) 

Cardiovascular Health Study 

Subtotal (I-squared = 25.6%, p = 0.261) 

Iowa 65+ Rural Health Study 

Study 

Subtotal (I-squared = 52.0%, p = 0.100) 

Iowa 65+ Rural Health Study 

Invecchiare in Chianti Study 

Cardiovascular Health Study 

Vitality 90+ Study 

Pathologies Oculaires Liées à l’Age cohort 

Iowa 65+ Rural Health Study 

PAQUID Research Program 

 

MacArthur Studies of Successful Aging 

Pathologies Oculaires Liées à l’Age cohort 

Cardiovascular Health Study 

Men 

All elderly 

Women 

1.43 (1.27, 1.62) 

1.68 (1.02, 2.74) 

1.65 (0.93, 2.90) 

1.42 (1.29, 1.55) 

1.24 (0.93, 1.66) 

1.61 (1.19, 2.19) 

1.60 (1.00, 2.60) 

1.13 (0.75, 1.69) 

0.30 (0.10, 1.20) 

2.06 (0.81, 5.23) 

1.42 (1.10, 1.83) 

1.51 (0.93, 2.43) 

1.05 (0.60, 1.85) 

1.50 (0.70, 3.20) 

0.20 (0.10, 9.20) 

Relative measure of association (95% CI) 

1.67 (1.10, 2.55) 

2.37 (1.36, 4.15) 

1.38 (1.25, 1.53) 

1.43 (1.27, 1.62) 

1.68 (1.02, 2.74) 

1.65 (0.93, 2.90) 

1.42 (1.29, 1.55) 

1.24 (0.93, 1.66) 

1.61 (1.19, 2.19) 

1.60 (1.00, 2.60) 

1.13 (0.75, 1.69) 

0.30 (0.10, 1.20) 

2.06 (0.81, 5.23) 

1.42 (1.10, 1.83) 

1.51 (0.93, 2.43) 

1.05 (0.60, 1.85) 

1.50 (0.70, 3.20) 

0.20 (0.10, 9.20) 

1.67 (1.10, 2.55) 

2.37 (1.36, 4.15) 

1.38 (1.25, 1.53) 

1 .1 1 10 
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Ovid Technologies, Inc., email service 
------------------------------ 
Search for: limit 9 to (English language and humans and yr="1999-Current") 
Results: 1-52 
 
Database: Ovid MEDLINE(R) <1950 to July Week 3 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp geriatric assessment/ (12945) 
2      exp health services for the aged/ (12535) 
3      (common$ adj3 syndrome$).mp. (4417) 
4      1 or 2 (24542) 
5      4 and 3 (19) 
6      geriatric syndrome$.mp. (239) 
7      common$.mp. (752036) 
8      6 and 7 (58) 
9      8 or 5 (65) 
10 limit 9 to (English language and humans and yr="1999-Current") (52) 
 
Database: Ovid MEDLINE(R) <1950 to July Week 3 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp health services for the aged/ (12535) 
2      exp geriatric assessment/ (12945) 
3      exp aged/ (1824150) 
4      exp aging/ (161093) 
5      1 or 2 or 3 or 4 (1931689) 
6      syndrome/ or syndrome$.mp. (769191) 
7      exp cognition disorders/ (40357) 
8      exp sleep disorders/ (45845) 
9      exp frail elderly/ (4572) 
10    exp nutrition disorders/ (190734) 
11    exp gait disorders, neurologic/ (2115) 
12    exp urinary incontinence/ (22048) 
13    exp fecal incontinence/ (6234) 
14    exp vision disorders/ (48713) 
15    exp hearing disorders/ (58328) 
16    exp depression/ (52923) 
17    exp delirium, dementia, amnestic, cognitive disorders/ (132607) 
18    exp dizziness/ (2746) 
19    exp syncope/ (8746) 
20    exp osteoporosis/ (34707) 
21    11 or 7 or 9 or 17 or 12 or 20 or 15 or 14 or 8 or 18 or 19 or 16 or 10 or 13 (587526) 
22    6 or 21 (1285830) 
23    22 and 5 (247880) 
24    exp age factors/ (339878) 
25    exp sex factors/ (171269) 
26    exp Comorbidity/ (40572) 
27    25 or 24 or 26 (468826) 
28    27 and 23 (24028) 
29    exp epidemiologic studies/ (1154895) 
30    28 and 29 (7943) 
31    (aging or aged or elder$ or geriatric or gerontol$ or older$).ti. (167258) 
32    30 and 31 (1566) 
33    limit 32 to (English language and humans and yr="1999-Current") (1104) 
 
Database: Ovid MEDLINE(R) <1950 to July Week 3 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp health services for the aged/ (12535) 
2      exp geriatric assessment/ (12945) 
3      exp aged/ (1824150) 
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4      exp aging/ (161093) 
5      1 or 2 or 3 or 4 (1931689) 
6      syndrome/ or syndrome$.mp. (769191) 
7      exp cognition disorders/ (40357) 
8      exp sleep disorders/ (45845) 
9      exp frail elderly/ (4572) 
10    exp nutrition disorders/ (190734) 
11    exp gait disorders, neurologic/ (2115) 
12    exp urinary incontinence/ (22048) 
13    exp fecal incontinence/ (6234) 
14    exp vision disorders/ (48713) 
15    exp hearing disorders/ (58328) 
16    exp depression/ (52923) 
17    exp delirium, dementia, amnestic, cognitive disorders/ (132607) 
18    exp dizziness/ (2746) 
19    exp syncope/ (8746) 
20    exp osteoporosis/ (34707) 
21    11 or 7 or 9 or 17 or 12 or 20 or 15 or 14 or 8 or 18 or 19 or 16 or 10 or 13 (587526) 
22    6 or 21 (1285830) 
23    22 and 5 (247880) 
24    exp "Quality of Life"/ (76778) 
25    exp "Activities of Daily Living"/ (37977) 
26    exp Morbidity/ (260042) 
27    exp mortality/ (209930) 
28    27 or 25 or 24 or 26 (551893) 
29    28 and 23 (31277) 
30    limit 29 to (English language and humans and yr="1999-Current") (20039) 
31    exp epidemiologic studies/ (1154895) 
32    30 and 31 (9581) 
 
Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>  
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp geriatric assessment/ (12945) 
2      exp predictive value of tests/ (93910) 
3      exp Survival Analysis/ (100091) 
4      exp survival rate/ (90889) 
5      exp mortality/ (209930) 
6      exp forecasting/ (59830) 
7      6 or 4 or 3 or 2 or 5 (436400) 
8      1 and 7 (1483) 
9      exp epidemiologic studies/ (1154895) 
10    8 and 9 (822) 
11    exp Mass Screening/ (95484) 
12    screen$.mp. (347938) 
13    target$.mp. (477594) 
14    predictor$.mp. (122940) 
15    11 or 13 or 12 or 14 (918257) 
16    10 and 15 (332) 
17    limit 16 to (English language and humans) (323) 
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July 30, 2009 

Strings Number Retrieved 
“Comprehensive Geriatric Assessment” 318 

Syndrome AND “Investigative Techniques”[Mesh] AND “Geriatric Assessment”[Mesh] 
Limits: Humans, English 

222 

Screening AND Survival AND “Investigative Techniques”[Mesh] AND “Geriatric 
Assessment”[Mesh]  
Limits: Humans, English 

454 

Frailty and mortality limits: Humans, English 343 

“Investigative Techniques”[Mesh] AND “Geriatric Assessment”[Mesh] AND #42  
Limits: Humans, Journal Article, English 

735 

“Geriatric Assessment”[Mesh] AND #42 AND Prevalence AND Cohort  
Limits: Humans, Journal Article, English 

104 

Fatigue Syndrome AND Frailty NOT Review  
Limits: Humans, Journal Article, English 

7 

Search: Prediction, Mortality, Elderly, Cohort, Geriatric NOT Review  
Limits: Humans, Journal Article, English 

21 

 
Ovid Technologies, Inc., email service 
------------------------------ 
Search for: 1 and 12 
Results: 1 
 
Database: Ovid MEDLINE(R) <1950 to July Week 3 2009>  
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp geriatric assessment/ (12945) 
2      exp “Predictive Value of Tests”/ (93910) 
3      1 and 2 (598) 
4      limit 3 to (English language and humans and yr=”1990-Current”) (571) 
5     limit 4 to (research support, NIH, extramural or research support, NIH, intramural or research support, non US 

gov't or research support, US gov't, non PHS or research support, US gov't, PHS) (347) 
6      4 not 5 (224) 
7      exp statistics as topic/ (1363257) 
8      7 and 5 (276) 
9      sn.fs. (330737) 
10    9 and 5 (120) 
11    8 or 10 (289) 
12    exp mass screening/ (95484) 
13    1 and 12 (698) 
 
Ovid Technologies, Inc., email service 
------------------------------ 
Search for: from 31 [limit 30 to (English language and humans)] keep 1-17 
Results: 1-17 
 
Database: Ovid MEDLINE(R) <1950 to July Week 4 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp frail elderly/ (4580) 
2      exp cognition disorders/ (40416) 
3      exp urinary incontinence/ (22064) 
4      exp fecal incontinence/ (6249) 
5      4 or 3 (26864) 
6      exp sleep disorders/ (45899) 
7      exp malnutrition/ (78569) 
8      exp gait disorders, neurologic/ (2121) 
9      8 or 6 or 7 or 2 or 5 (192419) 
10    1 and 9 (325) 
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11    8 or 6 or 1 or 7 or 5 (157604) 
12    11 and 2 (1346) 
13    8 or 6 or 1 or 7 or 2 (170158) 
14    13 and 5 (348) 
15    8 or 1 or 7 or 2 or 5 (151675) 
16    6 and 15 (900) 
17    8 or 6 or 1 or 2 or 5 (118535) 
18    7 and 17 (430) 
19    6 or 1 or 7 or 2 or 5 (194716) 
20    8 and 19 (163) 
21    18 or 16 or 10 or 12 or 20 or 14 (1737) 
22    exp mass screening/ or screen$.mp. (353711) 
23    22 and 21 (82) 
24    exp predictive value of tests/ (94078) 
25    24 and 23 (6) 
26    exp mortality/ or exp morbidity/ (452142) 
27    exp survival analysis/ (100261) 
28    27 or 26 (531928) 
29    28 and 23 (13) 
30    25 or 29 (19) 
31    limit 30 to (English language and humans) (17) 
32    from 31 keep 1-17 (17) 
33    from 32 keep 1-17 (17) 
 
Database: Ovid MEDLINE(R) <1950 to July Week 4 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1      exp geriatric assessment/ (12973) 
2      exp cost-benefit analysis/ (46253) 
3      1 and 2 (113) 
4      exp health services for the aged/ec [Economics] (1833) 
5      exp mass screening/ or screen$.mp. (353711) 
6      4 and 5 (31) 
7      exp health services for the aged/ (12540) 
8      7 and 5 (372) 
9      ec.fs. (258305) 
10    9 or 2 (267756) 
11    8 and 10 (37) 
12    6 or 11 or 3 (149) 
13    limit 12 to (English language and humans) (131) 
 
July 31 
Strings Number Retrieved 
exp Geriatric Assessment/sn, cl, mt [Statistics & Numerical Data, Classification, Methods] 
AND exp Cohort Studies/ AND exp United States/ep [Epidemiology] 

34 

*”quality of life”/ or exp “health care quality, access, and evaluation”/ AND exp Geriatric 
Assessment/sn, cl, mt [Statistics & Numerical Data, Classification, Methods] AND exp United 
States/ep [Epidemiology] 

126 

 
September 24 

“Disability Evaluation”[Mesh] AND (“United States”[Mesh] OR “United States Agency for 
Healthcare Research and Quality”[Mesh])  
Limits: Humans, Journal Article, English, Aged: 65+ years, selected 201 

578 

 
September 29 

Related Articles for PubMed (Select 15051585) 145 

“The Yale Health and Aging Study” 51 

“The Framingham Disability Study” 39 
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October 13, 2009 

Strings Number Retrieved 
“Polypharmacy”[Mesh] AND Medicare 29 

“Polypharmacy”[Mesh] AND Cohort  
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over: 80+ years 

65 

 
October 21, 2009 

“Models, Economic”[Mesh] AND “Life Expectancy”[Mesh] NOT Review  
Limits: Humans, English, Aged: 65+ years 

40 

Select 5 document(s) 5 

Search Kuntz KM[author]  
Limits: Humans, English, Aged: 65+ years 

51 

 
November 23, 2009 

Definition: Frailty  
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over: 80+ years 

55 

 
February 10, 2010 

Search: Prevalence, Frailty, Cohort  
Limits: Journal Article, English 

138 

Select 30 document(s) 30 

Related Articles for PubMed (Select 19196644) 1099 

Search: Prevalence, "Chronic Inflammation," Cohort  
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over: 80+ years 

38 

Select 4 document(s) 4 

Related articles for PubMed (Select 17685096) 458 

Search: Prevalence, Malnutrition, Cohort,  
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over: 80+ years 

294 

 
March 17, 2010 

Search: Allostatic  
Limits: Humans, Journal Article, English, Aged: 65+ years, 80 and over: 80+ years 

36 
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1. Geriatric nurse practitioner role grows in newer 
delivery system. Natl Rep Subacute Care 1996 Nov 
6; 4(23):6. Comment 

2. Medical management magnified under Medicare 
risk. Public Sect Contract Rep 1997 Jul; 3(7):97-
100. Comment 

3. Reduce risk by screening, managing frail elderly. 
Public Sect Contract Rep 1997 Jan; 3(1):1-6. Not 

eligible full text can not be found 

4. Home visits by physicians improve care, reduce 
utilization, cut costs under Medicare risk. Public 
Sect Contract Rep 1998 May; 4(5):70-4. Comment 

5. Finding frail elderly key to managing them. Manag 
Care Strateg 1998 Aug; 6(8):88, 93. Comment 

6. Invest in data systems to manage your senior 
patients. Public Sect Contract Rep 1998 Jul; 4(7):97-
100. Comment 

7. Carle Clinic's risk screening tools identify, help 
manage at-risk senior patients. Public Sect Contract 
Rep 1998 Feb; 4(2):21-3. Comment 

8. Manage your high-risk seniors to avoid financial 
ruin. Public Sect Contract Rep 1999 Jul; 5(7):97-
100. Comment 

9. Roadmap teams improve care for over-65 
population. Healthc Demand Dis Manag 1999 Feb; 
5(2):26-9. Comment 

10. Tool helps ID high-risk seniors, cut costs under 
Medicare risk. Capitation Manag Rep 2000 Sep; 
7(9):137-40, 29. Comment 

11. Commonwealth Fund CEO says U.S. system faces 
'serious problems'. Health Care Strateg Manage 
2000 Jul; 18(7):11. Comment 

12. HCFA to field test MDS version 3; update to MDS 
2.0 now in effect. Natl Rep Subacute Care 2000 Sep 
20; 8(19):1, 3-4. Comment 

13. Prevention and treatment of infection. The role of 
nutrition in long-term care. Health Care Food Nutr 
Focus 2001 Nov; 18(3):7-8. Not eligible target 

population 

14. Model for care of chronically ill blends DM and CM 
approaches. Clin Resour Manag 2001 Sep; 2(9):129-
32. Comment 

15. Screening tool helps identify high-risk seniors, cut 
costs. Clin Resour Manag 2001 Apr; 2(4):53-6, 49. 
Comment 

16. Technical revisions to medical criteria for 
determinations of disability. Final rules. Fed Regist 
2002 Apr 24; 67(79):20018-28. Not eligible 

outcomes 

17. Aetna turns to enhanced HRA process to manage 
risk for seniors. Dis Manag Advis 2003 Jun; 9(6):90-
1, 81.  

18. Assisted living facilities. What they are and how to 
find one. Geriatrics 2003 Feb; 58(2):56. Comment 

19. Social support and health-related quality of life 
among older adults--Missouri, 2000. MMWR Morb 
Mortal Wkly Rep 2005 May 6; 54(17):433-7. Not 

eligible outcomes 

20. Universal protocol cuts hip surgery fatalities. 
Healthcare Benchmarks Qual Improv 2005 Mar; 
12(3):30-1. Comment 

21. Depression in elderly populations. Nebr Nurse 2005 
Mar-May; 38(1):21-3. Comment 

22. McClellan says CMS will protect duals ... but others 
express doubts. Med Health 2005 Mar 7; 59(9):3-4. 
News 

23. Most Americans alarmed by impending Medicare 
cuts that will harm seniors' access to care. 
Congressional action needed now to avert Medicare 
physician payment cuts. J Miss State Med Assoc 
2006 Oct; 47(10):311. Not eligible outcomes 

24. Differential mortality, uncertain medical 
expenditures, and the savings decisions of the 
elderly. Natl Bur Econ Res Bull Aging Health 2006 
Fall; (17):2-3. Comment 

25. Apache II Scores Illustrate Homeostenosis Model. 
Available at: 
http://www.ouhsc.edu/geriatricmedicine/Education/
Homeostenosis/HomeostenosisApache_II_Scores_Il
lustrate_Home.htm. Not eligible outcomes 

26. Aalen OO. Heterogeneity in survival analysis. Stat 
Med 1988 Nov; 7(11):1121-37. Not eligible 

outcomes 

27. Aartsen MJ, Martin M, Zimprich D. Gender 
differences in level and change in cognitive 
functioning. Results from the Longitudinal Aging 
Study Amsterdam. Gerontology 2004 Jan-Feb; 
50(1):35-8. Not eligible outcomes 

28. Abbott KC, Trespalacios FC, Taylor AJ, et al. Atrial 
fibrillation in chronic dialysis patients in the United 
States: risk factors for hospitalization and mortality. 
BMC Nephrol 2003 Jan 24; 4:1. Not eligible target 

population 

29. Abbott RD, Ando F, Masaki KH, et al. Dietary 
magnesium intake and the future risk of coronary 
heart disease (the Honolulu Heart Program). 
American Journal of Cardiology 2003 Sep 15; 
92(6):665-9. Not eligible outcomes 

30. Abbott RD, Launer LJ, Rodriguez BL, et al. Serum 
estradiol and risk of stroke in elderly men. 
Neurology 2007 Feb 20; 68(8):563-8. Not eligible 

outcomes 

31. Abhayaratna WP, Smith WT, Becker NG, et al. 
Prevalence of heart failure and systolic ventricular 
dysfunction in older Australians: the Canberra Heart 
Study. Med J Aust 2006 Feb 20; 184(4):151-4. Not 

eligible outcomes 

32. Abou-Gareeb I, Lewallen S, Bassett K, et al. Gender 
and blindness: a meta-analysis of population-based 
prevalence surveys. Ophthalmic Epidemiol 2001 
Feb; 8(1):39-56. Not eligible outcomes 

33. Abraido-Lanza AF, White K, Armbrister AN, et al. 
Health status, activity limitations, and disability in 
work and housework among Latinos and non-
Latinos with arthritis: an analysis of national data. 
Arthritis Rheum 2006 Jun 15; 55(3):442-50. Not 

eligible outcomes 

34. Abrams RC, Lachs M, McAvay G, et al. Predictors 
of self-neglect in community-dwelling elders. Am J 
Psychiatry 2002 Oct; 159(10):1724-30. Not eligible 

outcome 

35. Abrutyn E, Mossey J, Levison M, et al. 
Epidemiology of asymptomatic bacteriuria in elderly 

http://www.ouhsc.edu/geriatricmedicine/Education/Homeostenosis/HomeostenosisApache_II_Scores_Illustrate_Home.htm
http://www.ouhsc.edu/geriatricmedicine/Education/Homeostenosis/HomeostenosisApache_II_Scores_Illustrate_Home.htm
http://www.ouhsc.edu/geriatricmedicine/Education/Homeostenosis/HomeostenosisApache_II_Scores_Illustrate_Home.htm
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women. J Am Geriatr Soc 1991 Apr; 39(4):388-93. 
Not eligible outcomes 
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eligible outcomes 

283. Capo JP, Jr., Laramee C, Lucente V, et al. 
Solifenacin treatment for overactive bladder in 
Hispanic patients: patient-reported symptom bother 
and quality of life outcomes from the VESIcare 
Open-Label Trial. Int J Clin Pract 2008 Jan; 
62(1):39-46. Not eligible outcomes 

284. Caprini JA, Botteman MF, Stephens JM, et al. 
Economic burden of long-term complications of 
deep vein thrombosis after total hip replacement 
surgery in the United States. Value in Health 2003 
Jan-Feb; 6(1):59-74. Not eligible outcomes 

285. Carmelli D, DeCarli C, Swan GE, et al. The joint 
effect of apolipoprotein E epsilon4 and MRI 
findings on lower-extremity function and decline in 
cognitive function. J Gerontol A Biol Sci Med Sci 
2000 Feb; 55(2):M103-9. Not eligible outcomes 

286. Carnahan RM, Lund BC, Perry PJ, et al. The 
concurrent use of anticholinergics and cholinesterase 
inhibitors: rare event or common practice? J Am 
Geriatr Soc 2004 Dec; 52(12):2082-7. Not eligible 

outcomes 

287. Carriere I, Delcourt C, Lacroux A, et al. Nutrient 
intake in an elderly population in southern France 
(POLANUT): deficiency in some vitamins, minerals 
and omega-3 PUFA. International Journal for 
Vitamin & Nutrition Research 2007 Jan; 77(1):57-
65. Not eligible outcomes 

288. Carter HB, Metter EJ, Wright J, et al. Prostate-
specific antigen and all-cause mortality: results from 
the Baltimore Longitudinal Study On Aging. Journal 
of the National Cancer Institute 2004 Apr 7; 
96(7):557-8. Not eligible outcomes 

289. Casteel C, Martin SL, Smith JB, et al. National study 
of physical and sexual assault among women with 
disabilities. Inj Prev 2008 Apr; 14(2):87-90. Not 

eligible outcomes 

290. Castle NG. Mental health outcomes and physical 
restraint use in nursing homes {private}. Adm 
Policy Ment Health 2006 Nov; 33(6):696-704. Not 

eligible target population 

291. Cauley JA, Zmuda JM, Lui LY, et al. Lipid-
lowering drug use and breast cancer in older women: 
a prospective study. Journal of Women's Health 
2003 Oct; 12(8):749-56. Not eligible outcome 

292. Cella D, Yount S, Rothrock N, et al. The Patient-
Reported Outcomes Measurement Information 
System (PROMIS): progress of an NIH Roadmap 
cooperative group during its first two years. Med 
Care 2007 May; 45(5 Suppl 1):S3-S11. Not eligible 

outcomes 

293. Cepeda MS, Farrar JT, Baumgarten M, et al. Side 
effects of opioids during short-term administration: 
effect of age, gender, and race. Clinical 
Pharmacology & Therapeutics 2003 Aug; 74(2):102-
12. Not eligible outcomes 

294. Cerhan JR, Wallace RB, el-Khoury GY, et al. 
Decreased survival with increasing prevalence of 
full-body, radiographically defined osteoarthritis in 
women. American Journal of Epidemiology 1995 
Feb 1; 141(3):225-34. Not eligible outcomes 

295. Cesari M, Leeuwenburgh C, Lauretani F, et al. 
Frailty syndrome and skeletal muscle: results from 
the Invecchiare in Chianti study. Am J Clin Nutr 
2006 May; 83(5):1142-8. Not eligible outcomes 

296. Cesari M, Penninx BW, Newman AB, et al. 
Inflammatory markers and cardiovascular disease 
(The Health, Aging and Body Composition [Health 
ABC] Study). Am J Cardiol 2003 Sep 1; 92(5):522-
8. Not eligible outcomes 

297. Chakravarty EF, Hubert HB, Lingala VB, et al. 
Reduced disability and mortality among aging 
runners: a 21-year longitudinal study. Arch Intern 
Med 2008 Aug 11; 168(15):1638-46. Not eligible 

outcomes 

298. Chan BK, Marshall LM, Winters KM, et al. Incident 
fall risk and physical activity and physical 
performance among older men: the Osteoporotic 
Fractures in Men Study. Am J Epidemiol 2007 Mar 
15; 165(6):696-703. Not eligible outcomes 

299. Chang JI, Karuza J, Katz PR, et al. Patient outcomes 
in hospital-based respite: a study of potential risks 
and benefits. J Am Board Fam Pract 1992 Sep-Oct; 
5(5):475-81. Not elgible target population 

300. Chaperon CM, Farr LA, LoChiano E. Sleep 
disturbance of residents in a continuing care 
retirement community. J Gerontol Nurs 2007 Oct; 
33(10):21-8; quiz 30-1. Not eligible outcomes 

301. Chapman DP, Williams SM, Strine TW, et al. 
Dementia and its implications for public health. Prev 
Chronic Dis 2006 Apr; 3(2):A34. Review 

302. Chapman IM. Endocrinology of anorexia of ageing. 
Best Pract Res Clin Endocrinol Metab 2004 Sep; 
18(3):437-52. Not eligible outcomes 

303. Chapman RH, Benner JS, Girase P, et al. Generic 
and therapeutic statin switches and disruptions in 
therapy. Curr Med Res Opin 2009 May; 25(5):1247-
60. Not eligible outcomes 

304. Charlifue S, Lammertse DP, Adkins RH, et al. 
Aging with spinal cord injury: changes in selected 
health indices and life satisfaction. Archives of 
Physical Medicine & Rehabilitation 2004 Nov; 
85(11):1848-53. Not eligible outcomes 

305. Charlifue SW, Weitzenkamp DA, Whiteneck GG. 
Longitudinal outcomes in spinal cord injury: aging, 
secondary conditions, and well-being. Archives of 
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Physical Medicine & Rehabilitation 1999 Nov; 
80(11):1429-34. Not eligible outcomes 

306. Chaudhry SI, Wang Y, Gill TM, et al. Geriatric 
conditions and subsequent mortality in older patients 
with heart failure. Journal of the American College 
of Cardiology 2010 Jan 26; 55(4):309-16. Not 

eligible outcomes 

307. Chaves PH, Varadhan R, Lipsitz LA, et al. 
Physiological complexity underlying heart rate 
dynamics and frailty status in community-dwelling 
older women. J Am Geriatr Soc 2008 Sep; 
56(9):1698-703. Not eligible outcomes 

308. Chen CC, Chang CK, Chyun DA, et al. Dynamics of 
nutritional health in a community sample of 
american elders: a multidimensional approach using 
roy adaptation model. ANS Adv Nurs Sci 2005 Oct-
Dec; 28(4):376-89. Not eligible target population 

309. Chen H, Guo X. Obesity and functional disability in 
elderly Americans. J Am Geriatr Soc 2008 Apr; 
56(4):689-94. Not eligible outcomes 

310. Chen J, Radford MJ, Wang Y, et al. Care and 
outcomes of elderly patients with acute myocardial 
infarction by physician specialty: the effects of 
comorbidity and functional limitations. Am J Med 
2000 Apr 15; 108(6):460-9. Not eligible target 

population 

311. Chen P, Ganguli M, Mulsant BH, et al. The temporal 
relationship between depressive symptoms and 
dementia: a community-based prospective study. 
Archives of General Psychiatry 1999 Mar; 
56(3):261-6. Not eligible outcomes 

312. Chen P, Kales HC, Weintraub D, et al. 
Antidepressant treatment of veterans with 
Parkinson's disease and depression: analysis of a 
national sample. J Geriatr Psychiatry Neurol 2007 
Sep; 20(3):161-5. Not eligible outcomes 

313. Chen Q, Kane RL. Effects of using consumer and 
expert ratings of an activities of daily living scale on 
predicting functional outcomes of postacute care. J 
Clin Epidemiol 2001 Apr; 54(4):334-42. Not eligible 

target population 

314. Chen YM, Hwang SJ, Chen LK, et al. Urinary 
incontinence among institutionalized oldest old 
Chinese men in Taiwan. Neurourology & 
Urodynamics 2009; 28(4):335-8. Not eligible target 

population 

315. Cherner M, Letendre S, Heaton RK, et al. Hepatitis 
C augments cognitive deficits associated with HIV 
infection and methamphetamine.[see comment]. 
Neurology 2005 Apr 26; 64(8):1343-7. Not eligible 

outcomes 

316. Chertkow H. Diagnosis and treatment of dementia: 
introduction. Introducing a series based on the Third 
Canadian Consensus Conference on the Diagnosis 
and Treatment of Dementia. CMAJ 2008 Jan 29; 
178(3):316-21. Not eligible outcomes 

317. Chi YY, Ibrahim JG. Joint models for multivariate 
longitudinal and multivariate survival data. 
Biometrics 2006 Jun; 62(2):432-45. Not eligible 

outcomes 

318. Chichin E. Community care for the frail elderly: the 
case of non-professional home care workers. 

Women Health 1988; 14(3-4):93-104. Not eligible 

outcomes 

319. Chin APMJ, de Groot LC, van Gend SV, et al. 
Inactivity and weight loss: effective criteria to 
identify frailty. J Nutr Health Aging 2003; 7(1):55-
60. Not eligible outcomes 

320. Chin APMJ, Dekker JM, Feskens EJ, et al. How to 
select a frail elderly population? A comparison of 
three working definitions. J Clin Epidemiol 1999 
Nov; 52(11):1015-21. Not eligible outcomes 

321. Chio A, Cocito D, Leone M, et al. Guillain-Barre 
syndrome: a prospective, population-based incidence 
and outcome survey. Neurology 2003 Apr 8; 
60(7):1146-50. Not eligible outcomes 

322. Chiu CJ, Hubbard LD, Armstrong J, et al. Dietary 
glycemic index and carbohydrate in relation to early 
age-related macular degeneration.[see comment]. 
American Journal of Clinical Nutrition 2006 Apr; 
83(4):880-6. Not eligible outcomes  

323. Chiu CJ, Morris MS, Rogers G, et al. Carbohydrate 
intake and glycemic index in relation to the odds of 
early cortical and nuclear lens opacities. American 
Journal of Clinical Nutrition 2005 Jun; 81(6):1411-
6. Not eligible outcomes 

324. Chiu PY, Liu CH, Tsai CH. Neuropsychiatric 
manifestations in vascular cognitive impairment 
patients with and without dementia. Acta 
Neurologica Taiwanica 2007 Jun; 16(2):86-91. Not 

eligible outcomes 

325. Choi NG. Determinants of engagement in paid work 
following social security benefit receipt among older 
women. Journal of Women & Aging 2000; 12(3-
4):133-54. Not eligible outcomes 

326. Choi SW, Peek-Asa C, Sprince NL, et al. Hearing 
loss as a risk factor for agricultural injuries. 
American Journal of Industrial Medicine 2005 Oct; 
48(4):293-301. Not eligible outcomes 

327. Choumenkovitch SF, Selhub J, Wilson PW, et al. 
Folic acid intake from fortification in United States 
exceeds predictions. Journal of Nutrition 2002 Sep; 
132(9):2792-8. Not eligible outcomes.  

328. Chrischilles EA, Carter BL, Lund BC, et al. 
Evaluation of the Iowa Medicaid pharmaceutical 
case management program. J Am Pharm Assoc 
(2003) 2004 May-Jun; 44(3):337-49. Not eligible 

outcomes 

329. Christ SL, Lee DJ, Fleming LE, et al. Employment 
and occupation effects on depressive symptoms in 
older Americans: does working past age 65 protect 
against depression? J Gerontol B Psychol Sci Soc 
Sci 2007 Nov; 62(6):S399-403. Not eligible 

outcomes 

330. Christensen MD, White HK. Dementia assessment 
and management.[see comment]. Journal of the 
American Medical Directors Association 2006 Feb; 
7(2):109-18. Review 

331. Christie J, Smith GR, Williamson GM, et al. Quality 
of informal care is multidimensional. Rehabilitation 
Psychology 2009 May; 54(2):173-81. Not eligible 

outcomes 

332. Chueh KH, Yang MS, Chen CS, et al. Poor sleep 
quality and alcohol use problems among elderly 
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Taiwanese aboriginal women. International 
Psychogeriatrics 2009 Jun; 21(3):593-9. Not eligible 

outcomes 

333. Chung S, Song MY, Shin HD, et al. Korean and 
Caucasian overweight premenopausal women have 
different relationship of body mass index to percent 
body fat with age. Journal of Applied Physiology 
2005 Jul; 99(1):103-7. Not eligible target population 

334. Church TS, Gill TM, Newman AB, et al. Maximal 
fitness testing in sedentary elderly at substantial risk 
of disability: LIFE-P study experience. J Aging Phys 
Act 2008 Oct; 16(4):408-15. Not eligible outcomes 

335. Chyou PH, Burchfiel CM, Yano K, et al. Obesity, 
alcohol consumption, smoking, and mortality. 
Annals of Epidemiology 1997 May; 7(4):311-7. Not 

eligible exposure 

336. Cigolle CT, Langa KM, Kabeto MU, et al. Setting 
eligibility criteria for a care-coordination benefit. J 
Am Geriatr Soc 2005 Dec; 53(12):2051-9. Not 

eligible outcomes 

337. Cigolle CT, Langa KM, Kabeto MU, et al. Setting 
eligibility criteria for a care-coordination 
benefit.[see comment]. Journal of the American 
Geriatrics Society 2005 Dec; 53(12):2051-9. Not 

eligible outcomes 

338. Cipher DJ, Clifford PA, Roper KD. Behavioral 
manifestations of pain in the demented elderly. J Am 
Med Dir Assoc 2006 Jul; 7(6):355-65. Not eligible 

outcomes 

339. Clark WW, Bohl CD, Clark WW, et al. Hearing 
levels of firefighters: risk of occupational noise-
induced hearing loss assessed by cross-sectional and 
longitudinal data.[see comment]. Ear & Hearing 
2005 Jun; 26(3):327-40. Not eligible outcomes 

340. Class CA, Unverzagt FW, Gao S, et al. Psychiatric 
disorders in African American nursing home 
residents. Am J Psychiatry 1996 May; 153(5):677-
81. Not eligible target population 

341. Classen S, Meuleman J, Garvan C, et al. Review of 
prescription medications in home-based older adults 
with stroke: a pilot study. Res Social Adm Pharm 
2007 Mar; 3(1):104-22. Not eligible outcomes 

342. Clauser SB, Bierman AS. Significance of functional 
status data for payment and quality. Health Care 
Financ Rev 2003 Spring; 24(3):1-12. Not eligible 

outcomes 

343. Clerisme-Beaty E, Rand CS, Clerisme-Beaty E, et 
al. The effect of obesity on asthma incidence: 
moving past the epidemiologic evidence.[comment]. 
Journal of Allergy & Clinical Immunology 2009 
Jan; 123(1):96-7. Not eligible outcomes 

344. Cline CM, Broms K, Willenheimer RB, et al. 
Hospitalization and Health Care Costs Due to 
Congestive Heart Failure in the Elderly. Am J 
Geriatr Cardiol 1996 Jul; 5(4):10-4. Not eligible 

outcomes 

345. Cline MG, Dodge R, Lebowitz MD, et al. 
Determinants of percent predicted FEV1 in current 
asthmatic subjects. Chest 1994 Oct; 106(4):1089-93. 
Not eligible outcomes 

346. Coast J, Flynn TN, Natarajan L, et al. Valuing the 
ICECAP capability index for older people. Social 

science & medicine 2008 Sep; 67(5):874-82. Not 

eligible outcomes 

347. Cohen A, Houck PR, Szanto K, et al. Social 
inequalities in response to antidepressant treatment 
in older adults. Arch Gen Psychiatry 2006 Jan; 
63(1):50-6. Not eligible outcomes 

348. Cohen CI, Magai C, Yaffee R, et al. Racial 
differences in paranoid ideation and psychoses in an 
older urban population. Am J Psychiatry 2004 May; 
161(5):864-71. Not eligible outcomes 

349. Cohen J, Cohen J. Influenza. Study questions the 
benefits of vaccinating the elderly. Science 2005 Feb 
18; 307(5712):1026. Not eligible outcomes 

350. Colantonio A, Kasl SV, Ostfeld AM, et al. Prestroke 
physical function predicts stroke outcomes in the 
elderly. Arch Phys Med Rehabil 1996 Jun; 
77(6):562-6. Not eligible exposure 

351. Colbert LH, Visser M, Simonsick EM, et al. 
Physical activity, exercise, and inflammatory 
markers in older adults: findings from the Health, 
Aging and Body Composition Study. J Am Geriatr 
Soc 2004 Jul; 52(7):1098-104. Not eligible outcome 

352. Coleman EA, Grothaus LC, Sandhu N, et al. 
Chronic care clinics: a randomized controlled trial of 
a new model of primary care for frail older adults. 
Journal of the American Geriatrics Society 1999 Jul; 
47(7):775-83. Not eligible exposure 

353. Coleman EA, Wagner EH, Grothaus LC, et al. 
Predicting hospitalization and functional decline in 
older health plan enrollees: are administrative data 
as accurate as self-report? J Am Geriatr Soc 1998 
Apr; 46(4):419-25. Not eligible outcomes 

354. Colenda CC, Sherman FT. Managed Medicare: an 
overview for the primary care physician. Geriatrics 
1998 Jan; 53(1):57-63; quiz 4. Not eligible outcomes 

355. Collins TCESKDSJTBCOESCSRSESEKE. 
Peripheral arterial disease is associated with higher 
rates of hip bone loss and increased fracture risk in 
older men. Circulation 2009 May 5; 119(17):2305-
12. Not eligible outcomes 

356. Cologne JB, Cologne JB. Re: "when is baseline 
adjustment useful in analyses of change? An 
example with education and cognitive 
change".[comment]. American Journal of 
Epidemiology 2006 Dec 1; 164(11):1138-9; author 
reply 9-40. Not eligible outcomes 

357. Congdon N, Broman KW, Lai H, et al. Cortical, but 
not posterior subcapsular, cataract shows significant 
familial aggregation in an older population after 
adjustment for possible shared environmental 
factors. Ophthalmology 2005 Jan; 112(1):73-7. Not 

eligible outcomes  

358. Congdon P. Modelling frailty in area mortality. Stat 
Med 1995 Sep 15; 14(17):1859-74. Not eligible 

outcomes 

359. Consortium LWGftL, Belle SH, Chapman W, et al. 
Relationship of body mass index with demographic 
and clinical characteristics in the Longitudinal 
Assessment of Bariatric Surgery (LABS). Surgery 
for Obesity & Related Diseases 2008 Jul-Aug; 
4(4):474-80. Not eligible outcomes 
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360. Conwell Y. Suicide among elderly persons. 
Psychiatr Serv 1995 Jun; 46(6):563-4. Not eligible 

outcomes 

361. Coogan PF, Palmer JR, O'Connor GT, et al. Body 
mass index and asthma incidence in the Black 
Women's Health Study.[see comment]. Journal of 
Allergy & Clinical Immunology 2009 Jan; 
123(1):89-95. Not eligible outcomes 

362. Cook SE, Marsiske M, McCoy KJ. The use of the 
Modified Telephone Interview for Cognitive Status 
(TICS-M) in the detection of amnestic mild 
cognitive impairment. Journal of Geriatric 
Psychiatry & Neurology 2009 Jun; 22(2):103-9. Not 

eligible outcomes 

363. Cooke CR, Shah CV, Gallop R, et al. A simple 
clinical predictive index for objective estimates of 
mortality in acute lung injury. Crit Care Med 2009 
Jun; 37(6):1913-20. Not eligible outcome 

364. Copeland JR. Prevalence of depressive illness in the 
elderly community. J R Coll Gen Pract Occas Pap 
1987 Sep; (36):5-7; discussion -8. Not eligible 

outcomes 

365. Copeland LA, Zeber JE, Rosenheck RA, et al. 
Unforeseen inpatient mortality among veterans with 
schizophrenia. Med Care 2006 Feb; 44(2):110-6. 
Not elgible target population 

366. Corcoran TB, O'Neill MA, Webb SA, et al. 
Prevalence of vitamin deficiencies on admission: 
relationship to hospital mortality in critically ill 
patients. Anaesth Intensive Care 2009 Mar; 
37(2):254-60. Not eligible outcomes 

367. Corder EH, Basun H, Fratiglioni L, et al. Inherited 
frailty. ApoE alleles determine survival after a 
diagnosis of heart disease or stroke at ages 85+. Ann 
N Y Acad Sci 2000 Jun; 908:295-8. Not eligible 

outcomes 

368. Corder LS, Woodbury MA, Manton KG. Proxy 
response patterns among the aged: effects on 
estimates of health status and medical care 
utilization from the 1982-1984 long-term care 
surveys. J Clin Epidemiol 1996 Feb; 49(2):173-82. 
Not eligible outcomes 

369. Corey-Bloom J, Galasko D, Hofstetter CR, et al. 
Clinical features distinguishing large cohorts with 
possible AD, probable AD, and mixed dementia. 
Journal of the American Geriatrics Society 1993 Jan; 
41(1):31-7. Not eligible outcomes 

370. Corrada MM, Brookmeyer R, Berlau D, et al. 
Prevalence of dementia after age 90: results from the 
90+ study. Neurology 2008 Jul 29; 71(5):337-43. 
Not eligible outcomes 

371. Corrada MM, Kawas CH, Mozaffar F, et al. 
Association of body mass index and weight change 
with all-cause mortality in the elderly. American 
Journal of Epidemiology 2006 May 15; 
163(10):938-49. Not eligible exposure 

372. Corser WD. The perceptions of older veterans 
concerning their postdischarge outcome experiences. 
Appl Nurs Res 2006 May; 19(2):63-9. Not elgible 

target population 

373. Corti MC, Guralnik JM, Salive ME, et al. Clarifying 
the direct relation between total cholesterol levels 

and death from coronary heart disease in older 
persons. Ann Intern Med 1997 May 15; 
126(10):753-60. Not eligible outcomes 

374. Costa AJ, Gerson LW. Tetanus immunization status 
and predictors of immunity in older family practice 
outpatients. J Am Board Fam Pract 1998 Jul-Aug; 
11(4):315-7. Not eligible outcomes 

375. Cote V. Are your residents safe in their beds? 
Director 2004 Summer; 12(3):166, 8. Not eligible 

outcomes 

376. Counsell SR, Callahan CM, Buttar AB, et al. 
Geriatric Resources for Assessment and Care of 
Elders (GRACE): a new model of primary care for 
low-income seniors. Journal of the American 
Geriatrics Society 2006 Jul; 54(7):1136-41. Not 

eligible outcomes 

377. Covinsky KE, Newcomer R, Fox P, et al. Patient and 
caregiver characteristics associated with depression 
in caregivers of patients with dementia. J Gen Intern 
Med 2003 Dec; 18(12):1006-14. Not eligible 

outcomes 

378. Coward RT, Horne C, Peek CW. Predicting nursing 
home admissions among incontinent older adults: a 
comparison of residential differences across six 
years. Gerontologist 1995 Dec; 35(6):732-43. Not 

eligible outcomes 

379. Cowie MR, Wood DA, Coats AJ, et al. Incidence 
and aetiology of heart failure; a population-based 
study. Eur Heart J 1999 Mar; 20(6):421-8. Not 

eligible outcome 

380. Craig JC, Barratt A, Cumming R, et al. Feasibility 
study of the early detection and treatment of renal 
disease by mass screening. Intern Med J 2002 Jan-
Feb; 32(1-2):6-14. Not eligible outcomes  

381. Craig KW, Zweig SC. Evaluation of the elderly 
driver. Mo Med 2007 Jan-Feb; 104(1):73-6. Not 

eligible outcomes 

382. Cravens DD, Mehr DR, Campbell JD, et al. Home-
based comprehensive assessment of rural elderly 
persons: the CARE project. J Rural Health 2005 
Fall; 21(4):322-8. Not eligible outcomes 

383. Cremieux PY, Meilleur MC, Ouellette P, et al. 
Public and private pharmaceutical spending as 
determinants of health outcomes in Canada. Health 
Econ 2005 Feb; 14(2):107-16. Not eligible outcomes 

384. Crews JE, Campbell VA. Vision impairment and 
hearing loss among community-dwelling older 
Americans: implications for health and functioning. 
Am J Public Health 2004 May; 94(5):823-9. Not 

eligible outcomes 

385. Cricco M, Simonsick EM, Foley DJ. The impact of 
insomnia on cognitive functioning in older 
adults.[see comment]. Journal of the American 
Geriatrics Society 2001 Sep; 49(9):1185-9. Not 

eligible outcomes 

386. Crimmins E, Saito Y. Getting better and getting 
worse: Transitions in functional status among older 
Americans. Journal of Aging & Health 1993; 5(1):3-
36. Not eligible outcomes 

387. Crogan NL, Alvine C. Testing of the Individual 
Nutrition Rx assessment process among nursing 
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home residents. Appl Nurs Res 2006 May; 
19(2):102-4. Not eligible target population 

388. Crogan NL, Corbett CF, Short RA. The minimum 
data set: predicting malnutrition in newly admitted 
nursing home residents. Clin Nurs Res 2002 Aug; 
11(3):341-53. Not eligible target population 

389. Crogan NL, Shultz JA, Adams CE, et al. Barriers to 
nutrition care for nursing home residents. J Gerontol 
Nurs 2001 Dec; 27(12):25-31. Not eligible target 

population 

390. Crossett JHW. The best is yet to be: preventing, 
detecting, and treating depression in older women. 
Journal of the American Medical Womens 
Association 2004; 59(3):210-5. Not eligible 

outcomes 

391. Cruickshanks KJ, Tweed TS, Wiley TL, et al. The 5-
year incidence and progression of hearing loss: the 
epidemiology of hearing loss study. Archives of 
Otolaryngology -- Head & Neck Surgery 2003 Oct; 
129(10):1041-6. Not eligible outcomes 

392. Cruickshanks KJ, Wiley TL, Tweed TS, et al. 
Prevalence of hearing loss in older adults in Beaver 
Dam, Wisconsin. The Epidemiology of Hearing 
Loss Study. American Journal of Epidemiology 
1998 Nov 1; 148(9):879-86. Not eligible outcomes 

393. Crum RM, Storr CL, Chan YF, et al. Sleep 
disturbance and risk for alcohol-related problems. 
American Journal of Psychiatry 2004 Jul; 
161(7):1197-203. Not eligible outcomes 

394. Crystal S, Johnson RW, Harman J, et al. Out-of-
pocket health care costs among older Americans. J 
Gerontol B Psychol Sci Soc Sci 2000 Jan; 
55(1):S51-62. Not eligible outcomes 

395. Culleton BF, Larson MG, Kannel WB, et al. Serum 
uric acid and risk for cardiovascular disease and 
death: the Framingham Heart Study.[see comment]. 
Annals of internal medicine 1999 Jul 6; 131(1):7-13. 
Not eligible outcomes 

396. Cully JA, Gfeller JD, Heise RA, et al. Geriatric 
depression, medical diagnosis, and functional 
recovery during acute rehabilitation. Arch Phys Med 
Rehabil 2005 Dec; 86(12):2256-60. Not eligible 

target population 

397. Culp KR, Cacchione PZ, Culp KR, et al. Nutritional 
status and delirium in long-term care elderly 
individuals. Applied Nursing Research 2008 May; 
21(2):66-74. Not eligible target population 

398. Currie MS, Rao MK, Blazer DG, et al. Age and 
functional correlations of markers of coagulation 
and inflammation in the elderly: functional 
implications of elevated crosslinked fibrin 
degradation products (D-dimers). Journal of the 
American Geriatrics Society 1994 Jul; 42(7):738-42. 
Not eligible outcomes 

399. Currow DC, Stevenson JP, Abernethy AP, et al. 
Prescribing in palliative care as death approaches. J 
Am Geriatr Soc 2007 Apr; 55(4):590-5. Not eligible 

outcomes 

400. Curtis LH, Ostbye T, Sendersky V, et al. 
Prescription of QT-prolonging drugs in a cohort of 
about 5 million outpatients. Am J Med 2003 Feb 1; 
114(2):135-41. Not eligible outcomes 

401. Dalton DS, Cruickshanks KJ, Klein BE, et al. The 
impact of hearing loss on quality of life in older 
adults. Gerontologist 2003 Oct; 43(5):661-8. Not 

eligible outcomes 

402. Dalton DS, Cruickshanks KJ, Klein R, et al. 
Association of NIDDM and hearing loss.[see 
comment]. Diabetes Care 1998 Sep; 21(9):1540-4. 
Not eligible outcomes 

403. Daltroy LH, Logigian M, Iversen MD, et al. Does 
musculoskeletal function deteriorate in a predictable 
sequence in the elderly? Arthritis Care Res 1992 
Sep; 5(3):146-50. Not eligible outcomes 

404. Dam TT, Ewing S, Ancoli-Israel S, et al. 
Association between sleep and physical function in 
older men: the osteoporotic fractures in men sleep 
study. J Am Geriatr Soc 2008 Sep; 56(9):1665-73. 
Not eligible outcomes 

405. Danaceau P. Prevention drives care management 
strategies for Medicare HMOs. Health Syst Lead 
1995 Jun; 2(5):4-10. Not eligible outcomes 

406. Danielson ME, Justice AC. Veterans Aging Cohort 
Study (VACS) meeting summary. Journal of 
Clinical Epidemiology 2001 Dec; 54 Suppl 1:S9-11. 
Not eligible outcomes 

407. Danner DD, Snowdon DA, Friesen WV. Positive 
emotions in early life and longevity: findings from 
the nun study. Journal of Personality & Social 
Psychology 2001 May; 80(5):804-13. Not eligible 

outcomes 

408. Datto CJ, Thompson R, Knott K, et al. Older adult 
report of change in depressive symptoms as a 
treatment decision tool. J Am Geriatr Soc 2006 Apr; 
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eligible outcomes 

823. Jones ED, Kennedy-Malone L, Wideman L. Early 
detection of type 2 diabetes among older African 
Americans. Geriatr Nurs 2004 Jan-Feb; 25(1):24-8. 
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analysis. Drugs Aging 2009; 26(6):493-503. Not 

eligible outcomes 

836. Jyrkka J, Vartiainen L, Hartikainen S, et al. 
Increasing use of medicines in elderly persons: a 
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2008 Sep; 29(9):1018-28. Not eligible outcomes 
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degeneration: the Beaver Dam Eye Study. 
Ophthalmology 2007 Feb; 114(2):253-62. Not 

eligible outcome  

889. Klein WC, Jess C. One last pleasure? Alcohol use 
among elderly people in nursing homes. Health Soc 
Work 2002 Aug; 27(3):193-203. Not eligible target 
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reported predictors of depressive symptomatology in 
an elderly population with type 2 diabetes mellitus: a 
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1999 Sep; 54(9):M440-5. Not eligible population 

1280. Payne IR. Symptom syndromes among geriatric 
patients. Not eligible outcomes 

1281. Payne JL, Sheppard JM, Steinberg M, et al. 
Incidence, prevalence, and outcomes of depression 
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proportional hazards. Stat Med 2006 Aug 30; 
25(16):2831-45. Not eligible outcomes  

1297. Perperoglou A, van Houwelingen HC, Henderson R. 
A relaxation of the gamma frailty (Burr) model. Stat 
Med 2006 Dec 30; 25(24):4253-66. Not eligible 
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adult nonpatients from the United States. J Pers 
Assess 2007; 89 Suppl 1:S166-73. Not eligible 

outcomes 

1305. Peters TG, Charlton RK, Jones KW, et al. Kidney 
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Inference methods for correlated left truncated 
lifetimes: parent and offspring relations in an 
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cohort: a 10-year follow-up study. Neurology 2004 
Jan 13; 62(1):51-9. Not eligible outcomes 
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1328. Podewils LJ, McLay RN, Rebok GW, et al. 
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1330. Ponzetto M, Zanocchi M, Maero B, et al. Post-
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1336. Porock D, Oliver DP, Zweig S, et al. Predicting 
death in the nursing home: development and 
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outcomes 
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Health Stat 3 1993 Jan; (27):23-39. Not eligible 

outcomes 
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outcomes 

1341. Putzke JD, Richards JS, Hicken BL, et al. 
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Pain 2002 Dec; 100(3):231-42. Not eligible 

outcomes 

1342. Pynsent PB, Carter SR, Bulstrode CJ. The total cost 
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Public Health Med 1996 Jun; 18(2):157-68. Not 

eligible outcomes 
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pathway genes by LPS-challenged CD14(+) 
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2009 Mar; 130(3):161-6. Not eligible target 
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Sleep & Breathing 2007 Sep; 11(3):149-57. Not 

eligible outcomes 

1345. Quander CR, Morris MC, Melson J, et al. 
Prevalence of and factors associated with fecal 
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individuals. Am J Gastroenterol 2005 Apr; 
100(4):905-9. Not eligible outcomes  
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associated with Oklahoma Older Americans Act 
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and feed themselves. J Nutr Elder 2005; 25(2):69-
82. Not eligible outcomes 
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dementia. J Gerontol Nurs 2003 Aug; 29(8):16-23. 
Not eligible outcomes 
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underestimates effects of death in longitudinal 
studies. J Gerontol B Psychol Sci Soc Sci 2005 Mar; 
60(2):P106-9. Not eligible outcomes 
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al. Socioeconomic and health status differences 
between depressed and nondepressed ED elders. Am 
J Emerg Med 2002 Mar; 20(2):71-3. Not eligible 

outcomes 

1350. Raji MA, Al Snih S, Ray LA, et al. Early mental 
ability may predict future ability to live 
independently. Ethn Dis 2004 Winter; 14(1):158-9. 
Patient Education Handout 

1351. Rakel RE. Clinical and societal consequences of 
obstructive sleep apnea and excessive daytime 
sleepiness. Postgraduate medicine 2009 Jan; 
121(1):86-95. Not eligible outcomes 

1352. Rakowski W, Mor V, Hiris J. The association of 
self-rated health with two-year mortality in a sample 
of well elderly. Journal of Aging & Health 1991; 
3(4):527-45. Not eligible exposure 

1353. Rakowski W, Mor V, Hiris J. An investigation of 
nonresponse to self-assessment of health by older 
persons. Associations with mortality. J Aging Health 
1994 Nov; 6(4):469-88. Not eligible outcomes 

1354. Ramos MI, Allen LH, Mungas DM, et al. Low folate 
status is associated with impaired cognitive function 
and dementia in the Sacramento Area Latino Study 
on Aging. American Journal of Clinical Nutrition 
2005 Dec; 82(6):1346-52. Not eligible exposure 

1355. Ramulu PY, West SK, Munoz B, et al. Glaucoma 
and reading speed: the Salisbury Eye Evaluation 
project. Arch Ophthalmol 2009 Jan; 127(1):82-7. 
Not eligible outcomes 
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strength before and mortality after a bone fracture in 
older people. Scand J Med Sci Sports 2002 Oct; 
12(5):296-300. Not eligibe exposure 

1357. Rantanen T, Volpato S, Ferrucci L, et al. Handgrip 
strength and cause-specific and total mortality in 
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Am Geriatr Soc 2003 May; 51(5):636-41. Not 

eligible exposure 

1358. Rantz MJ, Aud MA, Alexander G, et al. Falls, 
technology, and stunt actors: new approaches to fall 
detection and fall risk assessment. J Nurs Care Qual 
2008 Jul-Sep; 23(3):195-201. Not eligible outcomes 

1359. Rao SV, Schulman KA, Curtis LH, et al. 
Socioeconomic status and outcome following acute 
myocardial infarction in elderly patients. Arch Intern 
Med 2004 May 24; 164(10):1128-33.  Not eligible 

exposure 

1360. Rao V, Spiro JR, Samus QM, et al. Sleep 
disturbances in the elderly residing in assisted living: 
findings from the Maryland Assisted Living Study. 
Int J Geriatr Psychiatry 2005 Oct; 20(10):956-66. 
Not eligible outcomes 

1361. Rapp SR, Espeland MA, Hogan P, et al. Baseline 
experience with Modified Mini Mental State Exam: 
The Women's Health Initiative Memory Study 
(WHIMS). Aging Ment Health 2003 May; 7(3):217-
23. Not eligible outcomes 

1362. Rasch EK, Hochberg MC, Magder L, et al. Health of 
community-dwelling adults with mobility limitations 
in the United States: prevalent health conditions. 
Part I. Arch Phys Med Rehabil 2008 Feb; 89(2):210-
8. Not eligible outcomes 

1363. Rasu RS, Jayawant SS, Abercrombie M, et al. 
Treatment of anemia among women with chronic 
kidney disease in United States outpatient settings. 
Womens Health Issues 2009 May-Jun; 19(3):211-9. 
Not eligible outcomes 

1364. Ratcliffe SJ, Guo W, Ten Have TR. Joint modeling 
of longitudinal and survival data via a common 
frailty. Biometrics 2004 Dec; 60(4):892-9. Not 

eligible outcomes 

1365. Rathore SS, Hinn AR, Cooper LS, et al. 
Characterization of incident stroke signs and 
symptoms: findings from the atherosclerosis risk in 
communities study. Stroke 2002 Nov; 33(11):2718-
21. Not eligible exposure 

1366. Raz N, Rodrigue KM, Head D, et al. Differential 
aging of the medial temporal lobe: a study of a five-
year change. Neurology 2004 Feb 10; 62(3):433-8. 
Not eligible outcomes 

1367. Rehm CG, Ross SE. Elderly drivers involved in road 
crashes: a profile. American Surgeon 1995 May; 
61(5):435-7. Not eligible outcomes 

1368. Reid KF, Naumova EN, Carabello RJ, et al. Lower 
extremity muscle mass predicts functional 
performance in mobility-limited elders. J Nutr 
Health Aging 2008 Aug-Sep; 12(7):493-8. Not 

eligible exposure 

1369. Reisberg B, Ferris SH, Franssen EH, et al. Mortality 
and temporal course of probable Alzheimer's 
disease: a 5-year prospective study. Int 

Psychogeriatr 1996 Summer; 8(2):291-311. Not 

eligible population 

1370. Reitz C, Brickman AM, Luchsinger JA, et al. 
Frequency of subclinical heart disease in elderly 
persons with dementia. Am J Geriatr Cardiol 2007 
May-Jun; 16(3):183-8. Not eligible outcomes 

1371. Rejeski WJ, Ip EH, Marsh AP, et al. Obesity 
influences transitional states of disability in older 
adults with knee pain. Arch Phys Med Rehabil 2008 
Nov; 89(11):2102-7. Not eligible outcomes 

1372. Rejeski WJ, Miller ME, King AC, et al. Predictors 
of adherence to physical activity in the Lifestyle 
Interventions and Independence for Elders pilot 
study (LIFE-P). Clin Interv Aging 2007; 2(3):485-
94. Not eligible outcomes 

1373. Repetto L, Venturino A, Fratino L, et al. Geriatric 
oncology: a clinical approach to the older patient 
with cancer. Eur J Cancer 2003 May; 39(7):870-80. 
Not eligible outcomes 

1374. Resnick B. Alcohol use in a continuing care 
retirement community. J Gerontol Nurs 2003 Oct; 
29(10):22-9. Not eligible outcomes 

1375. Resnick B, Perry D, Applebaum G, et al. The impact 
of alcohol use in community-dwelling older adults. J 
Community Health Nurs 2003 Fall; 20(3):135-45. 
Not eligible outcomes 

1376. Reuben DB, Keeler E, Seeman TE, et al. 
Identification of risk for high hospital use: cost 
comparisons of four strategies and performance 
across subgroups. J Am Geriatr Soc 2003 May; 
51(5):615-20. Not eligible exposure 

1377. Reuben DB, Zwanziger J, Bradley TB, et al. How 
many physicians will be needed to provide medical 
care for older persons? Physician manpower needs 
for the twenty-first century. J Am Geriatr Soc 1993 
Apr; 41(4):444-53. Not eligible outcomes 

1378. Reuser M, Bonneux LG, Willekens FJ. Smoking 
kills, obesity disables: a multistate approach of the 
US Health and Retirement Survey. Obesity 2009 
Apr; 17(4):783-9. Not eligible outcomes 

1379. Reyes-Ortiz CA, Kuo YF, DiNuzzo AR, et al. Near 
vision impairment predicts cognitive decline: data 
from the Hispanic Established Populations for 
Epidemiologic Studies of the Elderly. Journal of the 
American Geriatrics Society 2005 Apr; 53(4):681-6. 
Not eligible outcomes 

1380. Reynolds MW, Fredman L, Langenberg P, et al. 
Weight, weight change, mortality in a random 
sample of older community-dwelling women.[see 
comment]. Journal of the American Geriatrics 
Society 1999 Dec; 47(12):1409-14. Not eligible 

outcomes 

1381. Reynolds SL, McIlvane JM. The impact of obesity 
and arthritis on active life expectancy in older 
Americans. Obesity 2009 Feb; 17(2):363-9. Not 

eligible outcomes 

1382. Rhoades DA, Welty TK, Wang W, et al. Aging and 
the prevalence of cardiovascular disease risk factors 
in older American Indians: the Strong Heart Study. 
Journal of the American Geriatrics Society 2007 Jan; 
55(1):87-94. Not eligible outcomes 
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Apr; 61(2):188-96. Not eligible outcomes 

1400. Roberts RE, Shema SJ, Kaplan GA, et al. Sleep 
complaints and depression in an aging cohort: A 
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Oct; 5(5):353-5. Not eligible target population 

1432. Rosero-Bixby L. The exceptionally high life 
expectancy of Costa Rican nonagenarians. 
Demography 2008 Aug; 45(3):673-91. Not eligible 

outcomes 
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outcomes 

1441. Rubin CD, Sizemore MT, Loftis PA, et al. The 
effect of geriatric evaluation and management on 
Medicare reimbursement in a large public hospital: a 
randomized clinical trial. J Am Geriatr Soc 1992 
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eligible outcomes 

1475. Schmitt J, Di Fabio RP. The validity of prospective 
and retrospective global change criterion measures. 
Arch Phys Med Rehabil 2005 Dec; 86(12):2270-6. 
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Neurosci Lett 2009 Dec 25; 467(2):100-4. Not 
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1642. Tosteson AN, Gottlieb DJ, Radley DC, et al. Excess 
mortality following hip fracture: the role of 
underlying health status. Osteoporos Int 2007 Nov; 
18(11):1463-72. Not eligible outcomes 

1643. Touger M, Gennis P, Nathanson N, et al. Validity of 
a decision rule to reduce cervical spine radiography 
in elderly patients with blunt trauma. Ann Emerg 
Med 2002 Sep; 40(3):287-93. Not eligible outcomes 

1644. Townsend MK, Curhan GC, Resnick NM, et al. 
Postmenopausal hormone therapy and incident 
urinary incontinence in middle-aged women. 
American Journal of Obstetrics & Gynecology 2009 
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1682. Vaz Fragoso CA, Gahbauer EA, Van Ness PH, et al. 
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impact of interventions. Stat Med 1993 Feb; 12(3-
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anisometropia. Ophthalmic Res 2002 Nov-Dec; 
34(6):389-92. Not eligible outcomes 

1725. Weamer EA, Emanuel JE, Varon D, et al. The 
relationship of excess cognitive impairment in MCI 
and early Alzheimer's disease to the subsequent 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

Aging, 
Demographics, 
and Memory 
Study(ADAMS) 
sample from 
the Health and 
Retirement 
Study

1
 

USA 
good 

856 No Yes >71 Drawn from the larger 
HRS(Health and 
Retirement Study) 

Not reported Yes No 

AHEAD-Survey 
of Asset and 
Health 
Dynamics of 
the Oldest Old 
(AHEAD)

2
 

USA 
good 

7,447 No Yes >70 Older Americans who 
resided in the 
community at the time 
of the baseline 
interview 

Under age 70, who did 
not fall into Black or 
White racial 
categories, and who 
responded that they 
did not perform an ADL 
or had missing 
information for any of 
the covariates used in 
this analysis 

Yes No 

American 
Community 
Survey (US 
Census)

3,4
 

USA 
good 

202,956 American 
Indian/Alaska 
Native/Native 
Americans are 
oversampled 

Yes >55 Community-dwelling 
Americans 

Nursing home 
residents 

Yes No 

Baltimore 
Epidemiologic 
Catchment 
Area Program

5
 

USA 
good 

3,481 No Yes >18 Persons aged 18 years 
and older in Baltimore 

Not reported Yes No 

Beaver Dam 
Eye Study 
cohort

6
 

USA 
good 

2,515 No Not 
reported 

>53 Adults 43-86 years of 
age living in Beaver 
Dam, Wisconsin 

Deaths within one year 
of examination 

Yes No 

Census Public 
Use 5%  
Microdata 
sample

7
 

USA 
Census 

2,944,755 No Yes >55 Representative sample 
of housing units and 
their residents as well 
as individuals living in 
group quarters. The 
sample is a stratified 
subsample drawn from 
the full Census 
enumeration; housing 
units and individuals 

Nursing home 
residents 

Yes No 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

were randomly 
selected to receive the 
long form 
questionnaire. 

Duke 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly, 1992; 
Third In-Person 
Survey Wilson, 
2003 #1390}

8,9
 

USA 
good 

1,752 No Yes >65 65 years or older who 
were selected in a 
random household 
sample of a five-county 
area including and 
adjacent to Durham, 
North Carolina, in 
1986. Blacks were 
oversampled to allow 
for comparison by race 

Disability at baseline, 
did not give blood to 
study in 1992 

Yes No 

EPESE 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly - East 
Boston & New 
Haven 
Communities

10-

17
 

USA 
good 

6,640 No Not 
reported 

>65 Community-living 
persons aged 65 years 
or older living in East 
Boston, 2 Iowa 
communities, New 
Haven, Connecticut 

Not reported Yes No 

Freedom 
House Study

18
 

USA 
good 

546 and 242 
in analysis  

No Yes >70 Initially non-
institutionalized elderly 
CCRC (Continuing-Care 
Retirement Community) 
residents over the age 
of 70. CLOX was 
introduced in the second 
FHS wave and collected 
on 242 residents and 
these form the basis of 
the analysis' 

No exclusions Yes No 

Kaiser 
Permanente 
Inter-regional 
Committee on 
Aging Study

19
 

USA 
good 

5,810 No Not 
reported 

>65 The study population 
was drawn from the 
1990 HSF (Health 
Status Form) 
respondents.  

Nursing home 
residents 

Yes No 

MacArthur USA 598 No Yes >65 Men and women were Medicare data were Yes No 



Appendix E Table 1. Epidemiologic Studies in Older Persons (continued) 

Common Syndromes in Older Adults  260 Minnesota Evidence-based Practice Center 

Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

Research 
Network on 
Successful 
Aging 
Community 
Study

20
 

good subsampled on the 
basis of age (70–79) 
and physical and 
cognitive functioning at 
the time of their 1988 
EPESE interview, a 
score of 6 or more 
correct on the 9-point 
Pfeiffer Short Portable 
Mental-Status 
Questionnaire 
(SPMSQ), the ability to 
remember three or 
more of six elements 
of a delayed recall of a 
short story, no 
disability on the Katz 
activities of daily living 
scale, no more than 
one disability on an 
eight-item measure of 
gross mobility and 
physical performance 
based on items from 
two studies, the ability 
to maintain a semi-
tandem balance for at 
least 10 seconds, and 
the ability to stand 
from a seated position 
five times within 20 
seconds, agreed to 
participate in the 
MacArthur study and 
provided informed 
consent  

not available  
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

MacArthur 
Studies of 
Successful 
Aging

20-25
 

USA 657 No Not 
reported 

>70 High functioning men 
and women, aged 70-
79 years community-
based cohorts in 
Durham, NC, East 
Boston, MA, and New 
Haven, CT that were 
part of the Established 
Populations for 
Epidemiological 
Studies of the Elderly 
(EPESE). 

Not reported Yes No 

MOBILIZE
26,27

 USA 
good 

765 No Yes >70 Aged 70 and older, 
ability to speak and 
understand English, 
ability to walk across a 
room, visual ability to 
read written material, 
and the expectation 
that the participant 
would be living in the 
area for at least 3 
years 

  Yes No 

MROS - 
Osteoporotic 
Fractures in 
Men Study

28,29
 

USA 
good 

  No Not 
reported 

>65 Men must be able to 
provide consent; be able 
to walk without 
assistance from another 
person or aid; be age 65 
years and older; and not 
have had bilateral hip 
replacements.  

Not reported No No 

National Long-
Term Care 
Survey

30
 

USA 
good 

17,658 No Yes >65 People >65 years of age 
drawn from national 
Medicare enrollment 
files.  Both elderly in the 
community (including 
those not impaired) and 
those residing in 
institutions are 
represented in the 
samples  

Not reported Yes Yes 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

National 
Survey on Self-
Care and 
Aging

31
 

USA 
good 

3,485 Oversampling 
of the oldest 
old and males 

Yes >65 Community dwelling 
Medicare beneficiaries 
who were 65 years of 
age or older in 1990. 

Not reported Yes No 

Precipitating 
Events 
Project

32-44
 

USA 
good 

754 Persons who 
were physically 
frail were 
oversampled 

Yes >70 Members of an 
ongoing longitudinal 
study of 754 
community-dwelling 
persons, aged 70 
years or older, who 
were initially 
nondisabled in four key 
ADLs—bathing, 
dressing, walking 
inside the house, and 
transferring from a 
chair. Potential 
participants were 
members of a large 
health plan in greater 
New Haven, 
Connecticut. 

Life expectancy of less 
than 12 months, 
planned to move out of 
the New Haven area, 
or were unable to 
speak English. 
Participants with 
significant cognitive 
impairment were 
excluded only if they 
had no available proxy. 

Yes No 

NHANES III 
(National 
Health and 
Nutrition 
Examination 
Survey III) 

45,46
 

USA 
good 

4,617 African 
American/Mexi
can 
American/Pers
ons aged 
60+,etc. 

Yes >60 Respondents aged 
≥60 years who 
completed both the 
AHS(Adult Household 
Survey) and 
MEC(Mobile 
Examination Center) 

Self-reported history of 
stroke. 

Yes No 

Norwood -
Montefiore 
Aging 
Study(NMAS) 
47

 

USA 
good 

1,855 No Yes >65 At least 65 years of age, 
randomly selected from 
a list of Medicare 
beneficiaries living in a 
neighborhood in the 
Bronx. 

Not reported Yes No 

SITE Sources 
of 
Independence 
in the Elderly

48
 

USA 
good 

361 No Yes >70 Mild to moderate 
disability, as defined 
by self-reported 
difficulty with at least 
one but no more than 
three of four different 

Those meeting criteria 
for depression or 
dementia, reported 
impairment in vision as 
a source of disability, 
were residing in a skilled 

Yes No 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

domains of function: 
upper extremity, lower 
extremity, instrumental 
activities of daily living 
(IADL), or basic 
activities of daily living 
(BADL). 

nursing facility, were 
receiving hospice 
services, required a 
wheelchair for indoor 
mobility, or planned to 
move out of the 
community within the 
year. 

Study of 
osteoporotic 
fractures

49-51
 

USA 
good 

6,724 No No >65 Women at least 65 
years old from 
population-based 
listings in four areas of 
the United States 

Black women were 
originally excluded 
from SOF because of 
their low incidence of 
hip fracture. In 
addition, women were 
excluded if they were 
unable to walk without 
assistance or had a 
history of bilateral hip 
replacement. 

Yes No 

The 
90+Study

52
 

USA 
good 

227 No Not 
reported 

>90 People aged 90 years 
and older. Cognitive 
diagnosis of no 
dementia (normal or 
CIND) from an in-person 
examination, serum 
CRP measurement from 
baseline examination, 
and cognitive diagnosis 
obtained at a followup 
in-person examination. 

Subjects with less than 
one year of follow-up 
time were excluded 

Yes No 

The Bronx 
Aging Study

53
 

USA 
good 

488 No Yes >75 Healthy, 
nondemented, 
community-dwelling 
individuals aged 75-85 
years 

Previous diagnoses of 
idiopathic Parkinson's 
disease, liver disease, 
alcoholism, or known 
terminal illness; severe 
visual and hearing 
impairment interfering 
with completion of 
neuropsychological 
tests; and the 
presence of dementia. 

Yes No 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The 
Cardiovascular 
Health Study

54-

64
 

USA 
good 

5,888 Supplemental 
African-
American 
cohort 
recruited 

Yes >65 Potential participants 
were identified from a 
random sample 
stratified by age group 
(65-74, 75-84,>=85 
years) from the Health 
Care Financing 
Administration (HCFA) 
Medicare Enrollment 
lists in 4 U.S. 
communities 
(Sacramento County, 
California; Washington 
County, Maryland, 
Forsyth County, North 
Carolina; and Allegheny 
County, (Pittsburgh), 
Pennsylvania); willing to 
reside in the community 
for at least 3 years. 

Wheel-chair bound in 
the home, unable to 
participate in the 
examination at the field 
center, or undergoing 
active treatment for 
cancer. 

Yes No 

The Cache 
County Study 
on Memory in 
Aging

65
 

USA 
good 

4683 No Yes >=65 
years 

All elderly residents 
aged 65 and older of 
Cache County, Utah.  

Those who did not 
complete procedures 
sufficient for definitive 
classification or 
because they had 
developed dementia at 
a subsequent visit and 
may thus have had 
prodromal dementia 
when enrolled. 

Yes Yes 

The Chicago 
Health and 
Aging 
Project

66
t 

USA 
good 

4,392   Yes >65 All households in a 
geographically defined 
area on the south side 
of Chicago; persons 
aged 65 years and 
older 

Not reported     

The 
Framingham 
Offspring 
Study

67
 

USA 
good 

1,926 No Not 
reported 

>35 Not reported Neurologic condition 
that could 
substantively alter 
brain MRI  measures 

Yes No 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The Geisinger 
Rural 
Aging Study 
(GRAS) 

68
 

USA 
good 

179 No Not 
reported 

>65 Rural Pennsylvanians 
aged 65 and older 
enrolled in a managed-
risk Medicare program 
at Geisinger Health 
System. 

Six were excluded 
because of 
depression, two as 
BMI outliers, and one 
because of poor 
cognitive function 

Yes No 

The General 
Medicine 
Practice of the 
Regenstrief 
Health 
Center

69
 

USA 
fair 

3,861 No Yes >60 All patients aged 60 
and older were 
screened for cognitive 
impairment, 
depression, and 
problem drinking 
during their regularly 
scheduled visits 

Prisoners, patients 
residing in a nursing 
home, patients unable 
to speak English, and 
patients who had 
hearing impairment 

Yes No 

The Geriatric 
Evaluation and 
Management(
GEM) 

70
 

USA 
poor 

  No Yes 78.4 Approximately 20% of 
subjects were physician-
referred to the GEM 
clinic. An additional 22% 
were referred by either a 
social agency, home 
health service, or day 
care program. The 
remaining individuals 
were referred by family 
members who had 
heard about the 
program via word of 
mouth, brochures, or 
newspaper articles. 
Individuals with one or 
more of the following 
concerns were 
scheduled for 
evaluation: memory 
loss, depression, 
behavioral problems, 
paranoia, functional 
decline, weight loss, 
falls, incontinence, and 
concerns about overall 
health and safety. 

Not reported Yes No 
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Study, 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The Health and 
Retirement 
Study

71,72
 

USA 
good 

11,701 No Yes >50 Community dwelling  
adults aged 50 and 
older, representative of 
entire US 

Nursing home 
residents 

Yes No 

The Health, 
Aging and 
Body 
Composition(H
ealth ABC) 
Study

73-79
 

USA 
good 

3,075(analyti
c 
sample:2984
) 

No Yes >70 3075 well-functioning 
men and women aged 
70 to 79 recruited from 
a random sample of 
Medicare enrollees in 
Pittsburgh, 
Pennsylvania, and 
Memphis, Tennessee. 
Eligible participants 
had self-reported no 
difficulty walking one-
quarter of a mile, 
climbing 10 steps, and 
performing activities of 
daily living (ADL); did 
not report a walking 
aid; and were free of 
cancer under active 
treatment. Analysis 
was conducted on 
2984 participants who 
had complete data on 
body composition and 
physical function. 

Not reported Yes No 

The Honolulu-
Asia Aging 
Study of the 
Honolulu Heart 
Program

80,81
 

USA 
good 

1,890(analyti
c sample) 

No Yes >77 Japanese and 
American men, 
identified from 
selective service 
records, who were 
born between 1900 
and 1919 and were 
living on the island of 
Oahu, Hawaii, in 1965. 

Not reported No No 

The Iowa 65+ 
Rural Health 
Study

82
  

USA 
good 

1,293 No Not 
reported 

>65 Healthy, nondisabled 
elderly  

647 persons who 
needed help walking a 
half mile, climbing a 
flight of steps, moving 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

from bed to chair, 
using a toilet, bathing, 
or walking across a 
small room. 

The Marshfield 
Epidemiologic 
Study Area 
(MESA) 
system

83
 

USA 
fair 

811 No Not 
reported 

Not 
reported 

New cases of 
Alzheimer’s disease 
and dementia were 
defined to first occur 
between 7/1/92 and 
6/30/97by the ICD-9 
code, people who did 
not receive a diagnosis 
of AD/OD were 
frequency- matched to 
cases by age. 

Permanent residence 
in a nursing home at 
the time of diagnosis, a 
history of AD/OD prior 
to 7/1/92, no mention 
of a memory problem 
in the medical record, 
receiving less than 
75% of their care 
through the Marshfield 
Clinic system, or death 
on the date of 
diagnosis 

Yes No 

The Medical 
Expenditure 
Panel 
Survey(MEPS) 
84

 

USA 
good 

35200 Oversampling 
of minorities 

Yes NR US civilian non-
institutionalized 
population 

Individuals missing 
data on one or more 
responses are 
excluded from 
analyses. 

Yes No 

The 
Monongahela 
Valley 
Independent 
Elders 
Survey

85
 

USA 
good 

1,064 No Not 
reported 

>67 Registered voters in 
Washington & 
Westmoreland 
Counties in PA, 
community residence 
(i.e., not already being 
in long-term care), 65 
years or older, fluency 
in English, and at least 
sixth grade education 

Not reported Yes No 

The National 
Health 
Interview 
Survey

86
 

USA 
good 

approx 
9,000 

African-
American and 
Hispanic 

Yes >70 Civilian non-
institutionalized 
population of the 
United States 

Not reported Yes No 

The National 
Long-Term 
Care Survey 
(NLTCS) 

87
 

USA 
good 

5,934 No Yes >65 Community-dwelling 
elderly 

Not reported Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The National 
Survey of Self-
Care and 
Aging

88
 

USA 
good 

3,485 Oversampling 
of the oldest 
old (85 years 
and older) 

Yes >65 A stratified random 
sample of non-
institutionalized 
Medicare beneficiaries 
65 years of age and 
older, drawn from 50 
primary sampling units 

Not reported Yes No 

The New 
England 
Centenarian 
Study

89
 

USA 
poor 

36 No Not 
Reported 

100-107 
years 

86% of all 
centenarians living 
within an eight-town 
area. 

Not Reported Yes Yes 

The New 
Mexico Elder 
Health 
Survey

90
 

USA 
good 

808 No No >65 
years 

Equal numbers of 
Hispanic and non-
Hispanic white men 
and women were 
selected randomly 
from the Health Care 
Financing 
Administration's 
Medicare listings for 
Bernalillo County, New 
Mexico.  

73 subjects were 
deleted because of 
missing 
anthropometric data. 
Two subjects with 
artificial limbs whose 
estimates of muscle 
mass had doubtful 
validity were also 
excluded.  

Yes No 

The Northern 
Manhattan 
Aging Project

91
 

USA 
good 

2,130   Yes >65 A random sample of 
Medicare beneficiaries, 
65 years old or older, 
living in a bounded 
target geographic area 

Not reported Yes No 

The Nutrition 
Screening 
Initiative

92
e 

USA 
good 

324 No Yes >60 Participants >60 years 
in six congregate meal 
sites in a north 
Florida county 

Not reported Yes No 

The Older 
Americans Act 
Nutrition 
Program 
(OAANP) in 
northeast 
Georgia

93
 

USA 
fair 

158 No Yes >65 Low-income older 
adults receiving home-
delivered or 
congregate meals in 
the OAANP (Older 
Americans Act 
Nutrition Program) in 
the Northeast Georgia 
Area Agency on Aging. 

Not reported Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The Religious 
Orders Study

94
 

USA 
good 

816 No Not 
reported 

>70 Older Catholic nuns, 
priests, and brothers. 
Participants without 
known dementia. 

Not reported Yes No 

The Rush 
Memory and 
Aging Project

95
 

USA 
good 

832 No Yes Mean 
age: 
80.4yea
rs 

Absence of clinical 
dementia based on the 
baseline clinical 
evaluation with a valid 
baseline and at least 
one follow-up 
composite frailty score. 

Participants without 
valid follow-up data 
including: 24 persons 
who died before their 
first follow-up 
examination, 120 who 
have not been in the 
study long enough for 
their first follow-up 
examination and 36 
with missing follow-up 
data. 

Yes No 

The San 
Antonio 
Longitudinal 
Study of 
Aging

96
 

USA 
good 

749 No Yes 65-80 
years 

Subjects were randomly 
sampled from low-, 
middle-, and high-
income neighborhoods 
to provide a cohort with 
comparable numbers of 
Mexican-Americans and 
European-Americans 
and to maximize socio-
cultural variation among 
Mexican-Americans in 
the study. Aged 65-80 
years. Community-
dwelling. 

Not Reported Yes No 

The Survey of 
Health,Aging 
and Retirement 
in 
Europe(SHAR
E) 

97
 

Multinatio
nal 
good 

18227 No Not 
Reported 

>=50 
years 

Randomly selected 
community-dwelling 
individuals 50 years of 
age and older 

674 spouses younger 
than 50 years, 295 
individuals living in 
institutions, 61 with 
insufficient information 
on sampling 
characteristics, and 2 
non-evaluable 
individuals 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The Women's 
Health and 
Aging Study

98-

111
 

USA 
good 

3,481 No Yes >65 The sampling frame 
was obtained from the 
Health Care Financing 
Administration 
Medicare Enrollment 
files for the eastern 
half of Baltimore City 
and County, consisting 
of 12 zip code areas. A 
random sample of 
older women was 
drawn, stratified by 
age (65-74, 75-84, and 
85 and older). 

Not reported Yes No 

University of 
Connecticut 
Center on 
Aging 
Osteoporosis 
in Men 
Study

112
 

USA 
good 

392 No Yes >58 Community-dwelling 
elderly men  

Men younger than 58 
years of age; those 
receiving prescription 
medication for 
osteoporosis, were on 
testosterone or 
dihydroepiandosterone, 
had a history of elevated 
prostate specific antigen 
(PSA) level, had a 
history of prostate 
cancer, had sleep 
apnea, or had elevated 
hematocrit. 

No No 

2-year 
longitudinal 
study of 
independent 
residents of a 
continuing care 
retirement 
community

113
 

USA 
fair 

152 No Not 
reported 

82.3 Alert, oriented, 
ambulatory, able to 
socialize appropriately 
with other members of 
the community, and 
have no acute or 
chronic medical 
problems which 
interfere with ability to 
function or require 
daily nursing 
supervision 

Not reported Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

411 patients 
who 
participated as 
control patients 
in the 
Generalist 
Physician 
Initiative at the 
Carle Clinic 
site, Urbana, 
Illinois

114
 

USA 
poor 

411 No Yes >65 65 years of age or 
older, survived for 12 
months after 
enrollment, had 
Medicare Part A and B 
coverage, were not 
enrolled in a Medicare 
risk product, were 
community dwelling, 
and had 1 or more of 
the following 
characteristics: 
hospitalized in the 
previous 6 months 
before entering the 
study, lived alone, 
lacked a caregiver, 
were taking 4 or more 
prescription 
medications, had 
difficulty walking, had 
limitations in activities 
of daily living (ADLs), 
had memory 
difficulties, were 
incontinent of urine or 
stool, or had multiple 
illnesses or disabilities 

Not reported Yes No 

7076 
community-
dwelling elderly 
patients with at 
least one 
chronic 
disease were 
surveyed

115
 

USA 
poor 

1,899 No Not 
reported 

>65 Had seen their primary 
care provider within 14 
months, had a 
comorbidity score of 1 
or higher, were 
enrolled in Medicare,  
and were living outside 
of an institution as of 
September 2002 

Returned with 
incomplete survey 
forms 

Yes No 

A prospective 
cohort from a 
large health 
maintenance 

USA 
good 

1,129 No Yes >65 Randomly from Group 
Health enrollees, aged 
65 and over 

Physical limitations, 
limited ability to 
perform certain 
activities of daily living 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

organization of 
(Group Health 
Cooperative 
(GHC) in 
Seattle, 
Washington)

116
 

at baseline, and 
incomplete responses 
or data 

Ambulatory 
Care Groups 
(ACGs)

117
 

USA 
fair 

3,496 No Yes >60 Community-dwelling 
patients at least 60 
years of age with a 
scheduled primary 
care appointment 
between July 15, 1999, 
and August 31, 2001, 
were eligible for the 
study.  

Not reported Yes No 

Applicants to 
the home- and 
community-
based care 
(HCBC) 
programs

118
 

USA 
fair 

1,690 No Yes 79.7 Individuals who 
satisfied the level of 
care criteria for the 
program (regardless of 
whether they met the 
financial eligibility 
criteria or “cost cap” of 
the program) and 
remained in the 
community following 
their HCBC 
assessment 

Not reported Yes No 

Consecutive 
patients were 
screened and 
recruited from 
primary care 
clinics of a 
Veteran’s 
Affairs network 
site and a 
Medicare 
Health

119
 

Management 
Organization 
serving a 

USA 
poor 

316 No Yes >65 65 years or older, lived 
within 20 miles of the 
provider site, had 
received care in the 
system for at least 1 
year, were living in the 
community, and met 
screening criteria for 
mental status and 
mobility. Participants 
had to score 24 on the 
Folstein Mini-Mental 
State Examination 
(MMSE) to assure that 

MMSE scores less 
than 16, persons who 
were unable to walk at 
least 12 feet or who 
were felt to be 
extremely fit (gait 
speed over 1.3 m/s) or 
extremely fragile 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

common 
geographic 
area 

they could 
independently maintain 
a utilization diary; 
subjects with MMSE 
scores between 16 
and 24 could 
participate if they had 
a caregiver who could 
maintain the diary 

Depression 
Among 
Caregivers of 
Impaired 
Elders Study

120
 

USA 
good 

4,185 No Not 
reported 

>70 A geographically 
stratified sample of 
older people was 
drawn in 2 stages, 
using town/cities of 
eastern Massachusetts 
as the primary 
sampling unit, and 
then randomly 
selecting individuals 
within these units from 
local census lists. 

Not reported Yes No 

Effects of Two 
Exercise 
Interventions 
Among 
Community-
residing Older 
Adults Study

121
 

USA 
good 

84 No Not 
reported 

>60 60 years of age or 
older, living 
independently in the 
community, able to 
speak and read 
English, and sufficient 
vision to read large 
print. 

Diagnosis of 
neurological diseases, 
arthritis with severe 
pain that prevented 
activity, or presence of 
major symptoms 
suggestive of 
cardiopulmonary or 
metabolic disease 
unless physician 
approval was obtained. 

Yes No 

For the 
validation 
study: 
Pneumonia 
Pathways 
project of 
Qualidigm, 
Connecticut 
Peer Review 

USA 
poor 

Development 
cohort:525 
and validation 
cohort:1,246 

No Yes >70 In the development 
cohort: subjects aged 
≥70 years admitted 
consecutively to the 
medicine service at 
Yale New Haven 
Hospital that serves a 
large community and 
referral population. 

In the development 
cohort: inability to be 
interviewed as a result 
of intubation, coma, 
aphasia, severe 
dementia, or terminal 
condition; prior 
enrollment. In the 
validation cohort: prior 

Yes No 
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Sample 
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Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

Organization 
and 
Connecticut 
Thoracic 
Society. For 
the 
Development 
cohort: NR

122
 

The validation cohort 
was selected from 
discharges from 27 
acute care hospitals in 
Connecticut, patients 
aged>=65 years with a 
principal discharge 
diagnosis of 
pneumonia. 

admission within 10 
days; transfer from 
another hospital; 
immunosuppressive 
therapy; and discharge 
or transfer to ICU 
within 24 h of 
admission 

Frailty Study of 
African 
Americans in 
South Central 
Los Angeles

123
 

USA 
good 

507 No Yes >60 African -American 
residents 60 years or 
older of South Central 
Los Angeles and 
adjacent communities. 

Not reported Yes Yes 

Henry Ford 
Medical 
Group

124
 

USA 
fair 

195,971 No Not 
reported 

Not 
reported 

Patients who received 
prescription and 
medical care coverage 
through the Health 
Alliance Plan and who 
were treated by 
physicians in the 
Henry Ford Medical 
Group. 

Not reported Yes No 

Individuals 
enrolled in 2 
randomized 
trials of an 
intervention to 
improve 
functional 
outcomes of 
hospitalized 
older adults

125
 

USA 
good 

1,495 No Yes >70 Aged 70 years or older 
and who were 
admitted to the general 
medical service 

Patients admitted to 
intensive care units 
(ICUs) or subspecialty 
services or elective 
admissions and 
patients with lengths of 
stay fewer than 2 days 

Yes Yes 

Massachusetts 
Health Care 
Panel Study 
(MHCPS) 

126
 

USA 
good 

Not 
specified; 
approx 540 

No Yes >70 Age 70+ in 1980, living 
in community 

Anyone lost to follow-
up, dead, or in a 
nursing home at Wave 
4 

Yes No 

Randomized 
trial of in-home 
comprehensive 
geriatric 

USA 
fair 

202 No Not 
reported 

>75 Randomly selected 
from a voter-
registration list, 
community-dwelling, 

Not reported Yes No 
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Minority 
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Inclusion 
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Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

assessment 
and preventive 
care

127
 

non-institutionalized, 
living in Santa Monica 
CA 

PACE-Program 
of All-Inclusive 
Care for the 
Elderly

128,129
  

USA 
good 

5,478 No Yes >55 Enrollment in PACE 
was limited to older 
persons aged >=55, 
who lived within the 
sites' service areas 
and who met the 
state's nursing home 
eligibility requirements, 
and were eligible for 
Medicaid 

Not reported Yes Yes 

Pooled 
analysis

130
 

USA 
good 

5,308   No Yes >65 Studies had to 
contribute data 
believed to be directly 
applicable to the US 
population and the 
determination of 
glaucoma was made 
using both visual field 
and photographically 
obtained optic nerve 
head data. 

Not reported Yes No 

Practices 
providing 
services to 
Medicare 
beneficiaries in 
the U.S. 

131
 

USA 
good 

1,221,615 No Yes >65 Medicare beneficiaries, 
aged 65 years or older, 
living in the US, with 
fee-for-service 
coverage, who had 
both Medicare part A 
and part B coverage in 
fiscal year (FY) 1992 

Beneficiaries enrolled 
in HMOs  

Yes No 

The San Luis 
Valley Health 
and Aging 
Study

132
 

USA 
good 

1,006 No Yes >65 A geographically- 
based sample of rural, 
community-dwelling 
residents was 
identified from a 
household 
enumeration of 97.2% 
of all occupied 
residential structures in 

Subjects who were 
unable to complete the 
full protocol by 
themselves (scores 
<18 on the Folstein 
Mini-Mental Status 
Examination, a 
measure of cognitive 
functioning; extreme 

Yes No 
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Sample 
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Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

Alamosa and Conejos 
counties in southern 
Colorado. 

frailty; or any other 
reason necessitating 
proxy responses: 
n=184) and those 
without complete diet 
data (n=8) were 
excluded. 

The Medicare 
Current 
Beneficiary 
Survey

133,134
 

USA 
good 

20,227 No Yes >65 People living in the 
United States who 
were 65 years of age 
or older and who were 
solely community-
based 

Respondents who died 
during the calendar 
year, individuals who 
did not have any type 
of physician encounter 
(i.e., in any type of 
inpatient or outpatient 
setting) during the 
calendar year 

Yes  No 

The Nun 
Study

135
 

USA 
good 

470 No Not 
reported 

>75 From 1991 to 1993, all 
members of the School 
Sisters of Notre Dame 
born before 1917 and 
living in communities in 
the Midwestern, 
eastern, and southern 
United States. 

Not reported Yes No 

Two cohorts, 
each 
composed of 
approximately 
3000 randomly 
selected 
members of 
Kaiser 
Foundation 
Health Plan of 
Northern 
California

136
 

USA 
fair 

5,986 No Yes >65 Had been KFHP 
members for at least 5 
years 

Not reported Yes No 

Urban, 
working-class 
community in 
East Boston, 
Massachusetts

USA 
good 

467 No Not 
reported 

>65 All non-institutionalized 
residents over the age 
of 65 years in  East 
Boston, Mass.,  a 
geographically defined, 

Participation through 
proxy respondents or 
refusal to respond to 
the memory test items. 

Yes No 
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Home 
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137

 urban, working-class  
community of 
approximately 32, 000 
persons.  

Veterans 
Administrative 
(VA) outpatient 
clinics

138
 

USA 
fair 

130 No Yes >65 Community-dwelling 
older adults (n = 130), 
age 65 years and 
older, with a BMI <24 
kg/m

2
 residing  in 3 

rural counties in the 
Western United States 

The diagnosis of 
dementia (Folstein 
Mini-Mental 
Examination score of 
23 or less), congestive 
heart failure, or cancer; 
bedridden or unable to 
stand for measurement 
of height; currently 
hospitalized; 
hospitalized in the past 
30 days; or residing in 
a skilled nursing facility 
and non-English 
speaking 

Yes No 

American 
Community 
Survey (US 
Census) and 
National 
Nursing Home 
Survey

3,4
 

USA 
good 

512,768 American 
Indian/Alaska 
Native/Native 
American are 
oversampled in 
the ACS 
Survey 

Yes >65 ACS: community -
living men and women 
65 years and older. 
NNHS: nursing home 
residents 

ACS: no nursing home 
residents. NNHS: 
community-dwelling 
residents 

Yes Yes 

Australian 
Longitudinal 
study on 
aging

139
 

Australia 
good 

1,272 No Not 
reported 

>70 Randomly selected 
from State electoral 
database age 70+, 
community-dwelling 

Not reported Yes No 

All consecutive 
non-elective 
admissions of 
patients aged 
75 yrs and 
above to the 
Rapid 
assessment 
medical unit 
(RAMU) under 

Australia 
poor 

110 No Not 
reported 

>75 All consecutive non-
elective admissions of 
patients aged 75 yrs 
and above to the 
Rapid assessment 
medical unit (RAMU) 
under the General 
Internal Medicine unit 

Patients from nursing 
homes, patients who 
were transferred to 
other units or 
hospitals, patients who 
were considered for 
palliative care on 
admission, patients not 
conversant in English 
and those who were 

Yes No 



Appendix E Table 1. Epidemiologic Studies in Older Persons (continued) 

Common Syndromes in Older Adults  278 Minnesota Evidence-based Practice Center 

Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 
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Home 

Residents 

the General 
Internal 
Medicine 
unit

140
 

discharged from 
hospital within 48 
hours 

Domiciliary 
care services 
for elderly 
people with 
moderate or 
severe 
functional 
limitations

141
 

Australia 
poor 

250 No Not 
reported 

>67 Those registered with 
the Eastern Domiciliary 
Care Service in 
Adelaide between July 
1999 and February 
2000. 

Subjects younger than 
65 (16.2%), non-
English speaking 
(7.9%), or with the 
diagnosis of dementia 
(11.2%) were 
excluded. 

Yes No 

National 
Population 
Health 
Survey

142
 

Canada 
good 

2,740 No Not 
reported 

>65 Adults 65 - 102 years 
old at baseline 

  Yes No 

The Canadian 
Study of Health 
and 
Aging(CSHA) 
143-152

 

Canada 
good 

8,949 No Not 
reported 

>65 CSHA-1 (Canadian 
Study of Health and 
Aging-wave 1) 
included people aged 
65 and over on 
October 31, 1990 from 
39 urban and 
surrounding rural 
areas in the ten 
Canadian provinces. 
The community 
sampling frame was 
based on the 
Canadian provincial 
universal health 
insurance plans, with 
the exception of 
Ontario where 
technical limitations 
with the health 
insurance plan list at 
the time prevented its 
use. In Ontario, the 
Enumeration 
Composite Record 

Reasons for non-
inclusion in analyses 
are: loss to follow up, 
refusal to participate, 
unable to participate, 
or missing data. Those 
who were excluded 
had lower Time 1 
MMSE scores. 

Yes Yes 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

was used that was 
based on a composite 
list of all citizens in 
Ontario based on 
electoral lists. 

The MGAT 
study

153
 

Canada 
fair 

170 No Not 
reported 

Not 
reported 

Be frail, which was 
defined as ‘‘a 
vulnerable state of 
health, arising from the 
complex interaction of 
medical and social 
problems, resulting in 
a decreased ability to 
respond to stress, and 
associated with a 
decline in functional 
performance” 

Not reported Yes No 

Prospective 
cohort study of 
community-
living, medical 
patients age 75 
or over

154
 

admitted to 
acute care for 
elders units 
(ACE) at a 
teaching 
hospital 

Canada 
poor 

150 No Not 
reported 

>75 ACE patients who 
consented to 
participate. They were 
eligible if they were 75 
years or over (our 
hospital used this age 
cut-off as a surrogate 
marker to determine 
ACE eligibility), lived in 
the community pre-
hospitalization, and 
could comprehend 
simple three-step 
commands in English. 
We also included ACE 
patients who 
transitioned through a 
separate sub-acute 
medical (SAM) unit 
after their initial stay in 
ACE.  

If they were transferred 
from/to critical care or 
palliative care because 
these populations are 
not normally serviced 
by ACE; residing at a 
long term care facility 
prior to hospitalization; 
residing outside the 
catchment of the 
hospital (greater than 
100 km distance); or 
deemed medically 
unstable 

Yes No 

Study 
participants 
were recruited 

Canada 
poor 

125 No Not 
reported 

>70 (i) age 70 years or 
older; (ii) referred for 
medical preoperative 

(i) day surgical 
procedures; (ii) active 
cancer (defined as 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

at a 
preadmission 
clinic for 
preoperative 
assessment, at 
a tertiary care 
teaching 
hospital

155
 

assessment for 
medical clearance; (iii) 
undergoing a single 
elective non-cardiac 
operation 

having surgery for a 
possible malignancy or 
receiving treatment for 
cancer); (iii) undecided 
as to whether they 
would have surgery; 
(iv) no working 
understanding of 
English; (v) not cleared 
for surgery for unstable 
medical reasons; (vi) 
enrolled in randomized 
controlled trials of new 
(i.e. investigational) 
pharmacologic agents 

The Chinese 
Longitudinal 
Health 
Longevity 
Survey

156
 

China 
good 

15,919 No Not 
reported 

>65 Randomly selected 
counties/cities in 22 
out of 31 provinces in 
China. Adults aged 65 
to 109 years. For every 
centenarian with a pre-
designated random 
code, interviews were 
conducted for nearby 
adults with a pre-
designated age and 
sex who were 
randomly selected 
from the following age 
ranges: 65-79, 80-89, 
and 90-99. 

Not reported Yes No 

The Danish 
part of the 
‘Survey in 
Europe of 
Nutrition in the 
Elderly, a 
Concerted 
Action'(SENEC
A) 

157
 

Denmark 
good 

202 No Not 
reported 

>73 74- to-79 years old 
elderly European men 
and women 

  Yes No 
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Study, 
Reference 

Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

The Danish 
Centenarian 
Study 
Centenarian 
Study

158
 

Denmark 
good 

126 No Not 
reported 

>100 276 persons living in 
Denmark who 
celebrated their 100th 
birthday from April 1, 
1995, to May 31, 1996 

Not reported Yes Yes 

The Glostrup 
Aging Study

159
 

Denmark 
good 

705 No Not 
reported 

>70 70 -year old adults of 
the 1914 birth cohort in 
Glostrup, Denmark 

31 persons who were 
disabled at baseline. 

Yes No 

ELSA - English 
Longitudinal 
Study of 
Aging

160
 

England 
good 

5,432 No Not 
reported 

>50 Individuals were 
eligible if they were 
living in a responding 
HSE (Health Survey 
for England) 
household in 1998, 
1999, or 2001, were 
born on or before 29 
February 1952, and 
were, at ELSA 
interview, still living at 
a private residential 
address in England. 

Not reported Yes No 

The Helsinki 
Aging 
Study

161,162
 

Finland 
good 

650 No Not 
reported 

>75 A random sample of 
persons born in 1904, 
1909, and 1914 were 
selected from the 
census register in 
1989. 

Not reported Yes No 

The second 
wave of the 
Tampere 
Longitudinal 
Study on 
Ageing 
(TamELSA) 

163
 

Finland 
good 

775 No Not 
reported 

>60 Persons aged 60–99 
years were eligible to 
be interviewed face to 
face 

Subjects already living 
in institutions and 3 
subjects without data 
on urinary symptoms 

Yes No 

The Vitality 
90+ Study

164
 

Finland 
good 

285 No Not 
reported 

>90 People aged 90 or 
older in Tampere, 
Finland. Included both 
community-dwelling 
and institutionalized 
persons. 

Not reported Yes Yes 
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Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

EPIDOS 
Epidémiologie 
de 
l'ostéoporose 
study

165
 

France 
good 

7,250 No Not 
reported 

>75 Community-dwelling 
French women 

Inability to walk 
independently, 
institutionalized, 
previous history of hip 
fracture or bilateral hip 
replacement, inability 
to understand or 
answer study 
questionnaire, 
confined to bed for at 
least 2 months during 
past year, motor 
impairment i.e. stroke 
sequelae, disease 
leading to 
hospitalization during 
past year (stroke, 
HTN, DM, CHD, 
Parkinson’s 

Yes No 

The 
PAQUID(Perso
nnes Agees 
QUID) 
Research 
Program

166,167
 

France 
good 

3,660 No Not 
reported 

>65 Community residents 
aged 65 years and 
older living in 
Southwestern France. 
Baseline data were 
collected in 1988-89 in 
Gironde and 1989-
1990 in Dordogne. 
Three criteria had to 
meet for inclusion: 
participant had to be at 
least 65 years of age, 
to live at home at 
baseline time, and to 
give written informed 
consent. 

Not reported Yes No 

The 
Pathologies 
Oculaires 
Lie´es a` l’Age 
Study

168
 

France 
good 

1,441 No Not 
reported 

>60 Subjects aged 60 and 
older were recruited 
from the population of 
Sète, a harbor on the 
French Mediterranean. 

A history of the 
following diseases was 
excluded: diabetes 
mellitus; coronary 
heart disease; or self-
reported history of 

Yes No 
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Country 
Quality 

Sample 
Size 

Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

stroke, lower limb 
arterial disease, 
cancer, asthma, or 
respiratory disease. 
Subjects treated with 
non-steroidal anti-
inflammatory drugs or 
with oral corticosteroid 
treatment were also 
excluded. 

The Three City 
Study

169-171
  

France 
good 

6,030 No Not 
reported 

>65 65 years old or older, 
initially non-
institutionalized, 
random sample 
obtained from the 
electoral rolls of two 
French cities—
Bordeaux (southwest) 
and Dijon (central 
east) 

Those with conditions 
that could be a 
consequence of a 
single disease and not 
of generalized frailty as 
already proposed, or 
frailty status could not 
be determined 
(missing data) 

Yes No 

The German 
Study on 
Aging, 
Cognition and 
Dementia in 
Primary Care 
Patients Study 
Group

172
 

Germany 
good 

2,415 No Not 
reported 

>75 Age 75 years or older, 
absence of dementia 
according to judgment 
of GP, and at least 1 
contact with the GP 
within the last 12 
months. 

GP consultation by 
home visits only, 
residence in a nursing 
home, severe illness 
with an anticipated 
fatal outcome within 3 
months, German-
language insufficiency, 
deafness or blindness, 
and lack of ability to 
provide informed 
consent. 

Yes No 

The Leipzig 
Longitudinal 
Study of the 
Aged(LEILA75
+)

173
 

Germany 
good 

1,045 No Not 
reported 

>75 Community-dwelling 
individuals aged 75 
and over residing in 
the Leipzig-South 
district of Germany 
were identified by 
systematic random 
sampling from an age-
ordered list provided 

Study subjects with 
Parkinson's disease, 
mental retardation, 
known brain cancer, 
and severe weakness 
or severe sensory 
impairment leading to 
invalid cognitive 
testing. 

Yes Yes 



Appendix E Table 1. Epidemiologic Studies in Older Persons (continued) 

Common Syndromes in Older Adults  284 Minnesota Evidence-based Practice Center 
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Country 
Quality 

Sample 
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Oversampling 
Minority 
Present 

Inclusion 
Age 

Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

by the local registry 
office.  192 
institutionalized 
individuals (60 
residential home 
residents and 132 
nursing home 
residents) were 
included in the study 
by proportion. 

A family study 
sample: Patients 
with Alzheimer's 
disease and/or 
major 
depression 
(according to 
DSM-III-R 
criteria, APA 
1987 39) over 
60 years had 
been recruited 
from the 
Inpatient 
Departments of 
Psychiatry of the 
University of 
Mainz 
(recruitment 
from 1992 to 
1995) and of the 
University of 
Bonn 
(recruitment 
from 1996 to 
1998). Control 
subjects who 
were group-
matched to the 
patient sample 
for age, gender, 

Germany 
fair 

757 No Not 
reported 

>55 All non-demented 
subjects(defined by the 
absence of dementia 
according to DSM-III-R 
criteria (American 
Psychiatric Association 
1987) above the age of 
55 years, who had 
been carefully 
examined for possible 
initial signs of 
dementia and for the 
presence of possible 
risk factors during a 
previous 
comprehensive family 
study.  

Subjects with a MMSE 
score below 24, a 
Hachinski Ischemic 
score above 2, a 
history of dementia or 
other major medical 
disorder possible to 
cause depression, or 
depression.18 subjects 
who developed other 
dementing disorders 
according to personal 
or family history 
information were 
excluded 

Yes No 
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Oversampling 
Minority 
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Inclusion 
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Inclusion Exclusion 
Women 
Included 

Nursing 
Home 

Residents 

and educational 
background had 
been recruited 
with the support 
of the cities' 
census 
agencies. 

174
 

ilSIRENTE 
Aging and 
Longevity in 
the Sirente 
Geographic 
Area

175
 

Italy 
good 

364 No Not 
reported 

>80 Community-dwelling 
Italian older adults 

Not reported Yes No 

InCHIANTI
176-

181
 

Italy 
good 

1,020 No Not 
reported 

>65 Participants aged 
between 65 and 102 
years, randomly 
selected from 
residents in two towns 
of the Chianti  
geographic area 
(Greve in Chianti and 
Bagno a Ripoli, 
Tuscany, Italy), using a 
multistage stratified 
sampling method.  

Participants in whom 
inflammatory markers, 
physical performance 
tests, or hand-grip 
strength were not 
tested. 

Yes No 

The Conselice 
Study of Brain 
Aging

182
 

Italy 
good 

804 No Not 
reported 

>65 In 1999-2000, 1016 of 
the 1353 individuals 
aged 65 years and 
older residing in the 
Italian municipality of 
Conselice (Emilia 
Romagna region) 
participated in the 
prevalence study. 

Not reported Yes No 

The European 
Challenge for 
Healthy 
Aging

183
 

Italy 
good 

211 No Not 
reported 

>65 Born in Calabria and 
their ancestry in the 
region had been 
ascertained up to the 
grandparents 
generation 

Not reported Yes No 
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Women 
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Nursing 
Home 

Residents 

The Italian 
Group of 
Pharmacoepid
emiology in the 
Elderly (GIFA) 
184

 

Italy 
good 

6,984 No Not 
reported 

>65 All patients admitted to 
81 clinical centers in 
Italy were enrolled and 
followed until 
discharge. 

Those younger than 65 
years and those with 
cancer. Subsequently 
excluded were patients 
for 
whom body mass 
index had not been 
collected. 

Yes No 

The Italian 
Longitudinal 
Study on 
Aging

185
 

Italy 
good 

2,097 No Not 
reported 

>65 5,632 subjects, aged 
65-84 years, 
independent or 
institutionalized. 
Randomly selected 
from the electoral rolls 
of eight Italian 
municipalities, after 
stratification for age 
and gender. 

Not reported Yes Yes 

The Verona 
Diabetes 
Study

186
 

Italy 
good 

754 No Not 
reported 

>65 Type 2 diabetic 
outpatients, who 
regularly attended the 
Diabetes Clinic of 
Verona main hospital, 
dedicated to the cure 
of diabetes and 
endocrinologic 
diseases, and who had 
at least one 
determination of BMI, 
BP and fasting plasma 
glucose per year 
during an observation 
period of 3 years 

Not reported Yes No 

ASSI, a 
prospective 
cohort study of 
persons aged 
65 and older 
randomly 
abstracted 
from the 

Italy 
good 

5,396 No Not 
reported 

>65 Persons aged 65 and 
older randomly 
abstracted from the 
rosters of 98 PCPs in 
Florence, Italy 

Not reported Yes No 
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Included 

Nursing 
Home 
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rosters of 98 
PCPs in 
Florence, 
Italy

187
 

Community-
dwelling elderly 
people

188
 

Italy 
poor 

65 No Not 
reported 

>65 Community-dwelling 
elderly people who 
freely chose to come 
to a geriatric unit for 
general clinical 
evaluation as part of a 
comprehensive 
geriatric assessment 
program. 400 subjects 
aged 65 years and 
older were evaluated 
at the geriatric unit of 
the Ospedale 
Maggiore Instituto do 
Ricovero e Cura a 
Carattere Scientifico, 
Milan, Italy, to study 
memory impairment 
and other cognitive 
disorders. 

Known or suspected 
history of alcohol 
abuse, head injury, 
depression, or other 
major medical illness. 

Yes No 

Survey in 
Europe on 
Nutrition and 
the Elderly: a 
Concerted 
Action(SENEC
A) 

189
 

Multinatio
nal good 

989 No Not 
reported 

Not 
reported 

Approximately 2,600 
elderly people born 
between 1913 and 
1918 living in 19 
"traditional" towns in 
12 countries were 
included. 

People living in 
psychogeriatric nursing 
homes, who were not 
fluent in the country's 
language, or who were 
not able to answer 
questions 
independently. 

Yes No 

The Australian 
Longitudinal 
Study of Aging, 
the Canadian 
Study of Health 
and Aging 
screening(CSH
A-screen) and 
community 

Multinatio
nal 
good 

2,087 in The 
Australian 
Longitudinal 
Study of 
Aging, 8,547 
in the 
Canadian 
Study of 
Health and 

No Yes >65 Not reported Not reported Yes Yes 
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Home 

Residents 

clinical 
examination(C
SHA-
examination), 
the Canadian 
National 
Population 
Health Survey, 
the U.S. 
National Health 
and Nutrition 
Examination 
Survey, the 
Sydney Older 
Persons 
Studies, CSHA 
institutional 
(CSHA-
institute), the 
U.S. National 
Long-Term 
Care Survey 
institutional 
sample(NLTC-
institute), the 
Improving 
Cardiac 
Outcomes in 
Nova 
Scotia(ICONS) 
Study in 
Canada, a 
breast cancer 
study in 
Canada, and 
the 
Gothenberg 
Study in 
Sweden. 

190
 

Aging 
screening 
(CSHA-
screen) and 
1,585 in 
community 
clinical 
examination(C
SHA-
examination), 
16,481 in the 
Canadian 
National 
Population 
Health 
Survey, 3,639 
in the U.S. 
National 
Health and 
Nutrition 
Examination 
Survey, 547 in 
the Sydney 
Older Persons 
Studies, 720 
in CSHA 
institutional 
(CSHA-
institute),1,03
6 in the U.S. 
National 
Long-Term 
Care Survey 
institutional 
sample(NLTC
-institute), 687 
in the 
Improving 
Cardiac 
Outcomes in 
Nova Scotia 
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Inclusion Exclusion 
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Home 

Residents 

(ICONS) 
Study in 
Canada,130 
in the breast 
cancer study 
in Canada, 
and 965 in the 
Gothenberg 
Study in 
Sweden. 

Singapore 
Longitudinal 
Aging Study, 
SLAS

191
 

Singapore 
good 

1,407 No Yes >55 Elderly residents in five 
southeast districts of 
Singapore, aged 55 
years and above 
identified from a door-
to-door census. 

Not reported Yes No 

NONA Immune 
Study

192
 

Sweden 
fair 

138 No Not 
reported 

>85 Population-based 
sample of oldest-old 
individuals 

Not reported Yes No 

The Leiden 85 
plus study

193
 

The 
Netherlands 
good 

551 No Not 
reported 

>85 All inhabitants of 
Leiden born between 
1912 and 1914 

Not reported Yes Yes 

The 
Longitudinal 
Aging Study 
Amsterdam

194-

197
 

The 
Netherlands 
good 

2,257 No Not 
reported 

72 Population registers of 
11 municipalities 

Not living 
independently at 
baseline, not providing 
a blood sample or had 
no measurement of 
serum 25(OH)D, 
missing contact 
information. 

Yes No 

Patients 65 
years or older 
acutely admitted 
from November 
1, 2002, through 
July 1, 2005, to 
a 1024-bed 
tertiary 
university 
teaching 
hospital

198
 

The 
Netherlands 
good 

463 No Not 
reported 

>65 All consecutive 
patients aged 65 years 
or older acutely 
admitted to the 
Department of Internal 
Medicine 

Inability to speak or 
understand Dutch, 
transferring from or to  
non medical ward, 
discharge  from the 
hospital within 48 
hours after admission 

Yes Yes 
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Home 
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H-EPESE 
Hispanic 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly

199-205
 

USA 3,050 No Yes >65 Community-dwelling 
Mexican Americans 

Refused to be re-
interviewed or were 
lost to followup, or 
were confirmed dead 
through the National 
Death Index and 
reports from relatives 

Yes No 

The 
Hertfordshire 
Cohort 
Study

206
 

UK 
good 

638 No Not 
reported 

>64 Community-dwelling 
young-old men and 
women 

Not reported Yes No 

The Medical 
Research 
Council 
Cognitive 
Function and 
Aging Study

207
 

UK 
good 

2,640 No Not 
reported 

>65 Participants aged 65 
and older randomly 
selected from the 
Family Health Service 
Authority lists in five 
areas of England and 
Wales (two rural: 
Cambridgeshire and 
Gwynedd; and three 
urban: Newcastle, 
Nottingham, and 
Oxford). 

Not reported Yes No 

The Medical 
Research 
Council (MRC) 
Trial of the 
Assessment 
and 
Management 
of Older 
People in the 
Community

208
 

UK 
good 

14,621 No Not 
reported 

>75 Community-based 
cluster randomized 
controlled trial, 
comparing different 
methods of 
multidimensional 
screening of older 
people. One hundred 
and six general 
practices were selected 
from the MRC General 
Practice Framework in 
England, Scotland and 
Wales. The study 
population was all 
patients aged 75 years 
and over registered with 
the practice. 

Anyone in long-stay 
hospitals, nursing 
homes or with terminal 
illness. 

Yes No 
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The Nottingham 
Longitudinal 
Study of Activity 
and Ageing 
(NLSAA) 

209
 

UK 
good 

1,042 No Not 
reported 

>65 Community-dwelling 
people aged 65 years 
and older in 
Nottingham, U.K. 

Not reported Yes No 

Systematic reviews and meta analyses        

EURODEM-
Prevalence 
Research 
Group

210
 

Multi-
national 
good 

23 No Not 
reported 

>65 Inclusion criteria were: 
(1) studies conducted in 
Europe; (2) studies 
completed or published 
after 1979 (1980-1990); 
(3) minimum sample of 
300 subjects 65 years or 
older; (4) case finding 
through direct individual 
examination; (5) 
inclusion of 
institutionalized 
individuals; and (6) 
clinical diagnosis of 
dementia based on 
(DSM-III), or equivalent 
criteria.  

Prevalence estimates 
for subjects over the 
age of 89 years were 
discarded. 

Yes Yes 

A meta-
analysis of 13 
epidemiological 
studies of 
senile 
dementia

211
 

Multi-
national 
good 

0 No Not 
reported 

>80 Only studies that used 
internationally 
recognized diagnostic 
methods for senile 
dementia were included. 
Data available over age 
80 and sampling 
procedures from both 
community-dwelling and 
institutionalized 
population. 

Of the 12 studies, 
three were rejected 
because information 
on the numbers of 
people in each age-
group was incomplete. 

Yes Yes 

Seven 
community-
based 
studies

46
 

Multi-
national 
good 

11,827 No Yes >65 The InCHIANTI Study, 
NHANES III, and WHAS 
I; the Health ABC Study;  
the East Boston, Iowa, 
and New Haven sites of 
the EPESE 

Not reported Yes No 
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Reference Study Sample Definition Prevalence (95% CI) 

Number of chronic diseases in elderly 

Schultz-Larsen, 2007
159

 The Glostrup Aging Study 705 Comorbidity in nondisabled 70-year old -
hypertension, diabetes, bronchitis, osteoarthritis in 
lower limbs, arteriosclerosis in lower limbs, and an 
ankle/arm index below 90%  

8.9 (7.0; 11.3) 

Pressley, 1999
87

 National Long-Term Care Survey 
(NLTCS) 

5,934 3 18.7 (17.7; 19.7) 

2001
152

 Canadian Study of Health and Aging 
(CSHA) 

8,949 3 or 4 in the GSS91 survey (General Social 
Surveys, 1991) 

30.5 (29.6; 31.5) 

3 or 4 in the CSHA-1 survey (Canadian Study of 
Health and Aging) 

30.7 (29.8; 31.7) 

Pressley, 1999
87

 National Long-Term Care Survey 
(NLTCS) 

5,934 ≥4 10.8 (10.0; 11.6) 

2001
152

 Canadian Study of Health and Aging 
(CSHA) 

8,949 5 or 6 in the GSS91 survey (General Social 
Surveys, 1991) 

8.2 (7.6; 8.8) 

5 or 6 in the CSHA-1 survey (Canadian Study of 
Health and Aging) 

18.3 (17.5; 19.1) 

≥7 in the GSS91 survey (General Social Surveys, 
1991) 

1.9 (1.6; 2.2) 

≥7 or more in the CSHA-1 survey (Canadian 
Study of Health and Aging) 

13.9 (13.2; 14.6) 

Bruunsgaard, 2003
158

 Danish Centenarian Study 126 >5 diagnoses 23 (16.5; 31.1) 

Eaker, 2002
83

 Marshfield Epidemiologic Study Area 
(MESA) 

811 8-10  20.1 (17.5; 23.0) 

11+  23.7 (20.9; 26.7) 

de Groot, 2004
189

 Survey in Europe on Nutrition and the 
Elderly: a Concerted Action 
(SENECA) 

989 Suffering from chronic diseases 77.4 (74.6; 79.9) 

Ambulatory Care Groups (ACGs) 

Perkins, 2004
117

 Ambulatory Care Groups(ACGs) 3,496 10 ADG combinations with ≥2 major ACG 0.7 (0.5; 1.0) 

4 -5 ADG combinations with ≥2 major ACG 4.5 (3.9; 5.2) 

6 -9 ADG combinations with ≥2 major ADGs 9.3 (8.4; 10.3) 

Charlson Score 

Inouye, 2003
122

 Validation study 525 Charlson score ≥2 in development cohort 71.0 (67.0; 74.7) 

Charlson score ≥2 in validation cohort 60.8 (56.6; 64.9) 

Number of chronic diseases in elderly women 

Schultz-Larsen, 2007
159

 Glostrup Aging Study 705 2 diseases 16.0 (13.5; 18.9) 

4-6 diseases  5.0 (3.6; 6.9) 

Szanton, 2009
103

 Women's Health and Aging Studies 728 3 or more chronic diseases 16 (13.5; 18.8) 

Fried, 1999
106

 Women's Health and Aging Study 3,481 3 chronic diseases and conditions 23.0 (21.6; 24.4) 

4 chronic diseases and conditions 16.0 (14.8; 17.3) 

5 chronic diseases and conditions 9.0 (8.1; 10.0) 

6 chronic diseases and conditions 4.5 (3.9; 5.2) 



Appendix E Table 2. Prevalence of Comorbidities in Older Persons According to Definition (continued) 

Common Syndromes in Older Adults  293 Minnesota Evidence-based Practice Center 

Reference Study Sample Definition Prevalence (95% CI) 

7 chronic diseases and conditions 2.0 (1.6; 2.5) 

8 chronic diseases and conditions 0.5 (0.3; 0.8) 

Chang, 2010
104

 Women's Health and Aging Studies I 
and II and complementary cohorts 

620 ≥3 diseases 18.4 (15.5; 21.6) 

≥4 diseases 8.6 (6.6; 11.1) 

≥5 diseases 1.6 (0.9; 3.0) 

Szanton, 2009
103

 Women's Health and Aging Studies 728 ≥3 diseases in African Americans 13.4 (11.1; 16.1) 

 ≥3 diseases in Caucasians 9.5 (7.6; 11.9) 

Number of chronic diseases in elderly men 

Schultz-Larsen, 2007
159

 Glostrup Aging Study 705 2 diseases  16.0 (13.5; 18.9) 

4-6 diseases  5.0 (3.6; 6.9) 

 



Appendix E Table 3. Prevalence of Polypharmacy in Older Persons 

Common Syndromes in Older Adults  294 Minnesota Evidence-based Practice Center 

Reference Study Sample Definition of the Outcome Prevalence (95% CI) 

Zarowitz, 2005
124

 Henry Ford Medical Group 195,971 Overall polypharmacy - 5 or more different 
drugs concurrently for long-term use, rate/1,000 
patients 

29.0 (28.8; 29.2) 

Veehof, 2000
212

 Registration Network of 
Groningen (RNG) 

1,544 2-3 drugs, long-term drug use 40.7 (38.3; 43.2) 

4-5 drugs, long-term drug use 0.09 (0; 0.5) 

>5 drugs, long-term drug use 0.04 (0; 0.5) 

Eaker, 2002
83

 Marshfield Epidemiologic Study 
Area (MESA) 

811 5-9 prescription medicines 21.8 (19.1; 24.8) 

10+ prescription medicines 23.4 (20.6; 26.4) 

Helmer, 1999
166

 PAQUID (Personnes Agees 
QUID) Research Program 

3660 ≥5 Number of medications in women at 
baseline 

43.0 (41.4; 44.6) 

≥5 Number of medications in men at baseline 35.6 (34.1; 37.2) 

 



Appendix E Table 4. Prevalence of Cognitive Impairment in Older Persons According to Definition: Medical Research Council Cognitive 
Function and Aging Study

207 

Common Syndromes in Older Adults  295 Minnesota Evidence-based Practice Center 

Definitions of Cognitive Impairment (Measure with Mini-Mental State Examination) Prevalence (95% CI) 

Moderate cognitive decline (a score of 7 or less of 10 on the 10-Item Mental Status Questionnaire from the Global 
Deterioration Scale) 

0.10 (0.0; 0.2) 

Mild cognitive decline (a score of at least 8 of 10 on the 10-Item Mental Status Questionnaire from the Global Deterioration 
Scale) 

0.30 (0.1; 0.7) 

Questionable dementia (dementia was defined as an AGECAT organic symptom level of 3 or greater (i.e., 03-05) which 
corresponds to a diagnosis of dementia as defined according to the DSM-III-R) 

0.70 (0.5; 1.0) 

Age-associated cognitive decline (self-report of a gradual decline in memory present for at least 6 months) 1.40 (1.0; 1.9) 

Mild neurocognitive disorder 1.40 (1.0; 1.8) 

Age-related cognitive decline 1.80 (1.3; 2.6) 

Mild cognitive disorder 1.80 (1.4; 2.2) 

Age-associated memory impairment 2.00 (1.3; 3.3) 

Mild cognitive impairment (amnestic) 2.50 (1.7; 3.6) 

Mild cognitive impairment (multiple) 2.60 (1.8; 3.5) 

Limited cognitive disturbance 4.90 (3.9; 6.1) 

Mild cognitive impairment (nonamnestic) 5.30 (4.2; 6.8) 

Benign senescent forgetfulness (long-term memory score ≥16 centile) 8.20 (7.0; 9.5) 

Age-consistent memory impairment 12.70 (10.8; 14.9) 

Cognitive impairment no dementia 16.20 (14.4; 18.3) 

Minimal dementia 16.70 (14.8; 18.7) 

Mini-Mental State Examination 35.20 (32.6; 37.9) 

Self-reported memory complaint 42.00 (39.3; 44.8) 

 



Appendix E Table 5. Prevalence of Cognitive Impairment in Older Persons By Age Group and Definition 

Common Syndromes in Older Adults  296 Minnesota Evidence-based Practice Center 

Study Reference Definition Prevalence (95% CI) 

 >65   

Canadian Study of Health and 
Aging 

Graham, 1997
148

 Circumscribed memory impairment (3MSE <78) 9.4 (8.4; 10.5) 

Positive on 3MSE (3MSE <78) 46.3 (43.9; 48.7) 

Cognitive impairment, no dementia (3MSE <78) 16.8 (15.1; 18.7) 

Various categories of impairment (3MSE <78) 16.8 (15.5; 18.1) 

Fisk, 2003
151

 Mild cognitive impairment (3MSE <78), all amnestic MCI criteria met 1.0 (0.66; 1.40) 

Mild cognitive impairment (3MSE <78), IADL impairment allowed 1.5 (1.04; 1.92) 

Mild cognitive impairment (3MSE <78), no subjective memory 
complaints required 

2.4 (1.84; 2.96) 

Fisk, 2003
151

 Mild cognitive impairment (3MSE <78), neither memory complaints 
nor intact IADL required 

3.0 (2.40; 3.640 

Cardiovascular Health Study 
All Stars Study 

Newman, 2009
60

 African, 3MSE  <80 17.0 (15.3; 18.90 

 65-74   

Canadian Study of Health and 
Aging 

Graham, 1997
148

 Various categories of impairment (3MSE <78) 11.0 (9.0; 13.0) 

No author listed, 2001
152

 Cognitive loss (3MSE <78) 9.0 (8.4; 9.6) 

 >70   

Religious Orders Study Aggarwal, 2006
94

 Mild CI 24.3 (21.4; 27.3) 

 >74   

Canadian Study of Health and 
Aging 

Rockwood, 1996
147

 Age associated memory impairment (3MSE <77) 1.6 (1.4; 1.9) 

Any cognitive impairment (3MSE <77) 10.0 (9.4; 10.6) 

Any cognitive impairment, without dementia (3MSE <77) 5.7 (5.2; 6.2) 

Other types of CIND 4.1 (3.7; 4.5) 

75-84   

Graham, 1997
148

 Various categories of impairment (3MSE <78) 24.0 (21.7; 26.3) 

No author listed, 2001
152

 Cognitive loss 93MSE <78) 20.0 (19.2; 20.8) 

85+   

Graham, 1997
148

 Various categories of impairment (3MSE <78) 30.3 (27.0; 33.6) 

No author listed, 2001
152

 Cognitive loss (3MSE  <78) 41.0 (40.0; 42.0) 

 



Appendix E Table 6. Prevalence of Dementia in Older Persons By Age Group and According to Definition and Severity 

Common Syndromes in Older Adults  297 Minnesota Evidence-based Practice Center 

Reference Study Diagnosis 
Prevalence 

(95% CI) 

>65    

Graham, 1997
148

 Canadian Study of Health and Aging Positive for dementia in 3MSE 31.6 (29.4; 33.9) 

No author listed, 1994
146

  Alzheimer’s Disease 5.1 (4.7; 5.5) 

Graham, 1997
148

  All types of dementia combined 8.0 (6.8; 9.4) 

No author listed, 1994
146

  Dementia 8.0 (7.5; 8.5) 

Fitzpatrick, 2004
57

 Cardiovascular Health Study Dementia at baseline 6.3 (5.6; 7.1) 

Graham, 1997
148

 Canadian Study of Health and Aging Mild dementia 2.3 (1.8; 2.8) 

Wolfson, 2001
149

 Among all demented Mild dementia 18.8 (16.3; 21.6) 

Graham, 1997
148

  Moderate dementia 3.1 (2.5; 3.7) 

Wolfson, 2001
149

 Among all demented Moderate dementia 39.3 (36.0; 42.7) 

Graham, 1997
148

  Severe dementia 2.6 (2.0; 3.2) 

Wolfson, 2001
149

 Among all demented Severe dementia 41.9 (38.6; 45.3) 

No author listed, 1994
146

  Vascular dementia  1.5 (1.3; 1.8) 

65-74    

Graham, 1997
148

  Mild dementia  1.0 (0.4; 1.6) 

Graham, 1997
148

  Moderate dementia 0.9 (0.3; 1.5) 

Graham, 1997
148

  Severe dementia 0.5 (0.0; 1.0) 

>70    

Aggarwal, 2006
94

 Religious Orders Study Alzheimer’s Disease 7.35 (5.8; 9.4) 

>74    

Rockwood, 1996
147

 Canadian Study of Health and Aging Alzheimer’s Disease 3.0 (2.7; 3.4) 

Rockwood, 1995
147

  Any dementia 4.6 (4.2; 5) 

Rockwood, 1996
147

  Vascular dementia 0.9 (0.7; 1.1) 

75-84    

Graham, 1997
148

 Canadian Study of Health and Aging Mild dementia 3.4 (2.4; 4.4) 

Graham, 1997
148

  Moderate dementia 4.6 (3.5; 5.7) 

Graham, 1997
148

  Severe dementia 3.2 (2.2; 4.2) 

>85    

Wikby, 2005
192

 NONA Immune Study Dementia 14.5 (9.6; 21.4) 

Graham, 1997
148

 Canadian Study of Health and Aging Mild dementia 7.2 (5.3; 9.1) 

Graham, 1997
148

  Moderate dementia 12.9 (10.5; 15.3) 

Graham, 1997
148

  Severe dementia 14.6 (12.1; 17.1) 

>90    

Kravitz, 2009
52

 The 90+ Study All cause dementia  36.1 (30.1; 42.6) 

 



Appendix E Table 7. Differences in Prevalence of Frailty in Older Persons According to Definition of Frailty 

Common Syndromes in Older Adults  298 Minnesota Evidence-based Practice Center 

Reference Sample Definition of Frailty Mean (95% CI) 

Alameda County Study 

Cigolle, 2009
72

 574 Frail according to functional domain model (>2 domains with deficiencies) 26.0 (22.6; 29.7) 

Beaver Dam Eye Study Cohort 

Klein, 2005
6
 2,515 Frailty markers: gait time, handgrip strength, peak respiratory flow rate, ability to stand from 

a sitting position without using arms, best corrected visual acuity. Mild 1-2 markers, 
moderate 3 markers, severe 4-5 markers 

44.7 (42.8; 46.7) 

Canadian Study of Health and Aging 

Rockwood, 2007
145

 2,305 Frailty index based on; wt loss >10lbs or greater than 5% of body wt, subjective 
exhaustion, impaired walking, Timed Up and Go Test > 19s, abnormal strength on physical 
examination  

16.5 (15.0; 18.1) 

Gutman, 2001
143

 5,987 Rockwood frailty index: 1 - Healthy, 2 - Bladder incontinence, 3 - Mild/moderate frailty, 4 - 
severe frailty 

21.2 (20.2; 22.3) 

3,925 Frail: mild/moderate, severe 8.9 (8.0; 9.8) 

8,914 Frail: mild/moderate, severe 21.2 (20.4; 22.1) 

Cardiovascular Health Study 

Fried, 2001
55

 5,317 3 or more of criteria list 6.9 (6.2; 7.6) 

Walston, 2002
56

 4,735 3 or more of criteria list 6.3 (5.6; 7.0) 

Cigolle, 2009
72

 5,317 Frail according to Biologic Syndrome Model( >3 frailty defining criteria) 7.0 (6.3; 7.7) 

Depression Among Caregivers of Impaired Elders Study 

Tennstedt, 1992
120

 4,185 HRCA vulnerability index 18.9 (17.7; 20.1) 

Effects of Two Exercise Interventions Among Community-residing Older Adults Study 

Dayhott, 1998
121

 84 Frailty measurement based on two measures: WHOAFC and self-reported health status 17.9 (11.1; 27.6) 

Kaiser Permanente Inter-regional Committee on Aging Study 

Brody, 1997
19

 5,810 Eligibility for nursing home placement or long-term placement 14.6 (13.7;15.5) 

National Population Health Survey 

Song, 2010
142

 2,740 Frailty index based on the number of deficits divided by the number of variables considered 
(36). People with nine or more deficits were considered frail. 

22.7 (21.0; 24.3) 

New Haven Older Americans Independence Center Study 

Hardy, 2005
37

 754 Frail: a timed score of greater than 10 seconds on the rapid gait test (i.e., walking back and 
forth over a 10-foot (3.048-m) course as quickly as possible) 

42.7 (39.2; 46.3) 

The Health and Retirement Study 

Cigolle, 2009
72

 11,113 Frail according to at least one model (Functional Domains Model, Burden, or biologic 
syndrome model) 

30.2 (29.4; 31.1) 

Frail according to all three models (Functional Domains Model, Burden, or biologic 
syndrome model) 

3.1 (2.8; 3.4) 

Frail - >2 domains with deficiencies 29.0 (28.2; 29.90 

Frail according to Burden model 15.4 (14.7; 16.1) 

Frail according to functional domain model  20.3 (19.6; 21.1) 

Frail according to biologic syndrome model 10.9 (10.3; 11.5) 

Frail according to an Index of Deficit Accumulation (>0.2) 32.0 (31.1; 32.9) 

Frail according to Biologic Syndrome Model(>3 frailty defining criteria) 11.0 (10.4; 11.6) 

1,657 Frail according to functional domains (weighted for nonresponse  percentages) 21.3 (19.4; 23.3) 



Appendix E Table 7. Differences in Prevalence of Frailty in Older Persons According to Definition of Frailty (continued) 

Common Syndromes in Older Adults  299 Minnesota Evidence-based Practice Center 

Reference Sample Definition of Frailty Mean (95% CI) 

Frail according to Burden model (weighted (weighted for nonresponse  percentages) 14.8 (13.2; 16.6) 

Frail according to Biologic Syndrome Model (weighted (weighted for nonresponse 
percentages) 

13.3 (11.7; 15.0) 

The MOBILIZE (Maintenance of Balance, Independent Living, Intellect, And Zest in the Elderly) Boston Study 

Kiely, 2009
26

 765 Frailty index based on; weight loss >10 pounds or greater than 5% of body weight, 
subjective exhaustion, impaired walking, Timed Up and Go Test >19 seconds, abnormal 
strength on physical examination 

10.0 (8.1; 12.3) 

Cardiovascular Health Study Frailty Index  76.0 (72.8; 78.9) 

 



Appendix E Table 8. Prevalence of Frailty in Older Persons According to Severity 

Common Syndromes in Older Adults  300 Minnesota Evidence-based Practice Center 

Reference Study Definition Prevalence (95% CI) 

Passarino, 
2007

183
 

The European research program 
European Challenge for Healthy 
Aging (ECHA project 
http:/biologia.unical.it/echa/) 

Very frail with no ADL disability (Katz' Index of ADL) 12.5 (7.6; 19.8) 

Very frail with at least one ADL disability (Katz' Index of ADL) 87.5 (80.2; 92.4) 

Very frail with ≥2 diseases 70.8 (61.9; 78.3) 

Gutman, 2001
143

 The Canadian Study of Health and 
Aging 

Severe frailty in males (Rockwood scale with >2 totally dependent 
in transfers or one or more ADLs, incontinent of bowel and 
bladder, diagnosed with dementia) 

4.4 (4; 4.8) 

Severe frailty in females (Rockwood sale with >2 totally dependent 
in transfers or one or more ADLs, incontinent of bowel and 
bladder, diagnosed with dementia) 

5.9 (5.4; 6.4) 

Severe frailty in total sample (Rockwood sale with >2 totally 
dependent in transfers or one or more ADLs, incontinent of bowel 
and bladder, diagnosed with dementia) 

5.3 (4.9; 5.8) 

Mild/moderate frailty in 65-74 age group (Rockwood index that 
includes one of the following: assistance with mobility or one or 
more ADLs, cognitive impairment without dementia, bowel or 
bladder incontinence) 

7.5 (7; 8.1) 

Mild/moderate frailty in 75-84 age group  18.4 (17.6; 19.2) 

Mild/moderate frailty in 85+ age group  34.5 (33.5; 35.5) 

Mild/moderate frailty in total sample  15.9 (15.2; 16.7) 

Severe frailty in 65-74 age group  1.4 (1.2; 1.7) 

Severe frailty in 75-84 age group  6.1 (5.6; 6.6) 

Severe frailty in 85+ age group  14.7 (14; 15.5) 

 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons 

Common Syndromes in Older Adults  301 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Prevalence of Any ADL Disability  

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 ≥1 ADL (5 items) 5.0 4.6 (5.4) Age 65+ 

Fuller-
Thompson, 
2009

3
 

USA American Community 
Survey (US Census) 

2003 202,956 ≥1 ADL (3 items) 5.4 (5.3; 5.5)  

Wiener, 
1990

30
 

USA Survey on Income and 
Program Participation 

1984 5,900 ≥1 ADL (4 items) 5.8 (5.2; 6.4) Age 65+ 

Fuller-
Thompson, 
2009

4
 

USA American Community 
Survey (US Census) 

2000 512,768 ≥1 ADL (3 items) 8.8 (8.8; 8.9)  

Goins, 2007
7
 USA Census Public Use 5%  

Microdata sample 
2000 2,944,75

5 
≥1 ADL (3 items) 9.1%  

Raji, 2004
199

 USA H-EPESE 1993-
2001 

2,731 ≥1 ADL (7 items) 11.0 (9.9; 12.2)  

Bannerman, 
2002

139
 

Australia Australian Longitudinal 
study on aging 

1992-
1994 

1,272 ≥1 ADL (# items not 
specified) 

11.9%  

Chen, 2004
213

 USA Longitudinal Study on 
Aging 

1984 7,512 ≥1 ADL (7 items) 12.1 (11.4; 12.8) Age 70+ 

Corti, 1994
12

 USA EPESE Boston, New 
Haven, Iowa sites 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1987-
1992 

4,116 ≥1 ADL (2 items) 12.2  

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 ≥1 ADL (6 items) 
“Receive help 
performing activity” 

13.9 (13.1; 14.7)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 ≥1 ADL (6 items) 16.0 (15.3; 16.7) Development cohort 

8,009 ≥1 ADL (6 items) 18.0 (17.2; 18.9) Validation cohort 

Hanlon, 
2002

11
 

USA - 
North 
Carolina 

EPESE - New Haven Site 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1989/90 
& 
1992/93 

3,234 ≥1 ADL (5 items) 18.3 (17; 19.7)  

Newman, 
2009

60
 

USA Cardiovascular Health 
Study All Star 

1992-
2006 

1,677 ≥1 ADL (5 items) 25.6%  

Prevalence of Moderate ADL Disability 

Gardener, 
2006

160
 

England ELSA - English 
Longitudinal Study of 
Aging 

2002 5,432 1-2 ADL (6 items) 20.5  

Rakowski, 
1993

214
 

USA Longitudinal Study on 
Aging 

1984 7,469 1-2 ADLs (7 items) 16.1 (15.3; 16.9)  



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  302 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Prevalence of Severe ADL Disability 

Rakowski, 
1993

214
 

USA Longitudinal Study on 
Aging 

1984 7,469 3-4 ADLS (7 items) 6.0 (5.5; 6.6)  

Gardener, 
2006

160
 

England ELSA - English 
Longitudinal Study of 
Aging 

2002 5,432 ≥3 ADLs (6 items) 7.8%  

Rakowski, 
1993

214
 

USA Longitudinal Study on 
Aging 

1984 7,469 5-7 ADLS (7 items) 4.8 (4.3; 5.3)  

Prevalence of Bathing ADL Disability 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1980 535 Bathing 3.9 (2.6; 5.9)  

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 Bathing 4.6 (4.2; 5) Age 65+ 

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Bathing 6.0 (5.6; 6.4) Development cohort 

Albert , 
2006

48
 

USA - NYC SITE Sources of 
Independence in the 
Elderly 

1999-
2001 

361 Bathing 6.7% Total population  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 8,009 Bathing 8.0 (7.4; 8.6) Validation cohort 

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Bathing 
“Receive help 
performing activity” 

8.8 (8.2; 9.5)  

Johnson, 
2000

31
 

USA National Survey on Self-
Care and Aging 

1990- 
1991 

3,485 Bathing 9.0 (8.1; 10)  

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1985 535 Bathing 14.7 (11.9; 18)  

Prevalence of Dressing/Hygeine ADL Disability 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1980 535 Dressing 0.8 (0.3; 2)  

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 Dressing 2.9 (2.6; 3.2) Age 65+ 

Johnson, 
2000

31
 

USA National Survey on Self-
Care and Aging 

1990-
1991 

3,485 Dressing 5.0 (4.3; 5.8)  

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Dressing 
“Receive help 
performing activity” 

7.7 (7.1; 8.3)  



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  303 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Dressing  9.0 (8.5; 9.5) Development cohort 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Hygiene 9.2 Sample Age 73+ 
Mean age 79 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1985 535 Dressing 9.3 (7.1; 12.1)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 8,009 Dressing  11.0 (10.3; 11.7) Validation cohort 

Prevalence of Eating ADL Disability 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1980 533 Eating 0.4 (0.1; 1.5)  

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 Eating 0.7 (0.6; 0.9) Age 65+ 

Johnson, 
2000

31
 

USA National Survey on Self-
Care and Aging 

1990/ 
1991 

3,485 Eating 1.0 (0.7; 1.4)  

Hays, 2005
13

 USA EPESE-Duke Site- 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1992-
1993 

1,920 Eating 1.1 (0.7; 1.7) White women 

1.3 (0.9; 1.9) White men 

1.5 (1; 2.2) Black women 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1985 533 Eating 2.2 (1.2; 3.9)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Eating 3.0 (2.7; 3.3) Development cohort 

8,009 Eating 4.0 (3.6; 4.5) Validation cohort 

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Eating 
“Receive help 
performing activity” 

4.5 (4.1; 5)  

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Eating 7.3 Sample Age 73+ 
Mean age 79 

Prevalence of Toileting ADL Disability 

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 Toileting 2.4 (2.1; 2.7) Age 65+ 

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Toileting 
“Receive help 
performing activity” 

2.5 (2.2; 2.9)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Toileting 5.0 (4.6; 5.4) Development cohort 

8,009 Toileting 6.0 (5.5; 6.5) Validation 
cohort 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  304 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Prevalence of Transferring ADL Disability 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1980 536 Transferring 0.4 (0.1; 1.5)  

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 11,425 Transferring 2.6 (2.3; 2.9) Age 65+ 

5,900 Transferring 2.6 (2.2; 3) Age 65+ 

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Transferring 
“Receive help 
performing activity” 

3.3 (2.9; 3.7)  

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1985 536 Transferring 5.8 (4.1; 8.1)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Transferring 7.0 (6.6; 7.5) Development cohort 

8,009 Transferring 9.0 (8.4; 9.6) Validation cohort 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Transferring 21.1 Sample Age 73+ 
Mean age 79 

Prevalence of Walking ADL Disability 

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1980 535 Walking 0.8 (0.3; 2)  

Tabbarah, 
2001

2
 

USA Survey of Asset and 
Health Dynamics of the 
Oldest Old (AHEAD) 

1994 7,447 Walking 
“Receive help 
performing activity” 

5.9 (5.4; 6.5)  

Jette, 1990
126

 USA Massachusetts Health 
Care Panel Study 
(MHCPS) 

1985 535 Walking 7.7 (5.7; 10.3)  

Lee, 2006
71

 USA Health and Retirement 
Study 

1998 11,701 Walking 11.0 (10.4; 11.6) Development cohort 

8,009 Walking 13.0 (12.3; 13.8) Validation 
cohort 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Walking 20.6 Sample Age 73+ 
Mean age 79 

Prevalence of ADL Disability in Women 

Crimmins, 
1997

86
 

USA Longitudinal Study on 
Aging 

1984 3,081 ≥1 ADL (7 items) 8.1 (7.2; 9.1) Women age 76+ 

1988 2,842 ≥1 ADL (7 items) 9.6 (8.6; 10.7) Women age 76+ 

Fuller-
Thompson, 
2009

4
 

USA American Community 
Survey (US Census) 

2000 512,768 ≥1 ADL (3 items) 10.2 (10.1; 10.2) Women 

Crimmins, 
1997

86
 

USA Longitudinal Study on 
Aging 

1990 2,782 ≥1 ADL (7 items) 10.2 (9.1; 11.4) Women age 76+ 

1986 2,904 ≥1 ADL (7 items) 10.6 (9.5; 11.8) Women age 76+ 

Corti, 1994
12

 USA EPESE Boston, New 1987- 4,116 ≥1 ADL (# items not 13.2 (12.2; 14.3) Women 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  305 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Haven, Iowa sites 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1992 specified) 

Bannerman, 
2002

139
 

Australia Australian Longitudinal 
study on aging 

1992-
1994 

1,272 ≥1 ADL (# items not 
specified) 

14.0 (12.2; 16)  

Newman, 
2009

60
 

USA Cardiovascular Health 
Study All Stars 

1992-
2006 

1,677 ≥1 ADL (5 items) 24.7 (22.7; 26.8) Women age 85-88 

24.8 (22.8; 26.9) Women age ≤82 

27.3 (25.2; 29.5) Women age 83-84 

29.4% 
27.3 
31.6 

Women age 89+ 

Gardener, 
2006

160
 

England ELSA - English 
Longitudinal Study of 
Aging 

2002 5432 1-2 ADLs (6 items) 21.7 All women 

1-2 ADLs (6 items) 33.0 (31.8; 34.3) Women age ≥80 

1-2 ADLs (6 items) 18.0 (17; 19) Women age 65-79 

≥3 ADLs (6 items) 7.0% All women 

≥3 ADLs (6 items) 10.0 (9.2; 10.8) Women age ≥80 

≥3 ADLs (6 items) 6.0 (5.4; 6.7) Women age 65-79 

Albert, 2006
48

 USA - NYC SITE Sources of 
Independence in the 
Elderly 

1999-
2001 

361 Bathing 6.9 (4.7; 10) Women age <75 

7.7 All women 

8.0 (5.6; 11.3) Women age ≥75 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Dressing/grooming 17.1 (15.2; 19.2) Sample Age 73+ 
Mean age 79 
Women 

Hays, 2005
13

 USA EPESE-Duke Site- 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1992-
1993 

1,920 Eating 1.1 (0.7; 1.7) White women 

1.2 All women 

1.5 (1; 2.2) Black women 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Eating 11.8 (10.2; 13.6) Sample Age 73+ 
Mean age 79 
Women 

Hygiene 12.8 (11.1; 14.7) Sample Age 73+ 
Mean age 79 
Women 

Transferring 27.6 (25.3; 30) Sample Age 73+ 
Mean age 79 
Women 

Walking 27.3 (25; 29.7) Sample Age 73+ 
Mean age 79 
Women 

Prevalence of ADL Disability in Men 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  306 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Crimmins, 
1997

86
 

USA Longitudinal Study on 
Aging 

1984 3,081 ≥1 ADL (7 items) 6.1 (5.3; 7) Men age 76+ 

1986 2,904 ≥1 ADL (7 items) 6.5 (5.7; 7.5) Men age 76+ 

Fuller-
Thompson, 
2009

4
 

USA American Community 
Survey (US Census) 

2000 512,768 ≥1 ADL (3 items) 7.1 (7; 7.1) Men 

Crimmins, 
1997

86
 

USA Longitudinal Study on 
Aging 

1990 2,782 ≥1 ADL (7 items) 7.5 (6.6; 8.5) Men age 76+ 

1988 2,842 ≥1 ADL (7 items) 7.9 (7; 9) Men age 76+ 

Bannerman, 
2002

139
 

Australia Australian Longitudinal 
study on aging 

1992-
1994 

1,272 ≥1 ADL (# items not 
specified) 

10.0 (8.5; 11.8)  

Corti, 1994
12

 USA EPESE Boston, New 
Haven, Iowa sites 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1987-
1992 

4,116 ≥1 ADL (2 items) 10.3 (9.4; 11.3) Men 

Newman, 
2009

60
 

USA Cardiovascular Health 
Study All Stars 

1992-
2006 

1,677 ≥1 ADL (5 items) 12.8% 
11.3 
14.5 

Men age 83-84 

16.7 (15; 18.6) Men age ≤82 

22.8 (20.9; 24.9) Men age 85-88 

23.7 (21.7; 25.8) Men age 89+ 

Gardener, 
2006

160
 

England ELSA - English 
Longitudinal Study of 
Aging 

2002 5,432 1-2 ADL (6 items) 19.1 All men 

1-2 ADL (6 items) 28.0 (26.8; 29.2) Men age ≥80 

1-2 ADL (6 items) 17.0 (16; 18) Men age 65-79 

3+ ADLs (6 items) 7.0 All men 

3+ ADLs (6 items) 11.0 (10.2; 11.9) Men age ≥80 

3+ ADLs (6 items) 6.0 (5.4; 6.7) Men age 65-79 

Albert , 
2006

48
 

USA - NYC SITE Sources of 
Independence in the 
Elderly 

1999-
2001 

361 Bathing 0.0 (0; 2.2) Men age <75 

4.4 Sample age 73+ 
Mean age 79 
All men 

6.7 (4.5; 9.80) Men age ≥75 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Dressing/grooming 13.2 (11.5; 15.1) Sample age 73+ 
Mean age 79  
men 

Hays, 2005
13

 USA EPESE-Duke Site- 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1992-
1993 

1,920 Eating .60 Black men 

1.2 All men 

1.3 (0.9; 1.9) White men 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1,348 Eating 6.0 (4.9; 7.4) Sample age 73+ 
Mean age 79 
Men 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  307 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

Hygiene 8.1 (6.8; 9.7) Sample age 73+ 
Mean age 79 
Men 

Transferring 19.2 (17.2; 21.4) Men 

Walking 18.6 (16.6; 20.8) Sample age 73+ 
Mean age 79  
Men 

Prevalence of ADL Disability by Ethnicity 

Fuller-
Thompson, 
2009

3
 

USA American Community 
Survey (US Census) 

2003 202,956 ≥1 ADL (3 items) 7.5 (7.4; 7.6) Black men age 65-74 

4.7 (4.6; 4.8) White men age 65-74 

10.7 (10.6; 10.8) Black women age 65-
74 

5.2% (5.1; 5.3) White women age 65-
74 

Goins, 2007
7
 USA Census Public Use 5%  

Microdata sample 
2000 2,944,75

5 
≥1 ADL (3 items) 13.6 (13.6; 13.6) African American 

11.6 (11.6; 11.6) American Indian 

8.7 (8.7; 8.7) White 

Hays, 2005
13

 USA EPESE-Duke Site- 
Established Populations 
for Epidemiologic Studies 
of the Elderly 

1992-
1993 

1,920 Eating .60 Black  men 

1.1 (0.7; 1.7) White men 

1.2 Black men & women 

1.2 White men & women 

1.3 (0.9; 1.9) White  women 

1.5 (1; 2.2) Black  women 

Prevalence of ADL Disability by Age 

Newman, 
2009

60
 

USA Cardiovascular Health 
Study All Star 

1992-
2006 

1,677 ≥1 ADL (5 items) 16.7 (15; 18.6) Men age ≤82 

12.8 (11.3; 14.5) Men age 83-84  

22.8 (20.9; 24.9) Men age 85-88 

23.7 (21.7; 25.8) Men age 89+ 

24.8 (22.8; 26.9) Women age ≤82 

27.3 (25.2; 29.5) Women age 83-84 

24.7 (22.7; 26.8) Women age 85-88 

29.4 (27.3; 31.6) Women age 89+ 

Gardener, 
2006

160
 

England ELSA - English 
Longitudinal Study of 
Aging 

2002 5,432 1-2 ADLs (6 items) 33.0 (31.8; 34.3) Women age ≥80 

1-2 ADLs (6 items) 18.0 (17; 19) Women age 65-79 

1-2 ADL (6 items) 28.0 (26.8; 29.2) Men age ≥80 

1-2 ADL (6 items) 17.0 (16; 18) Men age 65-79 

≥3 ADLs (6 items) 10.0 (9.2; 10.8) Women age ≥80 

≥3 ADLs (6 items) 6.0 (5.4; 6.7) Women age 65-79 

≥3 ADLs (6 items) 11.0(10.2; 11.9) Men age ≥80 

≥3 ADLs (6 items) 6.0 (5.4; 6.7) Men age 65-79 

Albert , USA - NYC SITE Sources of 1999- 361 Bathing 0.0 (0; 2.2) Men age <75 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  308 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

2006
48

 Independence in the 
Elderly 

2001 

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 7,054 Bathing 2.5 (2.2; 2.9) Age 65-74 

11,425 Bathing 4.6(4.2; 5) Age 65+ 

Albert , 
2006

48
 

USA - NYC SITE Sources of 
Independence in the 
Elderly 

1999-
2001 

361 Bathing 6.7 (4.5; 9.8) Men age ≥75 

6.9 (4.7; 10) Women age < 75 

8.0 (5.6; 11.3) Women age ≥75 

Wiener, 
1990

30
 

USA National Health Interview 
Survey, Supplement on 
Aging 

1984 7,054 Dressing 1.8 (1.5; 2.1) Age 65-74 

11,425 Dressing 2.9 (2.6; 3.2) Age 65+ 

7,054 Eating 0.4 (0.3; 0.6) Age 65-74 

11,425 Eating 0.7 (0.6; 0.9) Age 65+ 

7,054 Toileting 1.3 (1.1; 1.6) Age 65-74 

11,425 Toileting 2.4 (2.1; 2.7) Age 65+ 

7,054 Transferring 1.5 (1.2; 1.8) Age 65-74 

11,425 Transferring 2.6 (2.3; 2.9) Age 65+ 

ADL Disability in Frail Population 

Wiener, 
1990

30
 

USA National Long-Term Care 
Survey 

1982 17,658 ≥1 ADL (5 items) 7.8 (7.4; 8.2) Age 65+ 

1982 17,658 ADL bathing 6.3 (6; 6.7) Age 65+ 

1982 10,439 ADL bathing 4.0 (3.6; 4.4) Age 65-74 

1982 17,658 Bathing 6.3 (6; 6.7) Age 65+ 

1982 17,658 Dressing 4.2 (3.9; 4.5) Age 65+ 

1982 17,658 Eating 2.5 (2.3; 2.7) Age 65+ 

1982 17,658 Toileting 3.4 (3.1; 3.7) Age 65+ 

1982 17,658 Transferring 4.2 (3.9; 4.5) Age 65+ 

1984 12,687 ≥1 ADL (5 items) 4.9 (4.5; 5.3) Age 65+ 

1984 19,720 ADL bathing 6.3 (6; 6.6) Age 65+ 

1984 12,687 ADL bathing 3.8 (3.5; 4.1) Age 65-74 

1984 19,720 Bathing 6.3 (6; 6.6) Age 65+ 

1984 19,720 Dressing 4.0 (3.7; 4.3) Age 65+ 

1984 19,720 Eating 2.3 (2.1; 2.5) Age 65+ 

1984 19,720 Toileting 3.3 (3.1; 3.6) Age 65+ 

1984 19,720 Transferring 4.0 (3.7; 4.3) Age 65+ 

Carey, 
2008

129
 

USA PACE Program of All-
Inclusive Care for the 
Elderly 

1988-
1996 

2,232 ≥3 ADLs (6 items) 50.0 (47.9; 52.1) Frail group 
development cohort 

1,667 ≥3 ADLs (6 items) 52.0 (49.6; 54.4) Frail group validation 
cohort 

1,667 Bathing 86.4 (84.7; 88) Validation cohort 

2,232 Bathing 81.7 (80; 83.2) Development cohort 

1,667 Dressing 69.8 (67.6; 72) Validation cohort 

2,232 Dressing 62.6 (60.6; 64.6) Development cohort 



Appendix E Table 9. Prevalence of ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  309 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 Prevalence (95% CI) Sub-Population 

2,232 Eating 21.4 (19.7; 23.2) Development cohort 

1,667 Eating 28.9 (26.8; 31.1 Validation 
cohort 

2,232 Finances 58.1 (56.00; 60.10) Development cohort 

1,667 Finances 68.5 (66.20; 70.70) Validation cohort 

2,232 Heavy chores 94.6 (93.60; 95.50) Development cohort 

1,667 Heavy chores 97.0 (96.10; 97.70) Validation cohort 

2,232 Housework 79.3 (77.60; 80.90) Development cohort 

1,667 Housework 74.8 (72.70; 76.80) Validation cohort 

2,232 Laundry 83.0 (81.40; 84.50) Development cohort 

1,667 Laundry 85.6 (83.80; 87.20) Validation cohort 

2,232 Meal prep 74.8 (73.00; 76.60) Development cohort 

1,667 Meal prep 65.7 (63.40; 67.90) Validation cohort 

2,232 Medication 
management 

37.3 (35.30; 39.30) Development cohort 

1,667 Medication 
management 

39.0 (36.70; 41.40) Validation cohort 

2,232 Shopping 83.2 (81.60; 84.70) Development cohort 

1,667 Shopping 85.9 (84.10; 87.50) Validation cohort 

2,232 Toileting 46.3 (44.2; 48.4) Development cohort 

1,667 Toileting 45.9 (43.5; 48.3) Validation cohort 

1,667 Transferring 39.8 (37.5; 42.2) Validation cohort 

2,232 Transferring 45.6 (43.5; 47.7) Development cohort 

2,232 Transportation 79.6 (77.90; 81.20) Development cohort 

1,667 Transportation 74.2 (72.00; 76.20) Validation cohort 

1,667 Walking 42.0 (39.7; 44.4) Validation cohort 

2,232 Walking 53.6 (51.5; 55.7) Development cohort 

Gill, 2008
43

 USA - New 
Haven CT 

Precipitating Events 
Project 

1998-
2004 

491 ≥1 ADL (4 items) 31.2 (27.3; 35.4)  

 



Appendix E Table 10. Prevalence of Instrumental ADL Disability in Older Persons 

Common Syndromes in Older Adults  310 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 
Prevalence  

(95% CI) 
Sub-Groups 

Prevalence of Any IADL Disability 

Lee, 2006
71

 USA Health and Retirement Study 1998 11,701 ≥1 IADL (5 items) 12.0 (11.40; 12.60) Development  
cohort 

8,009 ≥1 IADL (5 items) 16.0 (15.20; 16.80) Validation 
cohort 

Ganguli, 
2002

85
 

USA  Monongahela Valley Independent Elders 
Survey 

1987-
1999 

1,064 1-3 IADL (# items 
not specified 
OARS) 

23.8 (21.30; 26.50)  

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 ≥1 IADL (5 items) 
“Need help 
performing 
activity” 

26.5 (25.50; 27.50)  

Chen, 2004
213

 USA Longitudinal Study on Aging 1984 7,512 ≥1 IADL (6 items) 26.90 (25.90; 
27.90) 

 

Hanlon, 2002
11

 USA EPESE - New Haven Site Established 
Populations for Epidemiologic Studies of 
the Elderly 

1989/90 
&  
1992/93 

3,234 ≥1 IADL (3 items) 35.5 (33.90; 37.20)  

Espino, 
2006

200
 

USA H-EPESE Hispanic Established 
Populations for Epidemiologic Studies of 
the Elderly 

1993-
2001 

3,050 ≥1 IADL (# items 
not specified) 

46.7 (44.90; 48.50)  

Prevalence of Moderate IADL Disability 

Rolland, 
2006

165
 

France EPIDOS Epidemiologie de l'osteoporose 
study 

1992-
1998 

7,250 2 IADL (8 items) 7.2 (6.60; 7.80)  

7,250 1 IADL (8 items) 15.1 (14.30; 15.90)  

Rakowski, 
1993

214
 

USA Longitudinal Study on Aging 1984 7,474 1-2 IADL (6 items) 21.3 (20.40; 22.20)  

Johnson, 
2000

31
 

USA National Survey on Self-Care and Aging 1990/1991 3,485 ≥2 IADL (6 items) 31.0 (29.50; 32.60)  

Prevalence of Severe IADL Disability 

Rakowski, 
1993

214
 

USA Longitudinal Study on Aging 1984 7,474 5-6 IADL (6 items) 4.5 (4.00; 5.00)  

Ganguli, 
2002

85
 

USA - 
Washington 
& 
Westmorel
and 
Counties in 
PA 

Monongahela Valley Independent Elders 
Survey 

1987-
1999 

1,064 ≥4 IADL (# items 
not specified 
OARS) 

5.7 (4.50; 7.30)  

Rakowski, 
1993

214
 

USA Longitudinal Study on Aging 1984 7474 3-4 IADL (6 items) 6.2 (5.70; 6.80)  

Rolland, 
2006

165
 

France EPIDOS Epidemiologie de l'osteoporose 
study 

1992-
1998 

7250 ≥3 IADL (8 items) 8.5 (7.90; 9.20)  

Kiely, 2009
26

 USA MOBILIZE (Maintenance of Balance, Not 765 3-4 IADL (3 items) 21.2 (18.40; 24.20)  



Appendix E Table 10. Prevalence of Instrumental ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  311 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 
Prevalence  

(95% CI) 
Sub-Groups 

Independent Living, Intellect, and Zest in 
the Elderly) Boston Study (MBS) 

reported 

Prevalence of Finance IADL Disability 

Lee, 2006
71

 USA Health and Retirement Study 1998 11701 Finances 8.0 (7.50; 8.50) Development 
cohort 

8009 Finances 9.0 (8.40; 9.60) Validation 
cohort 

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 Finances 
“Need help 
performing 
activity” 

17.9 (17.00; 18.80)  

Jette, 1990
126

 USA Massachusetts Health Care Panel Study 
(MHCPS) 

1980 523 Finances 19.3 (16.10; 22.90)  

1985 523 Finances 36.7 (32.70; 40.90)  

Prevalence of Housekeeping IADL Disability 

Jette, 1990
126

 USA Massachusetts Health Care Panel Study 
(MHCPS) 

1980 500 Housekeeping 35.8 (31.70; 40.10)  

1985 500 Housekeeping 48.0 (43.60; 52.40)  

Albert , 2006
48

 USA - NYC SITE Sources of Independence in the 
Elderly 

1999-
2001 

361 Housekeeping 7.5  

Prevalence of Meal Preparation IADL Disability 

Hays, 2005
13

 USA EPESE-Duke Site- Established Populations 
for Epidemiologic Studies of the Elderly 

1992-
1993 

1920 Meal prep 10.1  

Lee, 2006
71

 USA Health and Retirement Study 1998 11701 Meal prep 10.0 (9.50; 10.60) Development 
cohort 

8009 Meal prep 12.0 (11.30; 12.70) Validation 
cohort 

Jette, 1990
126

 USA Massachusetts Health Care Panel Study 
(MHCPS) 

1980 530 Meal prep 32.4 (28.50; 36.50)  

1985 530 Meal prep 34.1 (30.20; 38.20)  

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 Meal prep 
“Need help 
performing 
activity” 

7.1 (6.50; 7.70)  

Prevalence of Medication IADL Disability 

Lee, 2006
71

 USA Health and Retirement Study 1998 11701 Medication 
management 

3.0 (2.70; 3.30) Development 
cohort 

8009 Medication 
management 

3.0 (2.60; 3.40) Validation 
cohort 

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 Medication 
management 
“Need help 
performing 
activity” 

4.7 (4.20; 5.20)  



Appendix E Table 10. Prevalence of Instrumental ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  312 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 
Prevalence  

(95% CI) 
Sub-Groups 

Prevalence of Shopping IADL Disability 

Hays, 2005
13

 USA EPESE-Duke Site- Established Populations 
for Epidemiologic Studies of the Elderly 

1992-
1993 

1920 Shopping 13.8  

Lee, 2006
71

 USA Health and Retirement Study 1998 11701 Shopping 11.0 (10.40; 11.60) Development 
cohort 

8009 Shopping 14.0 (13.30; 14.80) Validation 
cohort 

Jette, 1990
126

 USA Massachusetts Health Care Panel Study 
(MHCPS) 

1980 522 Shopping 32.9 (29.00; 37.00)  

1985 522 Shopping 41.3 (37.10; 45.60)  

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 Shopping 
“Need help 
performing 
activity” 

14.6 (13.80; 15.40)  

Prevalence of Telephone IADL Disability 

Lee, 2006
71

 USA Health and Retirement Study 1998 11701 Telephone 4.0 (3.70; 4.40) Development 
cohort 

8009 Telephone 6.0 (5.50; 6.50) Validation 
cohort 

Tabbarah, 
2001

2
 

USA Survey of Asset and Health Dynamics of 
the Oldest Old (AHEAD) 

1994 7,447 Telephone 
“Need help 
performing 
activity” 

4.5 (4.10; 5.00)  

Prevalence of Transportation IADL Disability 

Jette, 1990
126

 USA Massachusetts Health Care Panel Study 
(MHCPS) 

1980 513 Driving 54.3 (50.00; 58.60)  

1985 513 Driving 67.6 (63.40; 71.50)  

Prevalence of IADL Disability by Frailty Status 

Cawthon, 
2007

28
 

USA MROS - Osteoporotic Fractures in Men 
Study 

2000- 
2002 

5993 ≥1 IADL (3 items) 7.4 (6.80; 8.10) Robust 

19.6 (18.60; 20.60) Pre-frail   

55.7 (54.40; 57.00) Frail 

Gender Difference 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1348 Chore 40.1 (37.50; 42.70) Sample Age 
73+ 
Mean age 79 

Crimmins, 
1997

86
 

USA Longitudinal Study on Aging 1984 3081 ≥1 IADL (6 items) 12.7 (11.60; 13.90) Women  
age 76+ 

1986 2904 ≥1 IADL (6 items) 12.6 (11.40; 13.90) Women  
age 76+ 

1988 2842 ≥1 IADL (6 items) 12.8 (11.60; 14.10) Women  
age 76+ 

1990 2782 ≥1 IADL (6 items) 11.6 (10.50; 12.80) Women  
age 76+ 



Appendix E Table 10. Prevalence of Instrumental ADL Disability in Older Persons (continued) 

Common Syndromes in Older Adults  313 Minnesota Evidence-based Practice Center 

Reference Country Study 
Year of 
Study 

Sample 
Size 

Disability Type 2 
Prevalence  

(95% CI) 
Sub-Groups 

Murtogh, 
2004

215
 

USA Alumni Health Study 1999 1348 Chore 23.6 (21.40; 25.90) Sample Age 
73+ 
Mean age 79 

Crimmins, 
1997

86
 

USA Longitudinal Study on Aging 1984 3081 ≥1 IADL (6 items) 9.2 (8.20; 10.30) Men age 76+ 

1986 2904 ≥1 IADL (6 items) 12.5 (11.30; 13.80) Men age 76+ 

1988 2842 ≥1 IADL (6 items) 11.2 (10.10; 12.40) Men age 76+ 

1990 2782 ≥1 IADL (6 items) 10.7 (9.60; 11.90) Men age 76+ 

Albert , 2006
48

 USA - NYC SITE Sources of Independence in the 
Elderly 

1999-
2001 

361 Housekeeping 2.6 (1.40; 4.90) Men age <75 

5.3 (3.40; 8.10) Men age ≥75 

8.3 (5.90; 11.60) Women age <75 

Hays, 2005
13

 USA EPESE-Duke Site- Established Populations 
for Epidemiologic Studies of the Elderly 

1992-
1993 

1920 Meal prep 10.2 Women 

Meal prep 9.8 Men 

Meal prep 11.9 (10.50; 13.40) Black women 

Meal prep 7.5 (6.40; 8.80) White women 

Meal prep 9.7 (8.50; 11.10) Black men 

Meal prep 10.9 (9.60; 12.40) White men 

Shopping 10.4 Women 

Shopping 20.5 Men 

Shopping 24.8 (22.90; 26.80) Black women 

Shopping 15.6 (14.00; 17.30) White women 

Shopping 12.1 (10.70; 13.60) Black men 

Shopping 8.3 (7.10; 9.60) White men 

Albert , 2006
48

 USA - NYC SITE Sources of Independence in the Elderly 1999-2001 361 Housekeeping 9.1 (6.50; 12.50) Women age ≥75 

Racial Difference 

Hays, 2005
13

 USA EPESE-Duke Site- Established Populations 
for Epidemiologic Studies of the Elderly 

1992-
1993 

1920 Meal prep 10.4 Black 

Meal prep 9.7 White 

Meal prep 11.9 (10.50; 13.40) Black women 

Meal prep 7.5 (6.40; 8.80) White women 

Meal prep 9.7 (8.50; 11.10) Black men 

Meal prep 10.9 (9.60; 12.40) White men 

Shopping 16.2 Black 

Shopping 10.9 White 

Shopping 24.8 (22.90; 26.80) Black women 

Shopping 15.6 (14.00; 17.30) White women 

Shopping 12.1 (10.70; 13.60) Black men 

Shopping 8.3 (7.10; 9.60) White men 

 



Appendix E Table 11. Prevalence of Malnutrition in Older Persons Defined as Low Albumin Level, Low BMI, or Unintentional Weight 
Loss 

Common Syndromes in Older Adults  314 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup 

Prevalence 
(95% CI) 

Albumin         

Onder, 2003 
184

 Italian Group of 
Pharmacoepidemiology in the 
Elderly (GIFA) 

Italy 6984 >65 Total Serum albumin 
level <35 g/L   

  38.1 (37.0; 39.3) 

Martin, 2007
138

 Veterans Administrative  (VA) 
outpatient clinics 

USA 130 >65 Total Serum albumin 
<35 g/L   

BMI <24 
kg/m2 

3.1 (1.2; 7.9) 

Lesourd, 
1996

216
 

SENECA: Survey in Europe 
on Nutrition and the Elderly, a 
Concerted Action 

8 European 
countries 

1701 >73 Male Albumin <35g/l  1.8 (1.3; 2.6) 

Female Albumin <30g/l  0.2 (0.1; 0.6) 

Male Albumin <35g/l  2.5 (1.9; 3.4) 

Female Albumin <30g/l  0.7 (0.4; 1.2) 

Anemia         

Lesourd, 
1996

216
 

SENECA: Survey in Europe 
on Nutrition and the Elderly, a 
Concerted Action 

8 European 
countries 

1701 >73 Male Anemia, WHO 
criteria <130g/L 

 5.6 (4.6; 6.8) 

Female Anemia, WHO 
criteria <120g/L 

 5.5 (4.5; 6.7) 

Male Anemia, 
NHANES II 
criteria <126g/L 

 4.1 (3.3; 5.2) 

Female Anemia, 
NHANES II 
criteria <117g/L 

 4.2 (3.3; 5.3) 

Dallman, 
1984

217
 

Second National Health and 
Nutrition Examination Survey  
(NHANES II, 1976 to 1980) 

USA 1013 >65 Male Anemia,  126g/L  4.4 (3.3; 5.9) 

1013 >65 Male Anemia,  126g/L Caucasian 4.5 (3.4; 6.0) 

1682 >65 Female Anemia,  117g/L  3.9 (3.1; 4.9) 

1682 >65 Female Anemia,  117g/L Caucasian 3.5 (2.7; 4.5) 

Body mass index, kg/m2 

Onder, 2003
184

 Italian Group of 
Pharmacoepidemiology in the 
Elderly (GIFA) 

Italy 6984 >65 Total BMI < 18.5   5.8 (5.3; 6.4) 

Shannon, 
2007

29
 

Osteoporotic Fractures in 
Men (MrOS) 

USA 5928 >65 Male BMI<20  1.0 (0.8; 1.3) 

Stookey, 2004
8
 Duke Established Populations 

for Epidemiologic Studies of 
the Elderly 

USA 705 >70 Total BMI< 18.5  2.3 (1.4; 3.7) 

Marshall, 
1999

132
 

San Luis Valley Health and 
Aging Study 

USA 1,006 >65 Male BMI<22 Hispanic 10.4 (8.7; 12.4)* 

USA 1,006 >65 Male BMI<22 non Hispanic 5.9 (4.6; 7.5)* 

USA 1,006 >65 Female BMI<22 Hispanic 9.8 (8.1; 11.8)* 

USA 1,006 >65 Female BMI<22 non Hispanic 13.0 (11.1; 15.2)* 

Martin, 2007
138

 Veterans Administrative  (VA) 
outpatient clinics 

USA 130 >65 Total BMI <19   15.0 (9.8; 22.2) 

Ledikwe, Geisinger Rural Aging Study  USA 179 >65 Total BMI <18.5  0.0 (0.0; 4.3) 



Appendix E Table 11. Prevalence of Malnutrition in Older Persons Defined as Low Albumin Level, Low BMI, or Unintentional Weight 
Loss (continued) 

Common Syndromes in Older Adults  315 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup 

Prevalence 
(95% CI) 

2004
68

 (GRAS) 

Cesari, 2004
176

 InCHIANTI Italy 1020 >65 Total BMI<20  1.8 (1.1; 2.8) 

de Groot, 
2004

189
 

Survey in Europe on Nutrition 
and the Elderly: a Concerted 
Action (SENECA) 

Europe 989 >65 Female BMI<20  10  (8.3;12) 

Men BMI<20 
 

0.1  (0;0.8) 

Weight  loss         

Beck, 1999
157

 Danish part of the ‘Survey in 
Europe of Nutrition in the 
Elderly, a Concerted Action’ 
(SENECA) 

Denmark 202 >73 Total Weight loss 
>5%  

High 
Nutritional 
risk, NSI 
Score >6 

21.0 (15.9; 27.2) 

Weight loss 
>5%  

Risk of 
malnutrition by  
MNA 17–23.5 

58.0 (51.1; 64.6) 

Newman, 
2001

64
 

Cardiovascular Study 
Research Group 

USA 4718 >65 Male Weight  loss of 
5% in a 3-year 

 16.2 (15.2; 17.3) 

Male Weight loss of 
10% in a 3-year 

 4.1 (3.6; 4.7) 

Female Weight loss of 
5% in a 3-year 

 18.7 (17.6; 19.8) 

Female Weight loss of 
10% in a 3-year 

 6.3 (5.6; 7.0) 

Kulminski, 
2008

62
 

Cardiovascular Health Study USA 4721 >65  Weight loss 
(component of 
Phenotypic 
Frailty Index) 

 4.5 (3.9;5.1) 

Marshall, 
1999

132
 

San Luis Valley Health and 
Aging Study 

USA 1,006 >65 Male Weight  loss 
>10% in 6 
months 

Hispanic 6.6 (5.2; 8.3)* 

Male Weight  loss 
>10% in 6 
months 

Non Hispanic 7.2 (5.8; 9.0)* 

Female Weight  loss 
>10% in 6 
months 

Hispanic 8.3 (6.7; 10.2)* 

Female Weight  loss 
>10% in 6 
months 

Non Hispanic 8.9 (7.3; 10.8)* 

Ensrud, 2009
51

 The Osteoporotic Fractures in 
Men Research Group 

USA 3132 >65 Male Weight loss  19.6 (18.2;21) 

Graham, 
2009

202
 

Hispanic Established 
Population for the 
Epidemiological Study of the 

USA 1996 >65 Total Weight loss Hispanic 18.8 (17.1;20.6) 



Appendix E Table 11. Prevalence of Malnutrition in Older Persons Defined as Low Albumin Level, Low BMI, or Unintentional Weight 
Loss (continued) 

Common Syndromes in Older Adults  316 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup 

Prevalence 
(95% CI) 

Elderly 

Syddall, 
2010

206
 

Hertfordshire Cohort Study UK 638 >65 Male Weight loss  
(>10 pounds 
over the past 
year) 

 5.3 (3.8;7.3) 

Female   3.5 (2.3;5.2) 

 

*age adjusted prevalence 
 



Appendix E Table 12. Prevalence of Malnutrition in Older Persons Defined as Micronutrients Deficit 

Common Syndromes in Older Adults  317 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Subgroup Definition 

Prevalence 
(95% CI) 

Patel, 2010
46

 NHANES III USA 4,198 >65 Total  Folate deficient 6.4 (5.7; 7.2) 

Women’s Health and 
Aging Study I 

USA 742 >70 Total  Folate deficient 1.0 (0.5; 2.0) 

InCHIANTI USA 1,036 >65 Total  Folate deficient 18.2 (16.0; 20.7) 

NHANES III USA 4,198 >65 Total  Iron deficient 5.6 (4.9; 6.3) 

Women’s Health and 
Aging Study I 

USA 742 >70 Total  Iron deficient 2.6 (1.7; 4.0) 

InCHIANTI USA 1,036 >65 Total  Iron deficient 6.1 (4.8; 7.7) 

NHANES III USA 4,198 >65 Total  Vitamin B12 deficient 5.4 (4.8; 6.1) 

Women’s Health and 
Aging Study I 

USA 742 >70 Total  Vitamin B12 deficient 6.6 (5.0; 8.6) 

InCHIANTI USA 1,036 >65 Total  Vitamin B12 deficient 11.7 (9.9; 13.8) 

Visser, 2006
196

 Longitudinal Aging 
Study Amsterdam  
(1995–1996) 

The Netherlands 1260 >65 Total  Vitamin D deficiency [25 
(OH)D < 25 nmol/L] 

10.1 (8.6; 11.9) 

 >65 Total  Vitamin D insufficiency 
[25 (OH)D 25–49.9 
nmol/L] 

36.7 (34.1; 39.4) 

Johnson, 2008
93

 Older Americans Act 
Nutrition Program 
(OAANP) in northeast 
Georgia 

USA 158 >65 Total  Vitamin D insufficiency  
(25 (OH)D 25- 
<50nmol/l) 

36.7 (29.6; 44.5) 

Total  Vitamin D deficiency 8.2 (4.8; 13.6) 

Male  Vitamin D deficiency 10.0 (6.2; 15.7) 

Female  Vitamin D deficiency 8.0 (4.7; 13.4) 

Total Caucasian Vitamin D deficiency 8.0 (4.7; 13.4) 

Total African 
American 

Vitamin D deficiency 8.0 (4.7; 13.4) 

 



Appendix E Table 13. Prevalence of Malnutrition in Older Persons Using Composite Nutritional Score 

Common Syndromes in Older Adults  318 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup Prevalence (95% CI) 

High nutritional risk 

de Groot, 1998
218

 SENECA: Survey 
in Europe on 
Nutrition and the 
Elderly, a 
Concerted Action 

8 European 
countries 

1701 >73 Total High risk by 
Nutritional 
Health 
Checklist 

 48.0 (45.6; 50.4) 

Marshall, 1999
132

 San Luis Valley 
Health and Aging 
Study 

USA 1,006 >65 Male High  risk by 
Nutritional 
Health 
Checklist 

Hispanic 19.1 (16.8; 21.6)* 

Male Non Hispanic 14.0 (12.0; 16.3)* 

Female Hispanic 30.0 (27.2; 32.9)* 

Female Non Hispanic 17.0 (14.8; 19.4)* 

Beck, 1999
157

 Danish part of 
‘Survey in Europe 
of Nutrition in the 
Elderly, a 
Concerted Action’  
(SENECA) 

Denmark 202 >73 Total High risk by 
Nutritional 
Health 
Checklist 

 19.3 (14.4; 25.3) 

Yap, 2007
191

 Singapore 
Longitudinal 
Aging Study, 
SLAS 

Singapore 1407 65-74 
years 

Total High risk score 
(>3) 

 33.1 (30.7; 35.6) 

75+ 
years 

Total 40.9 (38.4; 43.5) 

Weatherspoon, 
2004

92
 

Nutrition 
Screening 
Initiative 

USA 324 >60 Total High risk score Rural 29.0 (24.3; 34.2) 

 Total Urban 33.0 (28.1; 38.3) 

 Male  24.0 (19.7; 29.0) 

 Female  34.0 (29.0; 39.3) 

60-64 Total 60-64 21.0 (16.9; 25.8) 

65-74 Total 65-74 46.0 (40.6; 51.5) 

75-84 Total 75-84 25.0 (20.6; 30.0) 

>85 Total >85 31.0 (26.2; 36.2) 

>60 Total Caucasian 24.0 (19.7; 29.0) 

>60 Total African American 38.0 (32.9; 43.4) 

>60 Total Others/Hispanics 34.0 (29.0; 39.3) 

High risk nutritional score by health perception 

 Weatherspoon, 
2004

92
 

 USA 324 >60 Total  Health perception: 
Excellent 

16.0 (12.4; 20.4) 

>60 Total Health perception: 
Good 

22.0 (17.8; 26.8) 

>60 Total Health perception: Fair 44.0 (38.7; 49.5) 

>60 Total Health perception: Poor 53.0 (47.6; 58.4) 

Moderate risk nutritional score 

de Groot, 1998
218

 SENECA: Survey 
in Europe on 

8 European 
countries 

1701 >73 Total Moderate risk 
by Nutritional 

 41.0 (38.7; 43.4) 



Appendix E Table 13. Prevalence of Malnutrition in Older Persons Using Composite Nutritional Score (continued) 

Common Syndromes in Older Adults  319 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup Prevalence (95% CI) 

Nutrition and the 
Elderly, a 
Concerted Action 

Health 
Checklist 

Beck, 1999
157

 Danish part of 
‘Survey in Europe 
of Nutrition in the 
Elderly, a 
Concerted Action’  
(SENECA) 

Denmark 202 >73 Total   51.0 (44.1; 57.8) 

Weatherspoon, 
200

92
 

Nutrition 
Screening 
Initiative 

USA 324 >60 Total Moderate risk l 
score 

 60.0 (54.6; 65.2) 

 Total  39.0 (33.8; 44.4) 

 Male  57.0 (51.5; 62.3) 

 Female  42.0 (36.7; 47.4) 

60-64 Total 60-64 50.0 (44.6; 55.4) 

65-74 Total 65-74 43.0 (37.7; 48.5) 

75-84 Total 75-84 51.0 (45.6; 56.4) 

>85 Total >85 39.0 (33.8; 44.4) 

>60 Total Caucasian 47.0 (41.6; 52.4) 

>60 Total African American 48.0 (42.6; 53.4) 

>60 Total Others/Hispanics 42.0 (36.7; 47.4) 

Moderate risk nutritional score by health perception 

Weatherspoon, 
200

92
 

   >60 Total  Health perception: 
Excellent 

49.0 (43.6; 54.4) 

>60 Total Health perception: 
Good 

50.0 (44.6; 55.4) 

>60 Total Health perception: Fair  40.0 (34.8; 45.4) 

>60 Total Health perception: Poor 38.0 (32.9; 43.4) 

Risk of malnutrition 

de Groot, 1998
218

 SENECA: Survey 
in Europe on 
Nutrition and the 
Elderly, a 
Concerted Action 

8 European 
countries 

1701 >73 Total Risk of 
malnutrition by  
The Mini 
Nutritional 
Assessment 

 44.0 (41.7; 46.4) 

Malnutrition by 
The Mini 
Nutritional 
Assessment 

1.0 (0.6; 1.6) 



Appendix E Table 13. Prevalence of Malnutrition in Older Persons Using Composite Nutritional Score (continued) 

Common Syndromes in Older Adults  320 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

size 
Age Gender Definition Subgroup Prevalence (95% CI) 

Beck, 1999
157

 Danish part of 
‘Survey in 
Europe of 
Nutrition in the 
Elderly, a 
Concerted 
Action’  
(SENECA) 

Denmark 202 >73 Total Risk of 
malnutrition by  
The Mini 
Nutritional 
Assessment 

 21.6 (16.5; 27.8) 

Visvanathan, 
2003

141
 

Domiciliary care 
services for 
elderly people 
with moderate or 
severe functional 
limitations 

Australia 250 >67 Total Risk of 
malnutrition 

Moderate or severe 
functional limitations 

38.4 (32.6; 44.6) 

Visvanathan, 
2003

141
 

Domiciliary care 
services for 
elderly people 
with moderate or 
severe functional 
limitations 

Australia 250 >67 Total Malnutrition  4.8 (2.7; 8.3) 



Appendix E Table 14. Prevalence of Impaired Homeostasis in Older Persons 

Common Syndromes in Older Adults  321 Minnesota Evidence-based Practice Center 

Reference Study Measure of Impaired Homeostasis Sample Definition Prevalence (95% CI) 

Nelson, 
2007

219
 

National Health 
and Nutrition 
Examination 
Surveys (NHANES) 
1999–2000 and 
2001–2002 

Allostatic load score (0-10) for high-risk systolic 
blood pressure (>138 mm Hg), diastolic blood 
pressure (>81 mm Hg, BMI 31.2 kg/m2), 
hemoglobin A1C >5.6%, albumin <4.47 g/dL, 
creatinine clearance <78.5 mL/min/1.73 m2, 
triglycerides >189.5 mg/dL, C-reactive protein 
>0.49 mg/dL, homocysteine >10.1 mmol/L, and 
total cholesterol >233.9 mg/dL. 

5,083 Allostatic load score >4 1.4 (1.1; 1.8) 

Stookey, 
2004

8
 

Duke Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

Plasma tonicity was estimated from plasma 
glucose, sodium, and potassium measures and 
used to classify subjects as normo- (285–294 
mOsm/L) or hypertonic (>300 mOsm/L) 

705 hypertonic plasma, 
>300 mOsm/L 

10 (8; 12.4) 

 



Appendix E Figure 1. Prevalence of Biomarkers of Chronic Inflammation in Older Persons
58,76,192 

Common Syndromes in Older Adults  322 Minnesota Evidence-based Practice Center 

 

Inverted CD4/CD8 ratio 

 NONA Immune Study 

NONA Immune Study, in frail 

CRP >3 mg/L 

Cardiovascular Health Study 

IL-6 >6.8 pg/ml 

Health, Aging, and Body Composition (Health ABC) Study 

TNF-alpha >6.1 pg/ml 

Health, Aging, and Body Composition (Health ABC) Study 

Study 

15.30 (10.20, 22.30) 

18.40 (12.80, 25.80) 

24.40 (23.30, 25.50) 

5.00 (4.30, 5.80) 

5.00 (4.30, 5.80) 

Prevalence (95% CI) 

15.30 (10.20, 22.30) 

18.40 (12.80, 25.80) 

24.40 (23.30, 25.50) 

5.00 (4.30, 5.80) 

5.00 (4.30, 5.80) 

  
1 1 30 



Appendix E Table 15. Prevalence of Cognitive Impairment in Older Men According to Age and Measurement 

Common Syndromes in Older Adults  323 Minnesota Evidence-based Practice Center 

Reference Study Method Prevalence (95% CI) 

>65     

Newman, 2009
60

 Cardiovascular Health Study All Stars Study 3MSE 36.0 (33.7; 38.3) 

Helmer, 1999
166

 PAQUID (Personnes Agees QUID) Research Program MMSE 16.9 (15.7; 18.1) 

No author listed, 
2001

152
 

Canadian Study of Health and Aging (CSHA) 3MSE 16.0 (15.3; 16.8) 

65-74     

Graham, 1997
148

 Canadian Study of Health and Aging 3MSE 16.1 (12.6; 19.6) 

>70     

Pratt, 2008
220

 Health and Retirement Survey (HRS) TICS 5.2 (4.4; 6.2) 

>75      

Rait, 2005
208

 Medical Research Council (MRC) Trial of the Assessment and Management 
of Older People in the Community 

MMSE 2.4 (1.9; 3.0) 

75-79      

Pratt, 2008
220

 Cardiovascular Health Study TICS 15.4 (14.6; 16.3) 

Rait, 2005
208

 Medical Research Council (MRC) Trial of the Assessment and Management 
of Older People in the Community 

MMSE 1.4 (1.0; 2.0) 

75-84     

Graham, 1997
148

 Canadian Study of Health and Aging 3MSE 29.5 (25.6; 33.4) 

80-84     

Pratt, 2008
220

 Cardiovascular Health Study TICS 33.3 (32.2; 34.4) 

<82     

Newman, 2009
60

 Cardiovascular Health Study All Stars Study 3MSE 10.8 (9.4; 12.4) 

80-84     

Rait, 2005
208

 Medical Research Council (MRC) Trial of the Assessment and Management 
of Older People in the Community 

MMSE  2.5 (1.8; 3.6) 

80-85 SENECA study    

Pearson, 2001
221

 Hamme, Belgium  MMSE 31.0 (27.5; 34.7) 

Pearson, 2001
221

 Denmark MMSE 10.0 (7.9; 12.6) 

Pearson, 2001
221

 Haguenau, France MMSE 4.0 (2.7; 5.8) 

Pearson, 2001
221

 Romans, France MMSE 10.0 (7.9; 12.6) 

Pearson, 2001
221

 Italy MMSE 10.0 (7.9; 12.6) 

Pearson, 2001
221

 The Netherlands  MMSE 4.0 (2.7; 5.8) 

Pearson, 2001
221

 Portugal MMSE 27.0 (23.7; 30.6) 

Pearson, 2001
221

 Spain MMSE 15.0 (12.4; 18.0) 

Pearson, 2001
221

 Switzerland MMSE 9.0 (7.0; 11.5) 

Pearson, 2001
221

 Poland MMSE 20.0 (17.1; 23.3) 

Pearson, 2001
221

 SENECA study, total sample MMSE 14.0 (11.5; 16.9) 

83-84     

Newman, 2009
60

 Cardiovascular Health Study All Stars Study 3MSE 9.2 (7.9; 10.7) 

>85     

Pratt, 2008
220

 Cardiovascular Health Study TICS 42.9 (41.7; 44.1) 

Graham, 1997
148

 Canadian Study of Health and Aging 3MSE 35.8 (29.5; 42.1) 



Appendix E Table 15. Prevalence of Cognitive Impairment in Older Men According to Age and Measurement (continued) 

Common Syndromes in Older Adults  324 Minnesota Evidence-based Practice Center 

Reference Study Method Prevalence (95% CI) 

85-88     

Newman, 2009
60

 Cardiovascular Health Study All Stars Study 3MSE 9.1 (7.8; 10.6) 

Rait, 2005
208

 Medical Research Council (MRC) Trial of the Assessment and Management 
of Older People in the Community 

MMSE 4.4 (3.0; 6.4) 

>89     

Newman, 2009
60

 Cardiovascular Health Study All Stars Study 3MSE 14.9 (13.3; 16.7) 

Rait, 2005
208

 Medical Research Council (MRC) Trial of the Assessment and Management 
of Older People in the Community 

MMSE 10.3 (6.4; 16.2) 

 
TICS=Telephone Interview of Cognitive Status; MMSE=Mini-Mental State Examination; 3MSE=Modified Mini-Mental Status Examination. 



Appendix E Table E16. Association Between Cognitive and Behavioral Factors and Dementia in Healthy Older Persons
222,223 

Common Syndromes in Older Adults  325 Minnesota Evidence-based Practice Center 

Study Reference Comparison Groups Sample Size Predictors of Dementia 

Demographic and cognitive factors 

Bronx Aging Study Masur, 1994
224

 Normal vs. dementia n=317 Selective Reminding Test delayed recall, Fuld Object 
Memory Test recall, category fluency, Wechsler Adult 
Intelligence Scale Digit Symbol 

Prospective 
epidemiologic study 
of dementia 

Jacobs, 1995
225

 Normal vs. Alzheimer’s 
Disease 

n=443 Gender (female), Boston Naming Test, Wechsler Adult 
Intelligence Scale-Revised Similarities, Selective 
Reminding Test immediate recall. 

Framingham Study Linn, 1995
226

 Normal vs. Alzheimer’s 
Disease 

n=1,045 Wechsler Memory Scale logical memory and Paired 
Associate Learning (but not Similarities or letter  fluency), 
Digit Span(Alzheimer’s Disease scoring higher) 

Random sample of 
nondemented 
persons aged 75 
years and older 

Braekhus, 1995
227

 Normal vs. dementia n=215 MMSE score of 24 or 25 (predictive at 3 years but not at 6 
years) 

Amsterdam Study 
of the Elderly 
(AMSTEL) 

Schmand, 1996
228

 Normal vs. dementia n=203 Age and Cambridge Mental Disorders in the Elderly 
Examination Cognitive subtest memory subscale 

Bronx Aging Study Crystal, 1996
229

 Normal vs. Alzheimer’s 
Disease (Autopsy) 

n=22 Greater rate of decline on neuropsychological tests 

Canadian Study of 
Health and Aging 
(CSHA) 

O'Rourke, 1997
230

 Nondemented vs. dementia n=59 Deficits on one or more subsets of the Clock Test 

Small, 1997
231

 Nondemented vs. dementia n=205 MMSE, word recall (organized list), face recognition test, 
letter fluency/Clock Test 

Fox, 1998
232

 Nondemented with familial 
history vs. Alzheimer’s 
Disease 

n=63 Recognition Memory Test-Words 

Katzman, 1989
233

 Normal vs. dementia n=406 Age, gender (female), and baseline score on the Blessed 
Information Memory Concentration 

Fuld, 1990
234

 Normal vs. dementia n=474 Fuld Object Memory Test immediate recall 

Masur, 1990
235

  n=422 Selective Reminding Test sum of recall and delayed recall 

Tuokko, 1991
236

 Nondemented vs. 
Alzheimer’s Disease 

n=45 Free recall from Buschke's cued recall paradigm 

Flicker, 1991
237

 Global Deterioration Scale 
≤3 vs. Global Deterioration 
Scale>4 

n=32 Memory (visual, verbal)receptive language 

Flicker, 1993
238

 Global Deterioration 
Scale<=2 vs. Global 
Deterioration Scale>3 

n=50 Memory measures, object function recall  

Behavioral risk factors    

 Physical activity    

Cardiovascular 
Risk Factors, Aging 

Kivipelto, 2008
239

 Sedentary (<2 times/ week) 
vs. Active (≥2) 

n=1,449 Sedentary life style increased dementia and Alzheimer’s 
Disease 
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Common Syndromes in Older Adults  326 Minnesota Evidence-based Practice Center 

Study Reference Comparison Groups Sample Size Predictors of Dementia 

and Dementia 
Study (CAIDE) 

Honolulu-Asia 
Aging Study 
(HAAS) 

Taafe, 2008
240

 Moderate (gardening, 
carpentry) vs. high (lifting, 
shoveling) 

n=2,263 men Moderate and high usual 24-hour activity levels reduced 
Alzheimer’s Disease but not vascular dementia 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Rovio, 2007
241

 Occupational physical 
activity vs. total daily 
commuting physical activity 

n=1,449 No association 

Adult Changes in 
Thought Study 
(ACT) 

Larson, 2006
242

 ≥3 times/week n=1,619 Regular exercise reduced dementia but not Alzheimer’s 
Disease 

Dubbo Study Simons, 2006
243

 Walking, gardening n=2,805 Walking, gardening in men reduced dementia 

Cardiovascular 
Health Cognition 
Study (CHCS) 

Podewils, 2005
244

  n=3,375 >4 activities in the past two weeks reduced dementia and 
Alzheimer’s Disease but not vascular Alzheimer’s Disease 

Whitehall II Singh-Manoux, 2005
245

 High level (≥2.5 hours/ week 
of moderate or ≥1 hour/week 
of vigorous activity) vs. low 
level (<2 hours/week of 
moderate, <1 hour/ week of 
vigorous activity) 

n=6.236 Low weekly activity increased dementia and Alzheimer’s 
Disease 

Honolulu-Asia 
Aging Study 
(HAAS) 

Abbott, 2004
246

 Distance walked/day n=1,495 Walking <0.25miles /day increased risk of dementia and 
Alzheimer’s Disease but not vascular Alzheimer’s Disease 

Nurses' Health 
Study 

Weuve, 2004
247

 Leisure time activity vs. 
Metabolic Equivalent-
hours/week 

n=16,466 High energy expenditure associated with better cognitive 
function 

 Smoking   Risk Factor 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Kivipelto, 2008
239

 Ever vs. never n=1,449 Smoking was associated with increased risk of dementia 
and Alzheimer’s Disease in apoEᵋ4 carriers 

Rotterdam Study Reitz, 2007
248

 Current vs. past vs. never 
vs. pack years 

n=6,868 Smoking was associated with increased risk of dementia 
and Alzheimer’s Disease but not vascular dementia 

Honolulu Heart 
Program (HHP), 
Honolulu-Asia 
Aging Study 
(HAAS) 

Tyas, 2003
249

 Current vs. past vs. never 
vs. pack years [Light (≤26.7) 
vs. medium (>26.7-40.5) vs. 
heavy (>40.5-55.5) vs. very 
heavy (>55.5-156) 

n=3,734 Smoking was associated with increased risk of dementia 
but not vascular dementia 

Rotterdam Study Ott, 1998
250

 Current vs. past vs. never n=6,870 Smoking was associated with increased risk of dementia 
but not vascular dementia 
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Study Reference Comparison Groups Sample Size Predictors of Dementia 

 Alcohol drinking   Risk Factor 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Kivipelto, 2008
239

 Frequent (≥once/month) vs. 
infrequent (<once/month) 
vs. never 

n=1,449 Frequent alcohol drinking in apoEᵋ4 carriers 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Ngandu, 2007
251

 Frequent (≥once/month) vs. 
infrequent (<once/month) 
vs. never 

n=1,341 Non drinkers had poorer cognitive performance 

Kame Project Dai, 2006
252

 Wine (sake)1-2 times/week 
vs. <once/week 

n=1,589 No association 

Dubbo Study Simons, 2006
243

 Drinks/week n=2,805 8-28 drinks/week vs. non reduced risk of dementia 

Monongahela 
Valley Independent 
Elders Survey 
(MoVIES) 

Ganguli, 2005
253

 None vs. minimal 
(≤once/month) vs. moderate 
(>once/month) 

n=1,098 Alcohol drinking 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Anttila, 2004
254

 Frequent (several 
times/month) vs. infrequent 
(<once/month) vs. never 

n=1,018 Lesser decline in cognitive function in minimal and 
moderate drinkers 

Washington 
Heights-Inwood 
Columbia Aging 
Project (WHICAP) 

Luchsinger, 2004
255

 Beer, liquor, wine none vs. 
light (1 serving/month - 6 
servings/week) vs. 
moderate (1-3 servings/day 
vs. heavy (>3 servings/day) 

n=980 Light-moderate wine drinking reduced risk of dementia 

Framingham Heart 
Study (FHS) 

Elias, 1999
256

 Mean oz/week n=1,940 Better cognitive functions in light drinkers 

 Obesity    

Kaiser Permanente Whitemer, 2007
257

 Underweight (<18.5) vs. 
normal (18.5-24.9) vs. 
overweight (25-29.9) vs. 
obese (≥30) 

n=10,136 Over weight and obesity increased risk of dementia, 
vascular dementia, and Alzheimer’s Disease 

Framingham Heart 
Study (FHS) 

Elias, 2005
258

 Non-obese (normal: 18.5-
24.9, overweight: 25-29.9) 
vs. obese (>30) 

n=2,000 Obese men had worse cognitive function 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Kivipelto, 2005
259

 Normal (≤25) vs. overweight 
(25-30) vs. obese (>30) 

n=1,449 No association 

Multifactor Primary 
Prevention Study 
(MPPS) 

Rosengren, 2005
260

 20-22.4 (reference) vs. 25-
27.4 vs. 27.5-29.9 vs. ≥30 

n=7,402 Dose response positive association with dementia 
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Study Reference Comparison Groups Sample Size Predictors of Dementia 

Göteborg Gustafson, 2003
261

 Continuous n=382 Dose response positive association with dementia and 
Alzheimer’s Disease in women (36% for additional 1 
kg/m2 after 70 years of age) 

Adult Health Study 
(AHS) 

Yamada, 2003
262

 Continuous n=1,774 No association 

 Dietary factors    

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Eskelinen, 2008
263

 Fat intake from milk, sour 
milk, and spreads 
(saturated fatty acids, 
polyunsaturated fatty acids, 
monounsaturated fatty 
acids), fish (≥2/week vs. <2/ 
week) 

n=1,449 High saturated fatty acids intake was associated with mild 
cognitive impairment 

Cardiovascular 
Risk Factors Aging 
and Dementia 
Study (CAIDE) 

Kivipelto, 2008
239

 Polyunsaturated fatty acids, 
saturated fatty acids (g/day) 
from spreads 

n=1,449 High saturated fatty acids intake was associated with mild 
cognitive impairment in apoEᵋ 4 carriers 

Conselice Study of 
Brain Ageing 
(CSBA) 

Ravaglia, 2008
264

 Mediterranean diet score (0-
10) 

n=615 Dose response reduction in dementia by increase 
tocopherols (plasma) 

Kame Project Dai, 2006
252

 Fruit & vegetable juices, 
Vitamin E, Vitamin C,  -
carotene 

n=1,589 Negative association with juice, no association with tea, 
Vitamin E,C, beta-carotene 

Cardiovascular 
Risk Factors, Aging 
and Dementia 
Study (CAIDE) 

Laitenen, 2006
265

 Fat intake from milk, sour 
milk, and spreads 
(Polyunsaturated fatty 
acids, Saturated fatty acids, 
Monounsaturated fatty 
acids) 

n=1,449 High polyunsaturated fatty acid intake reduced risk of 
dementia, high saturated fatty acid intakes increased risk 
of Alzheimer’s Disease 

Chicago Health and 
Aging Project 
(CHAP) 

Morris, 2006
266

 Vegetables, fruits 
(servings/day) 

n=3,718 Slower cognitive decline after vegetables, no association 
with fruits 

Cardiovascular 
Health Cognition 
Study (CHCS) 

Huang, 2005
267

 Fish Servings/week n=2,233 High intake reduced dementia and Alzheimer’s Disease 

Chicago Health and 
Aging Project 
(CHAP) 

Morris, 2005
268

 Fish Servings/week n=3,718 Fish reduced speed of cognitive decline 

Conselice Study of 
Brain Ageing 
(CSBA) 

Ravaglia, 2005
269

 Folate, Vitamin B12  (serum) n=816 Low folate increased risk of dementia 

Honolulu-Asia Laurin, 2004
270

 β- carotene (μg/day), n=2,459 No association 
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Study Reference Comparison Groups Sample Size Predictors of Dementia 

Aging Study 
(HAAS) 

flavonoids, Vitamin E, 
Vitamin C (mg/day) 

Chicago Health and 
Aging Project 
(CHAP) 

Morris, 2004
271

 Niacin (mg/day) n=3,718 Niacin administration  slowed cognitive decline 

Nurses' Health 
Study 

Grodstein, 2003
272

 Vitamin E, Vitamin C 
(mg/day) 

n=14,968 Better cognitive function with higher intake 

Washington 
Heights-Inwood 
Columbia Aging 
Project (WHICAP) 

Luchsinger, 2003
273

 Carotenes (IU/day), Vitamin 
C (mg/day), Vitamin E 
(IU/day)  

n=980 No association 

Rotterdam Study Englehart, 2002
274

 β-carotene, flavonoids, 
Vitamin C, Vitamin E 
(mg/day) 

n=5,395 Vitamin E reduced risk of Alzheimer’s Disease 

Canadian Study of 
Health and Aging 
(CSHA) 

Maxwell, 2002
275

 Folate (serum) n=369 No association 

 
BIMC=Blessed Information Memory Concentration; FOME=Fuld Object Memory Test; CLT=California Verbal Learning Test; MMSE=Mini-Mental State 
Examination; MDRS=Mattis Dementia Rating Scale; WAIS=Wechsler Adult Intelligence Scale; WMS-R=Wechsler Memory Scale-Revised; LM=logical memory; 
SRT=Selective Reminding Test; BNT=Boston Naming Test; WAIS-R=Wechsler Adult Intelligence Scale-Revised; WMS=Wechsler Memory Scale; PAL=Paired 
Associate Learning; CAMCOG=Cambridge Mental Disorders in the Elderly Examination Cognitive subtest; FH=familial history of AD. 
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Reference Inclusion Criteria Sample Size 
Followup, 

Years 
% Developing Dementia 

O’Connor, 1990
277

 Cambridge Mental Disorders in the Elderly 
Examination rating of minimal dementia; age 75 
years; excluded: none 

44 community-dwelling 
volunteers recruited from a 
general medical practice 

1.1 years 20.7% progressed to Cambridge Mental 
Disorders in the Elderly Examination 
mild or moderate dementia (6/29) 

Petersen, 1995
278

 Clinical Dementia Rating = 0.5; cognitive 
complaint reported by the individual, informant or 
physician; normal score on cognitive screening 
measures; performance >1.5 SDs below age 
appropriate levels on measures of memory; 
excluded: persons with dementia using DSM-III-R 
criteria 

66 individuals from the Mayo 
Clinic Alzheimer’s Disease 
Center and Alzheimer’s 
Disease Patient Registry 

1.5 years 24.2% progressed to probable 
Alzheimer’s Disease (16/66) 

Tierney, 1996
279

 Global Deterioration Scale = 2 or 3; MMSE 24 or 
DRS 123; 3 or more months of symptomatic 
memory problems that interfered with daily 
functioning; excluded: persons with dementia 
using DSM-III-R criteria and persons with 
neurologic, psychiatric, and medical disorders 

123 individuals referred by a 
family physician for memory 
problems 

2.0 years 23.6% progressed to probable 
Alzheimer’s Disease (29/123) 

Johansson, 
1997

280
 

Mild impairment on cognitive measures and age 
between 84 and 90 years; excluded: persons with 
dementia using DSM-III-R criteria 

70 persons from a population-
based sample in Sweden of 
the oldest-old 

2.0 years 50.0% progressed to dementia (25/50) 

Johnson, 1998
281

 Clinical Dementia Rating = 0.5; excluded: persons 
with history of significant head trauma, neurologic 
disorder, psychiatric disorder, major medical 
disease, or use of medication with psychoactive 
properties 

45 volunteers recruited 
primarily through the print 
media 

2.0 years 40.0% progressed to probable 
Alzheimer’s Disease (18/45) 

Flicker, 1991
237

 Global Deterioration Scale = 3; excluded: persons 
with past or current neurologic, psychiatric, or 
medical disorders 

32 memory-clinic patients 2.1 years 71.9% progressed to Global 
Deterioration Scale 4 (23/32) 

Devanand, 
1997

282
 

Clinical Dementia Rating = 0 or 0.5; age >40, 
impairment present between 6 months and 10 
years; evidence of cognitive impairment on clinical 
or neuropsychological evaluation; modified Mini 
Mental Status score >30, excluded: persons with 
dementia using DSM-III-R criteria, current thought 
or affective disorder, recent electroconvulsive 
therapy, current or recent substance dependence, 
stroke, and current medications that affect 
cognition, mental retardation, or neurologic 
conditions 

127 memory-clinic outpatients 
including persons with prior 
history of major affective 
disorder, substance abuse, 
and small vascular subcortical 
lesions 

2.5 years 41.3% progressed to dementia (31/75) 

Jack, 1999
283

 Clinical Dementia Rating = 0.5; age 60 to 89 
years; memory complaint by patient or collateral 
source; normal general cognitive function; normal 
ADLs; objective memory impairment with 

80 persons from the Mayo 
Clinic Alzheimer’s Disease 
Center and Alzheimer’s 
Disease Patient Registry 

2.7 years 33.8% progressed to probable 
Alzheimer’s Disease (27/80) 
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Common Syndromes in Older Adults  331 Minnesota Evidence-based Practice Center 

Reference Inclusion Criteria Sample Size 
Followup, 

Years 
% Developing Dementia 

performance >1.5 SDs below age- and education 
appropriate levels; excluded: persons with 
dementia using DSM-III-R criteria and National 
Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer’s Disease 
and Related Disorders Association criteria for 
probable Alzheimer’s Disease 

Herlitz, 1997
284

 Impaired cognitive test performance and age 75 
years; excluded: persons with dementia using 
DSM-III-R criteria 

22 community-dwelling 
individuals 

3.0 years 71.4% progressed to dementia (10/14) 

Christensen, 
1997

285
 

History of cerebral dysfunction or presence of a 
physical disorder known to cause cerebral 
dysfunction; cognitive dysfunction reported by self 
or informant; abnormality on cognitive measures 
(i.e., >1.5 SDs below average); excluded: persons 
with drinking problems, DSM-III-R delirium or 
amnestic syndromes, and International 
Classification of Diseases- 10

th
 edition dementia or 

probable dementia 

36 community-dwelling 
volunteers 

3.6 years 12.0% progressed to dementia (3/25) 

Clarke, 1996
286

 Clifton Assessment Procedures for the Elderly 
Information/ Orientation score = 8 or 9; age 65 
years 

24 elderly individuals recruited 
from a representative 
community sample 

4.0 years 100% evidenced ‘‘cognitive decline’’ 
(6/6) 

Bowen, 1997
287

 Isolated memory loss presumably based upon 
neuropsychological test performance (no specific 
criteria provided); excluded: persons with 
dementia using DSMIII- R criteria 

25 persons with complaints of 
cognitive impairment from an 
Alzheimer’s Disease registry 

4.0 years 47.6% progressed to dementia (10/21) 

Johansson, 
1997

280
 

Mild impairment on cognitive measures and age 
between 84 and 90 years; excluded: persons with 
dementia using DSM-III-R criteria 

31 individuals with stable ‘‘mild 
dysfunction’’ in second wave of 
the study 

4.0 years 43.8% progressed to dementia (7/16) 

Petersen, 1995
278

 Clinical Dementia Rating = 0.5; cognitive complaint 
reported by the individual, informant or physician; 
normal score on cognitive screening measures; 
performance >1.5 SDs below age appropriate levels 
on measures of memory; excluded: persons with 
dementia using DSM-III-R criteria 

66 individuals from the Mayo 
Clinic Alzheimer’s Disease 
Center and Alzheimer’s 
Disease Patient Registry 

Every 1.5 
years 

37.9% progressed to probable 
Alzheimer’s Disease (25/66) 

Rubin, 1989
288

 Clinical Dementia Rating = 0.5; age 64 and 81 
years; excluded: persons with neurological, 
psychiatric, and serious medical disorders 

16 community-dwelling 
volunteers recruited through 
public ads and physician 
referrals 

5.4 years 68.8% progressed to Clinical Dementia 
Rating = 1 or autopsy confirmed 
Alzheimer’s Disease (7/16) 
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Common Syndromes in Older Adults  332 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Exposure 
Type of 

Estimate 
Mean (95% CI) 

 Alzheimer's Disease     

Heun, 2006
174

 Case control study: patients with 
Alzheimer's disease and 
population based control subjects 
group-matched to the patient 
sample for age, gender, and 
educational background 

Adjusted for duration of 
individual followup and source 
of information during the 
followup investigation (i.e., 
.personal interview vs. family 
history information only) 

Cognitive impairment, MMSE OR 2.51 (1.08l 5.81 

Aggarwal, 
2005

289
 

Religious Orders Study Adjusted for age, sex, and 
education 

Cognitive impairment, MMSE RR 2.45 (1.53; 3.92)  

Jessen, 
2010

172
 

German Study on Aging, 
Cognition and Dementia in 
Primary Care Patients Study 
Group 

Adjusted for age, sex, 
education, baseline SISCO 
score, Geriatric Depression 
Scale score, and ApoE4 
genotype 

Subjective memory 
impairment, no mild cognitive 
impairment 

OR 3.44 (0.97; 12.16) 

Subjective memory 
impairment + mild cognitive 
impairment, MMSE 

OR 19.33 (5.29; 70.81) 

Amnestic cognitive 
impairment (SISCO + MMSE) 

OR 60.28 (12.23; 297.1) 

Nonamnestic cognitive 
impairment, MMSE 

OR 13.8 (3.53; 53.99) 

 Any dementia     

Jessen, 
2010

172
 

German Study on Aging, 
Cognition and Dementia in 
Primary Care Patients Study 
Group 

Adjusted for age, sex, 
education, baseline SISCO 
score, Geriatric Depression 
Scale score, and ApoE4 
genotype. 

Subjective memory 
impairment, no mild cognitive 
impairment 

OR 2.22 (0.97; 4.97) 

Subjective memory 
impairment + mild cognitive 
impairment (MMSE) 

OR 8.92 (3.69; 21.6) 

Amnestic cognitive 
impairment (SISCO + MMSE) 

OR 29.24 (8.75; 97.78) 

 Vascular dementia     

Jessen, 
2010

172
 

German Study on Aging, 
Cognition and Dementia in 
Primary Care Patients Study 
Group 

Adjusted for age, sex, 
education, baseline SISCO 
score, Geriatric Depression 
Scale score, and ApoE4 
genotype. 

Subjective memory 
impairment, no mild cognitive 
impairment 

OR 1.64 (0.41; 6.53) 

Subjective memory 
impairment + mild cognitive 
impairment (MMSE) 

OR 1.05 (0.1; 11.08) 

   Nonamnestic cognitive 
impairment 

OR 6.26 (2.41; 16.28 
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Author, year Comparison Groups Sample Size Predictors of Dementia 

Rubin, 1989
288

 Clinical dementia 
rating=0.5 vs. Clinical 
dementia rating>=1 

n=16 None (including Blessed, Short Portable Mental Status Questionnaire, aphasia battery) 

Petersen, 1993
290

 MCCI (stable) vs. 
Alzheimer’s Disease 

n=73 Selective Reminding Test learning and semantic cues 

Haenninen, 1995
291

 Age associated 
memory impairment 
vs. dementia 

n=176 Memory(Selective Reminding Test, BVRT, Wechsler Memory Scale VR+ Paired 
Associate Learning), and word fluency (letter and category) 

Petersen, 1995
278

 Mild cognitive 
impairment (stable) 
vs. dementia 

n=66 MMSE, Mattis Dementia Rating Scale, Selective Reminding Test learning and 
semantic cues 

Tierney, 1996
292

 Global Deterioration 
Scale-2-3 vs. 
dementia 

n=107 Rey Auditory Verbal Learning Test delayed recall (age- and-education-corrected) 

Tierney, 1996
279

 Global Deterioration 
Scale-2-3 vs. 
dementia 

n=123 Rey Auditory Verbal Learning Test delayed recall and Wechsler Memory Scale Mental 
Control (age-and-education corrected) 

Tierney, 1996
293

 Global Deterioration 
Scale-2-3 vs. 
dementia 

n=120 Rey Auditory Verbal Learning Test, Wechsler Memory Scale Mental Control and 
Informant perceptions (Cambridge Mental Disorders in the Elderly Examination) 

Devanand, 1997
282

 Clinical Dementia 
Rating 0-0.5 vs. 
dementia 

n=62 Wechsler Adult Intelligence Scale-Revised(Digit Symbol, Picture Arrangement, Block 
Design),Selective Reminding Test LRT, category fluency, memory items from modified 
MMSE, age 

Bowen, 1997
287

 Isolated memory loss 
vs. dementia 

n=21 None (including MMSE, Mattis Dementia Rating Scale, Fuld Object Memory Test, 
Boston Naming Test, Wechsler Adult Intelligence Scale- Revised, and Wechsler Adult 
Intelligence Scale Revised Logical Memory I, Logical Memory II, VR I, VR II) 

Johansson, 1997
280

 Mild dysfunction vs. 
dementia 

n=70 Lower baseline scores on more demanding tasks 

Johnson, 1998
281

 Clinical Dementia 
Rating=0.5 vs. 
dementia 

n=45 Single photon emission computed tomography, California Verbal Learning Test, 
Wechsler Memory Scale VR II, Trails B 

Jack, 1999
283

 Mild Cognitive 
Impairment (stable) 
vs. dementia 

n=80 Hippocampal volume (MRI),Mattis Dementia Rating Scale, Selective Reminding Test 
free recall and age(but not APOE, MMSE, Wechsler Memory Scale-Revised, Rey 
Auditory Verbal Learning Test, or letter fluency. 

Flicker, 1991
237

 Global Deterioration 
Scale ≤3 vs. Global 
Deterioration Scale ≥4 

n=32 Shopping list verbal recall, misplaced object recall, object function recognition, and 
object identification 
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Reference Sample Definition of Frailty Mean (95% CI) 

Alameda County Study 

Cigolle, 2009
72

 574 Frail according to functional domain model (>2 domains with deficiencies) 26.0 (22.6; 29.7) 

Beaver Dam Eye Study Cohort 

Klein, 2005
6
 2,515 Frailty markers: gait time, handgrip strength, peak respiratory flow rate, ability to stand from 

a sitting position without using arms, best corrected visual acuity. Mild 1-2 markers, 
moderate 3 markers, severe 4-5 markers 

44.7 (42.8; 46.7) 

Canadian Study of Health and Aging 

Rockwood, 2007
145

 2,305 Frailty index based on; wt loss >10lbs or greater than 5% of body wt, subjective 
exhaustion, impaired walking, Timed Up and Go Test > 19s, abnormal strength on physical 
examination  

16.5 (15.0; 18.1) 

Gutman, 2001
143

 5,987 Rockwood frailty index: 1 - Healthy, 2 - Bladder incontinence, 3 - Mild/moderate frailty, 4 - 
severe frailty 

21.2 (20.2; 22.3) 

3,925 Frail: mild/moderate, severe 8.9 (8.0; 9.8) 

8,914 Frail: mild/moderate, severe 21.2 (20.4; 22.1) 

Cardiovascular Health Study 

Fried, 2001
55

 5,317 3 or more of criteria list 6.9 (6.2; 7.6) 

Walston, 2002
56

 4,735 3 or more of criteria list 6.3 (5.6; 7.0) 

Cigolle, 2009
72

 5,317 Frail according to Biologic Syndrome Model( >3 frailty defining criteria) 7.0 (6.3; 7.7) 

Depression Among Caregivers of Impaired Elders Study 

Tennstedt, 1992
120

 4,185 HRCA vulnerability index 18.9 (17.7; 20.1) 

Effects of Two Exercise Interventions Among Community-residing Older Adults Study 

Dayhott, 1998
121

 84 Frailty measurement based on two measures: WHOAFC and self-reported health status 17.9 (11.1; 27.6) 

Kaiser Permanente Inter-regional Committee on Aging Study 

Brody, 1997
19

 5,810 Eligibility for nursing home placement or long-term placement 14.6 (13.7;15.5) 

National Population Health Survey 

Song, 2010
142

 2,740 Frailty index based on the number of deficits divided by the number of variables considered 
(36). People with nine or more deficits were considered frail. 

22.7 (21.0; 24.3) 

New Haven Older Americans Independence Center Study 

Hardy, 2005
37

 754 Frail: a timed score of greater than 10 seconds on the rapid gait test (i.e., walking back and 
forth over a 10-foot (3.048-m) course as quickly as possible) 

42.7 (39.2; 46.3) 

The Health and Retirement Study 

Cigolle, 2009
72

 11,113 Frail according to at least one model (Functional Domains Model, Burden, or biologic 
syndrome model) 

30.2 (29.4; 31.1) 

Frail according to all three models (Functional Domains Model, Burden, or biologic 
syndrome model) 

3.1 (2.8; 3.4) 

Frail - >2 domains with deficiencies 29.0 (28.2; 29.90 

Frail according to Burden model 15.4 (14.7; 16.1) 

Frail according to functional domain model  20.3 (19.6; 21.1) 

Frail according to biologic syndrome model 10.9 (10.3; 11.5) 

Frail according to an Index of Deficit Accumulation (>0.2) 32.0 (31.1; 32.9) 

Frail according to Biologic Syndrome Model(>3 frailty defining criteria) 11.0 (10.4; 11.6) 

1,657 Frail according to functional domains (weighted for nonresponse  percentages) 21.3 (19.4; 23.3) 



Appendix E Table 20. Differences in Prevalence of Frailty in Older Persons According to Definition of Frailty (continued) 

Common Syndromes in Older Adults  335 Minnesota Evidence-based Practice Center 

Reference Sample Definition of Frailty Mean (95% CI) 

Frail according to Burden model (weighted (weighted for nonresponse  percentages) 14.8 (13.2; 16.6) 

Frail according to Biologic Syndrome Model (weighted (weighted for nonresponse 
percentages) 

13.3 (11.7; 15.0) 

The MOBILIZE (Maintenance of Balance, Independent Living, Intellect, And Zest in the Elderly) Boston Study 

Kiely, 2009
26

 765 Frailty index based on; weight loss >10 pounds or greater than 5% of body weight, 
subjective exhaustion, impaired walking, Timed Up and Go Test >19 seconds, abnormal 
strength on physical examination 

10.0 (8.1; 12.3) 

Cardiovascular Health Study Frailty Index  76.0 (72.8; 78.9) 

 



Appendix E Table 21. Differences in Prevalence of Frailty in Older Persons By Race  

Common Syndromes in Older Adults  336 Minnesota Evidence-based Practice Center 

Reference Study Race Definition Estimate Prevalence (95% CI) 

Accumulation deficit 

Bowles, 2000
123

 Frailty Study of African Americans in 
South Central Los Angeles 

African 
American 

Any of four: functional impairment, 
depression, urinary incontinence, falls 

crude 66.9 (62.7; 70.9) 

Cigolle, 2009
72

 Health and Retirement Study African 
American 

Frail according to Functional 
Domains Model 

* 34.0 (31.7; 36.3) 

African 
American 

Frail according to Burden Model * 20.2 (18.3; 22.2) 

Caucasian  Frail according to Functional 
Domains Model 

* 20.2 (18.3; 22.2) 

Caucasian  Frail according to Burden Model * 14.4 (12.8; 16.2) 

Hispanic Frail according to Functional 
Domains Model 

* 22.3 (20.3; 24.3) 

Hispanic Frail according to Burden Model * 12.8 (11.3; 14.5) 

Phenotype 

Fried, 2001
55

 Cardiovascular Health Study African 
American 

Three or more of criteria list crude 12.9 (12.0; 13.8) 

Fried, 2001
55

 Cardiovascular Health Study Caucasian Three or more of criteria list crude 5.9 (5.3; 6.5) 

Hardy, 2005
37

 New Haven Older Americans 
Independence Center Study 

African 
American 

Rapid gait test >10 seconds crude 54.2 (50.6; 57.7) 

Hardy, 2005
37

 New Haven Older Americans 
Independence Center Study 

Caucasian  Rapid gait test >10 seconds crude 41.5 (38.0; 45.1) 

Ottenbacher, 
2005

204
 

Hispanic Established Populations 
Epidemiologic Studies of the Elderly 

Hispanic Modified Frailty Index: Scale of 0 -4 
for weight loss, exhaustion, walking 
speed, and grip strength 

crude 20.0 (17.0; 23.3) 

Ottenbacher, 
2009

203
 

Hispanic Established Populations 
Epidemiologic Studies of the Elderly 

Hispanic Frailty index based on weight loss, 
exhaustion, walking speed, grip 
strength, and physical activity 

crude 7.6 (6.5; 8.8) 

Cigolle, 2009
72

 Health and Retirement Study African 
American 

Frail according to Biologic Syndrome 
Model 

* 30.0 (27.8; 32.2) 

Cigolle, 2009
72

 Health and Retirement Study Caucasian  Frail according to Biologic Syndrome  
Model 

* 11.8 (10.3; 13.4) 

Cigolle, 2009
72

 Health and Retirement Study Hispanic Frail according to Biologic Syndrome  
Model 

* 15.0 (13.4; 16.9)  

Kiely, 2009
26

 MOBILIZE Caucasian Frailty index based on; weight  loss 
>10 pounds or greater than 5% of 
body weight, subjective exhaustion, 
impaired walking, Timed Up and Go 
Test >19 seconds, abnormal strength 
on physical examination 

crude 8.6 (6.8; 10.8) 

*Weighted percentages were derived using Health and Retirement Study respondent population weights to adjust for differential probability of selection into the 
sample and differential nonresponse 



Appendix E Figure 2. Differences in Prevalence of Nutritional Risk (Defined as a Mini-Nutritional 
Assessment Score of <24) in European Older Persons: SENECA Study

221 

Common Syndromes in Older Adults  337 Minnesota Evidence-based Practice Center 
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Appendix E Table 22. Association Between Micronutrients and Chronic Inflammation in Older Disabled Women: Women’s Health and 
Aging Study I

102 

Common Syndromes in Older Adults  338 Minnesota Evidence-based Practice Center 

Definition of Micronutrient 
Odds Ratio* 

(95% CI) 

Outcome - highest tertile of interleukin-6 level  

a-Carotene (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.65 (0.53; 0.8) 

b-Carotene (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.72 (0.59; 0.87) 

Lycopene (lmol/liter) —one-standard-deviation increase in log-transformed micronutrient level 0.75 (0.63; 0.91) 

Lutein/zeaxanthin (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.72 (0.59; 0.89) 

b-Cryptoxanthin (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.77 (0.63; 0.94) 

Retinol (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.87 (0.72; 1.05) 

a-Tocopherol (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.91 (0.74; 1.11) 

a-Tocopherol:cholesterol ratio (mg/g) — one-standard-deviation increase in log-transformed micronutrient level 1.01 (0.82; 1.24) 

Total carotenoids (lmol/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.65 (0.53; 0.79) 

Selenium (lg/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.65 (0.52; 0.8) 

Zinc (lg/liter) — one-standard-deviation increase in log-transformed micronutrient level 0.99 (0.82; 1.2) 

Outcome - interleukin-6 level increase by >0.5 standard deviation (3.21 pg/ml)  

a-Carotene (lmol/liter) — <0.039 vs. >0.094 7.99 (2.27; 28.21) 

b-Carotene (lmol/liter — <0.23 vs. >0.45 4.09 (1.38; 12.11) 

Lutein/zeaxanthin (lmol/liter) — <0.27 vs. >0.41 5.57 (1.74; 17.8) 

Total carotenoids (lmol/liter) — < 1.17 vs. >1.80 3.98 (1.51; 10.49) 

a-Carotene (lmol/liter) — <0.040 vs. >0.094 1.06 (0.7; 1.59) 

a-Carotene (lmol/liter) — >0.040-0.094  vs. >0.094  1.19 (0.81; 1.74) 

*After controlling for age, race, years of education, smoking status, body mass index, chronic obstructive pulmonary disease, peripheral arterial disease, angina, 
diabetes, physical activity, and incident cardiovascular disease. 
 
Bold=significant association at 95% confidence level. 



Appendix E Table 23. Association Between Multimorbid Conditions and Patient Outcomes in Older Persons 

Common Syndromes in Older Adults  339 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment 
Definition of 

Exposure 
Gender Estimate 

Mean (95% CI  
or P Value) 

Frailty 

Xue, 2008
108

 Women's Health and 
Aging Study I 

599 Adjusted for age, education, and 
race, number of chronic diseases, 
anxiety, personal mastery, 
depression, MMSE score, ADL, 
IADL, and mobility disability at 
baseline 

Number of 
chronic 
diseases 

Women HR 1.06 (1; 1.19) 

Szanton, 
2009

103
 

Women's Health and 
Aging Studies 

728 Adjusted for age, race, and 
education 

Disease count 
(>3) 

Women OR 1.47 (1.3; 1.71) 

Chang, 2010
104

 Women's Health and 
Aging Studies I and II 
and complementary 
cohorts 

620 Crude Total 
inflammatory 
disease count 
(8) 

Women OR 1.84 (1.5; 2.26 

Sarcopenia (aLM/ht2) 

Newman, 
2003

75
 

Health Aging and 
Body Composition 
(Health ABC) Study 

3,075 (analytic 
sample: 2,984) 

Adjusted for age, race, drinking, 
smoking, physical activity, and body 
mass index 

≥3 conditions Men OR 2.8 (1.7; 4.8) 

≥3 conditions Women OR 0.8 (0.4; 1.5) 

Sarcopenia (residual) 

Newman, 
2003

75
 

Health Aging and 
Body Composition 
(Health ABC) Study 

3,075 (analytic 
sample: 2,984) 

Adjusted for age, race, drinking, 
smoking, physical activity 

≥3 conditions Men OR 1.5 (1; 2.3) 

≥3 conditions Women OR 1.1 (0.7; 1.6) 

Mortality 

Xue, 2008
108

 Women's Health And 
Aging Study I 

599 Adjusted for age, education, and 
race, number of chronic diseases, 
anxiety, personal mastery, 
depression, MMSE score, ADL, 
IADL, and mobility disability at 
baseline 

Number of 
chronic 
diseases 

Women HR 1.18 (1; 1.41) 

Seeman, 2004
21

 MacArthur Studies of 
Successful Aging 

657 Adjusted for age, gender, ethnicity Chronic 
conditions, 
comorbidity 

Total OR 1.32 (1.1; 1.62) 

Kelman, 1994
47

 Norwood -Montefiore 
Aging Study (NMAS) 

1,855 Adjusted for age, income, self-
assessed health, receiving social 
support, sex, cognitive impairment, 
education, marital status, 
depression, problems in daily 
activities 

Two or more 
cardiovascular 
conditions vs. 
not in persons 
with mild/ 
moderate 
impairment 

Total RR 1.5 (1.1; 2.18) 

Schultz-Larsen, 
2007

159
 

Glostrup Aging Study 705 Adjusted by sex, income, education, 
individual diseases, weight, and the 
maximal power 

Comorbidity 2-6 
vs. 0-1 at 5-year 
followup  

Total OR 1.6 (1; 2.47) 

10-year followup  Total OR 2 (1.4; 2.82) 



Appendix E Table 23. Association Between Multimorbid Conditions and Patient Outcomes in Older Persons (continued) 

Common Syndromes in Older Adults  340 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment 
Definition of 

Exposure 
Gender Estimate 

Mean (95% CI  
or P Value) 

15-year followup  Total OR 1.59 (1.1; 2.25) 

Dorr, 2006
115

 Community-dwelling 
elderly patients with 
at least one chronic 
disease  

2,166 Adjusted for age, sex, PCS and 
MCS score (from SF-12) 

3 diseases vs. ≤2 Total  OR 1.3 (p= 0.2) 

4-5 vs. ≤2 Total  OR 1.85 (p = 0.001) 

≥6 vs. ≤2 Total  OR 2.12 (p <0.001) 

Malmgren, 
1999

116
 

A prospective cohort 
from a large health 
maintenance 
organization of 
(Group Health 
Cooperative (GHC) 
in Seattle, 
Washington) 

1,129 Adjusted for age, education, 
widowhood, CDC intervention 
participation, co-morbid conditions, 
and self-reported health 

Charlson 
Comorbidity 
Index 1 vs. 0 

Female OR 1.89 (1.05; 3.4) 

Charlson 
Comorbidity 
Index 2-4 vs. 0 

Female OR 2.54 (1.08; 5.97) 

Charlson 
Comorbidity 
Index 1 vs. 0 

Male OR 1.09 (0.63; 1.9) 

Charlson 
Comorbidity 
Index 2-4 vs. 0 

Male OR 2.27 (1.27; 4.08) 

Long, 2005
118

 Medicaid program: 
applicants to the 
home- and 
community-based 
care (HCBC)  

1,690 Adjusted for receiving HCBC 
services, age, race, gender, health 
status, did not have hospital stay or 
SNF, LTCH, rehab hospital stay in 
prior 6 months, 0 to 3 MSQ errors, 
needs supervision 
never/sometimes/unknown, does 
not need assistance with mobility, 
does not need help with medication 
or meal preparation, does not have 
a mental illness, Alzheimer’s or 
dementia, does not have 
medications with potential side 
effects in elderly, lives with 
spouse/child/other/ unknown, 
primary caregiver is other 
relative/nonrelative/none/unknown, 
did not have Medicare home health 
use in prior 6 months, monthly 
income greater than $1,000. 

Number of  
health 
conditions vs. 
no comorbidities 

Total  OR 1.193 (p <0.05) 

Mor, 1994
294

 Longitudinal Study 
on Aging 

7,407 Adjusted for age, gender, self-rated 
health, number of medical 
conditions, baseline functional 
status, and interaction between age 
and gender 

Number of 
illnesses 

Total  OR 1.3 (1.2; 1.3) 



Appendix E Table 23. Association Between Multimorbid Conditions and Patient Outcomes in Older Persons (continued) 

Common Syndromes in Older Adults  341 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment 
Definition of 

Exposure 
Gender Estimate 

Mean (95% CI  
or P Value) 

Tilvis, 2004
161

 Helsinki Aging Study 650 Adjusted for age and gender Comorbidity 
present vs. not 
present 

1 year RR 5.71 (1.72; 18.9) 

5 year RR 1.92 (1.29; 2.86) 

10 year RR 2.2 (1.51; 3.26) 

Association between mortality and polypharmacy 

Ganguli, 2002
85

 Population-based 
dementia registry 

1,064 Crude Number of 
prescription 
drugs taken (per 
drug) 

Total RR 1.16 (p <0.05) 

Ahmad, 2005
209

 Nottingham 
Longitudinal Study of 
Activity and Ageing 
(NLSAA) 

1,042 Crude Total number of 
prescribed 
drugs including 
hypnotics 

Total HR 1.13 (1.1; 1.20) 

Helmer, 1999
166

 PAQUID (Personnes 
Agees QUID) 
Research Program 

3,660 Adjusted for age, sociodemographic 
factors, physical and mental health, 
and disability 

≥5 medications 
versus None 

Men RR 0.96 (0.7; 1.42) 

Women RR 1.15 (0.7; 2.04) 

 
HR=hazard ratio; OR=odds ratio; bold=statistically significant. 



Appendix E Table 24. Association Between Poor Perceived Health and Mortality in Older Persons 

Common Syndromes in Older Adults  342 Minnesota Evidence-based Practice Center 

Reference Study 
Sample 

Size 
Adjustment Subgroups Estimate 

Mean  
(95% CI or P Value) 

Poor vs. excellent/very good 

Grant, 1995
295

 Longitudinal 
Study of Aging 

4,380 Adjusted for self-reported health, age, race, 
marital status, education, ADL difficulties, 
BMI, self-reported disease, prior 
hospitalization, social contacts, and 
interaction self-reported health with time 

Female, 5 months Hazard Ratio 3.8 (2; 7.1) 

Female, 14 months Hazard Ratio 2.7 (1.8; 4.1) 

Female, 23 months Hazard Ratio 2 (1.3; 3) 

Female, 32 months Hazard Ratio 1.4 (0.7; 2.7) 

Male Hazard Ratio 1.7 (1.1; 2.6) 

Wolinsky, 
1995

296
 

Longitudinal 
Study of Aging 

7,527 Adjusted for baseline predisposing 
characteristics, enabling characteristics, need 
characteristics, health services utilization, 
and change in functional status measures 

Total  Odds Ratio 1.32  

(p = 0.0002) 

Steinbach, 
1992

297
 

Longitudinal 
Study of Aging 

5,151 Adjusted for age, sex, race, family income, 
self-perceived health status, ADLs, 
hypertension, stroke or CVA, cancer, heart 
disease, arthritis, DM, fall, social network, 
social activities, and living arrangement 

Total  Odds Ratio 2.48 (1.93; 3.19) 

Poor/fair health vs. good health 

Porell, 
2001

134
 

Medicare 
Current 
Beneficiary 
Survey 

17,299 Adjusted for demographics, insurance 
coverage and access, health behaviors, and 
chronic conditions 

Functional dependence Odds Ratio 2.24 (p <0.05) 

7,407 Functional limitations Odds Ratio 1.39 (p >0.05) 

6,488 IADL disability Odds Ratio 1.99 (p <0.01) 

9,595 1+ ADL disability Odds Ratio 1.7 (p <0.05) 

3,976 Adjusted for demographics, insurance 
coverage and access, health behaviors, and 
chronic conditions 

3+ ADL disability Odds Ratio 1.48 (p <0.05) 

Gutman, 
2001

143
 

Canadian 
Study of 
Health and 
Aging 

8,912 Adjusted for age, sex, trouble, health, and 
interactions 

Total  Hazard Ratio 1.8 (1.45; 2.23) 

 



Appendix E Table 25. Association Between Institutionalization and Comorbidity in Older Persons 

Common Syndromes in Older Adults  343 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate 
Mean 

(95% CI or P Value) 

Multiple comorbidities 

Long, 2005
118

 Medicaid program: applicants to the 
home- and community-based care 
(HCBC)  

1,690 Adjusted age, race, sex, health status, hospital 
stay or SNF, LTCH, rehab hospital stay in prior 6 
months, 0 to 3 MSQ errors, ADL and IADL, 
Alzheimer’s or dementia, does not have 
medications with potential side effects in elderly, 
lives with spouse/child/other/unknown, primary 
caregiver is other relative/nonrelative, did not 
have Medicare home health use in prior 6 months, 
monthly income greater than $1000. 

Odds Ratio 0.86 (p <0.05) 

Mor, 1994
294

 Longitudinal Study on Aging 7,407 Adjusted for age, sex, self-rated health, number of 
medical conditions, baseline functional status, and 
the interaction between age and sex 

Odds Ratio 1.2 (1.1; 1.3) 

Falconer, 
1992

113
 

2-year longitudinal study of 
independent residents of a 
continuing care retirement 
community 

152 Adjusted for age, sex, GERI-AIMS, disease 
severity, and Williams test 

Relative Risk 0.89 (p >0.05) 

Previous hospitalization (SNF, LTCH, rehab hospital stay) 

Long, 2005
118

 Applicants to the home- and 
community-based care (HCBC) 
programs 

1,690 Adjusted age, race, sex, health status, hospital 
stay or SNF, LTCH, rehab hospital stay in prior 6 
months, 0 to 3 MSQ errors, ADL and IADL, 
Alzheimer’s or dementia, does not have 
medications with potential side effects in elderly, 
lives with spouse/child/other/unknown, primary 
caregiver is other relative/nonrelative, did not 
have Medicare home health use in prior 6 months, 
monthly income greater than $1000. 

Odds Ratio 3.848 (p <0.01) 

Hospital admission, 12 months   

Goodin, 
2004

298
 

Secondary analysis of data from 
the Medicare Current Beneficiary 
Survey 

3,232 Adjusted for sociodemographic characteristics, 
health status, functional ability, previous use of 
health services, insurance, income, and family 
composition 

Odds Ratio 2.01 (p = 0.001) 

Miller, 1999
299

 Longitudinal Study of Aging 12,007 Adjusted for sex, age, race, hospitalization, 
marital status, living, family income, home 
ownership, survey transition year 

Odds Ratio 1.65 (0.13; 2.12) 

Wolinsky, 
1992

300
 

Longitudinal Study of Aging 5,151 Adjusted for baseline predisposing characteristics, 
enabling characteristics, need characteristics, 
health services utilization, and change in 
functional status measures 

Odds Ratio 1.463 (p = 0.0184) 

Coward, 
1996

301
 

Longitudinal Study of Aging 7,527 Adjusted for residence, sociodemographic 
characteristics, health status characteristic, and 
social support characteristics 

Odds Ratio 1.23 (p <0.01) 



Appendix E Table 26. Association Between Institutionalization and Self-Perceived Health Status in Older Persons 

Common Syndromes in Older Adults  344 Minnesota Evidence-based Practice Center 

Reference Study 
Sample Size 
of the Study 

Adjustment Estimate 
Mean  

(95% CI or P Value) 

Excellent vs. poor        

Coward, 1996
301

 Longitudinal Study of 
Aging 

7,527 Adjusted for residence, socio-demographic 
characteristics, health status characteristic, and 
social support characteristics 

Odds Ratio 0.7 (0.5; 0.9) 

Very good vs. poor     

Coward, 1996
301

 Longitudinal Study of 
Aging 

7,527 Adjusted for residence, socio-demographic 
characteristics, health status characteristic, and 
social support characteristics 

Odds Ratio 1.0 (0.8; 1.3) 

Good vs. excellent/very good 

Mor, 1994
294

 Longitudinal Study on 
Aging 

7,407 Adjusted for age, gender, self-rated health, number 
of medical conditions, baseline functional status, 
and the interaction between age and gender 

Odds Ratio 1.8 (1.4; 2.3) 

Good vs. poor      

Coward, 1996
301

 Longitudinal Study of 
Aging 

7,527 Adjusted for residence, socio-demographic 
characteristics, health status characteristic, and 
social support characteristics 

Odds Ratio 1.0 (0.8; 1.2) 

Good or very good vs. poor or very poor     

St. John, 2002
150

 Canadian Study of 
Health and Aging 

8,073 Adjusted for age, gender, education, Time 1 MMSE, 
and self-rated health 

Odds Ratio 1.2 (1.0; 1.5) 

Fair vs. poor      

Coward, 1996
301

 Longitudinal Study of 
Aging 

7,527 adjusted for residence, socio-demographic 
characteristics, health status characteristic, and 
social support characteristics 

Odds Ratio 1.1 (0.9; 1.4) 

Poor      

Gutman, 2001
143

 Canadian Study of 
Health and Aging 

8,912 Adjusted for age, sex, trouble, health, and 
interactions 

Hazard Ratio 1.8 (1.3; 2.4) 

Kersting, 2001
302

 Longitudinal Study of 
Aging 

7,527 Adjusted for social support, poverty, age, gender, 
race, ADL/IADL score, self-reported health status, 
and fall 

Hazard Ratio 1.1 (1.1; 1.2) 

Steinbach, 1992
297

 Longitudinal Study of 
Aging 

4,547 Adjusted for age, sex, race, family income, self-
perceived health status, ADLs, hypertension, stroke 
or CVA, cancer, heart disease, arthritis, DM, fall, 
social network, social activities, and living 
arrangement 

Odds Ratio 1.7 (1.1; 2.5) 

Poor (dose response 1-5) 

Speare, 1991
303

 Longitudinal Study of 
Aging 

5,151 Adjusted for disability, incontinence, blindness, 
deafness, limitation in major activities, social 
support, age, sex, income 

Odds ratio 1.2 (1.0; 1.4) 

Poor, African American 

Kersting, 2001
304

 Longitudinal Study of 
Aging 

555 Adjusted for social support, poverty, age, gender, 
race, ADL/IADL score, self-reported health status, 

Hazard Ratio 1.2 (0.8; 1.7) 



Appendix E Table 26. Association Between Institutionalization and Self-Perceived Health Status in Older Persons (continued) 

Common Syndromes in Older Adults  345 Minnesota Evidence-based Practice Center 

Reference Study 
Sample Size 
of the Study 

Adjustment Estimate 
Mean  

(95% CI or P Value) 

and fall 

Belgrave, 1994
305

 Longitudinal Study of 
Aging 

560 Adjusted for ADL, IADL, self-health, activity 
limitations, confused, age, sex, living alone, 
education, income, and Medicaid 

Odds Ratio 1.1 (0.8; 1.5) 

Poor, Caucasians      

Kersting, 2001
304

 Longitudinal Study of 
Aging 

6,986 Adjusted for social support, poverty, age, gender, 
race, ADL/IADL score, self-reported health status, 
and fall 

Hazard Ratio 1.2 (1.1; 1.2) 

Belgrave, 1994
305

 Longitudinal Study of 
Aging 

6,880 Adjusted for ADL, IADL, self-health, activity 
limitations, confused, age, sex, living alone, 
education, income, and Medicaid 

Odds Ratio 1.1 (1.1; 1.2) 

Poor/fair       

Long, 2005
118

 Medicaid program-
applicants to the 
home- and community-
based care (HCBC)  

1,690 Adjusted for age, race, gender, health status, did not 
have hospital stay or SNF, LTCH, rehab hospital 
stay in prior 6 months, 0 to 3 MSQ errors, ADL, 
IADL, Alzheimer’s or dementia, does not have 
medications with potential side effects in elderly, 
lives with spouse/child, primary caregiver is other 
relative/non-relative/none/unknown, did not have 
Medicare home health use in prior 6 months, 
monthly income greater than $1000. 

Odds Ratio 1.4 (p >0.05) 

Mor, 1994
294

 Longitudinal Study on 
Aging 

7,407 Adjusted for age, gender, self-rated health, number 
of medical conditions, baseline functional status, 
and the interaction between age and gender 

Odds Ratio 2.7 (2.1; 3.5) 

 
Bold=statistically significant. 



Appendix E Table 27. Association Between Comorbidity and Hospitalization in Older Persons 

Common Syndromes in Older Adults  346 Minnesota Evidence-based Practice Center 

Reference 
Definition of 

Exposure 
Definition of the 

Outcome 
Study Sample Adjustment Estimate 

Mean 
(95% CI or P Value) 

Multiple comorbidities 

Shelton, 2000
114

 2 or more 
comorbidities 
vs. none 

A hospitalization 
or ED visit during 
the first year of 
the study 

Generalist 
Physician 
Initiative  

411 Adjusted for age, female sex, 
living arrangement, race, marital 
status, less than a high school 
education, taking 5 or more 
prescription medications daily, 
comorbid illness category, 
restricted-activity bed days 
category (confined to bed for at 
least 1 day during the past 12 
months), 5 health status 
measures of the HSQ, and the 
baseline indicator of any 
hospitalization or ED encounter 

Odds Ratio 1.7 (1.1; 2.9) 

Comorbidity score 

Dorr, 2006
115

 3 vs. ≤2 Risk for 
hospitalization 

7,076 
community-
dwelling 
elderly patients  

1,899 Adjusted for age, sex, PCS, and 
MCS score (from SF-12), and 
comorbidity score 

Odds Ratio 1.37 (p = 0.01) 

4-5 vs. ≤2     Odds Ratio 1.46 (p = 0.004) 

≥6 vs. ≤2     Odds Ratio 1.94 (p <0.001) 

Numbers of medications 

Shelton, 2000
114

 5+ prescription 
medications 
vs. not 

A hospitalization 
or ED visit during 
the first year of 
the study 

Generalist 
Physician 
Initiative  

411 Adjusted for age, female sex, 
living arrangement, race, marital 
status, less than a high school 
education, taking 5 or more 
prescription medications daily, 
comorbid illness category, 
restricted-activity bed days 
category (confined to bed for at 
least 1 day during the past 12 
months), 5 health status 
measures of the HSQ, and the 
baseline indicator of any 
hospitalization or ED encounter 

Odds Ratio 2.9 (2.2; 4.1) 

Mazzaglia, 
2007

187
 

≥5 medications 
vs. not 

Risk for 
hospitalization 

ASSI, 
Florence, Italy 

5,396 Not available Odds Ratio 2.24 (1.77; 2.84) 

Previous hospitalization 

Shelton, 2000
114

 Any 
hospitalization 
or ED visit in 
prior year vs. 

A hospitalization 
or ED visit during 
the first year of 
the study 

Generalist 
Physician 
Initiative  

411 Adjusted for age, female sex, 
living arrangement, race, marital 
status, less than a high school 
education, taking 5 or more 

Odds Ratio 3.40 (2.70; 4.50) 



Appendix E Table 27. Association Between Comorbidity and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  347 Minnesota Evidence-based Practice Center 

Reference 
Definition of 

Exposure 
Definition of the 

Outcome 
Study Sample Adjustment Estimate 

Mean 
(95% CI or P Value) 

not prescription medications daily, 
comorbid illness category, 
restricted-activity bed days 
category (confined to bed for at 
least 1 day during the past 12 
months), 5 health status 
measures of the HSQ, and the 
baseline indicator of any 
hospitalization or ED encounter 

Mazzaglia, 
2007

187
 

Yes vs. no Risk for 
hospitalization 

ASSI in 
Florence, Italy 

5,396 Not available Odds Ratio 3.60 (2.66; 4.87) 

Chodosh, 
2004

20
 

Yes vs. no in 
previous 2 
years 

Risk for 
hospitalization 

MacArthur 
Research 
Network on 
Successful 
Aging 
Community 
Study 

598 Adjusted for age, sex, 
race/ethnicity, and prior 
hospitalization 

Odds Ratio 2.40 (1.50; 4.00) 

Boult, 1993
306

 Hospital 
admission in 
last year 

Repeated 
admission 

Longitudinal 
Study on Aging 

5,876 Adjusted for need variables, 
predisposing variables, and 
enabling variables 

Odds Ratio 1.70 (1.30; 2.30) 

Stearns, 1996
307

 Yes vs. no Probability of 
nonterminal 
hospitalization 

Longitudinal 
Study of Aging 

870 Adjusted for cancer, heart 
disease, prior hospitalization, 
age, age square, insurance, and 
interaction between age and 
functional status 

Odds Ratio 1.70 (p <0.05) 

Stearns, 1996
307

 Yes vs. no Number of nights 
of hospitalization 

Longitudinal 
Study of Aging 

870 Adjusted for cancer, heart 
disease, prior hospitalization, 
age, age square, insurance, and 
interaction between age and 
functional status 

Odds Ratio 1.33 (p <0.1) 

Laditka, 2003
308

 Number of 
previous 
admissions 

Hospitalization 
for Ambulatory 
Care Sensitive 
Conditions 

the 
Longitudinal 
Study of Aging 

3562 Adjusted for age, education, 
insurance and marital status, 
health status,  primary care 
access, self-rated health, 
comorbidities, physical 
impairments, and previous 
hospitalizations 

Relative Risk 12.11 (9.74; 14.48) 

Laditka, 2003
308

 Previous 
discharge 
within 90 days 

   Relative Risk 94.15 (93.92; 94.39) 



Appendix E Table 27. Association Between Comorbidity and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  348 Minnesota Evidence-based Practice Center 

Reference 
Definition of 

Exposure 
Definition of the 

Outcome 
Study Sample Adjustment Estimate 

Mean 
(95% CI or P Value) 

Wolinsky, 
1995

309
 

Hospital 
contact 

Natural log of the 
mean annual 
number of 
hospital episodes 
(plus one) 

Longitudinal 
Study of Aging 

2,538 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.08 (p <0.001) 

Wolinsky, 
1995

309
 

Hospital 
contact 

Natural log of the 
maximum 
absolute 
deviation (plus 
one) from the 
mean annual 
number of 
hospital episodes 

Longitudinal 
Study of Aging 

2,538 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.04 (p <0.01) 

Wolinsky, 
1995

309
 

Hospital 
contact 

Natural log of the 
mean annual 
number of 
hospital episodes 
(plus one) 

Longitudinal 
Study of Aging 

1,783 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
decedents with 
at least one 
hospital 
episode 

1.16 (p <0.001) 

Previous physician visits 

Boult, 1993
306

 >6 doctor visit 
in past year 

Repeated 
admission 

Longitudinal 
Study on Aging 

5,876 Adjusted for need variables, 
predisposing variables, and 
enabling variables 

Odds Ratio 1.40 (1.10; 1.80) 

Laditka, 2003
308

 Physician visits 
≥ 4 in previous 
12 months 

Hospitalization 
for Ambulatory 
Care Sensitive 
Conditions 

Longitudinal 
Study of Aging 

3,562 Adjusted for age, education, 
insurance and marital status, 
health status, primary care 
access, self-rated health, 
comorbidities, physical 
impairments, and previous 
hospitalizations 

Relative Risk 1.12 (1.00; 1.24) 

Wolinsky, 
1995

309
 

Physician visits  Natural log of the 
mean annual 
number of 
hospital episodes 
(plus one) 

Longitudinal 
Study of Aging 

2,538 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.01 (p <0.001) 

Wolinsky, 
1995

309
 

Physician visits  Natural log of the 
maximum 
absolute 
deviation (plus 
one) from the 

Longitudinal 
Study of Aging 

2,538 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.005 (p <0.01) 



Appendix E Table 27. Association Between Comorbidity and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  349 Minnesota Evidence-based Practice Center 

Reference 
Definition of 

Exposure 
Definition of the 

Outcome 
Study Sample Adjustment Estimate 

Mean 
(95% CI or P Value) 

mean annual 
number of 
hospital episodes 

functional status measures 

Wolinsky, 
1995

309
 

Physician visits  Natural log of the 
mean annual 
number of 
hospital episodes 
(plus one) 

Longitudinal 
Study of Aging 

1,783 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
decedents with 
at least one 
hospital 
episode 

1.01 (p <0.001) 

Wolinsky, 
1995

309
 

Physician visits  Natural log of the 
maximum 
absolute 
deviation (plus 
one) from the 
mean annual 
number of 
hospital episodes 

Longitudinal 
Study of Aging 

1,783 Adjusted for baseline 
predisposing characteristics, 
enabling characteristics, need 
characteristics, health services 
utilization, and change in 
functional status measures 

Odds Ratio in 
decedents with 
at least one 
hospital 
episode 

1.00 (p>0.05) 

 



Appendix E Table 28. Association Between Self-Perceived Health and Hospitalization in Older Persons 

Common Syndromes in Older Adults  350 Minnesota Evidence-based Practice Center 

Reference Study Sample 
Definition of the 

Outcome 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Health perception score 

Shelton, 
2000

114
 

Generalist 
Physician 
Initiative  

411 A hospitalization or ED 
visit during the first 
year of the study 

Adjusted for age, female sex, living 
arrangement, race, marital status, less 
than a high school education, taking 5 or 
more prescription medications daily, 
comorbid illness category, restricted-
activity bed days category (confined to 
bed for at least 1 day during the past 12 
months), 5 health status measures of the 
HSQ, and the baseline indicator of any 
hospitalization or ED encounter 

Odds Ratio 1 (0.98; 1) 

Physical health score  

Shelton, 
2000

114
 

   Adjusted for age, female sex, living 
arrangement, race, marital status, less 
than a high school education, taking 5 or 
more prescription medications daily, 
comorbid illness category, restricted-
activity bed days category (confined to 
bed for at least 1 day during the past 12 
months), 5 health status measures of the 
HSQ, and the baseline indicator of any 
hospitalization or ED encounter 

Odds Ratio 0.99 (0.98; 1.1) 

Mental health score 

Shelton, 
2000

114
 

 411 A hospitalization or ED 
visit during the first 
year of the study 

Adjusted for age, female sex, living 
arrangement, race, marital status, less 
than a high school education, taking 5 or 
more prescription medications daily, 
comorbid illness category, restricted-
activity bed days category (confined to 
bed for at least 1 day during the past 12 
months), 5 health status measures of the 
HSQ, and the baseline indicator of any 
hospitalization or ED encounter 

Odds Ratio 1 (0.98; 1.1) 

Pain score       

Shelton, 
2000

114
 

 411 A hospitalization or ED 
visit during the first 
year of the study 

Adjusted for age, female sex, living 
arrangement, race, marital status, less 
than a high school education, taking 5 or 
more prescription medications daily, 
comorbid illness category, restricted-
activity bed days category (confined to 
bed for at least 1 day during the past 12 
months), 5 health status measures of the 

Odds Ratio 1 (0.97; 1.1) 



Appendix E Table 28. Association Between Self-Perceived Health and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  351 Minnesota Evidence-based Practice Center 

Reference Study Sample 
Definition of the 

Outcome 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

HSQ, and the baseline indicator of any 
hospitalization or ED encounter 

<14 bed days in past year 

Boult, 1993
306

 Longitudinal 
Study on Aging 

5,876 Repeated admission Adjusted for need variables, 
predisposing variables, and enabling 
variables 

Odds Ratio 1 (0.7; 1.4) 

Fair vs. excellent      

Aliyu, 2003
310

 Longitudinal 
Study of Aging 

7,541 Hospital 
stay/admission 

Adjusted for race, education, family 
relationship family income, health 
insurance coverage, social network 
involvement, perceived health status and 
activities of daily living (ADL) 

Odds Ratio 2.99 (2.15; 4.15) 

Laditka, 
2003

308
 

 3,562 Hospitalization for 
Ambulatory Care 
Sensitive Conditions 

Adjusted for age, education, insurance 
and marital status, health status, primary 
care access, self-rated health, 
comorbidities, physical impairments, and 
previous hospitalizations 

Relative Risk 1.14 (0.38; 1.9) 

Wolinsky, 
1995

309
 

 2,538 Natural log of the 
mean annual number 
of hospital episodes 
(plus one) 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional 
status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.03 (p <0.01) 

Wolinsky, 
1995

309
 

 1,783 Natural log of the 
mean annual number 
of hospital episodes 
(plus one) 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional 
status measures 

Odds Ratio in 
decedents with 
at least one 
hospital 
episode 

1.06 (p <0.01) 

Boult, 1993
306

  5,876 Repeated admission Adjusted for need variables, 
predisposing variables, and enabling 
variables 

Odds Ratio 1.7 (1.2; 2.6) 

Good vs. excellent 

Aliyu, 2003
310

 Longitudinal 
Study of Aging 

7,541 Hospital 
stay/admission 

Adjusted for race, education, family 
relationship family income, health 
insurance coverage, social network 
involvement, perceived health status and 
activities of daily living (ADL) 

Odds Ratio 1.59 (1.15; 2.18) 

Boult, 1993
306

 Longitudinal 
Study on Aging 

5,876 Repeated admission Adjusted for need variables, 
predisposing variables, and enabling 
variables 

Odds Ratio 1.4 (1; 2) 

Poor vs. excellent 

Wolinsky, 
1994

311
 

Longitudinal 
Study of Aging 

7,527 Any Medicare-
reimbursed hospital 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 

Odds Ratio 2.14 (p = 0.015) 



Appendix E Table 28. Association Between Self-Perceived Health and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  352 Minnesota Evidence-based Practice Center 

Reference Study Sample 
Definition of the 

Outcome 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

episode occurring need characteristics, health services 
utilization, and change in functional 
status measures 

Aliyu, 2003
310

 Longitudinal 
Study of Aging 

7,541 Hospital 
stay/admission 

Adjusted for race, education, family 
relationship family income, health 
insurance coverage, social network 
involvement, perceived health status and 
activities of daily living (ADL) 

Odds Ratio 2.79 (1.92; 4.05) 

Laditka, 
2003

308
 

Longitudinal 
Study of Aging 

3,562 Hospitalization for 
Ambulatory Care 
Sensitive Conditions 

Adjusted for age, education, insurance 
and marital status, health status,  
primary care access, self-rated health, 
comorbidities, physical impairments, and 
previous hospitalizations 

Relative Risk 1.47 (1.26; 1.68) 

Wolinsky, 
1995

309
 

Longitudinal 
Study of Aging 

2,538 Natural log of the 
maximum absolute 
deviation (plus one) 
from the mean annual 
number of hospital 
episodes 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional 
status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.07 (p <0.01) 

Wolinsky, 
1995

309
 

Longitudinal 
Study of Aging 

2,538 Natural log of the 
mean annual number 
of hospital episodes 
(plus one) 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional 
status measures 

Odds Ratio in 
survivor with at 
least one 
hospital 
episode 

1.05 (p <0.01) 

Wolinsky, 
1995

309
 

Longitudinal 
Study of Aging 

1,783 Natural log of the 
mean annual number 
of hospital episodes 
(plus one) 

Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional 
status measures 

Odds Ratio in 
decedents with 
at least one 
hospital 
episode 

1.72 (p>0.05) 

Stearns, 
1996

307
 

Longitudinal 
Study of Aging 

870 Number of nights of 
hospitalization 

Adjusted for cancer, heart disease, prior 
hospitalization, prior health, age square, 
ADL, ADL square, insurance, and 
interaction between age and functional 
status 

Odds Ratio 1.76 (p <0.05) 

Boult, 1993
306

 Longitudinal 
Study on Aging 

5,876 Repeated admission Adjusted for need variables, 
predisposing variables, and enabling 
variables 

Odds Ratio 2.2 (1.3; 3.6) 

 
Bold=statistically significant.
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Common Syndromes in Older Adults  353 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Measure Cut Off Risk (95% CI) Type Adjustment 

Ostbye, 
1999

313
 

Canadian Study 
of Health and 
Aging 

Canada 10,263 65+ 2, 5 3MS Women 
<50 vs. 78-
100 

3.5 (2.1; 6) Odds 
Ratio 

Age, marital 
status, 
education, 
ADL, vision, 
hearing 

50-77 1.6 (1.3; 1.9) 

Men <50 
vs. 78-100 

3.8 (1.8; 7.8) 

50-77 1.7 (1.4; 2.1) 

Saz, 
1999

314
 

Zaragoza study Spain 1,080 65+ 4.5 Automated 
Geriatric 
Examination 
for Computer 
Assisted 
Taxonomy 
organic 
syndrome level 

4 and 5 vs. 
0 

4.3 (1.7; 10.6) Odds 
Ratio 

Age, sex, 
education 

Saz, 
1999

314
 

Zaragoza study Spain 1,080 65+ 4.5 Organic 
syndrome level 

Level 3 vs. 
0 

2 (1; 3.8)   

Saz, 
1999

314
 

Zaragoza study Spain 1,080 65+ 4.5 Automated 
Geriatric 
Examination 
for Computer 
Assisted 
Taxonomy 
organic 
syndrome level 

level 1 and 
2 vs. 0 

1.3 (0.8; 2.1)   

Jagger, 
1995

315
 

Community 
based study, 
Melton 
Mowbray, 
Leicestershire 

England 1,579 75+ 5 CAPE 
information 
sub-scale 

≤7 vs. 12 4.18 (2.73; 6.41) Hazard 
Ratio 

Age sex 

Jagger, 
1995

315
 

Community 
based study, 
Melton 
Mowbray, 
Leicestershire 

England 1,579 75+ 5 CAPE 
information 
sub-scale 

8-9 vs. 12 2.36 (1.56; 3.58)   

Jagger, 
1995

315
 

Community 
based study, 
Melton 
Mowbray, 
Leicestershire 

England 1,579 75+ 5 CAPE 
information 
sub-scale 

10-11 vs. 
12 

1.45 (1.15; 1.84)   

Clarke,  England 1,042 65+ 4, 8 CAPE ≤7 vs. 10- 3.61 (2.31; 4.37) Odds Age sex 
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 (continued) 

Common Syndromes in Older Adults  354 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Measure Cut Off Risk (95% CI) Type Adjustment 

1996
286

 information 
sub-scale 

12 Ratio 

Clarke, 
1996

286
 

 England 1,042 65+ 4, 8 CAPE 
information 
sub-scale 

8-9 vs. 10-
12 

2.28 (1.86; 4.37)   

Liu, 1998
316

  Taiwan 2,915 65+ 1, 2 Composite 
score 

Lowest 
decile 

1.67 (1.18; 2.35) Hazard 
Ratio 

Age sex 
education 

Liu, 1998
316

  Taiwan 2,915 65+ 1, 2 Composite 
score 

26-75 
percentile 

1 (0.76; 1.32)   

Foley, 
1999

317
 

Honolulu Heart 
Program cohort 
study 

United States 3,741 71+ 3 Composite 
score 

<74 2.26 (1.64; 3.1) Odds 
Ratio 

Age, BMI, 
marital 
status, sleep 
vars, health 

Gale, 
1996

318
 

 Great Britain 983 65+ 20 Hodkinson ≤7 v 10 2.2 (1.6;2.9) Hazard 
Ratio 

Age, sex 

Ho, 1991
319

  Hong Kong 1,054 70+ 2 Mental score <16 v 20 2.2 (1.2; 4.1) Odds 
Ratio 

Ag, sex 

Ho, 1991
319

  Hong Kong 1,054 70+ 2 Mental score 16-19 v 
20+ 

1.4 (0.7; 2.5)   

Eagles, 
1990

320
 

 Scotland 1778 65+ 3 Mental Status 
Questionnaire 

≤8 3.5 (2.37; 5.17) Relativ
e Risk 

Age, sex 

Shapiro, 
1991

321
 

 Canada 722 65+ 17 Mental Status 
Questionnaire 

0-6 1.95 (1.35; 2.83) Hazard 
Ratio 

Age, sex 

Shapiro, 
1991

321
 

 Canada 722 65+ 17 Mental Status 
Questionnaire 

7.0-8.0 1.04 (0.78; 1.36)   

Salive, 
1993

322
 

EPESE United States 10,269 65+ 6 Mental Status 
Questionnaire 

1 error vs. 
0 men 

1.4 (1.1; 1.8) Hazard 
Ratio 

Age, health, 
BMI, 
smoking, 
exercise, 
ADL 

Liang, 
1996

323
 

 Japan 1,506 65+ 3 Mental Status 
Questionnaire 

3 + errors 3.48(p<0.05) Relativ
e Risk 

 

Gussekoo, 
1997

324
 

Leiden 85-plus 
study 

Netherlands 891 85+ 4, 7 Mini Mental 
State 
Examination 

0-18 2.8 (2.3; 3.4) Hazard 
Ratio 

Age, sex 

Gussekloo, 
1997

324
 

Leiden 85-plus 
study 

Netherlands 891 85+ 4, 7 Mini Mental 
State 
Examination 

19-23 2.5 (2; 3.1)   

Gussekloo, 
1997

324
 

Leiden 85-plus 
study 

Netherlands 891 85+ 4, 7 Mini Mental 
State Exam 

24-27 1.8 (1.1; 3)   

Kelman, 
1994

47
 

 United States 1,855 65+ 1.5 Mini Mental 
State 

<18 2.2 (1.13; 2.69) Hazard 
Ratio 

Age, sex, 
ADL, health, 
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 (continued) 

Common Syndromes in Older Adults  355 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Measure Cut Off Risk (95% CI) Type Adjustment 

Examination soc support, 
education, 
marital 
status, 
depression 

Arve, 
1998

325
 

 Finland 1,032 70+ 5 Mini Mental 
State 
Examination 

<24 1.43 (0.78; 2.65) Relativ
e Risk 

 

Arve, 
1998

325
 

 Finland 1,032 70+ 5 Mini Mental 
State 
Examination 

11-25 
percentile 

1.3 (0.95; 1.8)   

Korten, 
1999

326
 

 Australia 897 70+ 3.5 Mini Mental 
State 
Examination 

<24 vs. 30 1.88 (1.05; 3.12) Hazard 
Ratio 

Age, sex, 
ADL, health, 
soc support, 
education, 
marstat, 
depression 

Fredman, 
1999

327
 

 United States 806 65+ 6 Mini Mental 
State 
Examination 

<24 vs. 24 
+ 

2 (1.33; 3) Hazard 
Ratio 

Age ,health, 
ADL, 
depression 

Nakanishi, 
1998

328
 

 Japan 1,083 65+ 3.5 Office of 
Population 
Censuses 
(OPCS) score 

1.0-2.0 1.19 (0.81; 1.74) Hazard 
Ratio 

age, sex, 
health, 
anxiety, 
depression 

Nakanishi, 
1998

328
 

 Japan 1,083 65+ 3.5 Office of 
Population 
Censuses 
(OPCS) score 

3.5-4.5 1.12 (0.65; 1.9)   

Nakanishi, 
1998

328
 

 Japan 1,083 65+ 3.5 Office of 
Population 
Censuses 
(OPCS) score 

6 + 1.74 (1.05; 2.88)   

Swan, 
1995

329
 

Western 
Collaborative 
Group Study  

United States 1,118 60+ 5 Wechsler Adult 
Intelligence 
Scale 

 1.44 (1.12; 1.86) Hazard 
Ratio 

Age, 
education 

 



Appendix E Table 30. Association Between Cognitive Status and Mortality in Older Persons: Studies of Treatment Utilization (Health 
Care-Based Samples) 

Common Syndromes in Older Adults  356 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI or P Value) 

Alzheimer's disease      

Eaker, 2002
83

 Marshfield 
Epidemiologic Study 
Area (MESA) system 

811 Adjusted for age HR 2.18 (1.57; 3.03) 

Adjusted for age, insurance, and number 
of comorbidities 

HR 1.9 (1.36; 2.65) 

Long, 2005
118

 Medicaid program: 
applicants to home- 
and community-based 
care (HCBC)  

1,690 Adjusted age, race, gender, health status, 
did not have hospital stay or SNF, LTCH, 
rehab hospital stay in prior 6 months, 0 to 
3 MSQ errors, needs supervision 
never/sometimes/unknown, does not need 
assistance with mobility, does not need 
help with medication or meal preparation, 
does not have a mental illness, 
Alzheimer’s or dementia, does not have 
medications with potential side effects in 
elderly, lives with 
spouse/child/other/unknown, primary 
caregiver is other relative/non-
relative/none/unknown, did not have 
Medicare home health use in prior 6 
months, monthly income greater than 
$1000. 

OR 0.72 ( p >0.05) 

Wolinsky, 
1995

296
 

Longitudinal Study of 
Aging 

7,527 Adjusted for baseline predisposing 
characteristics, enabling characteristics, 
need characteristics, health services 
utilization, and change in functional status 
measures 

OR 1.48 (p = 0.05) 

Cognitive impairment    

Buuman, 
2008

198
 

Patients 65 years or 
older acutely admitted 
from November 1, 
2002, through July 1, 
2005, to a 1,024-bed 
tertiary university 
teaching hospital 

463 Crude OR 1.16 (0.73; 1.84) 

Jones, 2004
153

 MGAT study 170 Adjusted for age, sex, marriage status, 
and status of intervention 

HR 1.75 (1.08; 2.84) 

Dementia     

Eaker, 2002
83

 Marshfield 
Epidemiologic Study 
Area (MESA) system 

811 Adjusted for age HR 2.69 (1.94; 3.74) 

Adjusted for age, insurance, and number 
of comorbidities 

HR 2.27 (1.62; 3.18) 

Inouye, 2003
122

 Prospective 
developmental cohort 
from Yale New Haven 

525 Adjusted for age, Medicaid status, nursing 
home resident, lab, dementia, walking 
impairment, depression, and UI 

HR 1.5 (1.1; 2.2) 



Appendix E Table 30. Association Between Cognitive Status and Mortality in Older Persons: Studies of Treatment Utilization (Health 
Care-Based Samples) (continued) 

Common Syndromes in Older Adults  357 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI or P Value) 

hospital 

Inouye, 2003
122

 Prospective 
developmental cohort 
from Yale New Haven 
hospital 

525 Adjusted for high risk diagnoses, albumin, 
creatinine, dementia, and walking 
impairment 

HR 1.9 (1.3; 2.7) 

Inouye, 2003
122

 Prospective validation 
cohort from Yale New 
Haven hospital 

1,246 Adjusted for high risk diagnoses, albumin, 
creatinine, dementia, and walking 
impairment 

HR 2.2 (1.7; 2.7) 

Mild  cognitive impairment 

Stump, 2001
69

 General Medicine 
Practice of the 
Regenstrief Health 
Center 

3,861 Adjusted for cognitive impairment, age, 
gender, race, education, and comorbid 
health conditions 

HR 0.93 (0.74; 1.16) 

Moderate to severe cognitive impairment 

Stump, 2001
69

 General Medicine 
Practice of the 
Regenstrief Health 
Center 

3,861 Adjusted for cognitive impairment, age, 
gender, race, education, and comorbid 
health conditions 

HR 1.7 (1.32; 2.19) 

 
Bold=significant association at 95% confidence level. 
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Common Syndromes in Older Adults  358 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Diagnosis Population Risk (95% CI) Risk Type Adjustment 

Jorm, 1991
331

   Australia 274 70+ 5 DSMIII 
dementia 

 2.24 Risk Ratio  

Snowdon, 
1995

337
 

Longitudinal 
study of 
elderly people 
in Botany 

Australia 211 65+ 2, 4, 6, 8 DSMIII 
dementia 

 2.71 Risk Ratio  

Hill, 1997
338

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5 DSMIII Men 2.84 (p<0.05) Odds Ratio Age 

Women 2.67 (p<0.05)   

Ostbye, 1999
313

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5 Men Mild 0.9 (0.3; 3.5) Odds Ratio Age, marital 
status, 
education, 
ADL, vision, 
hearing 

Moderate 2.1 (0.8; 5.6)    

Severe 2.9(0.7; 11.7)   

Ostbye, 1999
339

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5 Men Mild 0.9 (0.3; 3.5) Odds Ratio Age, marital 
status, 
education, 
ADL, vision, 
hearing 

Ostbye, 1999
313

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5 Women Mild 1 (0.5; 2)   

Ostbye, 1999
339

 Canadian 
Study of 
Health and 
Aging 

Canada 1,0263 65+ 2, 5 Women Mild 1 (0.5; 2)   

Ostbye, 1999
313

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5   Moderate 1.4 (0.8; 2.6)   

Severe 1.9 (0.9; 4.1)   

Ostbye, 1999
339

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5   Moderate 2.1 (0.8; 5.6)   

Ostbye, 1999
339

 Canadian 
Study of 
Health and 
Aging 

Canada 10,263 65+ 2, 5   Severe 2.9 (0.7; 11.7)   

Moderate 1.4 (0.8; 2.6)   

Severe 1.9 (0.9; 4.1)   
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 (continued) 

Common Syndromes in Older Adults  359 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Diagnosis Population Risk (95% CI) Risk Type Adjustment 

Li, 1991
330

   China 1,090 60+ 3 Dementia 
(clinical) 

 2.95 SMR  

Katzman, 
1994

340
 

  China 3,531 65+ 2, 5 DSMIIIR 
dementia 

AD 2.65 Risk Ratio Age, sex 

Jagger, 1995
315

   England 1,579 75+ 5 Cambridge 
Mental 
Disorders in 
the Elderly 
Examination 

 1.53 (1.08; 2.16) Risk Ratio Age, sex 

Juva, 1994
341

   Finland 656 75+ 1 DSMIII-R 
dementia 

 3.2 (1.8; 5.6) Risk Ratio Age, sex 

Meller, 1999
342

  Germany 358 85+ 4.7 Clinical Men 2.47 (1.35; 4.5) Odds Ratio Age 

Women 1.98 (1.43; 2.75)   

Total 2.08 (1.56; 2.77)   

Bonaiuto, 
1995

343
 

Appignano 
study 

Italy 778 60+ 7 DSMIII 
dementia 

 3.78 Risk Ratio  

Baldereschi, 
1999

344
 

Italian 
Longitudinal 
Study on 
Aging 

Italy 4,521 65+ 2 DSMIIIR  3.56 (2.52; 5.04) Hazard 
Ratio 

Age, sex, 
health 

Tsuji, 1995
345

 Sendai 
Longitudinal 
Study of 
Aging 

Japan 3,549 65+ 3 DSMIII-R 
dementia 

 2.81 (2.02; 3.9) Hazard 
Ratio 

Age, sex 

Asada, 1996
346

  Japan 38 100+ 0.5 DSMIII-R 
dementia 

 No death 
occurred in non 
demented, risk 
difference 0.27 

Risk Ratio  

Heeren, 1992
334

 Leiden 85-
plus study 

Netherlands 891 85+ 4, 7 DSMIII 
dementia 

 1.9 (1.7; 2.2) Hazard 
Ratio 

Age, sex 

Engedal, 1996
347

 Oslo study Norway 334 75+ 3 DSMIII 
dementia 

 2.01 Risk Ratio  

Saz, 1999
314

 Zaragoza 
study 

Spain 1,080 65+ 4.5 Automated 
Geriatric 
Examination 
for Computer 
Assisted 
Taxonomy 

 3.7 (2; 6.7) Odds Ratio Age, sex, 
education 

Aevarsson, 
1998

336
 

Longitudinal 
Gerontological 
and Geriatric 
Population 

Sweden 494 85 3, 7 Alzheimer’s 
Disease 

Men 2.6 (1.5; 4.7) Hazard 
Ratio 

Health 

Women 2.9 (1.9; 4.3)   
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 (continued) 

Common Syndromes in Older Adults  360 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Diagnosis Population Risk (95% CI) Risk Type Adjustment 

Studies in 
Gothenburg, 
Sweden 

Aguero-Torres, 
1998

348
 

Kungsholmen 
Project 

Sweden 989 75+ 5 DSMIII-R  2.7 (2.1; 3.4) Risk Ratio Age and sex 

Skoog, 1993
335

 Longitudinal
 

Gerontological 
and Geriatric 
Population 
Studies in 
Gothenburg,

 

Sweden 

Sweden 494 85 3, 7 DSMIII-R 
dementia 

 2.39 Risk Ratio  

Johansson, 
1995

349
 

OCTO study Sweden 324 84+ 2, 4 DSMIII-R 
dementia 

 2.86 (1.72; 4.75) Risk Ratio Age, sex 

Aguero-Torres, 
1998

348
 

Kungsholmen 
Project 

Sweden 989 75+ 5 Men 77-84 3.6 (1.4; 9.1)   

Aevarsson, 
1998

336
 

Longitudinal 
Gerontologica
l and Geriatric 
Population 
Studies in 
Gothenburg, 
Sweden 

Sweden 494 85 3, 7 Vascular Men 2.9 (1.4; 6.2)   

Women 3.6 (2.3; 5.9)   

Aguero-Torres, 
1998

348
 

Kungsholmen 
Project 

Sweden 989 75+ 5 Women 77-84 4.5 (2.2; 8.9)   

85+ 1.7 (0.8; 3.5)   

85+ 2.4 (1.8; 3.2)   

Liu, 1998
316

   Taiwan 2,915 65+ 1, 2 Consortium 
to Establish 
a Registry 
of 
Alzheimer's 
Disease 

 2.7 (2.1; 3.4) Risk Ratio  

Gurland, 1999
350

 North 
Manhattan 
Aging Project 

United 
States 

2,162 65+ 1.5 African-
American 

65-74 2.94   

Algorithmic Latino 65-
74 

4.77 Odds Ratio  

Albert, 1999
351

 Washington 
Heights-
Inwood 
Columbia 
Aging Project 
(WHICAP) 

United 
States 

2,334 65+ 1.8 Alzheimer's  2.57 Risk Ratio  



Appendix E Table 31. Association Between Dementia and Mortality in Older Persons
312

 (continued) 

Common Syndromes in Older Adults  361 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Age 

Followup, 
Years 

Diagnosis Population Risk (95% CI) Risk Type Adjustment 

Aronson, 1991
332

 Bronx Aging 
Study 

United 
States 

488 75+ 8 DSMIII 
dementia 

 3 (2.1; 3.1) Risk Ratio  

Evans, 1991
333

  United 
States 

3,623 65+ 4.9 National 
Institute  of 
Neurological 
and 
Communica-
tive Disorders  
and Stroke 
and the –
Alzheimer’s 
Disease and 
Related 
Disorders 
Association 

Alzheimer's 1.4 (1.05; 1.96) Hazard 
Ratio 

Age, sex 

Gurland, 1999
350

 North 
Manhattan 
Aging Project 

United 
States 

2,162 65+ 1.5 Non-Latino 
white 

65-74 6.7   

75-84 1.91   

85+ 0.77   

75-84 1.23   

85+ 2.83   

75-84 1.44   

85+ 11   

 



Appendix E Table 32. Institutionalization in Older Persons With Cognitive Impairment 

Common Syndromes in Older Adults  362 Minnesota Evidence-based Practice Center 

Reference Study Country Sample Adjustment Estimate 
Mean  

(95% CI or P Value) 

Alzheimer's disease         

Long, 2005
118

 Medicaid program: 
applicants to the home- 
and community-based 
care (HCBC)  

USA 1,690 Adjusted for receiving HCBC services, age, race, 
gender, health status, did not have hospital stay or 
SNF, LTCH, rehab hospital stay in prior 6 months, 
0 to 3 MSQ errors, ADL and IADL, lives with 
spouse/child/other/unknown, primary caregiver is 
other relative/non-relative/none/ unknown, did not 
have Medicare home health use in prior 6 months, 
monthly income greater than $1,000. 

Odds Ratio 1.72 (p <0.05) 

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, 
absence of a caregiver, non-spouse caregiver, 
IADL-dependence in finances,  dependence in 
shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, 
bowel incontinence, cardiovascular disease, 
hypertension, diabetes mellitus, stroke, 
Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment 
(AAMI), Alzheimer's disease, vascular dementia, 
and other dementia 

Odds Ratio 14.60 (12.10; 17.60) 

Eaker, 2002
83

 Marshfield 
Epidemiologic Study 
Area (MESA) system 

USA 811 Adjusted for age Hazard Ratio 5.84 (3.96; 8.61) 

Adjusted for age, insurance, and stroke Hazard Ratio 5.44 (3.68; 8.05) 

Adjusted for age, insurance, stroke, and number 
of comorbidity 

Hazard Ratio 3.01 (2.35; 3.87) 

Dementia      

Goodlin, 
2004

298
 

Secondary analysis of 
data from the Medicare 
Current Beneficiary 
Survey 

USA 3232 adjusted for socio-demographic characteristics, 
health status, functional ability, previous use of 
health services, insurance, income, and family 
composition 

Odds Ratio 34.87 (p <0.001) 

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, 
absence of a caregiver, non-spouse caregiver, 
IADL-dependence in finances,  dependence in 
shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, 
bowel incontinence, cardiovascular disease, 
hypertension, diabetes mellitus, stroke, 
Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment 
(AAMI), Alzheimer's disease, vascular dementia, 
and other dementia 

Odds Ratio 36.30 (27.10; 48.70) 

Eaker, 2002
83

 Marshfield 
Epidemiologic Study 

USA 811 Adjusted for age Hazard Ratio 5.91 (3.97; 8.80) 

Adjusted for age, insurance, and stroke Hazard Ratio 5.08 (3.38; 7.63) 



Appendix E Table 32. Institutionalization in Older Persons With Cognitive Impairment (continued) 

Common Syndromes in Older Adults  363 Minnesota Evidence-based Practice Center 

Reference Study Country Sample Adjustment Estimate 
Mean  

(95% CI or P Value) 

Area (MESA) system Adjusted for age, insurance, stroke, and number 
of comorbidity 

Hazard Ratio 3.10 (2.39; 4.03) 

Vascular dementia      

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, 
absence of a caregiver, non-spouse caregiver, 
IADL-dependence in finances,  dependence in 
shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, 
bowel incontinence, cardiovascular disease, 
hypertension, diabetes mellitus, stroke, 
Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment 
(AAMI), Alzheimer's disease, vascular dementia, 
and other dementia 

Odds Ratio 13.80 (10.20; 18.70) 

Confusion, sometimes       

Speare, 
1991

303
 

Longitudinal Study of 
Aging 

USA 5,151 Adjusted for disability, incontinence, blindness, 
deafness, limitation in major activities, social 
support, age, sex, income 

Odds Ratio 1.08 (0.82; 1.43) 

Confusion, frequently      

Speare, 
1991

303
 

Longitudinal Study of 
Aging 

USA 5,151 Adjusted for disability, incontinence, blindness, 
deafness, limitation in major activities, social 
support, age, sex, income 

Odds Ratio 1.39 (1.03; 1.87) 

Confusion , African Americans 

Belgrave, 
1994

305
 

Longitudinal Study of 
Aging 

USA 560 Adjusted for ADL, IADL, self-health, activity 
limitations, confused, age, sex, living alone, 
education, income, and Medicaid 

Odds Ratio 1.45 (0.71; 2.93) 

Confusion, Caucasians      

Belgrave, 
1994

305
 

Longitudinal Study of 
Aging 

USA 6,880 Adjusted for ADL, IADL, self-health, activity 
limitations, confused, age, sex, living alone, 
education, income, and Medicaid 

Odds Ratio 1.21 (0.99; 1.47) 

Cognitive impairment, Short Portable Mental Status Questionnaire (MSQ) 

Long, 2005
118

 Applicants to the home- 
and community-based 
care (HCBC) programs 

USA 1,690 Adjusted for receiving HCBC services, age, race, 
gender, health status, did not have hospital stay 
or SNF, LTCH, rehab hospital stay in prior 6 
months, 0 to 3 MSQ errors, ADL and IADL, lives 
with spouse/child/other/unknown, primary 
caregiver is other relative/non-relative/none/ 
unknown, did not have Medicare home health 
use in prior 6 months, monthly income greater 
than $1,000. 

Odds Ratio 1.32 (>0.05) 

Cognitive impairment, MMSE 

Rockwood, Canadian Study of Canada 9,113 Adjusted for age, gender, race, married status, Odds Ratio 29.10 (25.10; 33.80) 



Appendix E Table 32. Institutionalization in Older Persons With Cognitive Impairment (continued) 

Common Syndromes in Older Adults  364 Minnesota Evidence-based Practice Center 

Reference Study Country Sample Adjustment Estimate 
Mean  

(95% CI or P Value) 

1996
147

 Health and Aging absence of a caregiver, non-spouse caregiver, 
IADL-dependence in finances,  dependence in 
shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, 
bowel incontinence, cardiovascular disease, 
hypertension, diabetes mellitus, stroke, 
Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment 
(AAMI), Alzheimer's disease, vascular dementia, 
and other dementia 

Cognitive impairment, increase in MMSE 

St John, 
2002

150
 

Canadian Study of 
Health and Aging 

Canada 8,073 Adjusted for age, gender, education, Time 1 
MMSE, and self-rated health 

Odds Ratio 0.91 (0.90; 0.94) 

Cognitive impairment, normal MMSE vs. <23 

St John, 
2002

150
 

Canadian Study of 
Health and Aging 

Canada 6,934 Adjusted for age, gender, education, Time 1 
MMSE, and self-rated health 

Odds Ratio 0.88 (0.83; 0.93) 

Age-associated memory impairment 

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, 
absence of a caregiver, non-spouse caregiver, 
IADL-dependence in finances,  dependence in 
shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, 
bowel incontinence, cardiovascular disease, 
hypertension, diabetes mellitus, stroke, 
Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment 
(AAMI), Alzheimer's disease, vascular dementia, 
and other dementia 

Odds Ratio 17.50 (14.00; 22.00) 

Mild/moderate cognitive impairment      

Banaszak-
Holl, 2004

352
 

Asset and Health 
Dynamics Among the 
Oldest Old (AHEAD) 
Study 

USA 6,676 Adjusted for socio-demographic measures, 
potential caregiver network, geographic region, 
medical conditions, and ADL and IADL 
impairments 

Hazard Ratio 2.30 (1.80; 2.80) 

Severe cognitive impairment      

Banaszak-
Holl, 2004

352
 

Asset and Health 
Dynamics Among the 
Oldest Old (AHEAD) 
Study 

USA 6,676 Adjusted for socio-demographic measures, 
potential caregiver network, geographic region, 
medical conditions, and ADL and IADL 
impairments 

Hazard Ratio 1.80 (1.50; 2.20) 

 
Bold=statistically significant. 



Appendix E Table 33. Association Between Hospitalization and Cognitive Impairment in Older Persons 

Common Syndromes in Older Adults  365 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI) 

Alzheimer's disease  

Weiner, 1998
131

 Practices providing 
services to Medicare 
beneficiaries in the 
U.S. 

1,221,615 Crude Ratio of Per Capita 
Expenditures of Medicare 
Beneficiaries  

2.2 

Laditka, 2003
308

 Longitudinal Study of 
Aging 

3,562 Adjusted for age, education, insurance 
and marital status, health status,  
primary care access, self-rated health, 
comorbidities, physical impairments, 
and previous hospitalizations 

Relative Risk 1.19 (0.91; 1.46) 

Cognitive impairment, frequent or increasing trouble remembering things or getting confused 

Boult, 1993
306

 Longitudinal Study on 
Aging 

5,876 Adjusted for need variables, 
predisposing variables, and enabling 
variables 

Odds Ratio 0.9 (0.8; 1.2) 

Decline in SPMSQ in 1991 (>2 points) vs. no for age >75 

Chodosh, 2004
20

 MacArthur Research 
Network on Successful 
Aging Community 
Study 

598 Adjusted for age, sex, race/ethnicity, 
and prior hospitalization 

Odds Ratio 7.8 (2; 30.8) 

 
Bold=statistically significant. 



Appendix E Table 34. Prevalence of Frailty in Older Persons With Cognitive Impairment, Comorbidity, and Disability, According to 
Definition of Frailty 

Common Syndromes in Older Adults  366 Minnesota Evidence-based Practice Center 

Reference Study Sample Size Prevalence Subgroups Mean (95% CI) 

Cognitive Impairment 

Accumulation deficit, functional domains model 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 Cognitive impairment, mild 82.8 (81.0; 84.6) 

Accumulation deficit, burden model 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 Cognitive impairment, mild 48.5 (46.1; 50.9) 

Phenotype model      

Fried, 2001
55

 Cardiovascular Health Study 5,317 Cognitive function: MMSE >23 84.9 6.3 (5.7; 7.0) 

 Cognitive function: MMSE 18 - 23  16.6 (15.6; 17.60) 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 Cognitive impairment, mild 30.2 (28.1; 32.5) 

Comorbidity 

Accumulation deficit, functional domain model 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 >3 chronic diseases 33.9 (31.6; 36.20) 

Accumulation deficit, burden model 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 >3 chronic diseases 41.7 (39.3; 44.01) 

Phenotype model 

Fried, 2001
55

 Cardiovascular Health Study 5,317 Number of chronic diseases: 0 2.7 (2.3; 3.2) 

Number of chronic diseases: 1 5.1 (4.6; 5.80) 

Number of chronic diseases: 2 7.3 (6.6; 8.0) 

Two or more comorbidities 9.7 (8.9; 10.5) 

Number of chronic diseases: 3-4 11.5 910.7; 12.4) 

Number of chronic diseases: ≥ 5 19.6 (18.5; 20.7) 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 >3 chronic diseases 24.3 (22.3; 26.4) 

Phenotype model, women 

Ensrud, 2008
50

 Study of osteoporotic fractures 6,701 No medical conditions 10.7 (10.0; 11.5) 

≥3 medical conditions 39.0 (37.8; 40.2) 

1-2 medical conditions 17.8 (16.9; 18.7) 

Disability 

Phenotype model, women 

Ensrud, 2008
50

 Study of osteoporotic fractures 6,701 ≥1 new IADL impairment 6.6 (6.0; 7.2) 

Phenotype model, men 

Cawthon, 2007
28

 Osteoporotic Fractures in Men (MrOS) 
Study 

5,993 Unable to complete chair stands 35.2 (34.0; 36.4) 

Unable to complete narrow walk 19.0 (18.0; 20.0) 

At least one IADL limitation 15.2 (14.3; 16.1) 

At least one mobility limitation 16.1 (15.2; 17.1) 

Accumulation deficit model, functional domains model, both genders 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 >1 ADL dependency 67.9 (65.6; 70.1) 

>2 ADL dependencies 60.2 (57.8; 62.5) 

>3 ADL dependencies 53.3 (50.9; 55.7) 

>1 IADL dependency 57.6 (55.2; 59.9) 

>2 IADL dependencies 77.5 (75.4; 79.4) 

>3 IADL dependencies 100.0 (99.5; 100.0) 



Appendix E Table 34. Prevalence of Frailty in Older Persons With Cognitive Impairment, Comorbidity, and Disability, According to 
Definition of Frailty (continued) 

Common Syndromes in Older Adults  367 Minnesota Evidence-based Practice Center 

Reference Study Sample Size Prevalence Subgroups Mean (95% CI) 

Accumulation deficit model, burden model, both genders 

. Cigolle, 2009
72

 The Health and Retirement Study 1,657 >1 ADL dependency 78.9 (76.8; 80.8) 

>2 ADL dependencies 92.2 (90.8; 93.4) 

>3 ADL dependencies 91.2 (89.7; 92.5) 

>1 IADL dependency 62.7 (60.4; 65.0) 

>2 IADL dependencies 75.3 (73.1; 77.3) 

>3 IADL  dependencies 82.8 (80.9; 84.5) 

Gutman, 2001
143

 Canadian Study of Health and Aging - 1 5,987 Trouble rating: not at all 10.2 (9.5; 11.0) 

Trouble rating: a little 20.6 (19.6; 21.6) 

Trouble rating: a great deal 51.0 (49.7; 52.3) 

Phenotype model, both genders 

Fried, 2001
55

 Cardiovascular Health Study 5,317 ≥ 1 mobility task   17.3 (16.3; 18.3) 

≥ 1 IADL task   17.4 (16.4; 18.4) 

≥ 1 ADL task   27.9 (26.7; 29.1) 

Any disability 14.4 (13.5; 15.3) 

Cigolle, 2009
72

 The Health and Retirement Study 1,657 >1 ADL dependency 56.7 (54.3; 59.1) 

>2 ADL dependencies 64.8 (62.5; 67.1) 

>3 ADL dependencies 55.3 (52.9; 57.7) 

>1 IADL dependency 43.4 (41.0; 45.8) 

>2 IADL dependencies 52.5 (50.1; 54.9) 

>3 IADL dependencies 92.9 (91.6; 94.1) 



Appendix E Table 35. Association Between Frailty and Mortality in Older Persons According to Definition of Frailty and Study 
Adjustment 

Common Syndromes in Older Adults  368 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Adjustment Estimate Mean 
Lower 
95%CI 

Upper 
95%CI 

 Frailty        

Passarino, 2007
183

 European Challenge for Healthy 
Aging 

65-85 209 Crude OR* 3.11   

Dukers, 2001
353

 Cardiovascular Health Study >65 5,317 Adjusted for age, gender, 
race, income, smoking, 
blood pressure, glucose, 
albumin, creatinine, 
carotid stenosis, CHF, 
cognitive function, major 
EKG abnormality, use of 
diuretics, problems of 
IADL, self-reported 
health measure, CES-D 
modified depression 
measure 

HR 2.24 1.51 3.33 

Intermediate frailty 

Passarino, 2007
183

 European Challenge for Healthy 
Aging 

65-85 209 Crude OR* 1.5   

Dukers, 2001
353

 Cardiovascular Health Study >65 5,317 Adjusted for age, gender, 
race, income, smoking, 
blood pressure, glucose, 
albumin, creatinine, 
carotid stenosis, CHF, 
cognitive function, major 
EKG abnormality, use of 
diuretics, problems of 
IADL, self-reported 
health measure, CES-D 
modified depression 
measure 

HR 1.49 1.11 1.99 

Very frail         

Passarino, 2007
183

 European Challenge for Healthy 
Aging 

>90 117 Crude OR* 1.9375 p value 
0.128 

 

Prefrail without cognitive impairment  

Avila-Funes, 
2009

169
 

Three-City Study >65 5,423 Adjusted for sex; 
education level; income; 
smoking status; drinker 
status; number of chronic 
diseases; self-reported 
health; Center for 
Epidemiologic Studies 
Depression Scale score 

OR 1.27 0.95 1.7 



Appendix E Table 35. Association Between Frailty and Mortality in Older Persons According to Definition of Frailty and Study 
Adjustment (continued) 

Common Syndromes in Older Adults  369 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Adjustment Estimate Mean 
Lower 
95%CI 

Upper 
95%CI 

(excluding the two 
questions used for the 
frailty definition); and 
mobility, instrumental 
activity of daily living, and 
activity of daily living 
disability at baseline 

Prefrail with cognitive impairment  

  >65 5,423  OR 1.59 0.98 2.57 

Frail without cognitive impairment 

  >65 5,423  OR 1.26 0.76 2.11 

Frail with cognitive impairment 

  >65 5,423  OR 1.91 1 3.68 

Outcome: mortality, utilization, and institutionalization  

FI-GGA          

15507074 The MGAT study NA 169 Adjusted for age, sex, 
marriage status, and 
status of intervention 

HR 1.23 1.01 1.45 

Outcome: Repeat outpatient ED visit, hospital admission, nursing home admission, or death, within 30 days of the index ED visit 

Hastings, 2008
354

 Medicare Current Beneficiary Survey ≥65 1,581 Adjusted for age, sex, 
race, income, living 
alone, insurance status, 
previous emergency 
department (ED) visits, 
previous hospitalizations. 

HR DAI 2 
VS. 1 

1.2 0.91 1.6 

HR DAI 3 
vs. 1 

1.33 1.02 1.77 

HR DAI 4 
vs. 1 

1.44 1.06 1.96 

Outcome: Hospital admission, nursing home admission, or death, within 30 days of the index ED visit 

Hastings, 2008
354

 Medicare Current Beneficiary Survey ≥65 1,581 Adjusted for age, sex, 
race, income, living 
alone, insurance status, 
previous emergency 
department (ED) visits, 
previous hospitalizations. 

HR DAI 2 
vs. 1 

1.45 0.98 2.16 

HR DAI 3 
vs. 1 

1.55 1.04 2.33 

HR DAI 4 
VS. 1 

1.98 1.29 3.05 

 
*OR is calculated from 2x2 table.



Appendix E Figure 3. Association Between Mortality and Frailty Definition in Older Men
28,51,156,194 

Common Syndromes in Older Adults  370 Minnesota Evidence-based Practice Center 

 
 

Accumulation deficit 

Longitudinal Aging Study Amsterdam (Static frailty in 65+) 

Longitudinal Aging Study Amsterdam (Dynamic frailty in 65+) 

Chinese Longitudinal Health Longevity Survey (65-79) 

Chinese Longitudinal Health Longevity Survey (80-89) 

Chinese Longitudinal Health Longevity Survey (90-99) 

Chinese Longitudinal Health Longevity Survey (100+) 

Phenotype 

Osteoporotic Fractures in Men Study (3 or more criteria in 65+) 

Osteoporotic Fractures in Men Research Group (CHS frailty index in >67) 

 
Study (definition of frailty, age) 

1.65 (1.20, 2.35) 

1.19 (0.80, 1.65) 

4.56 (0.69, 29.93) 

3.99 (1.41, 11.28) 

2.41 (1.19, 4.88) 

3.86 (0.24, 61.21) 

2.05 (1.55, 2.72) 

3.51 (2.21, 5.57) 

ES (95% CI) 

1.65 (1.20, 2.35) 

1.19 (0.80, 1.65) 

4.56 (0.69, 29.93) 

3.99 (1.41, 11.28) 

2.41 (1.19, 4.88) 

3.86 (0.24, 61.21) 

2.05 (1.55, 2.72) 

3.51 (2.21, 5.57) 

1 .0163 1 61.2 



Appendix E Figure 4. Dose Response Association Between Accumulation Deficit Frailty Index and 
Mortality in Older Men: Chinese Longitudinal Health Longevity Survey

156 

Common Syndromes in Older Adults 371 Minnesota Evidence-based Practice Center 

 

 
 

65-79 

FI second quartile 

FI third quartile 

FI fourth quartile 

80-89 

FI second quartile 

FI third quartile 

FI fourth quartile 

90-99 

FI second quartile 

FI third quartile 

FI fourth quartile 

100+ 

FI second quartile 

FI third quartile 

FI fourth quartile 

 
Quartiles of accumulation deficit frailty index 

1.18 (0.80, 1.75) 

2.01 (0.99, 4.07) 

4.56 (0.69, 29.93) 

1.39 (0.96, 2.02) 

1.94 (1.17, 3.23) 

3.99 (1.41, 11.28) 

1.35 (0.88, 2.08) 

1.55 (0.99, 2.43) 

2.41 (1.19, 4.88) 

2.12 (0.41, 11.00) 

2.28 (0.43, 12.06) 

3.86 (0.24, 61.21) 

ES (95% CI) 

1.18 (0.80, 1.75) 

2.01 (0.99, 4.07) 

4.56 (0.69, 29.93) 

1.39 (0.96, 2.02) 

1.94 (1.17, 3.23) 

3.99 (1.41, 11.28) 

1.35 (0.88, 2.08) 

1.55 (0.99, 2.43) 

2.41 (1.19, 4.88) 

2.12 (0.41, 11.00) 

2.28 (0.43, 12.06) 

3.86 (0.24, 61.21) 

1 .0163 1 61.2 



Appendix E Figure 5. Association Between Mortality and Frailty Definition in Older Women
99,156,194 

Common Syndromes in Older Adults 372 Minnesota Evidence-based Practice Center 

 

Accumulation deficit 

Static frailty (65+) 

Dynamic frailty (65+) 

FI fourth quartile (65-79) 

FI fourth quartile (80-89) 

FI fourth quartile (90-99) 

FI fourth quartile (100+) 

Phenotype 

Intermediate frailty (>65) 

Frailty (>65) 

 
Definition of frailty (age) 

2.01 (1.35, 3.00) 

2.10 (1.45, 3.10) 

3.84 (0.53, 27.80) 

3.52 (1.37, 9.02) 

4.44 (1.15, 17.17) 

2.94 (0.98, 8.81) 

3.50 (1.91, 6.39) 

6.03 (3.00, 12.08) 

ES (95% CI) 

2.01 (1.35, 3.00) 

2.10 (1.45, 3.10) 

3.84 (0.53, 27.80) 

3.52 (1.37, 9.02) 

4.44 (1.15, 17.17) 

2.94 (0.98, 8.81) 

3.50 (1.91, 6.39) 

6.03 (3.00, 12.08) 

ES (95% CI) 

1 .036 1 27.8 



Appendix E Figure 6. Dose Response Association Between Accumulation Deficit Frailty Index and 
Mortality in Older Women: Chinese Longitudinal Health Longevity Survey

156 

Common Syndromes in Older Adults 373 Minnesota Evidence-based Practice Center 

 

65-79 

FI second quartile 

FI third quartile 

FI fourth quartile 

80-89 

FI second quartile 

FI third quartile 

FI fourth quartile 

90-99 

FI second quartile 

FI third quartile 

FI fourth quartile 

100+ 

FI second quartile 

FI third quartile 

FI fourth quartile 

 
Quartiles of accumulation deficit frailty index 

 

1.34 (0.87, 2.06) 

2.34 (0.93, 5.88) 

3.84 (0.53, 27.80) 

1.38 (0.97, 1.96) 

2.20 (1.25, 3.88) 

3.52 (1.37, 9.02) 

1.84 (1.04, 3.25) 

2.38 (1.18, 4.82) 

4.44 (1.15, 17.17) 

1.44 (0.82, 2.54) 

2.01 (0.95, 4.23) 

2.94 (0.98, 8.81) 

ES (95% CI) 

1.34 (0.87, 2.06) 

2.34 (0.93, 5.88) 

3.84 (0.53, 27.80) 

1.38 (0.97, 1.96) 

2.20 (1.25, 3.88) 

3.52 (1.37, 9.02) 

1.84 (1.04, 3.25) 

2.38 (1.18, 4.82) 

4.44 (1.15, 17.17) 

1.44 (0.82, 2.54) 

2.01 (0.95, 4.23) 

2.94 (0.98, 8.81) 

1 .036 1 27.8 



Appendix E Table 36. Association Between Frailty and Institutionalization in Older Persons 

Common Syndromes in Older Adults 374 Minnesota Evidence-based Practice Center 

Reference Study Country Sample Adjustment Estimate Mean (95% CI) 

Intermediate frailty vs. nonfrail 

Bandeen-Roche, 
2006

99
 

Women’s Health 
and Aging Studies 
(WHAS) 

USA 750 Adjusted for age, race, grades 
completed, smoking, history of 
congestive heart failure, Mini-Mental 
State Examination score, Geriatric 
Depression Scale score (≥14), 
number of adjudicated diseases, 
ankle-arm blood pressure, use of 
diuretics  

Hazard Ratio 5.16 (0.81; 32.79) 

Frailty       

Bandeen-Roche, 
2006

99
 

Women’s Health 
and Aging Studies 
(WHAS) 

USA 750 Adjusted for age, race, grades 
completed, smoking, history of 
congestive heart failure, Mini-Mental 
State Examination score, Geriatric 
Depression Scale score (≥14), 
number of adjudicated diseases, 
ankle-arm blood pressure, use of 
diuretics  

Hazard Ratio 23.98 (4.45; 129.2) 

Frailty- GGA       

Jones, 2005
144

 Canadian Study of 
Health and Aging 

Canada 2,305 Adjusted for age, sex, and education Hazard Ratio 1.2 (1.1; 1.32) 

Components of frailty 

Slow gait speed       

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 3.9 (2.2; 6.7) 

Low physical activity 

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 2.1 (1.3; 3.3) 

Weight loss       

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 1.7 (1.2; 2.4) 

Self-reported exhaustion 

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 1.1 (0.8; 1.7) 

Weakness       



Appendix E Table 36. Association Between Frailty and Institutionalization in Older Persons (continued) 

Common Syndromes in Older Adults  375 Minnesota Evidence-based Practice Center 

Reference Study Country Sample Adjustment Estimate Mean (95% CI) 

Rothman, 
2008Rothman, 
2008 #2899} 

Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 1 (0.6; 1.6) 

Cognitive impairment 

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 2.6 (1.7; 4) 

Depressive symptoms 

Rothman, 2008
44

 Precipitating 
Events Project 
(PEP) 

USA 754 Adjusted for age, sex, race, 
education, chronic conditions, and 
the presence of the other six frailty 
criteria 

Hazard Ratio 1.4 (1; 2.1) 

 
Bold=statistically significant. 



Appendix E Table 37. Association Between Frailty and Hospitalization in Older Persons 

Common Syndromes in Older Adults 376 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI) 

Intermediate frailty     

Bandeen-Roche, 
2006

99
 

Women’s Health and 
Aging Studies (WHAS) 

715 Adjusted for baseline age, race, grades 
completed, smoking (pack-years), disease-
related variables—history of congestive heart 
failure, Mini-Mental State Examination score, 
Geriatric Depression Scale score (≥14), number 
of adjudicated diseases, ankle-arm blood 
pressure, use of diuretics without history of 
hypertension or congestive heart failure 

Hazard Ratio 0.99 (0.67; 1.47) 

Avila-Funes, 
2008

171
 

Three-City Study 6,078 Adjusted by age, sex, education level, income, 
smoking status, alcohol use, number of chronic 
diseases, self-reported health, Center for 
Epidemiologic Studies-Depression scale score, 
Mini-Mental State Examination score, and 
baseline disability  

Odds Ratio 1.14 (0.98; 1.31) 

Avila-Funes, 
2008

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 
baseline 

Odds Ratio 1.15 (0.99; 1.32) 

Dukers, 2001
353

 Cardiovascular Health 
Study 

5,317 Adjusted for age, gender, indicator for minority 
cohort, income, smoking, blood pressure, 
glucose, albumin, creatinine, carotid stenosis, 
history of CHF, cognitive function, major EKG 
abnormality, use of diuretics, problems of IADL, 
self-reported health measure, CES-D modified 
depression measure 

Hazard Ratio 1.13 (1.03; 1.25) 

Hazard Ratio, 
original cohort 

1.11 (1.03; 1.19) 

Prefrail      

Kiely, 2009
26

 MOBILIZE Boston Study 765 Adjusted for age, gender, race, diabetes, stroke, 
hypertension, hyperlipidemia, education and 
income 

Odds Ratio for 
accumulation deficit 
index 

2.64 (1.74; 4.01) 

Odds Ratio for 
phenotype index 

1.97 (1.37; 2.84) 

Avila-Funes, 
2009

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 

Odds Ratio 1.19 (1.03; 1.39) 



Appendix E Table 37. Association Between Frailty and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  377 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI) 

baseline 

Prefrail + cognitive impairment 

Avila-Funes, 
2009

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 
baseline 

Odds Ratio 0.95 (0.68; 1.31) 

Frailty      

Bandeen-Roche, 
2006

99
 

Women’s Health and 
Aging Studies (WHAS) 

715 Adjusted for baseline age, race, grades 
completed, smoking (pack-years), disease-
related variables—history of congestive heart 
failure, Mini-Mental State Examination score, 
Geriatric Depression Scale score (≥14), number 
of adjudicated diseases, ankle-arm blood 
pressure, use of diuretics without history of 
hypertension or congestive heart failure 

Hazard Ratio 0.67 (0.33; 1.35) 

Avila-Funes, 
2008

171
 

Three-City Study 6,078 Adjusted by age, sex, education level, income, 
smoking status, alcohol use, number of chronic 
diseases, self-reported health, Center for 
Epidemiologic Studies-Depression scale score, 
Mini-Mental State Examination score, and 
baseline disability  

Odds Ratio 1.36 (1.01; 1.81) 

Avila-Funes, 
2009

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 
baseline 

Odds Ratio 1.41 (1.06; 1.87) 

Kiely, 2009
26

 MOBILIZE Boston Study 765 Adjusted for age, gender, race, diabetes, stroke, 
hypertension, hyperlipidemia, education and 
income 

Odds Ratio for 
accumulation deficit 
index 

3.49 (1.53; 7.98) 

Odds Ratio for 
phenotype  

4.45 (2.42; 8.18) 

Dukers, 2001
353

 Cardiovascular Health 
Study 

5,317 Adjusted for age, gender, indicator for minority 
cohort, income, smoking, blood pressure, 
glucose, albumin, creatinine, carotid stenosis, 
history of CHF, cognitive function, major EKG 
abnormality, use of diuretics, problems of IADL, 

Hazard Ratio 1.29 (1.09; 11.54) 

Hazard Ratio, 
original cohort 

1.27 (1.11; 1.46) 



Appendix E Table 37. Association Between Frailty and Hospitalization in Older Persons (continued) 

Common Syndromes in Older Adults  378 Minnesota Evidence-based Practice Center 

Reference Study Sample Adjustment Estimate Mean (95% CI) 

self-reported health measure, CES-D modified 
depression measure 

Avila-Funes, 
2009

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 
baseline 

Odds Ratio 1.26 (0.91; 1.74) 

Frailty +cognitive impairment 

Avila-Funes, 
2009

169
 

Three-City Study 5,152 Adjusted for age; sex; education level; income; 
smoking status; drinker status; number of chronic 
diseases; self-reported health; Center for 
Epidemiologic Studies Depression Scale score 
(excluding the two questions used for the frailty 
definition); and mobility, instrumental activity of 
daily living, and activity of daily living disability at 
baseline 

Odds Ratio 1.9 (1.09; 3.31) 

 



Appendix E Table 38. Association Between Health Care Utilization and Frailty in Older Persons 

Common Syndromes in Older Adults 379 Minnesota Evidence-based Practice Center 

Reference Study Sample 
Definition of the 

Outcome 
Definition of 

Exposure 
Adjustment Estimate Mean (95% CI) 

Hastings, 
2008

354
 

Secondary 
analysis of 
data from the 
Medicare 
Current 
Beneficiary 
Survey 

1,581 Repeat 
outpatient ED 
visit 

DAI 2 vs. 1 Adjusted for age, sex, race, 
income, living alone, insurance 
status, previous emergency 
department (ED) visits, and 
previous hospitalizations. 

Hazard Ratio 0.93 (0.62; 1.39) 

Repeat 
outpatient ED 
visit 

DAI 3 vs. 1  Hazard Ratio 1.1 (0.74; 1.64) 

Repeat 
outpatient ED 
visit 

DAI 4 vs. 1  Hazard Ratio 1.06 (0.73; 1.54) 

Kiely, 2009
26

 MOBILIZE 
Boston Study 

765 Emergency 
Room Visits 

SOF Frailty Index 
prefrail vs. robust 

Adjusted for age, gender, race, 
diabetes, stroke, hypertension, 
hyperlipidemia, education and 
income 

Odds Ratio 2.19 (1.43; 3.33) 

SOF Frailty Index 
frail vs. robust 

 Odds Ratio 3.54 (1.43; 8.79) 

CHS Frailty Index 
prefrail vs. robust 

 Odds Ratio 1.34 (0.95; 1.89) 

CHS Frailty Index 
frail vs. robust 

 Odds Ratio 3.1 (1.64; 5.86) 

 



Appendix E Table 39. Association Between Hospitalization and Disability in Older Persons 

Common Syndromes in Older Adults 380 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

ADL ≥1 vs. 0      

Aliyu, 2003
310

 The Longitudinal 
Study of Aging 

USA 7,541 Adjusted for race, education, family relationship family income, 
health insurance coverage, social network involvement, 
perceived health status, and activities of daily living (ADL) 

Odds 
Ratio 

1.78 (1.64; 1.96) 

Uses cane, walker, wheelchair vs. no    

Wieland, 
2000

128
 

Data from 
Program of All-
Inclusive Care 
for the Elderly 
(PACE)  

USA 5,478 Adjusted for age, Hispanic (vs. White) ethnicity, living at home 
with others, or other living arrangements (vs. home alone), 
widowed, and divorced/separated (vs. married), varying 
Medicare coverages, self-reported health, number of household 
and nonhousehold caregivers, informal meal preparation, 
housework, money management and transportation received, 
SPMSQ score, ADL/IADL status, use of dressing and feeding 
devices, visual, hearing, communication and behavioral 
impairments, bowel/bladder rehabilitation, ostomy care, 
parenteral medications, inhalation treatment, syphilis, 
tuberculosis, infectious disease other than TB or syphilis, 
neoplasms, hypo/hyperthyroidism, anemia, other blood 
disease, dementia, psychosis, depression/anxiety, other mental 
disorders, CVD, Parkinson's, diseases of eye and ear, other 
nervous system diseases, hypertension, PVD, arteriosclerosis, 
bronchitis, COPD, bronchiectasis, bronchitis, other respiratory 
diseases, diverticulosis, colitis, chronic constipation, biliary tract 
disease, inguinal hernia, esophageal reflux, hepatic disease, 
UTI, skin infections, dermatitis, psoriasis, other skin diseases, 
arthritis, osteomyelitis, osteoporosis, other musculoskeletal 
disease, fracture, decubitus ulcer, amputation, and "other 
(unclassified) diseases." 

Hazard 
Ratio 

1.16 (p=0.006) 

Dentures yes vs. no     

Wieland, 
2000

128
 

Data from 
Program of All-
Inclusive Care 
for the Elderly 
(PACE)  

USA 5478 Adjusted for age, Hispanic (vs. White) ethnicity, living at home 
with others, or other living arrangements (vs. home alone), 
widowed, and divorced/separated (vs. married), varying 
Medicare coverages, self-reported health, number of household 
and nonhousehold caregivers, informal meal preparation, 
housework, money management and transportation received, 
SPMSQ score, ADL/IADL status, use of dressing and feeding 
devices, visual, hearing, communication and behavioral 
impairments, bowel/bladder rehabilitation, ostomy care, 
parenteral medications, inhalation treatment, syphilis, 
tuberculosis, infectious disease other than TB or syphilis, 
neoplasms, hypo/hyperthyroidism, anemia, other blood 
disease, dementia, psychosis, depression/anxiety, other mental 
disorders, CVD, Parkinson's, diseases of eye and ear, other 

Hazard 
Ratio 

1.1 (p=0.02) 



Appendix E Table 39. Association Between Hospitalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 381 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

nervous system diseases, hypertension, PVD, arteriosclerosis, 
bronchitis, COPD, bronchiectasis, bronchitis, other respiratory 
diseases, diverticulosis, colitis, chronic constipation, biliary tract 
disease, inguinal hernia, esophageal reflux, hepatic disease, 
UTI, skin infections, dermatitis, psoriasis, other skin diseases, 
arthritis, osteomyelitis, osteoporosis, other musculoskeletal 
disease, fracture, decubitus ulcer, amputation, and "other 
(unclassified) diseases." 

Number of ADLs (continuous variable 0-7) and hospitalization (defined as hospitalization for Ambulatory Care Sensitive Conditions) 

Laditka, 
2003

308
 

Longitudinal 
Study of Aging 

USA 3,562 Adjusted for age, education, insurance and marital status, 
health status, primary care access, self-rated health, 
comorbidities, physical impairments, and previous 
hospitalizations 

Relative 
Risk 

1.31 (-2.59; 5.21) 

Number of restricted-activity bed days as continuous variables and hospitalization (defined as a hospitalization or ED visit during the first year) 

Shelton, 
2000

114
 

411 patients who 
participated as 
control patients 
in the Generalist 
Physician 
Initiative at the 
Carle Clinic site, 
Urbana, Illinois 

USA 411 Adjusted for age, female sex, living arrangement, race, marital 
status, less than a high school education, taking 5 or more 
prescription medications daily, comorbid illness category, 
restricted-activity bed days category (confined to bed for at 
least 1 day during the past 12 months), 5 health status 
measures of the HSQ, and the baseline indicator of any 
hospitalization or ED encounter 

Odds 
Ratio 

1.7 (0.86; 2.9) 

Male: disability in 3+ ADLs and disability in 1-2 ADLs in the 2 years prior to severe disability onset vs. disability in 1-2 ADLs in the 2 years prior to 
severe disability onset but final ADLs <3 

Ferrucci, 
1997

10
 

Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for age and disability Odds 
Ratio 

2.8 (1.6; 5.2) 

Female: disability in 3+ ADLs and disability in 1-2 ADLs in the 2 years prior to severe disability onset vs. disability in 1-2 ADLs in the 2 years prior to 
severe disability onset but final ADLs <3 

Ferrucci, 
1997

10
 

Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for age and disability Odds 
Ratio 

3.8 (2.2; 4.9) 

Unable to do one or more of five ADLs and four IADLs without other assistance and special device and hospitalization (defined as larger than 0.5 
admission per year) 

Boult, 1993
306

 Longitudinal 
Study on Aging 

USA 5,876 Adjusted for need variables, predisposing variables, and 
enabling variables 

Odds 
Ratio 

1.2 (0.8; 1.8) 

Male: ≥3 ADLs (used 6)--new onset after having no disabilities vs. additional ADL disability developed after having 1-2 ADL disabilities 

Ferrucci, EPESE Boston, USA 6,070 Adjusted for socio-demographic characteristics, health status, Odds 15.9 (9.1; 27.5) 



Appendix E Table 39. Association Between Hospitalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 382 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

1997
10

 New Haven, 
Iowa sites 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

functional ability, previous use of health services, insurance, 
income, and family composition 

Ratio 

Female: ≥3 ADL (used 6)--new onset after having no disabilities vs. additional ADL disability developed after having 1-2 ADL disabilities 

Ferrucci, 
1997

10
 

EPESE Boston, 
New Haven, 
Iowa sites 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

16 (11.1; 23) 

Male: ≥3 ADL (used 6)--additional ADL disability developed after having 1-2 ADL disabilities vs. additional ADL disability developed after having 1-2 
ADL disabilities 

Ferrucci, 
1997

10
 

EPESE Boston, 
New Haven, 
Iowa sites 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

2.8 (1.6; 5.2) 

Female: ≥3 ADL (used 6)--additional ADL disability developed after having 1-2 ADL disabilities vs. additional ADL disability developed after having 1-
2 ADL disabilities 

Ferrucci, 
1997

10
 

EPESE Boston, 
New Haven, 
Iowa sites 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

3.8 (2.2; 4.9) 

≥1 ADL (used 7) assistance vs. no ADL or IADL difficulty, and physically able; and hospitalization (defined as two or more hospitalization in prior 
year) 

Harris, 
1989

355
 

Longitudinal 
Study on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

3.3 (1.9; 5.5) 

≥1 ADL (used 7) difficulty, no assistance vs. no ADL or IADL difficulty, and physically able; and hospitalization (defined as two or more 
hospitalization in prior year) 



Appendix E Table 39. Association Between Hospitalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 383 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Harris, 
1989

355
 

Longitudinal 
Study on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

2 (1.1; 3.4) 

≥1 IADL difficulty, no ADL difficulty vs. no ADL or IADL difficulty, and physically able; and hospitalization (defined as two or more hospitalization in 
prior year) 

Harris, 
1989

355
 

Longitudinal 
Study on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

2.5 (1.4; 4.5) 

No ADL or IADL difficulty, and not physically able vs. no ADL or IADL difficulty, and physically able; and hospitalization (defined as two or more hospitalization in 
prior year) 

Harris, 
1989

355
 

Longitudinal 
Study on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

2.1 (1.2; 3.5) 

 
Bold=statistically significant. 
Physically able=having no difficulty in walking 1/4 of a mile, stooping, crouching or kneeling, lifting 10 pounds, or walking up 10 steps without resting. 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons 

Common Syndromes in Older Adults 384 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

ADLs >1 vs. 0      

Miller, 
1999Miller, 
1999 
#3016} 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 
significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves versus 
no transition was significant at p <.05, the assistance and 
functional status variables 

Odds 
Ratio 

2.16 (1.41; 3.31) 

ADL >1 vs. 0, male      

Nuotio, 
2003

163
 

The second wave 
of the Tampere 
Longitudinal Study 
on Ageing 
(TamELSA) 

Finland 775 Adjusted for age, urge incontinence, living alone, neurological 
diseases, cardiovascular diseases, musculoskeletal diseases, 
other chronic diseases, ADL disability, depressive symptoms 

Relative 
Risk 

1.39 (0.59; 3.28) 

ADL >1 vs. 0, female      

Nuotio, 
2003

163
 

The second wave 
of the Tampere 
Longitudinal Study 
on Ageing 
(TamELSA) 

Finland 775 Adjusted for age, urge incontinence, living alone, neurological 
diseases, cardiovascular diseases, musculoskeletal diseases, 
other chronic diseases, ADL disability, depressive symptoms 

Relative 
Risk 

1.09 (0.63; 1.88) 

ADL 1 vs. 0      

Miller, 
1999

299
 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 
significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves versus 
no transition was significant at p <.05, the assistance and 
functional status variables 

Odds 
Ratio 

1.61 (1.08; 2.39) 

ADL 1-2 vs. 0      

Mor, 
1994

294
 

Longitudinal Study 
on Aging 

USA 7,407 Adjusted for age, gender, self-rated health, number of medical 
conditions, baseline functional status, and the interaction between 
age and gender 

Odds 
Ratio 

9.8 (6.8; 14) 

Steinbach, 
1992

297
 

Longitudinal Study 
of Aging 

USA 4,547 Adjusted for age, sex, race, family income, self-perceived health 
status, ADLs, hypertension, stroke or CVA, cancer, heart disease, 
arthritis, DM, fall, social network, social activities, and living 
arrangement 

Odds 
Ratio 

2.8 (1.78; 4.4) 

ADL 1-3 vs. 0      

Banaszak- Asset and Health USA 6,676 Adjusted for other variables: Model 1 included socio-demographic Hazard 2.1 (1.8; 2.5) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 385 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Holl, 
2004Bana
szak-Holl, 
2004 
#2488} 

Dynamics Among 
the Oldest Old 
(AHEAD) Study 

measures, potential caregiver network, geographic region, 
medical conditions, and ADL and IADL impairments 

Ratio 

ADL ≥3 vs. 0      

Mor, 
1994

294
 

Longitudinal Study 
on Aging 

USA 7,407 Adjusted for age, gender, self-rated health, number of medical 
conditions, baseline functional status, and the interaction between 
age and gender 

Odds 
Ratio 

17 (9.1; 32) 

Steinbach, 
1992

297
 

Longitudinal Study 
of Aging 

USA 4,547 Adjusted for age, sex, race, family income, self-perceived health 
status, ADLs, hypertension, stroke or CVA, cancer, heart disease, 
arthritis, DM, fall, social network, social activities, and living 
arrangement 

Odds 
Ratio 

4.53 (2.97; 6.9) 

ADL 4-5 vs. 0      

Banaszak-
Holl, 
2004

352
 

Asset and Health 
Dynamics Among 
the Oldest Old 
(AHEAD) Study 

USA 6,676 Adjusted for other variables: Model 1 included socio-demographic 
measures, potential caregiver network, geographic region, 
medical conditions, and ADL and IADL impairments 

Hazard 
Ratio 

2.1 (1.7; 2.6) 

Number of ADLs (continuous variable 0-7)   

Belgrave, 
1994

305
 

Longitudinal Study 
of Aging 

USA 560 Adjusted for ADL, IADL, self-health, activity limitations, confused, 

age, sex, living alone, education, income, and Medicaid in 
African American 

Odds 
Ratio 

1.05 (p >0.1) 

Longitudinal Study 
of Aging 

USA 6880 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid in Whites 

Odds 
Ratio 

1.04 (p >0.1) 

Longitudinal Study 
of Aging 

USA 180 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid  in 
African American and with limitation of IADL 

Odds 
Ratio 

1.29 (p >0.1) 

Belgrave, 
1994

305
 

Longitudinal Study 
of Aging 

USA 1,720 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid 

Odds 
Ratio 

1.17 (p <0.05) 

Coward, 
1996

301
 

Longitudinal Study 
of Aging 

USA 7,527 Adjusted for residence, socio-demographic characteristics, health 
status characteristic, and social support characteristics 

Odds 
Ratio 

1.15 (p <0.01) 

St John, 
2002

150
 

Canadian Study of 
Health and Aging 

Canada 8,073 Adjusted for age, gender, education, Time 1 MMSE, and self-
rated health 

Odds 
Ratio 

1.07 (0.97; 1.67) 

6,934 Adjusted for age, gender, education, Time 1 MMSE, and self-
rated health 

Odds 
Ratio 

1.14 (1.01; 1.29) 

Dependence in ADLs     

Miller, 
1999

299
 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 

Odds 
Ratio 

1.3 (0.92; 1.84) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 386 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves vs. no 
transition was significant at p <.05, the assistance and functional 
status variables 

Wolinsky, 
1991

356
 

Longitudinal Study 
of Aging 

USA 5,151 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics 

Odds 
Ratio 

1 (p >0.05) 

Wolinsky, 
1993Wolin
sky, 1993 
#3083} 

Longitudinal Study 
of Aging 

USA 3,646 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics, change in functional status 
measures 

Odds 
Ratio 

1.29 (p =  0.02) 

Dependence in walking     

Long, 
2005

118
 

Applicants to the 
home- and 
community-based 
care (HCBC) 
programs 

USA 1,690 Adjusted for receiving HCBC services, age, race, gender, health 
status, did not have hospital stay or SNF, LTCH, rehab hospital 
stay in prior 6 months, 0 to 3 MSQ errors, needs supervision 
never/sometimes/unknown, does not need assistance with 
mobility, does not need help with medication or meal preparation, 
does not have a mental illness, Alzheimer’s or dementia, does not 
have medications with potential side effects in elderly, lives with 
spouse/child/other/unknown, primary caregiver is other 
relative/non-relative/none/unknown, did not have Medicare home 
health use in prior 6 months, monthly income greater than $1000. 

Odds 
Ratio 

0.85 (p >0.05) 

Goodlin, 
2004

298
 

Secondary 
analysis of data 
from the Medicare 
Current 
Beneficiary Survey 

USA 3,232 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

1.84 (p = 0.006) 

Dependence in dressing     

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, absence of a 
caregiver, non-spouse caregiver, IADL-dependence in finances,  
dependence in shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, bowel 
incontinence, cardiovascular disease, hypertension, diabetes 
mellitus, stroke, Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment (AAMI), 
Alzheimer's disease, vascular dementia, and other dementia 

Odds 
Ratio 

4.41 (3.6; 5.4) 

Dependence in feeding     

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for age, gender, race, married status, absence of a 
caregiver, non-spouse caregiver, IADL-dependence in finances,  
dependence in shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, bowel 
incontinence, cardiovascular disease, hypertension, diabetes 
mellitus, stroke, Parkinson's disease, hearing impairment, visual 

Odds 
Ratio 

2.76 (2.16; 3.52) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 387 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

impairment, age-associated memory impairment (AAMI), 
Alzheimer's disease, vascular dementia, and other dementia 

Using equipment for bathing       

Goodlin, 
2004

298
 

Secondary 
analysis of data 
from the Medicare 
Current 
Beneficiary Survey 

USA 3,232 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

1.92 (p = 0.019) 

IADL ≥1 vs. 0      

Mor, 
1994

294
 

Longitudinal Study 
on Aging 

USA 7,407 Adjusted for age, gender, self-rated health, number of medical 
conditions, baseline functional status, and the interaction between 
age and gender 

Odds 
Ratio 

6.7 (4.6; 9.6) 

IADL >1 vs. 0      

Miller, 
1999

299
 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 
significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves versus 
no transition was significant at p <.05, the assistance and 
functional status variables 

Odds 
Ratio 

1.36 (0.69; 2.68) 

IADL 1 vs. 0      

Miller, 
1999

299
 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 
significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves versus 
no transition was significant at p <.05, the assistance and 
functional status variables 

Odds 
Ratio 

1.04 (0.6; 1.8) 

IADL 1-3 vs. 0      

Banaszak-
Holl, 
2004

352
 

Asset and Health 
Dynamics Among 
the Oldest Old 
(AHEAD) Study 

USA 6,676 Adjusted for other variables: Model 1 included socio-demographic 
measures, potential caregiver network, geographic region, 
medical conditions, and ADL and IADL impairments 

Hazard 
Ratio 

2 (1.7; 2.3) 

IADL 4-5 vs. 0      

Banaszak-
Holl, 
2004

352
 

Asset and Health 
Dynamics Among 
the Oldest Old 
(AHEAD) Study 

USA 6,676 Adjusted for other variables: Model 1 included socio-demographic 
measures, potential caregiver network, geographic region, 
medical conditions, and ADL and IADL impairments 

Hazard 
Ratio 

2.5 (2; 3.3) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 388 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Number of IADLs (continuous variable 0-4)   

Wolinsky, 
1992

300
 

Longitudinal Study 
of Aging 

USA 5,151 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics, health services utilization, 
and change in functional status measures 

Odds 
Ratio 

1.14 (p = 0.03) 

Number of IADLs (continuous variable 0-6)   

Belgrave, 
1994

305
 

Longitudinal Study 
of Aging 

USA 560 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid in African 
American 

Odds 
Ratio 

1.21 (p >0.1) 

Longitudinal Study 
of Aging 

USA 6,880 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid in Whites 

Odds 
Ratio 

1.1 (p >0.1) 

Longitudinal Study 
of Aging 

USA 180 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid in African 
American with IADL limitations 

Odds 
Ratio 

1.1 (p >0.1) 

Belgrave, 
1994

305
 

Longitudinal Study 
of Aging 

USA 1,720 Adjusted for ADL, IADL, self-health, activity limitations, confused, 
age, sex, living alone, education, income, and Medicaid 

Odds 
Ratio 

1.03 (p >0.1) 

Coward, 
1996

301
 

Longitudinal Study 
of Aging 

USA ,7527 Adjusted for residence, socio-demographic characteristics, health 
status characteristic, and social support characteristics 

Odds 
Ratio 

1.16 (p <0.05) 

Number of IADLs (continuous variable 0-7)   

St John, 
2002

150
 

Canadian Study of 
Health and Aging 

Canada 8,073 Adjusted for age, gender, education, Time 1 MMSE, and self-
rated health 

Odds 
Ratio 

1.21 (1.15; 1.28) 

Number of IADLs (continuous variable 0-7) in population with normal MMSE score 

St John, 
2002

150
 

Canadian Study of 
Health and Aging 

Canada 6,934 Adjusted for age, gender, education, Time 1 MMSE, and self-
rated health 

Odds 
Ratio 

1.27 (1.19; 1.36) 

Dependence in finances     

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for Age, gender, race, married status, absence of a 
caregiver, non-spouse caregiver, IADL-dependence in finances,  
dependence in shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, bowel 
incontinence, cardiovascular disease, hypertension, diabetes 
mellitus, stroke, Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment (AAMI), 
Alzheimer's disease, vascular dementia, and other dementia 

Odds 
Ratio 

1.67 (1.41; 2) 

Dependence in shopping     

Goodlin, 
2004

298
 

Secondary 
analysis of data 
from the Medicare 
Current 
Beneficiary Survey 

USA 3,232 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

2.88 (p <0.001) 

Rockwood, 
1996

147
 

Canadian Study of 
Health and Aging 

Canada 9,113 Adjusted for Age, gender, race, married status, absence of a 
caregiver, non-spouse caregiver, IADL-dependence in finances,  
dependence in shopping, ADL-dependence in dressing, 
dependence in feeding, bladder incontinence, bowel 

Odds 
Ratio 

0.88 (0.74; 1.03) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 389 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

incontinence, cardiovascular disease, hypertension, diabetes 
mellitus, stroke, Parkinson's disease, hearing impairment, visual 
impairment, age-associated memory impairment (AAMI), 
Alzheimer's disease, vascular dementia, and other dementia 

Needs help with medications vs. no    

Long, 
2005

118
 

Applicants to the 
home- and 
community-based 
care (HCBC) 
programs 

USA 1690 Adjusted for receiving HCBC services, age, race, gender, health 
status, did not have hospital stay or SNF, LTCH, rehab hospital 
stay in prior 6 months, 0 to 3 MSQ errors, needs supervision 
never/sometimes/unknown, does not need assistance with 
mobility, does not need help with medication or meal preparation, 
does not have a mental illness, Alzheimer’s or dementia, does not 
have medications with potential side effects in elderly, lives with 
spouse/child/other/unknown, primary caregiver is other 
relative/non-relative/none/unknown, did not have Medicare home 
health use in prior 6 months, monthly income greater than $1000. 

Odds 
Ratio 

1.34 (p >0.05) 

Needs help with meal preparation vs. no   

Long, 
2005

118
 

Applicants to the 
home- and 
community-based 
care (HCBC) 
programs 

USA 1,690 Adjusted for receiving HCBC services, age, race, gender, health 
status, did not have hospital stay or SNF, LTCH, rehab hospital 
stay in prior 6 months, 0 to 3 MSQ errors, needs supervision 
never/sometimes/unknown, does not need assistance with 
mobility, does not need help with medication or meal preparation, 
does not have a mental illness, Alzheimer’s or dementia, does not 
have medications with potential side effects in elderly, lives with 
spouse/child/other/unknown, primary caregiver is other 
relative/non-relative/none/unknown, did not have Medicare home 
health use in prior 6 months, monthly income greater than $1000. 

Odds 
Ratio 

2.61 (p >0.05) 

Number of ADLs and IADL (0-13)    

Speare, 
1991

303
 

Longitudinal Study 
of Aging 

USA 5,151 Adjusted for disability, incontinence, blindness, deafness, 
limitation in major activities, social support, age, sex, income 

Odds 
Ratio 

1.19 (p <0.01) 

Kersting, 
2001

302
 

Longitudinal Study 
of Aging 

USA 7,527 Adjusted for social support, poverty, age, gender, race, ADL/IADL 
score, self-reported health status, and fall 

Hazard 
Ratio 

1.17 (1.13; 1.2) 

Longitudinal Study 
of Aging 

USA 555 Adjusted for social support, poverty, age, gender, race, ADL/IADL 
score, self-reported health status, and fall in African Americans 

Hazard 
Ratio 

1.24 (1.13; 1.36) 

304
 Longitudinal Study 

of Aging 
USA 6,986 Adjusted for social support, poverty, age, and ADL/IADL score Hazard 

Ratio 

1.19 (1.16; 1.21) 

GERI-AIMS scale      

Falconer, 
1992

113
 

2-year longitudinal 
study of 
independent 
residents of a 
continuing care 
retirement 

USA 152 Adjusted for age, sex, GERI-AIMS, disease severity, and Williams 
test 

Relative 
Risk 

1.14 (p ≤0.01) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 390 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

community 

Williams test for hand function    

Falconer, 
1992

113
 

2-year longitudinal 
study of 
independent 
residents of a 
continuing care 
retirement 
community 

USA 152 Adjusted for age, sex, GERI-AIMS, disease severity, and Williams 
test 

Relative 
Risk 

2.42 (p >0.05) 

LBL       

Miller, 
1999

299
 

Longitudinal Study 
of Aging 

USA 12,007 Adjusted for gender, age, race, hospitalization, marital status, 
living arrangements (alone/others), family income, home 
ownership, survey transition year, two- and three way interaction 
terms if they met either of two criterion: (1) if the overall test of the 
effect of the interaction across all outcome categories was 
significant at p <.05, or (2) if the overall test was not significant, 
but the component of the interaction term related to moves versus 
no transition was significant at p <.05, the assistance and 
functional status variables 

Odds 
Ratio 

1.09 (0.99; 1.2) 

Wolinsky, 
1992

300
 

Longitudinal Study 
of Aging 

USA 5,151 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics, health services utilization, 
and change in functional status measures 

Odds 
Ratio 

1.08 (p = 0.0417) 

Change in lower body function     

Wolinsky, 
1993

357
 

Longitudinal Study 
of Aging 

USA 3,646 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics, change in functional status 
measures 

Odds 
Ratio 

1.179 (p = 0.01) 

Change in advanced ADLs     

Wolinsky, 
1993

357
 

Longitudinal Study 
of Aging 

USA 3,646 Adjusted for baseline predisposing characteristics, enabling 
characteristics, need characteristics, change in functional status 
measures 

Odds 
Ratio 

1.48 (p = 0.001) 

≥ 3ADL (used 6)--new onset after having no disabilities vs. additional ADL disability developed after having 1-2 ADL disabilities 

Ferrucci, 
1997

10
 

EPESE Boston, 
New Haven, Iowa 
sites Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly 

USA 6,070 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

2.8 (1.7; 4.5) 

Female: ≥3 ADL (used 6)--new onset after having no disabilities vs. additional ADL disability developed after having 1-2 ADL disabilities 

Ferrucci, 
1997

10
 

EPESE 
Established 
Populations for 

USA 6,640 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

2.3 (1.6; 3.2) 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 391 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Epidemiologic 
Studies of the 
Elderly - East 
Boston & New 
Haven 
Communities 

Male: ≥3 ADL (used 6)--new onset after having no disabilities vs. additional ADL disability developed after having 1-2 ADL disabilities 

Ferrucci, 
1997

10
 

EPESE 
Established 
Populations for 
Epidemiologic 
Studies of the 
Elderly - East 
Boston & New 
Haven 
Communities 

USA 6,640 Adjusted for socio-demographic characteristics, health status, 
functional ability, previous use of health services, insurance, 
income, and family composition 

Odds 
Ratio 

1.3 (0.8; 2.1) 

1-2 ADLs (used 7) vs. 0, 4 year prior    

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

2.63 (1.49; 4.66) 

≥3 ADLs (used 7) vs. 0, 4 year prior    

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

3.43 (1.48; 7.95) 

≥1 IADL (used 6) AND no ADL (used 7) vs. 0, 4 year prior  

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

2.38 (1.61; 3.51) 

1-2 ADLs (used 7) vs. 0, 2 year prior    

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

15.57 (9.12; 26.58) 

≥3 ADLs (used 7) vs. 0, 2 year prior    

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

83.22 (33.28; 208.1) 

≥1 IADL (used 6) AND no ADL (used 7) vs. 0, 2 year prior  

Anderson, 
1998

358
 

Longitudinal Study 
on Aging 

USA 5,079 Adjusted odds ratio predicting being institutionalized relative to 
being independent (defined as no IADL or ADL limitations) 

Odds 
Ratio 

3.53 (2.27; 5.49) 

≥1 ADL (used 7) assistance vs. no ADL or IADL difficulty, and physically able 

Harris, 
1989

355
 

Longitudinal Study 
on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

6.7 (3.8; 12.8) 

≥1 ADL (used 7) difficulty, no assistance vs. no ADL or IADL difficulty, and physically able 

Harris, 
1989

355
 

Longitudinal Study 
on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

3.7 (2; 7.4) 

≥1 IADL difficulty, no ADL difficulty vs. no ADL or IADL difficulty, and physically able 



Appendix E Table 40. Association Between Institutionalization and Disability in Older Persons (continued) 

Common Syndromes in Older Adults 392 Minnesota Evidence-based Practice Center 

Reference Study Country 
Sample 

Size 
Adjustment Estimate 

Mean  
(95% CI or P Value) 

Harris, 
1989

355
 

Longitudinal Study 
on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

2.8 (1.4; 5.6) 

No ADL or IADL difficulty, and not physically able vs. no ADL or IADL difficulty, and physically able 

Harris, 
1989

355
 

Longitudinal Study 
on Aging 

USA 1,791 Adjusted for age and sex Odds 
Ratio 

2.2 (1.1; 4.1) 

Restricted activity       

Gill, 
2004

36
 

Precipitating 
Events Project 

USA 754 Adjusted for age, sex, race/ethnicity, living alone, years of 
education, chronic conditions, cognitive impairment, depressive 
symptoms, and prior intervening events 

Hazard 
Ratio 

3.51 (1.72; 7.19) 

Restricted activity in population with physically frail at baseline  

Gill, 
2004

36
 

Precipitating 
Events Project 

USA  754 Adjusted for age, sex, race/ethnicity, living alone, years of 
education, chronic conditions, cognitive impairment, depressive 
symptoms, and prior intervening events 

Hazard 
Ratio 

4.52 (1.95; 10.5) 

Restricted activity in population without physically frail at baseline  

Gill, 
2004

36
 

Precipitating 
Events Project 

USA  754 Adjusted for age, sex, race/ethnicity, living alone, years of 
education, chronic conditions, cognitive impairment, depressive 
symptoms, and prior intervening events 

Hazard 
Ratio 

1.71 (0.35; 8.29) 

 
Bold=statistically significant. 
Lower Body Limitations (LBL)=any difficulty with walking 1/4 of a mile, walking up 10 steps without rest, standing or being on the feet for 2 hours, stooping, 
crouching or kneeling, or lifting or carrying 25 pounds; Restricted activity=cut down on usual activities or stayed in bed for at least half a day due to an illness; 
Physically able=having no difficulty in walking 1/4 of a mile, stooping, crouching or kneeling, lifting 10 pounds, or walking up 10 steps without resting. 



Appendix E Table 41. Association Between Disability and Mortality in Older Persons 

Common Syndromes in Older Adults 393 Minnesota Evidence-based Practice Center 

Disability  Definition Reference Study Sample Size Followup Adjustment 
Estimate  
(95% CI) 

ADL continuous- per increase in 1 score 

Number of ADL limits (used 
7) 

Naeim, 2007
359

 Second Longitudinal Study on 
Aging (LSOAII) 

8,838 Mortality at 4-yr 
followup 

* OR 1.1 
(1.04; 1.16) 

Increase by 1 score in 
Barthel index (range 0 to 20 
[higher score is better], 
includes 10 ADLs) 

Buurman, 
2008

198
 

Tertiary university teaching hospital 463 90-day survival after 
hospital admission 

* OR 0.9 
(0.87; 0.94) 

Number of "other" ADLs 
(used 5--bathe, dress, 
transfer, toilet, eat) 

Long, 2005
118

 Medicaid applicants to the home- 
and community-based care 
(HCBC) programs 

1,690 Mortality 6-months 
following application 
for services 

* OR 1.44 

p < 0.01 

ADL/IADL per increase in 1 score 

Number of Functional 
Limits (unclear in this write-
up, but assumed to include 
13 total: 7 ADLs and 6 
IADLs) 

Grabowski, 
2001

360
 

Longitudinal Study of Aging 7,459 Cox regression to 
calculate 
proportional hazards 
ratios for mortality 
over 96 months 

* HR 1.10 
(1.08; 1.12) 

IADL continuous 

Number of IADL limits 
(used 8) 

Naeim, 2007
359

 Second Longitudinal Study on 
Aging (LSOAII) 

,8838 Mortality at 4-eayr 
followup 

* OR 1.12 
(1.08; 1.17) 

Number of "other" IADLs 
(used 6--housework, 
laundry, telephone, 
finances, travel, shopping) 

Long, 2005
118

 Medicaid applicants to the home- 
and community-based care 
(HCBC) programs 

1,690 Mortality 6-months 
following application 
for services 

* OR 0.88 
NS 

IADL 

≥1 IADL (used 3) AND no 
ADL 

Mor, 1994
294

 Longitudinal Study on Aging 7,407 Mortality at 6-year 
followup 

* OR 6.6 
(5.1; 8.6) 

≥1 IADL (used 6) AND no 
ADL (used 7) 

Anderson, 
1998

358
 

Longitudinal Study on Aging 5,079 4-years prior IADL  OR 1.86 
(1.4; 2.46) 

≥1 IADL (used 6) AND no 
ADL (used 7) 

   2-years prior IADL  OR 4.14 
(3.2; 5.36) 

≥1 IADL difficulty, no ADL 
difficulty 

Harris, 1989
355

 Longitudinal Study on Aging 1,791 Mortality at 2-year 
followup 

 OR 2.2 
(1.4; 3.3) 

1-3 IADLs (used OARS--
number of items not given) 

Ganguli, 2002
85

 Monongahela Valley Independent 
Elders Survey 

1,064 3 year mortality * RR 1.54 
(p=0.05) 

1-3 IADLs (used OARS--
number of items not given) 

Ganguli, 2002
85

 Monongahela Valley Independent 
Elders Survey 

1,064 5 year mortality * RR 1.72 
(p=0.001) 

1-3 IADLs (used OARS--
number of items not given) 

Ganguli, 2002
85

 Monongahela Valley Independent 
Elders Survey 

1,064 10 year mortality * RR 1.62 
(p<0.001) 

2 IADL (used 6) Fried, 1998
54

 Cardiovascular Health Study 5,201 5 year mortality * RR 1.46 
(1.2; 1.78) 

≥ 3 IADL (used 6) Fried, 1998
54

 Cardiovascular Health Study 5,201 5 year mortality * RR 1.64 
(1.26; 2.14) 



Appendix E Table 41. Association Between Disability and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 394 Minnesota Evidence-based Practice Center 

Disability  Definition Reference Study Sample Size Followup Adjustment 
Estimate  
(95% CI) 

≥4 IADLs (used OARS--
number of items not given) 

Ganguli, 2002
85

 Monongahela Valley Independent 
Elders Survey 

1,064 3 year mortality * RR 2.49 
(p=0.02) 

≥4 IADLs (used OARS--
number of items not given) 

   5 year mortality * RR 2.09 
(p=0.03) 

≥4 IADLs (used OARS--
number of items not given) 

   10 year mortality * RR 2.20 
(p=0.001 

IADL individual 

meal preparation Long, 2005
118

 Applicants to home- and 
community-based care (HCBC) 
programs 

1,690 Mortality 6-months 
following application 
for services 

* OR 2.421 
NS 

Medication management    Mortality 6-months 
following application 
for services 

* OR 1.149 
NS 

Manage finances Lee, 2006
71

 Health and Retirement Study 11,701 4 year mortality * OR 1.9 
(1.6; 2.3) 

IADL/ADL 

No issues, IADL issues 
only, ADL issues only (does 
not specify number of 
IADLs and ADLs used. 

Jones, 2004
153

 The MGAT study 171 Death or 
institutionalization 

* HR 1.84 
(1.04; 3.24) 

ADL 

≥1 ADL (used 7) difficulty, 
no assistance 

Harris, 1989
355

 Longitudinal Study on Aging 1,791 Mortality at 2-year 
followup 

 OR 1.9 
(1.3; 2.7) 

1-2 ADLs (used 5) Walter, 2001
125

 Individuals enrolled in 2 
randomized trials of an intervention 
to improve functional outcomes of 
hospitalized older adults 

1,495 1 year after hospital 
discharge 

* OR 2.1 
(1.6; 2.8) 

5 ADLs (used 5)    1 year after hospital 
discharge 

* OR 5.7 
(4.2; 7.7) 

Used 7 ADLs Espino, 2006
200

 H-EPESE Hispanic Established 
Populations for Epidemiologic 
Studies of the Elderly 

3,050 8 year mortality * HR 1.13 
(1.07; 1.19) 

ADL individual 

"Mobility" disability 
[definition of ADL/IADLs 
used is not very clear; is 
this referring to the "walking 
across the room" ADL?] 

Long, 2005
118

 Applicants to the home- and 
community-based care (HCBC) 
programs 

1,690 Mortality 6-months 
following application 
for services 

* OR 1.75 
(p < 0.05) 

Bathe Lee, 2006
71

 Health and Retirement Study 11,701 4 year mortality * OR 2 
(1.6; 2.4) 

Dress: fully dependent Carey, 2008
129

 PACE Program of All-Inclusive 3,899 1-year or 3-year  HR 1.6 



Appendix E Table 41. Association Between Disability and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 395 Minnesota Evidence-based Practice Center 

Disability  Definition Reference Study Sample Size Followup Adjustment 
Estimate  
(95% CI) 

Care for the Elderly mortality (1.3; 2.1) 

Dress: partially dependent Carey, 2008
129

 PACE Program of All-Inclusive 
Care for the Elderly 

3,899   HR 1.2 
(1; 1.4) 

Toilet: fully dependent Carey, 2008
129

 PACE Program of All-Inclusive 
Care for the Elderly 

3,899   HR 1.3 
(1.1; 1.5) 

ADL moderate 

1-2 ADLs (used 7) Anderson, 
1998

358
 

Longitudinal Study on Aging 5,079 4-years prior mod 
ADL 

 OR 2 
(1.22; 3.27) 

1-2 ADLs (used 7) Anderson, 
1998

358
 

Longitudinal Study on Aging 5,079 2-years prior mod 
ADL 

 OR 14.06 
(9.15; 21.61) 

1-2 ADLs (used 6) Mor, 1994
294

 Longitudinal Study on Aging 7,407 Mortality at 6-year 
follow-up 

* OR 8.6 
(6.6; 11) 

ADL severe 

≥3 ADLs (used 7) Anderson, 
1998

358
 

Longitudinal Study on Aging 5,079 2-years prior severe 
ADL 

 OR 3.43 
(1.57; 7.51) 

≥ 3 ADLs (used 7) Anderson, 
1998

358
 

Longitudinal Study on Aging 5,079 2-years prior severe 
ADL 

 OR 86.75 
(39.44; 190.8) 

≥3 ADLs (used 6) Mor, 1994
294

 Longitudinal Study on Aging 7,407 Mortality at 6-year 
followup 

* OR 30 
(18; 51) 

Rosow-Breslau individual 

Walk 1/2 mile Melzer, 2003
14

 EPESE East Boston & New Haven 
Site Established Populations for 
Epidemiologic Studies of the 
Elderly 

3,040 4 year mortality * HR 2.95 
(2.48; 3.5) 

Walk several blocks Lee, 2006
71

 Health and Retirement Study 11,701 4 year mortality * OR 2.1 
(1.8; 2.4) 

SPPB 

0-6 score on SPPB (0 to 
12) 

Rolland, 
2006

165
 

EPIDOS Epidemiologie de 
l'osteoporose study 

7,250 NR * HR 1.34 
(1.04; 1.73) 

7-9 score on SPPB (0 to 
12) 

Rolland, 
2006

165
 

EPIDOS Epidemiologie de 
l'osteoporose study 

7250  * HR 1.24 
(1.01; 1.53) 

Mobility 

Assessed using CGA, rated 
at highest level of 
independence, with aid 
where used. 

Jones, 2004
153

  MGAT study 170 Death or 
institutionalization 

* HR 1.21 
(0.73; 2) 



Appendix E Table 41. Association Between Disability and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 396 Minnesota Evidence-based Practice Center 

Disability  Definition Reference Study Sample Size Followup Adjustment 
Estimate  
(95% CI) 

MOBLI score 

< 0.2021 Melzer, 2003
14

 EPESE East Boston & New Haven 
Site Established Populations for 
Epidemiologic Studies of the 
Elderly 

3,040 4 year mortality * HR 2.71 
(2.28; 3.21) 

Nagi individual 

Push/pull heavy objects Lee, 2006
71

 Health and Retirement Study 11,701 4 year mortality * OR 1.5 
(1.3; 1.8) 

 
*Multivariate adjusted estimates.  
Bold= significant at 95% confidence limits. 



Appendix E Table 42. Association Between Sarcopenia and Clinical Outcomes in Older Persons 

Common Syndromes in Older Adults 397 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Definition of Exposure 
Measure of the 

Association 
Mean (95% CI) 

EPESE score of less than 10(Impaired lower extremity function was defined as a total score less than 10) 

Newman, 
2003

75
 

Health Aging and 
Body Composition 
(Health ABC) Study 

Adjusted for age, race, 
drinking, smoking, physical 
activity and comorbidity 

Men who are sarcopenic (aLM/ht2) OR 1.5 (1.1; 2.1) 

Women who are sarcopenic (aLM/ht2) OR 0.9 (0.7; 1.2) 

Men who are sarcopenic (residual) OR 1.8 (1.3; 2.5) 

Women who are sarcopenic (residual) OR 1.9 (1.4; 2.5) 

Mortality      

Cesari, 
2009

180
 

Invecchiare in 
Chianti Study 

Adjusted for age, gender, 
site, education, Mini-Mental 
State Examination score, 
Center for Epidemiological 
Studies-Depression scale 
score, physical activity, 
congestive heart failure, 
coronary artery disease, 
hypertension, peripheral 
artery disease, respiratory 
disease, osteoarthritis, 
stroke, interleukin-6 (log 
value), C-reactive protein, 
and tumor necrosis factor-α 
(log value) 

Sarcopenia in BMI <25  HR 1.25 (0.69; 2.25) 

Sarcopenia in BMI 25-29.9 HR 1.24 (0.65; 2.37) 

Sarcopenia in BMI ≥30  HR 1.18 (0.46; 3.02) 

Cesari, 
2009

180
 

Invecchiare in 
Chianti Study 

Unadjusted Muscle density (in mg/cm3) HR 0.78 (0.69; 0.88) 

Muscle area (in cm2) HR 0.75 (0.66; 0.86) 

 
Bold=statistically significant. 



Appendix E Table 43. Association Between Frailty, Mortality, and Malnutrition Definition in Older Persons 

Common Syndromes in Older Adults 398 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Definition of Exposure Adjustment 
Relative Measure of 

Association with 95% CI 

Frailty 

Abnormalities: Anemia; Inflammation; Endocrine; Micronutrient; Body composition; Fine motor speed 

Fried, 2009
98

 Women ’ s 
Health and 
Aging Studies 
I and II 

>70 1,438 Multiple  vs. isolated 
abnormalities  

Adjusted for age, 
race, education, and 
number of chronic 
diseases 

OR 2.59 (1.22; 5.52) 

Abnormal levels in 3-4 
physiological measures 

OR 11 (2.5; 47.9) 

Abnormal levels in >5  
physiological measures 

OR 26 (3.7; 183.3) 

Anemia OR 1.5 (0.7; 3.4) 

Dehydroepiandrosterone 
sulfate  DHEA-S <0.215 
mcg/mL 

OR 1.4 (0.7; 2.8) 

≥2 nutritional deficits OR 2.6 (1.3; 5) 

Skinfold thickness <17 mm OR 2.6 (1.3; 5.2) 

Bartali, 2008
177

 Invecchiare in 
Chianti  
(InCHIANTI) 

>65 698 Vitamin E, 1.1 μg/mL, 
lowest vs. the highest 
quartile 

Adjusted for age, sex, 
educational 
achievement, marital 
status, household 
composition, 
smoking, physical 
activity , number of 
diseases, BMI, 
Depression Scale, 
and Mini-Mental 
State Examination 

OR 1.62 (1.11; 2.36) 

Vitamin B12, 275 pg/mL, 
lowest vs. the highest 
quartile 

OR 1.03 (0.71; 1.5) 

Vitamin B6, 4.35 ng/mL, 
lowest vs. the highest 
quartile 

OR 1.04 (0.71; 1.53) 

Folic acid, 1.9 ng/mL, 
lowest vs. the highest 
quartile 

OR 0.72 (0.49; 1.03) 

Vitamin D, 305 ng/mL, 
lowest vs. the highest 
quartile 

OR 0.92 (0.63; 1.36) 

Iron, 55 μg/dL, lowest vs. 
the highest quartile 

OR 1.1 (0.77; 1.59) 

Mortality 

Albumin levels (g/L) 

Raynaud-Simon, 
2002

167
 

PAQUID 
research 
program 

>65 245 <44.8 vs. 44.8-48.0 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI 

RR 5.3 (0.2; 5.7), 2 years 

<44.8 vs. 44.8-48.0 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and BMI 

RR 2.1 (1.1; 3.9), 6 years 



Appendix E Table 43. Association Between Frailty, Mortality, and Malnutrition Definition in Older Persons (continued) 

Common Syndromes in Older Adults 399 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Definition of Exposure Adjustment 
Relative Measure of 

Association with 95% CI 

Anemia       

Semba, 2007
107

 Women's 
Health and 
Aging Study I 

>65 688 Anemia with nutritional 
deficiencies  

Adjusted for age HR 0.79 (0.29; 2.14) 

Zakai, 2005
61

 Cardiovascular 
Health Study 

>65 5888 Anemia Adjusted for age, sex, 
and race, baseline 
cardiovascular 
disease, congestive 
heart failure, diabetes 
mellitus, pre-baseline 
cancer, ankle-arm 
index, self-reported 
health status (fair or 
poor), history of 
cigarette use, and 
forced vital capacity 

RR 1.33 (1.15; 1.54) 

BMI       

Volpato, 2001
100

 Women’s 
Health and 
Aging Study 

≥65 620 <21.45 vs. 21.45–31.58 Adjustment for age, 
smoking history, BMI, 
inflammatory markers 
and albumin 

RR 2.03 (1.09; 3.77) 

Raynaud-Simon, 
2002

167
 

PAQUID 
research 
program 

>65 245 <22.8 vs. 22.8-27.3 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI 

RR 0.7 (0.1; 3) 2 years 

RR 2.3 (1.3; 4.4) 6 years 

Rakowski, 1992
361

 Longitudinal 
Study of Aging  

>70 1391 lowest vs.  highest quintile Crude OR 2.17 (1.03; 4.55) 

Not intentional weight loss 

Newman, 2001
64

 Cardiovascular 
Study 
Research 
Group 

>65 4718 Weight loss of 5% Adjusted for age in 
years, gender, race, 
digital symbol score, 
number of 
medications, 
gastrointestinal 
disease, log of pack 
years of smoking, 
waist circumference, 
and mobility-
impairment 

HR 1.67 (1.29; 2.15) 

Composite nutritional score 

Beck, 1999
157

 Danish part of 
‘Survey in 

>73 202 MNA nutritional score 
(<23.5 vs. >24) 

Adjusted for age and 
smoking status 

RR 2.86 (1.52; 5.56) 



Appendix E Table 43. Association Between Frailty, Mortality, and Malnutrition Definition in Older Persons (continued) 

Common Syndromes in Older Adults 400 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Definition of Exposure Adjustment 
Relative Measure of 

Association with 95% CI 

Europe of 
Nutrition in the 
Elderly, a 
Concerted 
Action’ 
(SENECA) 

Visvanathan, 
2003

141
 

Domiciliary 
care services 
for elderly 
people with 
moderate or 
severe 
functional 
limitations 

>67 250 MNA <24 Adjusted for age and 
living status 

RR 1.02 (0.44; 2.38) 1 year 

Beck, 1999
157

 Danish part of 
‘Survey in 
Europe of 
Nutrition in the 
Elderly, a 
Concerted 
Action’ 
(SENECA) 

>73 202 High nutritional risk by NSI 
Checklist score 

Adjusted for age and 
smoking status 

RR 1.45 (0.78; 2.71) 

Transthyretin, mg/L 

Raynaud-Simon, 
2002

167
 

PAQUID 
research 
program 

>65 245 <258 vs. 258-316 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI 

RR 2.8 (0.7; 10.7) 2 years 

>316 vs. 258 -316 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI 

RR 6.6 (1.7; 25.9) 2 years 

<258 vs. 258 -316 Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI 

RR 1.4 (0.7; 2.6) 6 years 

>316 vs. 258 -316 Adjusted for 
Transthyretin,CRP, 
Orosomucoid, and 
BMI 

RR 2.6 (1.4; 5) 6 years 

Orosomucoid, g/L 

Raynaud-Simon, 
2002

167
 

The PAQUID 
research 

>65 245 <0.68 vs. 0.68- 0.88 Adjusted for 
Transthyretin,CRP, 

RR 0.6 (0.1; 3.9) 2  years; 
RR 0.5 (0.2; 1.1) 6 years 



Appendix E Table 43. Association Between Frailty, Mortality, and Malnutrition Definition in Older Persons (continued) 

Common Syndromes in Older Adults 401 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Definition of Exposure Adjustment 
Relative Measure of 

Association with 95% CI 

program >0.88 vs. 0.68- 0.88 Orosomucoid, and 
BMI 

RR 7.4 (2.2; 24.6) 2  years; 
RR 2.9 (1; 3.4) 6 years 

Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI, functional status 
(ADL and IADL), 
cognitive function 
(MMSE), and 
depression  (CES-D) 

RR 6.1 (1.7; 22.2) 2  years 

RR 1.7 (0.9; 3.2) 6 years 

>1 g/L Adjusted for 
Transthyretin, CRP, 
Orosomucoid, and 
BMI, functional status 
(ADL and IADL), 
cognitive function  
(MMSE), and 
depression  (CES-D) 

RR 12.3 (4.3; 35) 2 years 

RR 4.4 (2.3; 8.5) 6 years 

Vitamin D       

Semba, 2009
105

 Women's 
Health and 
Aging Studies 
(WHAS) I and 
II, 2 

>70 714 25 (OH)D <15.3 vs. >27 Age, race, education, 
season, BMI, 
smoking, supplement 
use, physical activity, 
total cholesterol, HDL 
cholesterol, and 
chronic diseases 

HR 2.45 (1.12; 5.36) 

Visser, 2006
196

 Longitudinal 
Aging Study 
Amsterdam  
(1995–1996) 

>65 1260 25 (OH)D: <25 nmol/L vs. 
>75 nmol/L 

Adjusted for sex, age, 
and education; 
model, for chronic 
diseases, serum 
creatinine 
concentration, 
cognitive status, and 
depressive 
symptoms, BMI, 
smoking status, 
alcohol consumption, 
and physical activity, 
mobility performance, 
low serum albumin 
concentration, and 
low serum total 

HR 1.28 (0.85; 1.92) 

25 (OH)D: 25–49.9 nmol/L 
vs. >75 nmol/L 

HR 1 (0.72; 1.4) 



Appendix E Table 43. Association Between Frailty, Mortality, and Malnutrition Definition in Older Persons (continued) 

Common Syndromes in Older Adults 402 Minnesota Evidence-based Practice Center 

Reference Study Age Sample Definition of Exposure Adjustment 
Relative Measure of 

Association with 95% CI 

cholesterol 
concentration 

Red cell distribution width 

Patel, 2010
46

 InCHIANTI 
Study, 
NHANES III, 
and WHAS 
I;the Health 
ABC Study;  
the East 
Boston, Iowa, 
and New 
Haven sites of 
the EPESE 

>65 11,827 Red cell distribution 
width,1% increment 

Adjusted for age, sex, 
race, education level, 
smoking history, and 
body mass index, 
age-associated 
medical conditions 
(cancer, diabetes, 
heart attack, 
hypertension, and 
stroke 

HR 1.14 (1.11; 1.17) 

No major 
age-
associated 
diseases 

HR 1.32 (1.21; 1.44) 

Iron, folate, 
and/or 
vitamin B12 
deficiencies 

HR 1.16 (1.09; 1.24) 

 RDW of 14.0%–14.9% HR 1.77 (1.53; 2.04) 

 RDW >14.9% HR 2.51 (2.16; 2.91) 

65-74 Red cell distribution width, 
1% increment 

HR 1.25 (1.22; 1.3) 

75-84 HR 1.16 (1.13; 1.19) 

>85 HR 1.16 (1.112; 1.21) 

male HR 1.21 (1.175; 1.24) 

female HR 1.16 (1.13; 1.19) 

African 
American 

HR 1.13 (1.1; 1.18) 

Caucasian HR 1.19 (1.16; 1.212) 

BMI <18.5 HR 1.15 (1.035; 1.23) 

Treatment utilization among those with high risk of undernutrition and malnutrition MNA <26 

Visvanathan, 
2003

141
 

Domiciliary 
care services 
for elderly 
people with 
moderate or 
severe 
functional 
limitations 

>67, 250 
elderly 

Needing any form of admission Adjusted for Age and 
Living Status 

RR 1.51 (1.07; 2.14) 

Needing emergency admission RR 1.94 (1.24; 3.03) 

Requiring >2 admissions RR 2.17 (1.05; 4.44) 

Requiring >2 emergency admissions RR 2.96 (1.15; 7.59) 

Spending >4 weeks in the hospital RR 3.22 (1.29; 8.07) 

 

Bold=significant association at 95% confidence limit. 



Appendix E Table 44. Association Between Sex-Specific Early and Late Mortality and Malnutrition and Inflammation Biomarkers in Older 
Persons: Pathologies Oculaires Liées à l'Age Cohort

168
 

Common Syndromes in Older Adults 403 Minnesota Evidence-based Practice Center 

Reference Study 
Age, Sample, 
Adjustment 

Gender Mortality Exposure Definition 
Hazard Ratio 

(95% CI) 

Albumin, g/L 

Carriere, 
2008

168
 

Pathologies 
Oculaires Lie´es 
a` l’Age Study 

>60,  
1,441 
Adjusted for 
age, 
educational 
level, perceived 
health, and 
smoking 

Males Early Death (5 years 
after baseline) 

<39.44 vs. 39.44–44.77 2.72 (1.44; 5.14) 

Females  <39.44 vs. 39.44–44.77 1.37 (0.7; 2.7) 

Males Late Death  
(Between 5 and 9 
years after baseline) 

<39.44 vs. 39.44–44.77 1.13 (0.61; 2.11) 

Females <39.44 vs. 39.44–44.77 0.84 (0.48; 1.48) 

Alpha 1-acid glycoprotein, g/L 

Males Early Death  highest quartile and Transthyretin, 
lowest quartile 

6.86 (3.2; 14.71) 

Females 4.64 (1.79; 12.05) 

Males Early Death  <0.64 vs. 0.64–0.89 1.03 (0.47; 2.28) 

Females  <0.64 vs. 0.64–0.89 1.99 (0.95; 4.16) 

Males Late Death  <0.64 vs. 0.64–0.89 0.38 (0.16; 0.92) 

Females  <0.64 vs. 0.64–0.89 0.68 (0.36; 1.29) 

Males Early Death  >0.90 vs. 0.64–0.90 2.26 (1.19; 4.31) 

Females Early Death  >0.90 vs. 0.64–0.90 2.61 (1.27; 5.35) 

Males Late Death  >0.90 vs. 0.64–0.90 1.44 (0.82; 2.53) 

Females Late Death  >0.90 vs. 0.64–0.90 1.1 (0.6; 2.02) 

Transthyretin, g/L 

Males Early Death  <0.24 vs. 0.24–0.29 2.23 (1.21; 4.13) 

Females Early Death  <0.24 vs. 0.24–0.29 2.39 (1.24; 4.58) 

Males Late Death  <0.24 vs. 0.24–0.29 1.17 (0.64; 2.17) 

Females Late Death  <0.24 vs. 0.24–0.29 1.36 (0.77; 2.38) 

Males Early Death  >0.30 vs. 0.24–0.30 0.39 (0.13; 1.16) 

Females Early Death  >0.30 vs. 0.24–0.30 0.97 (0.41; 2.33) 

Males Late Death  >0.30 vs. 0.24–0.30 0.89 (0.47; 1.68) 

Females Late Death  >0.30 vs. 0.24–0.30 1.04 (0.52; 2.1) 

Prognostic inflammatory and nutritional index 

Males Early Death  <0.052 vs. 0.052–0.265 0.66 (0.27; 1.58) 

Females Early Death  <0.052 vs. 0.052–0.265 1.28 (0.61; 2.68) 

Males Late Death  <0.052 vs. 0.052–0.265 0.53 (0.23; 1.23) 

Females Late Death  <0.052 vs. 0.052–0.265 0.78 (0.39; 1.56) 

Males Early Death  >0.266 vs. 0.052–0.266 2.13 (1.15; 3.95) 

Females Early Death  >0.266 vs. 0.052–0.266 1.33 (0.66; 2.68) 

Males Late Death  >0.266 vs. 0.052–0.266 2.5 (1.44; 4.36) 

 Females Late Death  >0.266 vs. 0.052–0.266 1.25 (0.72; 2.18) 

 
Bold=significant association at 95% confidence limit. 



Appendix E Figure 7. Association Between Chronic Inflammation Biomarkers and Cognitive Decline in Older Persons: Health, Aging, 
and Body Composition Study

77
 

Common Syndromes in Older Adults 404 Minnesota Evidence-based Practice Center 

 
 

*After adjustment for age, education, race, sex, smoking, alcohol use, body mass index, self-reported health, CES-D score (depression), comorbidities (myocardial 
infarction, diabetes mellitus, hypertension, and stroke), use of NSAIDs, use of estrogen for women, and baseline cognitive test score. 
 

IL-6  

CRP 

TNF alpha 

Three markers (IL-6, CRP, TNF alpha) 

 Markers of chronic inflammation 
(highest vs. the lowest tertile) 

1.23 (0.96, 1.59) 

1.24 (0.96, 1.63) 

1.23 (0.95, 1.59) 

1.53 (1.03, 2.28) 

Odds ratio* (95% CI) 

1.23 (0.96, 1.59) 

1.24 (0.96, 1.63) 

1.23 (0.95, 1.59) 

1.53 (1.03, 2.28) 

1 .8 1 3 



Appendix E Figure 8. Association Between Chronic Inflammation and Sarcopenia (Muscle Strength Loss) in in Older Persons: 
Longitudinal Aging Study Amsterdam

195
 

Common Syndromes in Older Adults 405 Minnesota Evidence-based Practice Center 

 
 
 
*After controlling for age, sex, education level, smoking status, number of chronic diseases, alcohol use, physical activity, anti-inflammatory drug use, body mass 
index (or total body fat when available), cognitive impairment, and depressive symptoms. 
 

High levels of IL-6 (>4.9 pg/mL vs. <1.7) 

Increase by 0.93 (SD) in LN IL-6 

High CRP levels (>6.1g/mL vs. <1.4) 

Increase by 1.14 (SD) in LN CRP 

IL-6 >4.9 pg/mL + 1-alfa antichymotrypsin >181% of  
normal 

 
Markers of chronic inflammation 

3.65 (1.92, 6.91) 

1.54 (1.26, 1.89) 

1.90 (1.06, 3.41) 

1.24 (1.01, 1.53) 

7.27 (1.00, 54.56) 

OR* (95% CI) 

3.65 (1.92, 6.91) 

1.54 (1.26, 1.89) 

1.90 (1.06, 3.41) 

1.24 (1.01, 1.53) 

7.27 (1.00, 54.56) 

  
1 1 50 



Appendix E Figure 9. Association Between Chronic Inflammation and Disability in Older Women: Women’s Health and Aging Study I
101

 

Common Syndromes in Older Adults 406 Minnesota Evidence-based Practice Center 

 
 

*After controlling for age, education, race, smoking status, BMI, estrogen use, corticosteroid use, and chronic conditions. 

Low IGF-I and High IL-6 vs. High IGF-I and Low IL-6 

Walking limitation 

Mobility disability 

IADL disability 

ADL disability 

Higher inflammatory markers (CRP and IL 6) 

Incident disability 

 Definition of disability 

10.77 (1.68, 69.11) 

5.14 (1.85, 14.25) 

3.66 (1.10, 12.15) 

2.47 (0.96, 6.32) 

1.00 (0.80, 1.30) 

OR* (95% CI) 

10.77 (1.68, 69.11) 

5.14 (1.85, 14.25) 

3.66 (1.10, 12.15) 

2.47 (0.96, 6.32) 

1.00 (0.80, 1.30) 

1  1 69 



Appendix E Figure 10. Association Between Chronic Inflammation and Frailty in Older Women: Women’s Health and Aging Studies I and 
II

98,109
 

Common Syndromes in Older Adults 407 Minnesota Evidence-based Practice Center 

 
*After controlling for age, history of smoking, BMI >25 kg/m

2
, number of chronic diseases, and markers for socioeconomic status. 

Frailty 

Inflammation -IL-6 >4.6 pg/mL 

IGF-1 <74.3 ng/mL 

IL-6 -Top tertile (4.2 pg/mL) vs. the lowest tertile 

Prefrailty 

IL-6 -Top tertile (4.2 pg/mL) vs. the lowest tertile 

 Markers of chronic inflammation 

1.20 (0.60, 2.20) 

1.70 (0.80, 3.40) 

2.00 (1.10, 3.60) 

1.40 (0.90, 2.00) 

OR* (95% CI) 

1.20 (0.60, 2.20) 

1.70 (0.80, 3.40) 

2.00 (1.10, 3.60) 

1.40 (0.90, 2.00) 

1 .278 1 3.6 



Appendix E Figure 11. Association Between Elevated Inflammatory Biomarkers (CRP and IL6) and Mortality in Older Persons
21,24,82,193

 

Common Syndromes in Older Adults 408 Minnesota Evidence-based Practice Center 

Random effects analysis 

Men and women 

van den Biggelaar (Leiden 85-plus Study) 

Harris (Iowa 65+ Rural Health Study) 

Sarkisian (MacArthur Study of Successful Aging) 

Subtotal (I-squared = 76.5%, p = 0.014) 

Men 

Harris (Iowa 65+ Rural Health Study) 

 

Women  

Harris (Iowa 65+ Rural Health Study) 

 

 

Author (study) 

1.17 (0.83, 1.65) 

2.60 (1.60, 4.30) 

1.20 (1.00, 1.50) 

1.46 (0.98, 2.17) 

2.80 (1.40, 5.50) 

 

2.00 (0.90, 4.40) 

 

Relative measure of the association (95% CI) 

1.17 (0.83, 1.65) 

2.60 (1.60, 4.30) 

1.20 (1.00, 1.50) 

1.46 (0.98, 2.17) 

2.80 (1.40, 5.50) 

2.00 (0.90, 4.40) 

1 .18 1 5.55 



Appendix E Figure 12. Association Between Inflammatory Indexes and Mortality in Older Persons
21,193

 

Common Syndromes in Older Adults 409 Minnesota Evidence-based Practice Center 

 
 

 

Inflammation index (MacArthur Studies of Successful Aging) 

Pro-inflammatory HIGH +Anti-inflammatory LOW (the Leiden 85-plus Study) 

Pro-inflammatory LOW + Anti-inflammatory HIGH (the Leiden 85-plus Study) 

Pro-inflammatory LOW + Anti-inflammatory LOW (the Leiden 85-plus Study) 

 Definition of chronic inflammation 

1.18 (0.99, 1.41) 

1.08 (0.69, 1.69) 

0.98 (0.65, 1.47) 

2.21 (1.27, 3.82) 

ES (95% CI) 

1.18 (0.99, 1.41) 

1.08 (0.69, 1.69) 

0.98 (0.65, 1.47) 

2.21 (1.27, 3.82) 

1 .262 1 3.82 



Appendix E Figure 13. Association Between Elevated Interleukin-6 and Mortality in Older Persons
82,100,101

 

Common Syndromes in Older Adults 410 Minnesota Evidence-based Practice Center 

 

. 

. 

High IL-6, women 

Cappola (Women’s Health and Aging Study I) 

Harris (Iowa 65+ Rural Health Study) 

Volpato (Women’s Health and Aging Study) 

Low IGF-I and High IL-6, women 

Cappola (Women’s Health and Aging Study I) 

High IL-6, men 

Harris (Iowa 65+ Rural Health Study) 

 
Author (study) 

1.60 (1.17, 2.19) 

2.50 (1.20, 5.00) 

2.03 (1.08, 3.83) 

2.10 (1.29, 3.41) 

1.10 (0.50, 2.40) 

ES (95% CI) 

1.60 (1.17, 2.19) 

2.50 (1.20, 5.00) 

2.03 (1.08, 3.83) 

2.10 (1.29, 3.41) 

1.10 (0.50, 2.40) 

1 .2 1 5 



Appendix E Table 45. Association Between C-Reactive Protein and Mortality in Older Persons 

Common Syndromes in Older Adults 411 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Age Definition of exposure Estimate Mean (95% CI) 

Women       

Harris, 1999
82

 Iowa 65+ Rural 
Health Study  

Adjusted for age, sex, 
prevalent cardiovascular 
disease, diabetes, BMI 

>65 High C-reactive protein levels only 
(C-reactive protein >2.78 mg/L and 
interleukin-6<3.19 pg/mL) 

Relative Risk 0.3 (0.1; 1.2) 

Volpato, 2001
100

 Women’s Health 
and Aging Study 

Adjusted for age, smoking 
history, BMI, inflammatory 
markers and albumin 

≥65 CRP, mg/L 2.1–7.4 vs. <2 Relative Risk 1.16 (0.64; 2.1) 

CRP, mg/L >7.5 vs. <2 Relative Risk 1.65 (0.93; 2.9) 

Carriere, 2008
168

 Pathologies 
Oculaires Lie´es 
a` l’Age Study 

Adjusted for age, 
educational level, 
perceived health, and 
smoking 

>60 C-reactive protein, mg/L < 0.86 vs. 
0.86–3.30 

Hazard Ratio 1.45 (0.7; 3.04) 

C-reactive protein, mg/L >3.31 vs. 
0.86–3.30 

Hazard Ratio 1.32 (0.65; 2.69) 

C-reactive protein, mg/L  0.86 vs. 
0.86–3.30 

Hazard Ratio 0.82 (0.42; 1.59) 

C-reactive protein, mg/L  3.31 vs. 
0.86–3.30 

Hazard Ratio 1.05 (0.6; 1.85) 

Men       

Harris, 1999
82

 Iowa 65+ Rural 
Health Study  

Adjusted for age, sex, 
prevalent cardiovascular 
disease, diabetes, body 
mass index 

>65 High C-reactive protein levels (C-
reactive protein >2.78 mg/L) 

Relative Risk 1.5 (0.7; 3.2) 

Carriere, 2008
168

 Pathologies 
Oculaires Lie´es 
a` l’Age Study 

Adjusted for age, 
educational level, 
perceived health, and 
smoking 

>60 C-reactive protein, mg/L <0.86 vs. 
0.86–3.30 

Hazard Ratio 0.7 (0.31; 1.63) 

C-reactive protein, mg/L >3.31 vs. 
0.86–3.30 

Hazard Ratio 2.15 (1.14; 4.02) 

C-reactive protein, mg/L <0.86 vs. 
0.86–3.30 

Hazard Ratio 0.6 (0.27; 1.33) 

C-reactive protein, mg/L >3.31 vs. 
0.86–3.30 

Hazard Ratio 2.37 (1.36; 4.15) 

All elderly       

Raynaud-Simon, 
2002

167
 

PAQUID 
research 
program 

Adjusted for Transthyretin, 
CRP, Orosomucoid, and 
BMI 

>65 CRP (mg/L) >15 vs. <15 Relative Risk 0.2 (0.1; 9.2) 

Bruunsgaard, 
2003

158
 

Danish 
Centenarian 
Study 

Crude >100 C-reactive protein increase by SD in 
log scale 

Hazard Ratio 1.26 (1.03; 1.53) 

Cao, 2007
58

 Cardiovascular 
Health Study 

Adjusted for age, sex, race, 
systolic and diastolic blood 
pressure, use of 
antihypertensive 
medications, BMI, smoking 
(never, former, current), 
and amount smoked (in 
pack-years), high-density 
lipoprotein and low-density 
lipoprotein cholesterol, 
diabetes (none, impaired 

>95 CRP >3 mg/L Hazard Ratio 1.38 (1.25; 1.53) 



Appendix E Table 45. Association Between C-Reactive Protein and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 412 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Age Definition of exposure Estimate Mean (95% CI) 

fasting glucose, diabetes), 
plaque risk group, and 
carotid wall thickness 

Seeman, 2004
21

 MacArthur 
Studies of 
Successful Aging 

Adjusted for age, gender, 
ethnicity 

>70 High C-reactive protein Odds Ratio 1.67 (1.1; 2.55) 

Harris, 1999
82

 Iowa 65+ Rural 
Health Study  

Adjustment for age, sex, 
BMI, and history of 
smoking, diabetes, and 
cardiovascular disease, as 
well as known indicators of 
inflammation including 
fibrinogen and albumin 
levels and white blood cell 
count 

>65 C-reactive protein-the highest quartile 
≥2.78 mg/L) vs. the lowest quartile 

Relative Risk 1.6 (1; 2.6) 

Alley, 2007
178

 Invecchiare in 
Chianti Study 

Adjusted for inflammatory 
markers, age, sex, 
education, and health 
behaviors (alcohol intake, 
smoking in pack-years, low 
physical activity) at 
baseline, and covariates at 
follow-up: high waist 
circumference, high blood 
pressure, low high-density 
lipoprotein cholesterol, high 
low-density lipoprotein 
cholesterol, high 
triglycerides, hospital stay 
in previous year, liver 
disease, coronary heart 
disease, diabetes mellitus, 
depression, cancer 

>65 baseline CRP >3.0 mg/L Odds Ratio 1.98 (0.8; 4.86) 

Followup CRP >3.0 mg/L Odds Ratio 2.06 (0.81; 5.23) 

CRP increase Odds Ratio 3.1 (1.25; 7.68) 

Pizzarelli, 2009
179

 Invecchiare in 
Chianti Study 

Adjusted for age, gender, 
cholesterol, physical 
activity, stroke, congestive 
heart failure, and renal 
function 

>65 CRP increase Hazard Ratio 1.01 (1; 1.02) 



Appendix E Table 46. Association Between Inflammatory Biomarkers and Mortality in Older Persons 

Common Syndromes in Older Adults 413 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Age Outcome Exposure Estimate Mean (95% CI) 

Seeman, 2004
21

 MacArthur 
Studies of 
Successful Aging 

Adjusted for 
age, gender, 
ethnicity 

>70 7.5-year 
mortality 

High fibrinogen Odds Ratio 1.28 (0.83; 1.99) 

Wikby, 2005
192

 NONA Immune 
Study 

Crude >85 Mortality CD4/CD8 ratio > vs. <1 Odds Ratio  

Cohen, 2003
9
 Duke Established 

Populations for 
Epidemiologic 
Studies of the 
Elderly 

Adjusted for 
age; sex; race; 
current and past 
smoking; BMI; 
baseline cancer, 
stroke, diabetes, 
or myocardial 
infarction; and 
baseline 
functional status 

>65 5-year 
Mortality 

High D-dimer levels only Relative Risk 1.53 (1.18; 1.97) 

5-year 
Mortality 

Log D-dimer Relative Risk 1.74 (1.31; 2.31) 

Bruunsgaard, 
2003

158
 

Danish 
Centenarian 
Study 

Adjusted for 
dementia, 
cardiovascular 
diseases, and 
an interaction 
between soluble 
TNF receptor-II 
and dementia 

>100 Mortality Soluble TNF receptor-II ng/mL per 
SD 

Hazard Ratio 1.36 (1.1; 1.67) 

Soluble TNF receptor-II Hazard Ratio 1.41 (1.06; 1.88) 

TNF-alpha pg/mL (per SD) Hazard Ratio 1.54 (1.04; 2.27) 

TNF-alpha increase by SD in log 
scale 

Hazard Ratio 1.34 (1.12; 1.6) 

Cohen, 2003
9
 Duke Established 

Populations for 
Epidemiologic 
Studies of the 
Elderly 

Adjusted for 
age; sex; race; 
current and past 
smoking; BMI; 
baseline cancer, 
stroke, diabetes, 
or myocardial 
infarction; and 
baseline 
functional status 

>65 5-year 
Mortality 

High interleukin-6 and D-dimer 
levels 

Relative Risk 2 (1.53; 2.62) 

Carriere, 2008
168

 Pathologies 
Oculaires Lie´es 
a` l’Age Study 

Adjusted for 
age, educational 
level, perceived 
health, and 
smoking 

>60 Early 
Death (5 
years 
after 
baseline) 

CRP, the highest quartile and 
albumin, the lowest quartile 

Hazard Ratio 4.98 (2.25; 11.01) 

Jenny, 2007
63

 Cardiovascular 
Health Study 

Adjusted for 
age, cholesterol, 
BMI, systolic 
blood pressure, 
smoking, 
diabetes, race, 
and clinical and 
subclinical 

≥65 Early 
death 

Highest quartile of fibrinogen and 
CRP in men (4th quartile for CRP: 
≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

Hazard Ratio 9.56 (4.34; 21.1) 

Highest quartile of fibrinogen and 
CRP in men aged 65-73 years at 
baseline(4th quartile for CRP: 

 4.82 (1.6; 14.5) 



Appendix E Table 46. Association Between Inflammatory Biomarkers and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 414 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Age Outcome Exposure Estimate Mean (95% CI) 

cardiovascular 
disease 

≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

Highest quartile of fibrinogen and 
CRP in men aged ≥74 years at 
baseline (4th quartile for CRP: 
≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

 14.33 (4.42; 
46.52) 

Highest quartile of fibrinogen and 
CRP in women (4th quartile for 
CRP: ≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

 1.5 (0.73; 3.1) 

Highest quartile of fibrinogen and 
CRP in women aged ≤73 years at 
baseline (4th quartile for CRP: 
≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

 1.31 (0.4; 4.34) 

Highest quartile of fibrinogen and 
CRP in women aged ≥74 years at 
baseline (4th quartile for CRP: 
≥3.42μg/ml and for fibrinogen 
≥362mg/dl) compared to those in 
lowest quartile 

 1.25 (0.52; 3.02) 

Fibrinogen in men: 1st Quartile (1st 
Quartile: ≤281mg/dl) 

 1 

Fibrinogen in men: 2nd Quartile 
(2nd Quartile: 282-311 mg/dl) 

 2.05 (1.27; 3.3) 

Fibrinogen in men: 3rd Quartile (3rd 
quartile: 312-361 mg/dl) 

 2.76 (1.75; 4.35) 

Fibrinogen in men: 4th Quartile (4th 
quartile:≥362mg/dl) 

 4.11 (2.66; 6.35) 

Fibrinogen in women: 1st Quartile 
(1st Quartile: ≤281mg/dl) 

 1 

Fibrinogen in women: 2nd Quartile 
(2nd Quartile: 282-311 mg/dl) 

 0.95 (0.56; 1.61) 

Fibrinogen in women: 3rd Quartile 
(3rd quartile: 312-361 mg/dl) 

 1.19 (0.73; 1.94) 

Fibrinogen in women: 4th Quartile 
(4th quartile:≥362mg/dl) 

 1.31 (0.79; 2.15) 

Late 
death 

Fibrinogen in men: 1st Quartile (1st 
Quartile: ≤281mg/dl) 

 1 

Fibrinogen in men: 2nd Quartile 
(2nd Quartile: 282-311 mg/dl) 

 1.01 (0.78; 1.3) 



Appendix E Table 46. Association Between Inflammatory Biomarkers and Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 415 Minnesota Evidence-based Practice Center 

Reference Study Adjustment Age Outcome Exposure Estimate Mean (95% CI) 

Fibrinogen in men: 3rd Quartile (3rd 
quartile: 312-361 mg/dl) 

 1.02 (0.79; 1.31) 

Fibrinogen in men: 4th Quartile (4th 
quartile:≥362mg/dl) 

 1.39 (1.09; 1.77) 

Fibrinogen in women: 1st Quartile 
(1st Quartile: ≤281mg/dl) 

 1 

Fibrinogen in women: 2nd Quartile 
(2nd Quartile: 282-311 mg/dl) 

 1.07 (0.81; 1.41) 

Fibrinogen in women: 3rd Quartile 
(3rd quartile: 312-361 mg/dl) 

 0.86 (0.65; 1.15) 

Fibrinogen in women: 4th Quartile 
(4th quartile:≥362mg/dl) 

 1.14 (0.86; 1.51) 

Jylha, 2007
164

 Vitality 90+ Study Adjusted for sex, 
CVD, diabetes, 
cancer, 
infections, HDL 
Cholesterol, 
MMSE Score, 
smoking, status, 
exercise, and 
education. 

≥90 
years 

4-year 
mortality  

IL-1ra  tertiles(pg/mL): <312 Hazard Ratio 1 

4-year 
mortality  

IL-1ra  tertiles (pg/mL): 312-454 Hazard Ratio 1.58 (0.95; 2.63) 

4-year 
mortality  

IL-1ra  tertiles (pg/mL): >454 Hazard Ratio 2.12 (1.24; 3.62) 

4-year 
mortality  

IL-6 tertiles (pg/mL): <1.97 Hazard Ratio 1 

4-year 
mortality  

IL-6 tertiles (pg/mL): 1.97-3.8 Hazard Ratio 1.13 (0.7; 1.18) 

4-year 
mortality  

IL-6 tertiles (pg/mL): >3.8 Hazard Ratio 1.2 (0.74; 1.19) 

 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions  

Common Syndromes in Older Adults 416 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Drame, 2008{Drame, 2008 
#2310  
1) for baseline descriptive 
analysis of all the patients in 
both  derivation and validation 
cohorts;  
2) enter into bivariable model to 
study the association between  
each  predictor and mortality in 
the derivation cohort; 
3) enter into multivariable 
model if they are significant 
(p<0.2) to  identify components 
of the mortality risk index 

Drame, 2008{Drame, 2008 
#2310  
Age 

75-84; 85 and over  

Gender Female; Male  

Living location Private home; Institution  

Education level Primary; Secondary; University  

Dependence on the ADL No; Yes  Katz’s index 

Delirium No; Yes  DSM-IV criteria: Disturbance of consciousness (defined by 
Folstein’s Mini-Mental State Examination score of 24 or less); 
change in cognition; development over a short period of time. 

Malnutrition risk No ; Yes  Mini Nutritional Assessment short form score of less than 12. 

Pressure sore risk No ; Yes  Norton’s scale score of 14 or less 

Walking difficulties No ; Yes Timed Get-up and Go Test 

Mood disorders or depression 
risk 

No ; Yes Schwab and Gilleard’s scale of score greater than 14 

Gait and balance difficulties No ; Yes One-Leg Standing Balance Test 

Comorbidity level Low (0 or 1) Charlson comorbidity index 

Medium (2 to 4)  

High 5 or more)  

Recent hospitalization (within 3 
months) 

No ; Yes  

Day of admission Weekday; Weekend  

Ensrud, 2008
50

 
1) to compare characteristics of 
participants at the 4

th
 

examination  by category of 
frailty according to the Study of 
Osteoporotic Fractures (SOF) 
index; 
2) to identify components of the 
Study of Osteoporotic Fractures  
index 

Age  By year  

Health status Excellent or good;  Self reported 

 Fair  

 Poor or very poor  

Smoking status Current; former; never  

Current estrogen use   

Fracture since age 50   

Falls in previous year   

Intent to lose weight   

Educational achievement   

Selected medical conditions None Stroke; cancer(except skin cancer); dementia; hypertension; 
parkinsonism; Diabetes mellitus; coronary heart disease; chronic 
obstructive lung disease 

1-2 

>=3 

Physical activity Weighted score of kilocalories Modified version of Harvard Alumni Questionnaire 

Expended per week  

Depressive symptoms  15-item Geriatric Depression Scale score 0-15 

Cognitive function  Modified Mini-Mental State Examination score 0-26 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 417 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Functional disability  Any of 5 instrumental activities of daily living 

Physical function Grip strength Handheld dynamometer 

Walking speed Time in seconds to walk 6 m at usual pace 

One’s ability to rise from a chair 5  

Times without using her arms  

Body weight  Recorded by a balanced beam scale 

Height  By a standard held-expiration technique with a wall-mounted 
stadiometer 

Bone mineral density of the 
femoral neck 

 By dual-energy x-ray absorptiometry 

Ravaglia, 2008
362

 
Develop a frailty score including 
only self-reported information 
and easy-to-perform 
standardized measurements 
recommended in routine 
geriatric practice 

Age <80  

≥80   

Gender  Women  

Men   

Education  >3 years  

≤3 years  

Living alone No  

Yes   

Current or former smoking No  

Yes   

Physical inactivity No Defined as lack of adherence to the current exercise 
recommendation for older 
People (<4 hour/week of moderate intensity activity) 

Yes  

≥2 medical conditions No Hypertension; cardiovascular disease (history of myocardial infarct 
and congestive 

Yes  Heart failure); cerebrovascular disease (history of stroke or 
transient ischemic attack); Diabetes; chronic pulmonary disease; 
cancer and dementia 

Daily use of ≥3 drugs No  

Yes   

Sensory deficits No Blindness or deafness 

Yes   

Calf circumference <31cm;  

≥31cm  

Body mass index ≥25  

<25  

Activity of daily living No difficulty Any difficulty with bathing, dressing, toileting, transferring, 
continence and feeding 

Any difficulty  
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(continued) 

Common Syndromes in Older Adults 418 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Instrumental activity of daily 
living 

No difficulty Any difficulty with using telephone, taking medicine, travelling and 
managing money 

Any difficulty  

Gait and balance >24 Tinetti gait and balance test score ≤24 

≤24  

Abnormal cognition <24 Mini Mental State Examination score<24 

≥24  

Depressive symptom ≥10 Geriatric depression scale score >=10 

<10  

Pessimism about one’s health No; Subjects were asked if they felt ’their health was worse than others’ 

Yes  

Carey, 2008
129

 
Develop and validate a 
prognostic index for mortality in 
community-living, frail elderly 
people. 

Age <75;  

75-79;   

80-84;  

≥85  

Female    

Ethnicity  White;   

Black;  

Hispanic;  

Asian;   

Other   

Education  <12 years;  

≥12 years  

Married    

Medical eligible   

Received caregiving assistance 
at home 

Formal  

informal  

Activities of daily living (ADL) Independent ADL includes: bathing; toileting; transferring; eating; dressing; 
walking across a room; 

Partially independent Defined as independent if entire activity is performed without 
supervision all of the 

Fully dependent  Time; defined as partially independent if patients required 
assistance from another. Person only some of the time or with only 
part of the task; defined as fully dependent if they required 
assistance for the entire activity all of the time. 

Instrumental activity of daily 
living (IADL) 

Independent; IADL includes: meal preparation; shopping; housework; laundry; 
heavy chores; managing money; taking medications; using 
transportation. 

Dependent Defined as dependence if requiring another person to complete 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 419 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

every component of the task for the patient 

Impaired vision   

Impaired hearing   

Receptive or expressive    

Communication impairment   

Cognitive impairment Moderate or severe 10-points short portable mental status questionnaire (SPMSQ) of 6 
or more errors is  defined as moderate or severe cognitive 
impairment 

 Other 

Hospital admission   Admission defined as within 6 months before enrollment 

Comorbidity  Comorbidity includes: anemia; recurrent pneumonia; renal 
insufficiency or failure; pressure ulcer; malignant neoplasm; 
diabetes mellitus; dementia; depression; cerebrovascular disease; 
coronary artery disease; congestive heart failure; chronic 
obstructive pulmonary disease; bowel or bladder incontinence; 
defined as comorbidities if they were active medical problems; if 
they were problems  that were currently controlled using diet or 
medications; if they affected the management of the participant’s 
care 

Pilotto,  2008
363

 
1) to develop a 
multidimensional prognostic 
index (MPI);  
2) to validate the MPI by 
comparing derivation cohort 
and validation cohort 

Functional status 0-2;3-4;5-6 Activities of daily living (ADL) index 

0-3;4-5;6-8 Instrumental activities of daily living (IADL) scale 

Cognitive status 0-3;4-7;8-10 Short Portable Mental Status Questionnaire (SPMSQ) 

Comorbidity 0;1-2;>3 Comorbidity index (CIRS-CI) derived from Cumulative Illness 
Rating Scale (CIRS) 

Nutritional status <17;17-23.5;>=24 Mini Nutritional Assessment (MNA) 

Pressure development 5-9;10-15;16-20 5-item Exton Smith Scale (ESS) 

Medication use 0-3;4-6;>7 Number of medications 

Social aspects Living with family Social support network includes household composition, home 
services 

 Institutionalized  

 Living alone  

Walter, 2001
125

 
1) for baseline descriptive 
analysis of all the patients in 
both derivation and validation 
cohorts;  
2) enter into bivariable model to 
study the association between  
each predictor and mortality in 

Age 70-74;75-79;80-84; 85-89;>=90 5-year interval 

Sex Women; Men  

Race White; Black  

Marital status Married; not married  

Activities of daily living(ADL) 
dependency 
at discharge 

Independent in all ADLs;  

Dependent in 1-4 ADLs;  

Dependent in all ADLs  

Comorbid conditions  Absent; Conditions include: history of myocardial infarction; congestive 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 420 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

the derivation cohort; 
3) enter into multivariable 
model if they are significant 
(p<0.2) to  
identify components of the 
prognostic index. 

Present heart failure; cerebrovascular disease; dementia; chronic 
obstructive pulmonary disease; diabetes mellitus  

Cancer Absent  

Solitary  

Metastatic solid  

Length of hospital stay 1-7 days; >7days  

Discharge destination Other  

Nursing home or skilled nursing 
facility 

 

 

Creatinine level on admission <1.5;1.5-3;>3  

Albumin level on admission ≥4; 3.5-3.9; 3-3.4;<3  

Lee, 2006
71

 
1) for baseline descriptive 
analysis of all the patients in 
both development and 
validation cohorts;  
2) enter into bivariable model to 
study the association between 
each predictor and mortality in 
the derivation cohort; 
3) enter into multivariable 
model to identify components of 
the prognostic index. 

Age 50-59;60-64; 65-69; 70-74; 75-79; 
80-84; >=85 

5-year interval 

Sex Women; Men   

Comorbidities and behaviors Absent; present Includes: diabetes mellitus; cancer; lung disease; heart failure; 
coronary artery 

Independent in all ADLs; disease; dementia 

Body mass index ≥25; ≤24.9  

Tobacco Never and former; other  

Activities of daily living(ADL)-
bathing 

No difficulty; difficulty or need help  

Instrumental ADL No difficulty Instrumental ADL includes: preparing meals; using the telephone; 
managing finances 

Difficulty, can’t, or don’t  

Other functional status 
measures 

No difficulty Measures include: walking several blocks; pushing heavy objects; 
climbing stairs Difficulty, can’t, or don’t 

Vigorous physical activity Yes; no  

Song, 2004
364

 
1) derive the relationships 
between the variables and 
mortality; 
2) to compare with a frailty 
index classification to evaluate 
the the predictive validity of the 
artificial neural networks 
classification 

Dichotomized variables Absent; present Include: Living alone; coughing; feeling tired; sneezing; high blood 
pressure; heart/circulation problems; stroke; arthritis; Parkinson’s 
disease; eye trouble; ear  trouble; dental, chest, stomach or kidney 
problems; bladder or bowel incontinence; diabetes mellitus; 

3-level variables Low risk; intermediate risk; high risk Includes: need for assistance with eating, dressing, grooming, 
walking, transferring, bathing/showering, toileting, telephoning, 
getting to places out of walking distance, preparing meals, doing 
housework, taking medicine, handling money, having troubles that 
prevent normal activities. 

5-level variables Lowest risk; low risk; intermediate  
risk; high risk; highest risk 

Eyesight, hearing, self-rating of health 

age Not reported  
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Common Syndromes in Older Adults 421 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

sex Not reported  

Fried, 1998
54

 
1) for the descriptive analysis of 
the entire study population at 
Baseline; 
2) determine the disease, 
functional and personal 
characteristics  
that jointly predict mortality in 
community-dwelling men and  
women aged 65 years or older. 

Age 65-69; 70-74;75-79;80-84; ≥85 By year 

Sex Female; Male  

Education <high school  

High school or college; postgraduate   

 

Annual income <50,000 By dollar 

≥50,000  

Widowhood No; yes  

Men weight ≤63.9 By kg (lb) 

>63.9-70.2  

>70.2-77.4  

>77.4-85.5  

>85.5  

Women weight ≤51.8; By kg (lb) 

>51.8-59;  

>59-65.2;  

>65.2-75.6;  

>75.6  

Physical activity ≤282; kJ(kcal)/wk in moderate or vigorous exercise 

>282-1789;  

>1789-4100;  

>4100-7908;  

>7908  

Pack-years smoking Never; 1-25;26-50;>50  

Alcohol assumption None; <=1;>1-3;>3 Drinks/day 

Brachial systolic blood pressure ≤128; >128-140;>140-152 mm Hg; measured by Hawksley random-zero sphygmomanometer 

>152-168;>169  

Posterior tibial artery blood 
pressure 

≤127;>127-146;>146-158 mm Hg; measured by Hawksley random-zero sphygmomanometer 

>158-168;>168  

Diuretic use No; yes  

Low density lipoprotein 
cholesterol 

<2.48(96); mmol/L (mg/dL) 

>2.48-3.02(96-117)  

>3.02-3.46(117-134)  

>3.46-3.96(134-153)  

>3.96(153)  

Fasting blood glucose ≤5.2(94); mmol/L (mg/Dl) 

>5.2-5.6(94-100);  

>5.6-6(100-108);  
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Common Syndromes in Older Adults 422 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

>6-7.2(108-130);  

>7.2(130)  

Albumin ≤37; g/L 

>37-39;  

>39-40;  

>40-42;  

>42  

Creatinine ≤80(0.9); µmol/L(mg/dL) 

>80-97(0.9-1.1);  

>97-106(1.1-1.2);  

>106-133(1.2-1.5);  

>133(1.5)  

Fibrinogen ≤2.9; g/L 

>2.9-3.1;  

>3.1-3.5;  

3.5-4;  

>4  

Congestive heart failure No; yes  

Coronary heart disease No; yes  

Forced vital capacity <=2.06 mL (spirometry) 

>2.06-2.54;  

>2.54-3;  

>3-3.6;  

>3.6  

Ejection fraction abnormal No; yes echocardiogram 

Aortic stenosis None; mild ; moderate; severe echocardiogram 

Major ECG abnormality No; yes  

Maximum stenosis of the 
internal carotid artery 

0;1-24;25-49;50-74;75-99;100 %; by carotid ultrasound 

  

Difficulty with instrumental 
activities of  daily living 

≤1; 2;≥3 Number; by self-reported 

  

Depressive symptoms ≤18; >18-26;>26-33;>33-40;>40 Digit symbol substitution subset of the Wechsler Adult Intelligence 
Scale-Revised 

Self-assessed health Excellent ;very good; good; fair; 
poor 

 

 

Inouye, 2003
122

  
1) identify key variables from 
sociodemographic, diagnosis, 
Laboratory, and functional axes 

Age ≥85 Present; absent  

Male gender Present; absent  

Nonwhite race Present; absent  

Unmarried Present; absent:  
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Common Syndromes in Older Adults 423 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

that predict 1-year mortality in 
an older hospitalized cohort; 
2) develop a predictive model 
for mortality based on selected 
variables and to validate its 
performance in an independent 
sample; 
3) evaluate the effects of 
adding data from different 
sources of Information on index 
performance in the two cohorts. 

Medicaid status Present; absent  

Nursing home resident Present; absent  

Emergent admission Present; absent  

High risk diagnosis group A; Present; absent Diagnoses include: lymphoma/leukemia(6 pts);acute renal failure 
(5 pts);metastatic cancer (3 pts); localized cancer (3 pts); stroke (2 
pts); congestive heart failure(2 pts);chronic lung disease (2 
pts);chronic renal failure (2 pts); diabetes with end-organ damage 
(1 pts); pneumonia(1 pts). A (score of 0);B(1-2); C(3-5); D(≥6) 

B  

C  

D  

Albumin<=3.5 Present; absent mg/dL 

Creatinine>15l Present; absent mg/dL 

Hematocrit ,30 Present; absent: ml/dL 

Dementia Present; absent Defined as any evidence from the medical record of dementia, 
Alzheimer disease, Organic brain syndrome or chronic cognitive 
impairment before admission. 

Walking impairment Present; absent Defined as chart documentation of needing help of another person 
for walking or Being unable to walk. 

Depression  Present; absent Defined as any evidence of depression before admission, such as 
a diagnosis of  depression, suicide attempts or antidepressant 
therapy. 

Urinary incontinence Present; absent Defined as any evidence that the patient was incontinent or used a 
urinary catheter before admission. 

Melzer, 2003*
14

 
To show the distribution of 
study sample by socio-
demographic, 
mortality and test measures. 

Age 70-74;75-79; 80-84; 85 and over  

Sex Female; Male  

Site East Boston; New Heaven  

Cumulative death 1 year;2 year;3 year; 4year  

Self-reported walking 1/2 mile Able; unable  

Gait speed <0.57;0.57-0.71;0.72-0.81; m/second 

0.82-0.94;>0.94;unable to do  

Time to do five chair stands <10.4;10.4-12;12.1-13.6;  

13.7-16.3;>16.3; unable to do second 

Peak flow <3902;3902-5021;5022-6068; ml/second 

6069-7472;>7472  

Ensrud, 2009
51

 
to identify components of the 
Study of Osteoporotic Fractures  
index 

Physical activity  Physical activity scale for the elderly 

Depressive symptoms  15-item Geriatric Depression Scale score 0-15 

Cognitive function  Teng Modified Mini-Mental State Examination score 0-26 

Functional disability  Any of 5 instrumental activities of daily living 

Physical function Grip strength Handheld Jamar dynamometer 

Walking speed Time in seconds to walk 6 m at usual pace 

One’s ability to rise from a chair 5  
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Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Times without using her arms  

Body Mass Index  Weight and height 

Bone mineral density of the hip  By dual-energy x-ray absorptiometry 

Albertsson, 2007
365

 
1 to describe characteristics of 
participants by risk factors  
2 to identify components of 
Fracture and Mortality 
(FRAMO) index 

Age By year (continuous risk factors) 

Weight  By kg 

Height  cm 

Dairy calcium intake  Mg/d 

age 70-74; 75-79; 80-84; 85-89; 90-100 (predefined risk factors) 

Weight <60kg; >=60kg  

Fragility fracture after age 40 Yes; no  

Fells during last 12 months Yes; no  

Uses arms when rising 5 times 
from chair 

Yes; no  

Any type of fracture after age 
40 

 (other possible risk factors) 

Use of cortisone medication for 
>3 month 

  

Has never given birth   

Lives in residential care  (vs. community)  

Height>167cm   

Dairy calcium intake<500 mg/d   

Impaired vision, self-reported  (vs. good vision)  

History of maternal hip fracture   

Subjective health poor (vs. excellent or fair)  

Current smoking   

Daily coffee intake >=2 cups (vs. 0-1 cup)  

Menopausal age <45 years   

No daily medication   

Any parent of non-Nordic origin (vs. Nordic)  

Schonberg, 2009
366

 
1) to describe the demographic 
and health status 
characteristics of the 
development cohort; 
2) to identify components of the 
index to predict 5-year mortality 
Among community-dwelling 
older adults 

Age 65-69;70-74; 75-79; 80-84; 85+   

Men   

Smoking status Current; former; never (<100 
Cigarettes in lifetime) 

 

Body mass index >25 kg/(m*m)   

Physical inactivity Less than 10 minutes per week of 
activity that causes slight to 
moderate increase in breathing or 
heart rate 

 

Perceived health Excellent/very good; good; fair/poor  
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Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Dependent in at least 1 activity 
of daily living (ADL) 

 ADL includes: bathing; dressing; eating; getting in or out of bed or 
chairs; using the toilet 

Dependent in at least 1 
instrumental activity of daily 
living (IADL) 

 IADL includes: handling household chores; doing necessary 
business; shopping or Getting around for other purposes 

Reported functional difficulty  Difficulty includes: walking 1/4 mile or 3 blocks; walking up ten 
steps; standing or  sitting for 2Hours; stooping; reaching above the 
head; grasping small objects;  lifting/carrying 10 Pounds; 
pushing/pulling large objects; going out to do things like shopping 

Emotional health So sad that nothing could cheer you 
up; nervous; restless; hopeless that 
everything was a worthless effort 

Measured by “during the past 30 days, how much of the time did 
you feel about each question?” 

Comorbid conditions  Comorbid conditions include: hypertension; coronary heart 
disease; angina; heart  attack; any other heart condition or heart 
disease; stroke; chronic obstructive pulmonary disease; asthma; 
stomach, duodenal or peptic ulcer; cancer (excluding 
nonmelanomatous skin cancer); diabetes (including borderline 
diabetes); weak or failing kidneys; liver condition; joint pain or 
stiffness in the past 30 days 

Overnight hospitalization in the 
past year 

None; one; two or more  

Emergency room visits None; one; two or more  

Clinic visits 0-1; 2-5; 6+  

Garcia-Gonzalez, 2009
367

 
1) to develop a frailty index to 
predict the mortality risk in 
Mexican adults 

Health problems before age 10 Yes; No Health problems include: tuberculosis; rheumatic fever; 
poliomyelitis; typhoid fever; 

Poor self-assessed health Poor; fair; good; very good, excellent  

Medically diagnosed conditions Yes; No 
Legally blind; poor; fair; good; very 
good; excellent 
Legally deaf; poor; fair; good; very 
good; excellent 

Conditions include: high blood pressure; diabetes mellitus; cancer; 
chronic obstructive pulmonary disease; heart attack; stroke; 
arthritis/rheumatism; falls in the past two years; fractures after age- 
50; vision problems; hearing problems 

Medical symptoms during past 
2 years 

Yes; No Symptoms include: sever fatigue; panting, cough or phlegm; 
involuntary urine loss; leg pain on walking; stomach pain, 
indigestion or diarrhea; bodily pain; 

Frequent and severe; frequent and 
moderate; frequent and mild; not 
frequent 

Yes; No For depressive symptoms: indicate present if the participant felt 
depressed; unhappy;  lonely; tire; sad; didn’t enjoy life; had no 
energy; restless sleep or thought that  everything did was an effort 

Difficulty with activities of daily 
living 

Yes; No Having difficulty with mobility includes having difficulty picking up a 
1-peso coin from the table; dressing including putting on shoes 
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Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

and socks; walking several blocks; walking across a room 

Yes; No Activities of daily living include: taking a shower; eating; getting in 
and out of bed; going to the toilet 

Difficulty with instrumental 
activities of daily living 

Yes; No Instrumental activities of daily living includes: meal preparation; 
shopping; taking medication; handling own finances 

Carey, 2004
368

 
Develop and validate a 
functional morbidity index to 
predict mortality in community-
living elders 

Age <75; By year 

 76-80;   

 81-85;  

 >85  

Gender  Female; male  

Activities of daily living (ADL) Independent; dependent ADL includes: bathing; toileting; transferring; eating; dressing; 
walking; 

Instrumental activity of daily 
living (IADL) 

Independent; dependent IADL includes: preparing meals; shopping; using the telephone; 
managing  medications; managing finances. 

Physical functioning measures No difficulty; difficulty Measures include: walking several blocks; climbing stairs; 
push/pull heavy object;  lifting 10-lb object; picking up a dime 

Levine, 2007
369

 Age 70-74;75-79;80-84; 85-89;≥90 5-year interval 

Sex Women; Men  

Discharge to nursing home or 
skilled nursing facility 

Yes; No  

Length of stay ≥5 days Yes; no  

Comorbid conditions  Absent; present Conditions include: myocardial infarction; congestive heart failure; 
peripheral vascular - disease; cerebrovascular disease; dementia; 
chronic obstructive pulmonary disease; rheumatologic disease; 
peptic ulcer disease; diabetes; renal disease; liver disease; 
hematologic and solid malignancy; metastatic cancer; acquired 
immune deficiency syndrome 

Pijpers, 2009
370

 
1) for baseline descriptive 
analysis of all the patients  
2) enter into bivariable model to 
study the association between 
each predictor and mortality in 
the cohort 
3) enter into multivariable 
model if they are significant to 
identify components of the 
mortality risk index. 

Age  By per 10 years 

Male sex Male; female  

Living alone Yes; No  

Medical conditions Present; absent Conditions include: cardiovascular disease; chronic obstructive 
pulmonary disease; Cancer; diabetes; autoimmune disease; renal 
function estimated by glomerular  filtration rate; number of 
medications; Charlson score is also calculated; visual problems; 
hearing problems; incontinence 

Body mass index <18.5; ≥18.5 Kg/(m*m) 

Weight loss   

Albumin <34; ≥34 g/l 

Mobility <20; ≥20 Measured by Elderly Mobility Scale (EMS) 
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Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Disability in activities of daily 
living (ADL) 

Motor deficit in ADL; process deficit 
In ADL 

Measured by the Assessment of Motor and Process Skills (AMPS) 

Cognitive function <24;  ≥24 Measured by the Mini Mental State Examination (MMSE) 

Mazzaglia, 2007
187

 
1 for baseline descriptive 
analysis of all the patients 
2 enter into multivariable model 
if they are significant to identify 
components of the mortality risk 
index. 

Age 65-74; 75-84; ≥85  

Female Male; female  

Living alone Yes; No  

Hospitalization in the previous 6 
months 

Yes; No   

Taking ≥5 prescriptions Yes; No  

Positive responses to the 
screening  instrument 

0-1; 2-3; 4-6 Screening questions include: need help performing basic activities 
of daily living  - eating; toileting; bathing; dressing; transferring and 
walking across the room); need help performing instrumental 
activities of daily living (grocery shopping; preparing meals; 
washing clothes; managing medications; showering); poor 
vision(Inability to read newspapers heading); poor hearing (inability 
to hold a conversation); absence of home care services (personal 
assistance; rehabilitation; nursing services); self-perceived 
inadequacy of income; weight loss of >3kg in previous year. 

Jones, 2004
144

 
1) simplify the clinical 
assessment of frailty while 
maintaining the precision of the 
original frailty index by 
constructing it from a 
standardized comprehensive 
geriatric assessment 

1) Impairment index includes 
cognition 

  

No cognitive impairment;  

Cognitive impairment, no dementia  

dementia  

Emotion <5; 5-10;>10 Measured by geriatric depression scale 

Communication No deficits in speech, hearing, vision  

1 deficit in either speech, hearing, or   

Vision; ≥2 deficits in either speech,  

Hearing or vision  

Mobility >19 or without help; 10-19 or with Measured by Timed up and go 

Help; <10 or unable  

Balance >33 or no falls;21-33 or less than 
yearly falls ;<21 or more than yearly  
falls 

Measured by Functional Reach 

Bladder Continent; bladder deficits; 
Incontinent or catheterized 

 

Bowel Continent; bowel deficits; incontinent  

Nutrition Stable weight; 5% weight change  

>5% weight change  

Activities of daily living Independent; complex or low level 
Intermediate dependence; simple or 
high level intermediate dependence 

 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 428 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Social Institutionalized; uses formal home 
Supports; living alone 

 

2) Comorbidity index 0;1;2;3;4 Measured by the cumulative illness Rating scale (CIRS); 14 
possible co-existing diseased body system were coded as 0,1, or 2 
and the range of the index  was standardized into 0-4 

Fried, 2001
55

 
1 develop and operationalize a 
phenotype of frailty in older 
adults 
And assess concurrent and 
predictive validity 

Weight loss Yes; No Frail for weight loss if answer is “yes” to “in the last year, have you 
lost more than 10 Pounds unintentionally (not due to dieting or 
exercise)? 

Exhaustion 0;1;2;3 Measured by the Center for Epidemiologic Studies Depression 
Scale (CES-D), the two statements were read: a) I felt that 
everything I did was an effort; b) I could not get going. The 
question is asked ”How often in the last week did you feel this 
way?” 0=rarely or none of the time (<1 day);1=some or a little of 
the time (1-2 days); 2=a moderate amount of the time (3-4days); or 
3=most of the time. Subjects answering 2 or 3 are categorized as 
frail by exhaustion. 

Low physical activity For men: <383 Kcal/week; 
≥383Kcal/week 

Based upon the short version of the Minnesota Leisure Time 
Activity questionnaire, asking about walking, chores (moderately 
strenuous), mowing the lawn, raking, gardening, hiking, biking, 
exercise cycling, dancing aerobics, bowling, golf, singles, tennis, 
doubles tennis, racquetball, calisthenics, swimming. 

For women: <270 Kcal/week; 
≥270 Kcal/week 

Walk time(slowness) For men: Time to walk 15 feet is stratified by gender and height; frail for the 
slowest 20% ≥7 seconds for height ≤173cm 

≥6 seconds for height >173cm 

For women: 

≥7 seconds for height ≤159cm 

≥6 seconds for height >159cm 

Grip strength (weakness) For men: Stratified by gender and body mass index (BMI); frail for the lowest 
20%. ≥29 kg for BMI ≤24; 

≥30 kg for BMI 24.1-26 

≥30 kg for BMI 26.1-28 

≥32 kg for BMI >28; 

For women: 

≥17 kg for BMI ≤23; 

≥17.3 kg for BMI 23.1-26 

≥18 kg for BMI26.1-29 

≥21 kg for BMI >29 

Markides, 2001
371

 
Examine the impact of 
performance-based and self-

Age 65-74; 75+ By years 

Gender Men; women  

Performance Score 0 (unable);1;2;3;4 1) three separate tasks were assessed and a combined score was 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 429 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

reported lower body measures 
on 2-year mortality in Mexican 
American elderly persons. 

created to represent lower body function. The tasks include: a 
timed 8-ft walk; timed repeated chair stands and stand balancing. 
The two timed tasks were divided into quartiles each and scored 1 
(slowest) to 4 (fasted). Subjects unable to complete each task 
were assigned a value of 0. The standing balance tests included 
tandem, semi-tandem and side-by- side stands. Subjects were 
scored 1 to 3, with 3 indicating the highest performance; those 
unable to perform any of the balance tests were assigned a value 
of 0.   
2) the three scores were combined to form a total lower body 
function score ranging from 0 to 11. The scale was further 
categorized from 0 to 4 to approximate the timed walk 
categorization. 

Short walk 0 (unable);1;2;3;4 This task was divided into quartiles each and Scored 1 (slowest) to 
4 (fasted). Subjects unable to complete each task were assigned a 
value of 0. 

Any activities of daily living Yes; No  

Medical conditions Present; not present Medical conditions include: hypertension; heart attack; cancer; 
diabetes; hip fracture; Stroke. 

Gill, 2006
372

 
Determine the transition rates 
between frailty states and 
evaluate the effect of the 
preceding frailty state on 
subsequent frailty transitions. 

Weight loss  Frail for weight loss if answer is “yes” to “in the past year, have you 
lost more than 10 pounds? 

Exhaustion  Measured by the Center for Epidemiologic Studies Depression 
Scale (CES-D), the two statements were read: a I felt that 
everything I did was an effort; b I could not get going. The question 
is asked ”How often in the last week did you feel this way?” 
Subjects answering “much or most of the time” were defined as 
frail 

Low Physical activity For men <64; ≥64 Measured by the Physical Activity Scale for the Elderly; 

For women <52; ≥52 

Grip strength ( muscle 
weakness)  

 When grip strength measured as the average of 3 readings by a 
handheld  dynamometer; 

Slow walking speed >10 seconds; ≤10 seconds Defined as frail for walking speed if participant scored more than 
10 seconds on the rapid gait test. 

Graham, 2009
202

 
1) examine the relationship 
between frailty and 10-year 
mortality In older community-
dwelling Mexican Americans. 

Weight loss 0;1 Is evaluated as the change in body weight over the preceding 
year. Subjects with unintentional weight loss of 4.5 or more 
kilograms received a score of 1 

Exhaustion 0;1 Measured by the Center for Epidemiologic Studies Depression 
Scale (CES-D), the two statements were read: a I felt that 
everything I did was an effort; b I could not get going. The question 
is asked ”How often in the last week did you feel this way?” 
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Common Syndromes in Older Adults 430 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Participants reporting yes for a moderate amount or most of the 
time over the previous week on either question received a score of 
1 

Low Physical activity Slowest 20% for men: ≤30 Based upon the Physical Activity Scale for the Elderly 

Slowest 20% for women: ≤27.5 

Walking speed Slowest 20% for men: ≥11.2 
seconds for height ≤168cm 
≥9.7 seconds for height >168cm 
Slowest 20% for women: 
≥12 seconds for height<=154cm 
≥11.2 seconds for height >154cm 

Was recorded during a 4.9-meter timed walk test. Participants 
were instructed to walk as fast as they felt safe. Those unable to 
complete the walk or who scored the lowest quintile based on 
gender-and height specific thresholds received a Score of 1 

Grip strength (weakness) Weakest 20% for men: Was quantified with a hand dynamometer. Those unable to 
perform the test or those 

≤21 kg for BMI ≤24.2; Scoring in the lowest quintile based on gender and BMI specific 
criteria received a Score of 1 ≤24.5 kg for BMI 24.3-26.8 

≤25.4 kg for BMI 26.9-29.5; 

≤25.5 kg for BMI >29.5; 

Weakest 20% for women: 

≤13.5 kg for BMI ≤24.7; 

≤14.2 kg for BMI 24.8-28.3; 

≤15 kg for BMI28.4.1-32.1; 

≤15 kg for BMI >32.1 

Purser, 2006
373

 
1 determine whether single-
item performance measures 
are good indicators of 
multidimensional frailty and to 
estimate the association 
between frailty and 6-month 
mortality. 

Measure set A   

Weight loss Yes; No Frail for weight loss if answer is “yes” to “in the last year, have you 
lost more than 10 pounds unintentionally (not due to dieting or 
exercise)? 

 

Exhaustion  Measured by the Center for Epidemiologic Studies Depression 
Scale (CES-D), the two statements were read: a I felt that 
everything I did was an effort; b I could not get going. The question 
is asked ”How often in the last week did you feel this way?” 
0=rarely or none of the time(<1 day);1=some or a little of the time 
(1-2days);2=a Moderate amount of the time (3-4days); or 3=most 
of the time. Subjects answering 2  or 3 are categorized as frail by 
the exhaustion; 

Low Physical activity  Based on the 36-item Medical Outcomes Study Short Form survey 
physical function subscale scores in the lowest quartile for sex; 

Mobility  Time to walk 15 feet is stratified by gender and height; frail for the 
slowest 20% 

Grip strength  Stratified by gender; frail for the lowest 20%. 

Measure set B 0;1;2;3 Rates the number of self-reported limitations in mobility, activities 



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
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Common Syndromes in Older Adults 431 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

of daily living, incontinence and cognitive impairment. Defined as 
frail if one receives a score -of 1 or more. 

Single-item performance 
measures 

  

Gait speed  By 15-foot walk time; usual assistance is allowed when walking 

Grip strength  Stratified by gender; frail for the lowest 20%. 

Chair stands  30-seconds chair-stand test is used to determine the number of 
times a patient could rise from a chair without the use of arms in 
30-second interval. 

Avila-Funes, 2009
169

 
To determine whether adding 
cognitive impairment to frailty 
Improves its predictive validity 
for adverse health outcomes. 

Weight loss  Defined as self-report of recent and unintentional weight loss of 3 
kg or more or a Body mass index lower than 21 kg/(m*m); 

Exhaustion  Measured by the Center for Epidemiologic Studies Depression 
Scale (CES-D), the two statements were read: a I felt that 
everything I did was an effort; b I could not get going. The question 
is asked ”How often in the last week did you feel this way?” 
0=rarely or none of the time(<1 day);1=some or a little of the time 
(1-2days);2=a Moderate amount of the time (3-4days); or 3=most 
of the time. Subjects answering 2  Or 3 are categorized as frail by 
the exhaustion; 

Low physical activity  Established in participants who denied doing daily leisure activities 
such as walking or gardening or participating in athletic activity at 
least once a week; 

Slowness  Defined as the lowest quintile on a timed 6-m walking test, at usual 
pace, adjusted for sex and height; 

Weakness  Participants answering “yes” to the question “do you have difficulty 
rising from a  chair?” were categorized as frail for weakness. 

Global cognitive performance  Measured by:1) Mini-Mental State Examination (scores ranging 
from 0 to 30, higher  Indicates better cognitive status); 2) Issacs 
Set Test, which assess the verbal fluency abilities and speed of 
verbal production (subjects give a list of words belonging to a 
specific semantic category in 30 seconds; cities; fruits animals and 
colors were used; total number of items named is the score, the 
higher the better cognitive status. divided into 4 levels according to 
quartiles of score distribution; subjects in the lowest quartile in both 
tests were considered cognitively impaired. 

Mitnitski, 2002
374

 
1 estimate the frailty and fitness 
based on the proportion of 20 
Deficits observed in a 
structured clinical examination. 

Vision loss Present; not present  

Hearing loss Present; not present  

Impaired mobility Present; not present  

Vascular problem Present; not present  

Gait abnormality Present; not present  



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
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Common Syndromes in Older Adults 432 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

Impaired vibration sense Present; not present  

Difficulty bathing Present; not present  

Difficulty going out Present; not present  

Difficulty cooking Present; not present  

Difficulty toileting Present; not present  

Difficulty grooming Present; not present  

Skin problem Present; not present  

Resting tremor Present; not present  

Changes in sleep Present; not present  

Difficulty dressing Present; not present  

Urinary complaints Present; not present  

Gastro-intestinal problem Present; not present  

Diabetes Present; not present  

Hypertension Present; not present  

Limb tone abnormality Present; not present  

Kiely, 2009
26

 
1) validate and compare CHS 
and SOF indexes using an 
independent diverse sample of 
men and women, in their ability 
to predict recurrent falls, 
overnight hospitalizations, 
emergency department visits, 
and instrumental activities of 
daily living disability. 

1) Fried frailty index 
Cardiovascular Health Study 
(CHS) 

1) unintentional weight loss Defined using questions “in the last year, have you lost more than 
10 pounds unintentionally that is, not due to dieting or exercise?” 

2) weakness Defined according to the sit-stand test time, which is part of the 
Short Physical Performance Battery (SPPB);Time required to 
perform five repetitions of sit to stand was measured and used as a 
proxy for leg strength. The cohort was stratified by gender and 
body mass index; The highest 20% of sit-to-stand times (including 
those unable to perform the task) was defined as frail for weakness 

3) low energy level (poor  Determined according to the Center for Epidemiologic Studies 
Depression Scale, Hopkins 

Endurance or exhaustion) Version(CESD-R) question, “over the past week or so, did you feel 
like you could not get  going?” Those reporting symptoms occurring 
on 3 days or more in the previous week were considered as 
demonstrating low energy level; 

4) slow gait Defined from the timed 4-m walk. Two trials were performed and 
the fastest time was used. The time scores were stratified by sex 
and height. Those in the slowest quintile in each stratum were 
considered to have slow gait; 

5) low physical activity Determined using the Physical Activity Scale for the Elderly 
(PASE). The PASE score was stratified according to sex and those 
scoring in the bottom quintile considered to exhibit low daily 
activity. 

2) Ensrud frailty index 
Study of Osteoporotic Fracture 
(SOF) 

1) unintentional weight loss Defined using questions “in the last year, have you lost more than 
10 pounds unintentionally that is, not due to dieting or exercise?” 

2) inability to rise from a chair five  



Appendix E Table 47. Statistical Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or Nonsyndromic Conditions 
(continued) 

Common Syndromes in Older Adults 433 Minnesota Evidence-based Practice Center 

Reference 
Purpose 

Predictor Name Category Index/ Measurement Used 

times without the use of arms  

3) low energy level Determined according to the Center for Epidemiologic Studies 
Depression Scale, Hopkins Version (CESD-R) question, “over the 
past week or so, did you feel like you could not get Going?” Those 
reporting symptoms occurring on 3 days or more in the previous 
week were considered as demonstrating low energy level 

 



Appendix E Table 48. Index Development of Models That Predict Mortality in Older Persons Based on Geriatric Syndromes or 
Nonsyndromic Conditions  

Common Syndromes in Older Adults 434 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

Drame, 2008
375

 
2-year mortality 

1 age: 85 years 
or older 

1 Equals to hazard ratio in 
the multivariable model 
that rounded up to the 
nearest integer 

Low-risk <=2 No. of death/ No. at risk, 95% CI for each risk group, 
and overall group were  calculated and compared 

2 dependent for 
the ADL: yes 

1 Medium risk 3-5 

3 delirium: yes 2 High-risk >=6  Derivation 
Cohort 

Validation 
Cohort 

4 malnutrition 
risk: yes 

2 Receiver 
Operating  

0.72 (0.68-
0.75) 

0.71 (0.66-
0.76) 

5 comorbidity 
level: medium 

2  

6 comorbidity 
level: high 

3  

Ensrud, 2008
50

 
Disability; 
Hip fracture; 
death 

1) weight loss of 
5% or more 
between the 3

rd
 

and 4
th
 

examination 

 Frailty is defined by the 
presence of 2 or more of 
the 3 components 

robust 0 Number and percentage of participants with recurrent 
falls, disability, hip fracture and death, 95% CI, odds 
ratio, hazard ratio for each risk group according to 
Study of Osteoporotic Fractures and Cardiovascular 
Health Study 
index 

immediate 1 

frailty >=2 

2) subject’s 
inability to rise 
from a chair 5 
times without 
using her arms 

Receiver 
Operating 

SOF CHS 

Characteristic 
curve area 

  

3) reduced 
energy level 

Recurrent falls 0.61 (0.59-
0.64) 

0.61 (0.59-
0.63) 

Hip fracture 0.63 (0.60-
0.65) 

0.63 (0.60-
0.65) 

Death 0.72 (0.71-
0.73) 

0.72 (0.71-
0.74) 

Disability 0.64 (0.62-
0.65) 

0.64 (0.63-
0.66) 

Ravaglia, 2008
362

 
4-year mortality; 
fractures; hospital 
admission; 
worsening 
disability; Incident 
disability 

1 age >=80 1 Each present predictor is 
assigned one point and 
all the points assigned to 
each participant is 
summed to be the total 
score 

4-year 
mortality 

0-2 Not reported 

2 male gender 1 3 

3 physical 
inactivity 

1 4 

4 use of >=3 
drug 

1 5 

5 sensory 
deficits 

1 6 

6 calf 
circumference 
<31cm 

1 ≥7 

7 instrumental 
activity of daily 

1 4-year risk 
of fracture 

 

Living disability 1 0-2 

8 gait and 1 Hospital 3 
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Common Syndromes in Older Adults 435 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

balance test 
<=24 

admission 

9 pessimism 
about one’s 
health 

1 Worsening 
disability 

>=4 

Incident 
disability 

 

Carey, 2008
129

 
1-year mortality; 
2-year mortality; 
3-year mortality; 

1) male 2 The coefficient for each 
risk factor was divided by 
the lowest coefficient (for 
the partial dependence in 
the ADL dressing) and 
rounded to the nearest 
integer; all the points for 
each  present risk factor 
were summed up and 
would  be the risk score 
for each patient. 

low 0-3 No. at risk, mortality rate for each risk group was 
calculated and compared between development and 
validation cohorts. 

2) age  medium 4-5 

75-79 2 high >5 

80-84 2  Derivation 
cohort 

Validation 
cohort 

>=85 3 Receiver 
operating 

0.66 0.69 

3) dependence 
in toileting 

1  

4) dressing  

Partially 
dependent 

1 

Fully dependent 3 

5) malignant 
neoplasm 

2 

6) congestive 
heart failure 

3 

7) chronic 
obstructive 
Pulmonary 
disease 

1 

8) renal failure 
or insufficiency 

3 

Pilotto,  2008
363

 
1-year mortality 

1) Activities of 
daily living index 

0;0.5;1 Each domain can be 
assigned one of three 
weights (0;0.5;1) 
depending  on the 
specific scores for each 
domain. The sum of the 
calculated  
scores from the eight 
domains was divided by 
8 to obtain a final 
multidimensional index 
score from 0 to 1. 

Low risk ≤0.33 Calibration of the model was assessed by comparing 
the predicted mortality with the actual mortality in the 
development and validation cohorts; discrimination of 
the model was assessed by calculating the receiver 
operating characteristic curves for the development 
and validation cohorts. 

2) instrumental 
activities of daily 
living scale    

0;0.5;1 Moderate 
risk 

0.34-
0.66 

3) Short 
Portable Mental 
Status 
questionnaire 

0;0.5;1 Severe risk >0.66 

4) comorbidity 
index 

0;0.5;1 

5) Mini 
Nutritional 
Assessment 

0;0.5;1  Development 
cohort 

Validation 
cohort 

6) Exton Smith 
Scale 

0;0.5;1 Receiver 
operating 

0.751 (0.71-
0.81) 

Not reported 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

7) number of 
medications 

0;0.5;1  

8) social support 
network 

0;0.5;1 

Walter, 2001
125

 
1-year mortality 

1) male sex 1 A risk score was 
calculated for each 
patient by adding the 
points of each present 
risk factor 

Low-risk 0-1 No. of death/ No. at risk, 95% CI for each risk group 
were calculated and compared between derivation 
and validation cohorts. 

2) dependent in 
1-4 ADLs 

2 Medium risk 2-3 

High-risk 4-6 Receiver 
Operating 

Derivation 
Cohort 

Validation 
Cohort 

3) dependent in 
all ADLs 

5 Very high-
risk 

>6 Characteristic 
curve area 

  

4) congestive 
heart failure 

2 By risk group 0.75 0.79 

5) solitary 
cancer 

3 By quartile of risk       0.75 0.8 

6) metastatic 
cancer 

8  

7) creatinine 
level on 
admission 
>3mg/dl 

 

2 

8) albumin level 
on admission 

 

3-3.4 g/dl 1 

<3 g/dl 2 

Lee, 2006
71

 
4-year mortality 

1) male sex 2 Points were assigned to 
each risk factor by  
dividing each beta 
coefficient by the lowest 
beta coefficient (ability to 
push or pull heavy  
objects) and rounding to 
the nearest integer. A 
risk score was assigned 
to each participant by 
summing the points for 
each present risk factor. 

lowest 0-5 No. of death/ No. at risk for each risk group were 
calculated and compared 

2) age 60-64 1 Medium 6-9 between development and validation cohorts. 

3) age 65-69 2 High 10-13 Receiver 
Operating 

Development 
Cohort 

Validation 
Cohort 

4) age 70-74 3 Very high  >=14 Characteristic 
curve area 

  

5) age 75-79 4 By risk group 0.84 0.817 

6) age 80-84 5 By quartile of risk 0.842 0.819 

7) age >=85 7  

8) diabetes 
mellitus 

1 

9) cancer 2 

10) lung cancer 2 

11) heart failure 2 

12) body mass 
index<25 

1 

13) current 
smoker 

2 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

14) bathing 2 

15) managing 
finances  

2 

16) walking 
several blocks 

2 

17) 
pushing/pulling 
heavy objects 

1 

Song, 2004
364

 
6-year mortality 

1 dichotomized 
variables 

 The artificial neural 
network (ANN) has 3 
layers: input layer (40 
neurons); intermediate 
hidden layer of 20 
neurons; and the output 
neuron. All input neurons 
fed into each of the 
hidden layer neurons and 
every neuron in the 
hidden layer was 
connected to the single 
output neuron. The 
output of a neuron was 
determined by the 
summary input of all the 
neurons to it. The  
artificial neural network 
survival classification 
output is a function of the 
input variables, the 
network architecture and 
the weights. 

survivors <0.5 The area under the receiver operating characteristic 
curve was calculated for  the artificial neural network 
and unweighted frailty index 2 3-level 

variables 
 died >=0.5 

3 5-level 
variables 

  ANN Frailty index 

Receiver 
Operating  

0.86 0.62 

Characteristic curve area 

 

Fried, 1998
54

 
5-year mortality 

Same as above 
predictors 

Not 
reported 

A risk score was 
computed by multiplying, 
for each individual, the 
regression coefficient 
from each variable in the 
Cox model by the value 
of the corresponding 
variable for the 
individual. These 
products were summed 
to give a prognosis score 
for each individual. 

1 
2 
3 
5 

Based 
on 
quintile 

The 5-year overall mortality rate and mortality per 
person-year for each risk  group were calculated and 
compared between cardiovascular health study 
(CHS) original cohort and the African American 
cohort. 

 Original 
cohort 

African 
American 
cohort 

Chi-square trend 659.73 55.97 

P-value <.001 <.001 

Inouye, 2003
122

 
1-year mortality 

1) high risk 
diagnoses; 

0-3 A burden of illness score 
was calculated for each 

I 0-1 No. of death/ No. at risk, hazard ratio, 95% CI for 
each risk group  were calculated and compared 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

2) albumin ≤3.5 
mg/dL 

0/1 person by summing all 
the points for each 
present risk factor.  

II 2 between development and validation cohort. 

3 Creatinine >15 
mg/dL 

0/1 III 3  Derivation 
Cohort 

Validation 
Cohort 

4) dementia; 0/1 IV ≥4 Receiver 
Operating  

0.83 (0.78-
0.87) 

0.77 (0.74-
0.8) 

5 walking 
impairment 

0/1 Characteristic curve area 

Chi-square trend 179.33 274.01 

P-value 0.001 0.001 

Melzer, 2003*
14

 
4-year mortality 

1) gait speed N/A 1) In the logistic 
regression models all  
physiological measures 
were coded into ranks  or 
categories; 
2) the ß values for 
different coding of three 
measures used in the 
difficulty and inability 
equations were 
calculated; 
3) difficulty and inability 
models for calculating 
MOBLI scores were 
developed; 
4) coefficients (beta 
values) of different 
coding  in three 
measures used in the 
logistic 
regression models and 
equations to produce the 
MOBLI score were 
calculated and entered 
Into difficulty and inability 
models;  
5) MOBLI score 
represents the probability 
of risk to mobility 
limitations or 
impairments, the higher 
the score the higher the 
probability of mobility 
limitation and 
impairment. 

1
st
 quintile <0.0416 Crude and age/sex-adjusted death rates, hazard ratio 

for self-reported and predicted inability to walk 1/2 
mile based on mobility-related limitation index scores 
(MOBLI). 

2) time to 5 chair 
stands 

2
nd

 quintile 0.0416-
0.0954 

3) peak 
expiratory flow 

3
rd

 quintile 0.0955-
0.1984 

4
th

 quintile 0.1985-
0.4395 

Unable to 
walk1/2 mile 

MOBLI Self-reported 

5
th

 quintile >0.4395 By death rate 31.7 32.4 

By hazard ratio 2.71(2.28-
3.21) 

2.95(2.48-3.5) 

 

Ensrud, 2009
51

 1) weight loss of  Frailty is defined by the robust 0 Number and percentage of participants with recurrent 
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Common Syndromes in Older Adults 439 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

Recurrent falls; 
disability; non-
spine fracture; 
death 

5% or more 
between the 
baseline and 2

nd
 

examination 

presence of 2 or more of 
the 3 components 

immediate 1 falls, disability, hip fracture and death, 95% CI, odds 
ratio, hazard ratio for each risk group according to 
Study of Osteoporotic Fractures and Cardiovascular 
Health Study index 

frailty ≥2 

2) inability to rise 
from a chair 5 
times without 
using the arms 

Receiver 
Operating 

SOF CHS 

Characteristic 
curve area 

  

3) poor energy Recurrent falls 0.63 (0.6-0.66) 0.63 (0.6-
0.66) 

Non-spine 
fracture 

0.63 (0.58-0.67) 0.63 (0.58-
0.67) 

Death 0.71 (0.67-0.75) 0.72 (0.69-
0.76) 

Disability 0.68 (0.65-0.71) 0.68 (0.65-
0.71) 

Albertsson, 
2007

365
 

2-year Hip 
fractures; 
2-year Fragility 
fractures 
2-year mortality 

1) age 80 years 
or older 

unweighted  Low risk 0-1 Number and percentage of participants with hip 
fracture, fragility fracture  and mortality, 95% CI, odds 
ratio, for each risk group 2) weight less 

than 60 kg 
High risk 2-4 

3) previous 
fragility fracture 

4) need to use 
arms to rise  
from a chair 5 
times without 
using her arms 

Receiver 
Operating 

Development cohort 

Characteristic 
curve area 

 

Hip fractures 0.72 (0.64-0.81) 

Fragility fractures  

Mortality 0.75 (0.71-0.79) 

Schonberg, 
2009

366
 

5-year mortality 

1) age   Derived from the beta 
coefficients of each 
factor in the final model 

 0-1 Number and percentage of mortality,95% CI 
according to quintile of risk and  

65-69 0 2-3 Point score were calculated. 

70-74 1 4-5  

75-79 3 6-7  

80-84 5 8-9  

85+ 7 10-11 Receiver 
Operating                            

0.75 (other info isn’t reported) 

2) Male sex 3 12-13 Characteristic 
curve area 

 

3) Smoking 
status 

 14-15   

never 0 16-17   
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

Former 1 18+   

Current 3 Also by 
quintile of 
risk 

  

4) body mass 
index<25 
kg/(m*m) 

2 

5) comorbid 
conditions 

 

COPD 2 

Diabetes 
mellitus 

2 

Cancer 2 

6) overnight 
hospitalization in  

 

Past year  

None 0 

One 1 

Two or more 3 

7) perceived 
health 

 

Excellent/very 
good 

0 

Good 1 

Fair/good 2 

8) functional 
measures 

 

Dependent in at 
least 1 IADL 

2 

Difficulty walking 
several blocks 

3 

Garcia-Gonzalez, 
2009

367
 

2-year mortality 

Same as above 
predictors 

 1) For variables with 
yes/no categories, 
yes=1;  No=0 

Level 1 .00-.07 Number and hazard ratios of mortality, 95% CI 
according to different levels of  the frailty index were 
calculated. No ROC reported 

Level 2 .07-.14 

2) for poor self-assessed 
health: poor=1; fair=0.75; 
good=0.5; very 
good=0.25; excellent=0  

Level 3 .14-.21 

Level 4 .21-.35 

Level 5 .35-.65 

3) For vision problems: 
legally blind=1; poor=0.8; 
fair=0.6; good=0.4; very 
good=0.2; excellent=0  

4) For hearing problems: 
legally deaf=1; poor=0.8; 
fair=0.6; good=0.4; very 
good=0.2; excellent=0  

5) for bodily pain: 
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Nonsyndromic Conditions (continued) 

Common Syndromes in Older Adults 441 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

frequent and severe=1; 
Frequent and 
moderate=2/3; frequent 
and Mild=1/3; not 
frequent=0 

6) for depression 
symptoms: 1/9 for each 
positive answer if the 
participants felt: 
depressed; unhappy; 
lonely; tired; sad; did not 
enjoy life; had no energy; 
restless sleep or thought 
that everything was an 
effort; 0= none of the 
above 
Frailty index is defined as 
a proportion of the total 
number of deficits an 
individual has with 
respect to the 34 deficits 
included. 

Carey, 2004
368

 
2-year mortality; 

1) male gender 2 The beta-coefficient for 
each risk factor was 
divided by the lowest 
beta-coefficient (for 
bathing) and rounded to 
the nearest integer; all 
the points for each 
present risk factor were 
summed up and is the 
risk score for each 
patient. 

low 0-2 No. at risk, mortality rate for each risk group was 
calculated and compared between development and 
validation cohorts. 

2) age  medium 3-6 

76-80 1 high 7-10 

81-85; 2  Derivation 
cohort 

Validation 
cohort 

>85 2 Receiver 
operating 

0.76 0.74 

)3 dependence 
in bathing 

1  

4) dependence 
in shopping 

2 

5) difficulty 
walking several 
blocks 

2 

6) difficulty 
pulling/pushing 
heavy objects 

1 

Levine, 2007
369

 
1-year mortality 

1) age  The beta-coefficient for 
each risk factor was 
divided by the lowest 
beta-coefficient (for  
congestive heart failure) 
and rounded to the  

Low-risk 0-1 No. of death/ No. at risk, 95% CI for each risk group 
were calculated and 

70-74 1 Medium risk 2 Compared between derivation and validation cohorts. 

75-79 2 High-risk 3 Receiver 
Operating 

Derivation 
Cohort 

Validation 
Cohort 

80-84 2 Very high- >=4 Characteristic   
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

nearest integer; all the 
points for each present 
risk factor were added up 
and is the risk score for 
each patient. 

risk curve area 

85-89 2 By risk group 0.67 0.65 

≥90 2 By quartile of risk 0.70 0.68 

2) Discharge to 
nursing home or 
skilled nursing 
facility 

  

1 

3) length of stay 
≥5 days 

1 

4) congestive 
heart failure 

1 

5) peripheral 
vascular disease 

1 

6) dementia 1 

7) renal disease 1 

8) hematologic 
and solid 
Malignancy 

1 

9) metastatic 
cancer 

2 

Pijpers, 2009
370

 
3-year mortality 

1) age: per 10 
years  

4 1) Weight was obtained 
by multiplying the  
Regression coefficient by 
10 rounded up to the  
nearest integer; 
2) the weight will be 
multiplied by the patient’s 
characteristics value and 
the sum of these values 
is the risk score for each 
patient. 

Very good <45 ROC curves were computed; mean predicted 3-year 
mortality risk and observed 3-year mortality were 
calculated and compared in each quintile of risk 
score 

2) male sex 10 Good 45-51 

3) living alone 5 Moderate 52-57    

4) 
cardiovascular 
disease 

4 Poor 58-63 Receiver 
Operating  

0.78 (0.71-0.84) (other info not 
reported)c 

5) diabetes 4 Very poor >63  

6) medication 
number ≥2 

5 

7) Body mass 
index<18.5 

12 

8) Elderly 
Mobility Scale 
score <20 

5 

9) motor deficit 
in ADL 

4 

10) process 
deficit in ADL 

7 

Mazzaglia, 
2007

187
 

15-month 
mortality 
15-month  

1) age:   Each risk factor was 
assigned a score based 
on the ratio between the 
regression b-coefficient 
for that variable and the 

 0 Number of death/who at risk, percentage, 95%CI, 
sensitivity and specificity  were calculated and 
compared for both cohorts according to risk scores 

65-74 0 1 

75-84 1 2 Receiver 
Operating 

Development 
cohort  

Validation 
cohort 
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Common Syndromes in Older Adults 443 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

hospitalization >=85 1 lowest significant b-
coefficient in the 
corresponding logistic 
regression (which is 
being 75-84 years old). 
The ratio is rounded up 
to the nearest integer.  A 
summary point score 
was calculated for each 
participant by adding the 
points for each risk factor 
present 

≥3 Characteristic 
curve area 

 

2) sex  Mortality 0.75 (0.72-0.78) 0.75(0.73-
0.78) 

female 0 Hospitalization 0.68(0.66-0.71) 0.67(0.65-0.7) 

Male 1  

3) positive 
responses to the  

 

Screening test  

0-1 0 

2-3 2 

4-6 1 

4) having 
hospitalization in 
the previous 6 
months 

4 

5) having ≥5 
prescriptions 

3 

Jones, 2004
144

 
5-year mortality 
5-year 
institutionalization 

1) impairment 
index 

 1) Each of 10 domains in 
impairment index was 
scored such that 0=no 
problem; 0.5=minor 
problem; 1=major 
problem 
2) the CIRS codes the 
severity of 14 co-existing 
diseased body system as 
0,1, or 2 and 
standardized into a range 
of 0-4 (CIRS/6) 
3) the current index is 
calculated as  # of total 
deficits/total # deficits 
(impairment  Index + 
comorbidity index)/14 

Level 1 ≤0.23 Mean and standard deviation for sociodemographic , 
clinical variables and uses of clinical services were 
calculated and compared by index levels. 2) comorbidity 

index 
Level 2 0.24-

0.31 

Level 3 0.32-0.4 Receiver 
Operating 

FI-GCA FI 

Level 4 0.41-
0.48 

Characteristic 
curve area 

 

Level 5 0.49-0.6 Mortality 0.67 0.7 

Level 6 0.61-
0.74 

hospitalization 0.66 0.75 

Level 7 ≥0.75  

Fried, 2001
55

 
3-year mortality 
7-year mortality 
3-year incident 
falls 
7-year incident 
falls 
3-year disability 
7-year disability 
3-year mobility 

1) weight loss 
(shrinking); 

 Defined as frail if ≥3 
components present; 
Intermediate frail if 1 or 2 
components present; 
Not frail if none present 

Not frail  Cox proportional hazards models were used to 
assess the independent Predictive validity of frailty 
phenotype. 2) grip strength 

(weakness) 
Intermediate 
frail 

3) exhaustion 
(poor 
endurance) 

Frail 3-year 
outcomes/HR(CI) 

Intermediate Ffrail 

Incident fall 1.16(1-1.34) 1.29(1-1.68) 

4) walking time 
(slowness) 

Mobility 1.58(1.41-
1.76)* 

1.5(1.23-1.82) 

5) low physical Disability 1.67(1.41- 1.98(1.54-
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Common Syndromes in Older Adults 444 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

7-year mobility activity 1.99) 2.55) 

First 
hospitalization 

1.13(1.03-
1.25) 

1.29(1.09-
1.54) 

Mortality 1.49(1.11-
1.99) 

2.24(1.51-
3.33) 

7-year 
outcomes/HR(CI) 

Intermediate Ffrail 

Incident fall 1.12(1-1.26) 1.23(0.99-
1.54) 

Mobility 1.41(1.29-
1.54) 

1.36(1.15-
1.62) 

Disability 1.55(1.38-
1.75) 

1.79(1.47-
2.17) 

First 
hospitalization 

1.11(1.03-
1.19) 

1.27(1.11-
1.46) 

Mortality 1.32(1.13-
1.55) 

1.63(1.27-
2.08) 

* highlighted area indicated significance ≤0.05 

Markides, 
2001

371
 

2-year mortality 

Set one 
includes: 

N/A N/A N/A  Logistic regression models were used to assess the 
predictivity of summary 

1) age 
(75+vs.65-74) 

Performance score and short walk measures on 2-
year mortality. 

2) gender (male) Outcome 
measures/OR(CI) 

Set one Set two 

3) summary 
performance  

Age (75 vs.65-74) 1.42(1.02-
1.97) 

1.46(1.06-
2.03) 

Score (vs. 9-11) Gender (male) 1.84(1.34-
2.52) 

1.76(1.29-
2.42) 

7-8 Summary 
performance  

  

4-6 Score (vs. 9-11)   

1-3 7-8 2.02(1.12-
3.64)* 

 

0 4-6 3.25(1.86-
5.67) 

 

4) lower body 
ADL disability 

1-3 2.87(1.37-
6.05) 

 

5) chronic 
conditions 

0 7.39(3.86-
14.13) 

 

Hypertension Short walk (vs.4)   

Heart disease 3  2.16(1.12-
4.14) 

Cancer 2  2.57(1.33-
4.94) 

Diabetes 1  3.64(1.93-
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Common Syndromes in Older Adults 445 Minnesota Evidence-based Practice Center 

Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

6.85) 

Hip fracture 0  7.47(3.83-
14.55) 

stroke Lower body ADL 
Disability 

1.46(0.9-2.36) 1..48(0.93-
2.36) 

Set two 
includes: 

Chronic 
conditions 

  

1) age 
(75+vs.65-74) 

hypertension 1.09(0.79-
1.51) 

1.11(0.8-1.53) 

2) gender (male) Heart disease 1.59(1.07-
2.38) 

1.6(1.08-2.39) 

3) summary 
performance  

Cancer 3.18(2.02-
5.01) 

3.37(2.14-5.3) 

Score (vs.4) Diabetes 1.78(1.29-
2.51) 

1.8(1.29-2.52) 

3 Hip fracture 1.35(0.73-2.5) 1.35(0.73-
2.48) 

2 Stroke 0.81(0.48-
1.36) 

0.82(0.49-
1.38) 

2  * highlighted area indicated significance ≤0.05 

0 

 4) lower body 
ADL disability 

5) chronic 
conditions 

Hypertension 

Heart disease 

Cancer 

Diabetes 

Hip fracture 

Stroke 

Gill, 2006
372

 
6-year mortality 

1) weight loss   Defined as frail if ≥3 
components present; 

Nonfrail  Cox proportional hazards models were used to 
calculate the unadjusted hazard ratios and assess 
the predictive validity for each component. 2) muscle 

weakness 
Prefrail if 1 or 2 
components present; 

Prefrail 

3) exhaustion  Nonfrail if none present Frail Outcome 
measures/HR 

6-year 
mortality 

 

4) slow walking 
speed 

Weight loss 2.03*  

5) low physical 
activity 

Exhaustion 1.97  

Low physical 
activity 

2.83  

Muscle weakness 1.93  

Slow walking 2.28  
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Nonsyndromic Conditions (continued) 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

speed 

* highlighted area indicated significance <=0.05 and 
unadjusted HR 

Graham, 2009
202

 
10-year mortality 

1) weight loss  0 or 1 Each item was scored 
dichotomously (0 vs. 1); 
The total score was 
recorded as the sum of 
all five items (range: 0-5) 

Non-frail 0 Cox proportional hazards models were used to 
assess the independent 

2) grip strength 0 or 1 Pre-frail 1-2 Predictive validity of frailty index 

3) exhaustion  0 or 1 Frail 3-5 10-year 
outcomes/HR(CI) 

Pre-frail frail 

4) slow walking  0 or 1 Mortality 1.25(1.07-1.46) 1.81(1.41-
2.31) 

5) low physical 
activity 

0 or 1 * highlighted area indicated significance ≤0.05 

Purser, 2006
373

6-
month mortality 

Set A  Defined as frail if ≥3 
components present 

  Logistic regressions were used to assess the 
independent predictive validity for 

1) mobility Each composite or single item measures. 

2) grip strength Frailty 
index/OR(CI) 

6-month 
mortality 

 

3) low 
endurance 

Measure set A 1.9(0.6-6)  

4) physical 
activity limitation 

Measure set B 1.4(0.3-5.6)  

5) nutrition Gait speed 4(1.1-13.8)  

Set B People with impairments 
in any domain,  Resulting 
in scores of 1 or more, 
were considered frail 

Grip strength 2.7(0.7-10)  

1) mobility Chair-stand 1.5(0.4-5)  

2) activities of 
daily living 

 

3) incontinence 

4) cognitive 
impairment 

Gait speed Walked <0.65m/s is 
considered frail 

Grip strength <25 kg is considered as 
frail 

Chair stands <7/ 30 seconds is 
considered frail 

Avila-Funes, 
2009

169
 

4-year mobility 
disability 
4-year IADL 
disability 
4-year ADL 
disability 
4-year 

1) weight loss     Logistic regressions  and multivariate logistic 
regressions were used to assess  

2) exhaustion the unadjusted and independent effect of frailty on 
each outcome 

3) low physical 
activity 

Outcome 
measures/OR(CI) 

Pre-frail frail with 
cognitive  

4) slowness   impairment 

5) weakness Mortality 1.96(1.38-
2.8)* 

3.46(2.05-
5.84) 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

hospitalization 
4-year mortality 
4-year dementia 

6) with or 
without cognitive  
impairment 

hospitalization 1.19(1.03-
1.39)** 

1.9(1.09-3.31) 

Dementia 5.21(2.95-
9.23)## 

4.98(2.17-
11.41) 

Mobility disability 1.34(1.13-
1.59)** 

3.88(0.78-
19.41) 

IADL disability 2.83(1.91-
4.19)## 

3.17(1.47-
6.83) 

ADL disability 3.28(1.61-
6.67)* 

5.6(2.13-14.7) 

*crude OR;#frail;**pre-frail without cognitive 
Impairment; ##pre-frail with cognitive impairment;  

Mitnitski, 2002
374

 
mortality 

Same as 
aforementioned 
predictors  

 1) The proportion of the 
deficits in the individual 
as a state variable, 
measuring an individual 
degree of impairment 
and frailty; then analyzed 
the proportion q(t) 
averaged across all 
subjects at age t, for 
those with no cognitive 
impairment; 
2) an individual’s health 
status f(i) may be defined 
as a ratio of that person’s 
impairment Index to the 
mean index value, 
averaged across 
individuals without 
cognitive impairment, but  
of the same age 
f(i)=qi/m; f>1 if the 
individual Is frail; and the 
individual is fit if f<1. 

  Construct validity was examined through its 
relationship to chronological age; criterion validity 
was examined in its ability to predict mortality. 

 Biological 
age 

Chronological 
age 

Beta coefficient 0.0081 0.0081 

Standard 
deviation 

0.0014 0.0038 

t-value 5.7 2.15 

p-value <0.000001 0.0313 

 

Kiely, 2009
26

 
1) recurrent falls 
2) overnight 
hospitalization 
3) emergency 
department visit 
4) instrumental 
activities of Daily 
living disability 
(IADL) 

1) For Fried’s 
CHS frailty 
index, frailty 
status is defined 
as robust if 0 
component; 
prefrail if 1-2 
components; 
and frail if 3-5 
components 

  Robust 0 The mean value for selected variables, including 
outcomes were calculated by risk group and 
compared. Odds ratio, hazard ratio for each risk 
group were calculated for both CHS and SOF frailty 
indexes. 

Prefrail 1-2 

Frail 3-5 

Robust 0 

Prefrail 1 HR/OR* SOF CHS 

Frail ≥2 Recurrent 
falls 

  

prefrail 1.62(1.14-2.32) 1.1(0.8-1.5) 

frail 2.19(1.19-4.03) 1.9(1.17-3.1) 
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Prediction 
Outcome 

Index 
Component 

Weight Weight Method Risk Group Score Accuracy/Validation 

2) for Ensrud’s 
SOF frailty 
index, frailty 
status was 
defined as 
robust if 0 
component; 
prefrail if 1 
component; frail 
if ≥2 components 

Overnight 
hospitalization 

  

Prefrail 2.64(1.74-4.01) 1.97(1.37-2.84) 

Frail .49(1.53-7.98) 4.45(2.42-8.18) 

Emergency 
department 
visit 

  

Prefrail 2.19(1.43-3.33) 1.34(0.95-1.89) 

Frail 3.54(1.43-8.79) 3.1(1.64-5.86) 

IADL disability   

Prefrail 2.88(1.81-4.58) 2.73(1.69-4.4) 

Frail 5.38(2.34-
12.35) 

7.68(4.01-14.74) 

*adjusted; highlighted area indicating significance 
≤0.05 
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Reference, Outcome Independent Variables Results 

Albertsson, 2007
365

 
2-year mortality 

1 age 80 years or older; 
2 weight less than 60 kg; 
3 previous fragility fracture; 
4 need to use arms to rise from a chair 5 times 
without using her arms; 

1 63% of women with 0 to 1 risk factor had a 2-year mortality risk of 3.2%; 

2 women with 2 to 4 risk factors had a 2-year mortality risk of 23.7% (odds ratio 
= 9.5; 95% CI 6.0-14.9) 

Carey, 2004
368

 
2-year mortality 

1 male gender; 
2 age; 
76-80 
81-85; 
>85 
3 dependence in bathing 
4 dependence in shopping 
5 difficulty walking several blocks 
6 difficulty pulling/pushing heavy objects 

1 in the development cohort, 2-year mortality was 3% in the lowest risk group 
(0 to 2 points), 11% in the middle risk group (3 to 6 points), and 34% in the 
highest risk group (>7 points).  

2 in the validation cohort, 2-year mortality was 5% in the lowest risk group, 
12% in the middle risk group, and 36% in the highest risk group. 

Levine, 2007
369

 
1-year mortality  

1 age 
70-74 
75-79 
80-84 
85-89 
>=90 
2 Discharge to nursing home or skilled nursing 
facility 
3 length of stay >=5 days 
4 congestive heart failure 
5 peripheral vascular disease 
6 dementia 
7 renal disease 
8 hematologic and solid malignancy 
9 metastatic cancer 

1 In the derivation cohort, 1-year mortality was 11% in the lowest-risk group (0 
or 1 point) and 48% in the highest-risk group (4 or greater points). 

2 in the validation cohort, 1-year mortality was 11% in the lowest risk group 
and 45% in the highest-risk group. 

Walter, 2001
125

 
1-year mortality 

1 male sex 
2 dependent in 1-4 ADLs 
3 dependent in all ADLs 
4 congestive heart failure 
5 solitary cancer 
6 metastatic cancer 
7 creatinine level on admission > 3mg/dl 
8 albumin level on admission is 3-3.4 g/dL 
albumin level on admission is <3 g/dL 

1  In the derivation cohort, 1-year mortality was 13% in the lowest-risk group 
(0-1 point), 20% in the group with 2 or 3 points, 37% in the group with 4 to 6 
points, and 68% in the highest-risk group (>6 points).  

2 In the validation cohort, 1-year mortality was 4% in the lowest-risk group, 
19% in the group with 2 or 3 points, 34% in the group with 4 to 6 points, and 
64% in the highest-risk group. 

Lee, 2006
71

 
4-year mortality  

1 male sex 
2 age 60-64 
3 age 65-69 
4 age 70-74 

In validation cohort, 0 to 5 points predicting a less than 4% mortality risk, 6 to 9 
points predicting a 15% risk, 10 to 13 points predicting a 42% risk, and 14 or 
more points predicting a 64% risk. 
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Reference, Outcome Independent Variables Results 

5 age 75-79 
6 age 80-84 
7 age >=85 
8 diabetes mellitus 
9 cancer 
10 lung cancer 
11 heart failure 
12 body mass index<25 
13 current smoker 
14 bathing 
15 managing finances  
16 walking several blocks 
17 pushing/pulling heavy objects 

Inouye, 2003
122

 
1-year mortality 

1 high risk diagnoses; 
2 albumin <=3.5 mg/dL; 
3 Creatinine >15 mg/dL; 
4 dementia;  
5 walking impairment 

1 In the development cohort, where overall mortality was 154/525 (29%), 1-
year mortality rates increased significantly across each risk group, from 8% to 
24%, 51%, and 74%, in groups  I to IV respectively 

2 Corresponding rates in the validation cohort, where overall mortality was 
488/1246 (39%), were 5%, 17%, 33%, and 61% in groups I to IV, respectively 

Schonberg, 2009
366

 
5-year mortality  

1 age  
65-69 
70-74 
75-79 
80-84 
85+ 
2Male sex 
3 Smoking status: never, Former, Current 
4 body mass index<25 kg/m² 
5 comorbid conditions 
COPD 
Diabetes mellitus 
Cancer 
6 overnight hospitalization in past year 
None 
One 
Two or more 
7 perceived health 
Excellent/very good 
Good 
Fair/good 
8 functional measures 
Dependent in at least 1 IADL 
Difficulty walking several blocks 

1 In the development cohort,5-year mortality rates increased significantly 
across each quintile of risk from 6% to 10%, 14%, 27%, and 52% in quintile 1 
through 5 
2 In the validation cohort,5-year mortality rates increased significantly across 
each quintile of risk from 5% to 10%, 17%, 31%, and 50% in quintile 1 through 
5 



Appendix E Table 50. Complex Models That Predict Mortality in Older Persons 

Common Syndromes in Older Adults 451 Minnesota Evidence-based Practice Center 

Reference, Outcome Independent Variables Model Description 

Drame, 2008
375

 
2-year mortality 

1 age: 85 years or older 
2 dependent for the ADL: yes 
3 delirium: yes 
4 malnutrition risk: yes 
5 comorbidity level: medium 

A point value was assigned to each characteristic according to the hazard 
ratio in the final model. Point values for all mortality-related characteristics 
present for each patient were rounded to the nearest integer and summed. 
Three groups were determined: low-risk (<=2), medium risk (3-5) and high-
risk (>=6) 

Ravaglia, 2008
362

 
4-year mortality; 
4-year Fractures; 
4-year Hospital admission; 
4-year Worsening disability; 
4-year Incident disability  

1 age >=80; 
2 male gender; 
3 physical inactivity 
4 use of >=3 drugs; 
5 sensory deficits; 
6 calf circumference <31cm; 
7 instrumental activity of daily Living disability; 
8 gait and balance test <=24; 
9 pessimism about one’s health 

A risk scoring system was developed, assigning one point to each present 
predictor  and summing the points assigned to each participant. Cox 
regression was used to assess the association between the score and 
mortality 

Carey, 2008
129

 
1-year mortality;  
2-year mortality;  
3-year mortality;  

1 male; 
2 age; 
 75-79 
80-84; 
>=85 
3 dependence in toileting 
4 dressing 
Partially dependent; 
 Fully dependent 
5 malignant neoplasm 
6 congestive heart failure 
7 chronic obstructive  
Pulmonary disease 
8 renal failure or insufficiency 

A point scoring system was constructed in which points were assigned to 
each risk factor using the coefficients (parameter estimates) from the final 
Cox regression model 
The coefficient for each risk factor was divided by the lowest coefficient 
(partial dependence in the ADL dressing) and rounded to the nearest integer. 
A risk score was then calculated for each patient by adding the points for 
each risk factor present. 

Pilotto, 2008
363

 
1-year mortality 

1 Activities of daily living index 
2 instrumental activities of daily living scale    
3 Short Portable Mental Status questionnaire 
4 comorbidity index 
5 Mini Nutritional Assessment 
6 Exton Smith Scale 
7 number of medications 
8 social support network 

Each domain can be assigned one of three weights (0;0.5;1) depending on 
the specific scores for each domain. The sum of the calculated scores from 
the eight domains was divided by 8 to obtain a final multidimensional index 
score from 0 to 1. 

Fried, 1998
54

 
5-year mortality 

1 age 
2 male sex 
3 income less than $50 000 per year, 
4  low weight 
5 lack of moderate or vigorous exercise 
6 smoke > 50 pack-years 

A risk score was computed by multiplying, for each individual, the regression 
coefficient from each variable in the Cox model by the value of the 
corresponding variable for the individual. These products were summed to 
give a prognosis score for each individual. The risk group is based on quintile 
of risk 



Appendix E Table 50. Complex Models That Predict Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 452 Minnesota Evidence-based Practice Center 

Reference, Outcome Independent Variables Model Description 

7 high brachial systolic blood pressure (> 169mm Hg) 
8 low tibial systolic blood pressure (<127mm Hg) 
9 diuretic use by those without hypertension or 
congestive heart failure 
10 elevated fasting glucose level >7.2 mmol/L [130 
mg/dL] 
11 low albumin level (<=37 g/L) 
12 elevated creatinine level (>=106 μmol/L [1.2 
mg/dL]) 
13 low forced vital capacity (<=2.06 mL) 
14 aortic stenosis (moderate or severe) and abnormal 
left ventricular ejection fraction (by echocardiography) 
15 major electrocardiographic abnormality 
16  stenosis of internal carotid artery (by ultrasound), 
17 congestive heart failure 
18 difficulty in any instrumental activity of daily living, 
19 low cognitive function by Digit Symbol Substitution 
test score. 

Melzer, 2003
14

 
4-year mortality 

1 gait speed; 
2 time to 5 chair stands; 
3 peak expiratory flow 

1 In the logistic regression models all physiological measures were coded into 
ranks or categories 

2 The ß values for different coding of three measures used in the difficulty 
and inability  equations were  calculated 

3 Difficulty and inability models for calculating MOBLI scores were developed 

4 Coefficients (beta values) of different coding in three measures used in the 
logistic regression models and equations to produce the MOBLI score were 
calculated and entered into difficulty and inability models;  

5 MOBLI score represents the probability of risk to mobility limitations or 
impairments, the higher the score the higher the probability of mobility 
limitation and impairment. 

Garcia-Gonzalez, 2009
367

  
2-year mortality 

Health problems before age 10 
Poor self-assessed health 
Medically diagnosed conditions 
Medical symptoms during past 2 years 
Difficulty with activities of daily living 
Difficulty with instrumental activities of  
Daily living 

Frailty index was defined as a proportion of the total number of deficits an 
individual has with respect to the 34 deficits included. 



Appendix E Table 50. Complex Models That Predict Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 453 Minnesota Evidence-based Practice Center 

Reference, Outcome Independent Variables Model Description 

Pijpers, 2009
370

  
3-year mortality 

1 age: per 10 years  
2 male sex 
3 living alone 
4 cardiovascular disease 
5 diabetes 
6 medication number>=2 
7 Body mass index<18.5 
8 Elderly Mobility Scale score <20 
9 motor deficit in ADL 
10 process deficit in ADL 

1 Weight was obtained by multiplying the regression coefficient by 10 
rounded up to the nearest integer; 
2 The weight will be multiplied by the patient’s characteristics value and the 
assume of these values is the risk score for each patient  

Mazzaglia, 2007
187

 
 15-month mortality 
15-month hospitalization 

1 age:  
65-74 
75-84 
>=85 
2 sex 
female 
Male 
3 positive responses to the  
Screening test 
0-1 
2-3 
4-6 
4 having hospitalization in the 
Previous 6 months 
5 having >=5 prescriptions 

Each risk factor was assigned a score based on the ratio between the 
regression b-coefficient  for that variable and the lowest significant b-
coefficient in the corresponding logistic regression (which is being 750=-84 
years old); The ratio is rounded up to the nearest integer; a summary point 
score was calculated for each participant by adding the points for each risk 
factor present.  

Jones, 2005
144

 
5-year mortality 
5-year institutionalization 

1 Impairment index includes 

cognition 
Emotion 
Communication 
mobility 
Balance 
Bladder 
Bowel 
Nutrition 
Activities of daily living 
Social 
2 Comorbidity index 

1 Each of 10 domains in impairment index was scored such that 0=no 
problem; 0.5=minor problem; 1=major problem; 
2 The CIRS codes the severity of 14 co-existing diseased body system as 
0,1, or 2 and standardized into a range of 0-4 (CIRS/6); 
3 The current index is calculated as # of total deficits/total # deficits 
(impairment index + comorbidity index)/14 

Mitnitski, 2002
374

  
mortality  

Vision loss; 
Hearing loss; 
Impaired mobility; 
Vascular problem; 

1 The proportion of the deficits in the i-th Individual as a state variable, 
measuring an individual degree of impairment and frailty; then analyzed the 
proportion q(t) averaged across all subjects at age t, for those with no 
cognitive impairment; 



Appendix E Table 50. Complex Models That Predict Mortality in Older Persons (continued) 

Common Syndromes in Older Adults 454 Minnesota Evidence-based Practice Center 

Reference, Outcome Independent Variables Model Description 

Gait abnormality; 
Impaired vibration sense; 
Difficulty bathing; 
Difficulty going out; 
Difficulty cooking; 
Difficulty toileting; 
Difficulty grooming 
Skin problem; 
Resting tremor; 
Changes in sleep; 
Difficulty dressing; 
Urinary complaints; 
Gastro-intestinal problem; 
Diabetes; 
Hypertension; 
Limb tone abnormality 

2 An individual’s health status f(i) may be defined as a ratio of that person’s 
impairment Index to the mean index value, averaged across Individuals 
without cognitive impairment, but of the same age f(i)=qi/m; f>1 if the 
individual Is frail; and the individual is fit if f<1. 

 



Appendix E Table 51. Predictive Models Based on Frailty Phenotype Definition 

Common Syndromes in Older Adults 455 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy and Validation 

Ensrud, 2008
50

 mortality 1 weight loss of 5% or more between 
the 3rd and 4th Examination; 

mortality rate,  95% CI, odds ratio, hazard ratio for each risk group and area under the 
curve were calculated and compared between cohorts from study of osteoporotic fractures 
(SOF) and cardiovascular health study (CHS) 

2 subject’s inability to rise from a chair 
5 times without using her arms; 

  SOF CHS 

3 reduced energy level Receiver Operating Characteristic curve area 
(ROC) 

0.72 (0.71-0.73) 0.72 (0.71-0.74) 

Ensrud, 2009
51

 mortality 1 weight loss of 5% or more between 
baseline and 2nd examination; 

mortality rate,  95% CI, odds ratio, hazard ratio for each risk group and area under the 
curve were calculated and compared between cohorts from study of osteoporotic fractures 
(SOF) and cardiovascular health study (CHS) 

2 subject’s inability to rise from a chair 
5 times without using her arms; 

 SOF CHS 

3 poor energy Receiver Operating Characteristic curve area 
(ROC) 

0.71 (0.67-0.75) 0.72 (0.69-0.76) 

Fried, 2001
55

 3-year mortality 1 weight loss (shrinking); Cox proportional hazards models were used to assess the independent predictive validity 
of frailty phenotype. 7-year mortality 2 grip strength (weakness); 

3 exhaustion (poor  3-year outcomes/HR(CI) Intermediate frail 

endurance);  Mortality 1.49(1.11-1.99) 2.24(1.51-3.33) 
4 walking time (slowness);  7-year outcomes/HR(CI) Intermediate frail 

5 low physical activity Mortality 1.32(1.13-1.55) 1.63(1.27-2.08) 

Gill, 2006
372

 6-year mortality 1 weight loss  Cox proportional hazards models were used to calculate the unadjusted hazard ratios and 
assess the predictive validity for each component 2 muscle weakness 

3 exhaustion  Outcome measures/HR 6-year 
mortality 

  

4 slow walking speed;  Weight loss 2.03   
5 low physical activity Exhaustion 1.97   
  Low physical activity 2.83   
  Muscle weakness 1.93   
  Slow walking speed 2.28   

Graham, 2009
202

 10-year mortality 1 weight loss  Cox proportional hazards models were used to assess the independent predictive validity 
of frailty index 2 grip strength 

3 exhaustion  10-year outcomes/HR(CI) Pre-frail frail 

4 slow walking  Mortality 1.25(1.07-1.46) 1.81(1.41-2.31) 
5 low physical activity       

Purser, 2006
373

 6-month mortality measure set A Logistic regressions were used to assess the independent predictive validity for each 
composite or single item measures. 1 mobility 

2 grip strength Frailty index/OR(CI) 6-month 
mortality 

  

3 low endurance Measure set A 1.9(0.6-6)   
4 physical activity limitation Measure set B 1.4(0.3-5.6)   
5 nutrition Gait speed 4(1.1-13.8)   



Appendix E Table 51. Predictive Models Based on Frailty Phenotype Definition (continued) 

Common Syndromes in Older Adults 456 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy and Validation 

measure set B Grip strength 2.7(0.7-10)   
1 mobility Chair-stand 1.5(0.4-5)   
2 activities of daily living       
3 incontinence       
4 cognitive impairment       
single item performance measure       
1 Gait speed       
2 Grip strength       
3 Chair stands       

Avila-Funes, 
2009

169
 

4-year mortality 1 weight loss Logistic regressions  and multivariate logistic regressions were used to assess the 
unadjusted and independent effect of frailty on each outcome 2 exhaustion 

3 low physical activity Outcome measures/OR(CI) Pre-frail frail with 
cognitive 

impairment 

4 slowness Mortality 1.96(1.38-2.8) 3.46(2.05-5.84) 
5 weakness       
6 with or without cognitive impairment       

 



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition 

Common Syndromes in Older Adults 457 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

Drame, 2008
375

 2-year mortality 1 age: 85 years or older death rate, 95% CI for each risk group and area under the curve were calculated and 
compared 2 dependent for the ADL: yes 

3 delirium: yes   Derivation 
Cohort 

Validation 
Cohort 

4 malnutrition risk: yes Receiver operating characteristics curve area 0.72 (0.68-0.75) 0.71 (0.66-0.76) 
5 comorbidity level: medium       

Ravaglia, 
2008

362
  

4-year mortality; 1 age >=80; not reported  
2 male gender; 

4-year Hospital 
admission; 

3 physical inactivity 

4-year 
Worsening 
disability; 

4 use of >=3 drugs; 

4-year Incident 
disability 

5 sensory deficits; 
6 calf circumference <31cm; 
7 instrumental activity of daily 
Living disability; 
8 gait and balance test <=24; 
9 pessimism about one’s health 

Carey, 2008
129

 1-year mortality; 1 male; No. at risk, mortality rate for each risk group and area under the curve were calculated 
compared between development and validation cohorts. 

2-year mortality; 2 age;   Derivation 
cohort 

Validation 
cohort 

3-year mortality 75-79 Receiver operating characteristic curve (ROC) 0.66 0.69 
80-84;       
 >=85       
3 dependence in toileting       
4 dressing       
Partially dependent;       
 Fully dependent       
5 malignant neoplasm       
6 congestive heart failure       
7 chronic obstructive        
Pulmonary disease       
8 renal failure or insufficiency       

Pilotto, 2008
363

 1-year mortality 1 Activities of daily living index Calibration of the model was assessed by comparing the predicted mortality with the actual 
mortality in the development and validation cohorts; discrimination of the model was 
assessed by calculating the receiver operating characteristic curves for the development 
and validation cohorts. 

2 instrumental activities of daily living 
scale    
3 Short Portable Mental Status 
questionnaire 
4 comorbidity index 
5 Mini Nutritional Assessment   Development Validation 



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition (continued) 

Common Syndromes in Older Adults 458 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

cohort cohort 

6 Exton Smith Scale Receiver operating characteristic curve area 
(ROC) 

0.751 (0.71-0.81) Not reported 

7 number of medications       
8 social support network       

Fried, 1998
54

  5-year mortality 1 age The 5-year overall mortality rate and mortality per person-year for each risk group were 
calculated and compared between cardiovascular health study (CHS) original cohort and 
the African American cohort. 

2 male sex 
3 income less than $50 000 per year, 
4  low weight   Original cohort African 

American 
cohort 

5 lack of moderate or vigorous exercise Chi-square trend 659.73 55.97 
6 smoke > 50 pack-years P-value <.001 <.001 
7 high brachial systolic blood pressure 
(> 169mm Hg) 
8 low tibial systolic blood pressure 
(<127mm Hg) 
9 diuretic use by those without 
hypertension or congestive heart failure 
10 elevated fasting glucose level >7.2 
mmol/L [130 mg/dL] 
11 low albumin level (<=37 g/L)       
12 elevated creatinine level (>=106 
μmol/L [1.2 mg/dL]) 

      

13 low forced vital capacity (<=2.06 mL)       
14 aortic stenosis (moderate or severe) 
and abnormal left ventricular ejection 
fraction (by echocardiography) 

      

15 major electrocardiographic 
abnormality 

      

16  stenosis of internal carotid artery (by 
ultrasound), 

      

17 congestive heart failure       
18 difficulty in any instrumental activity 
of daily living, 

      

19 low cognitive function by Digit 
Symbol Substitution test score. 

      

Melzer, 2003
14

 4-year mortality 1 gait speed; Crude and age/sex-adjusted death rates, hazard ratio for self-reported and predicted 
inability to walk 1/2 mile based on mobility-related limitation index scores (MOBLI). 

2 time to 5 chair stands; Unable to walk1/2 mile MOBLI Self-reported 

3 peak expiratory flow  By death rate 31.7 32.4 
By hazard ratio 2.71(2.28-3.21) 2.95(2.48-3.5) 



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition (continued) 

Common Syndromes in Older Adults 459 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

Garcia-Gonzalez, 
2009

367
 

2-year mortality Health problems before age 10 Number and hazard ratios of mortality,95% CI according to different levels of  the frailty 
index were calculated. No ROC reported 

Poor self-assessed health       
Medically diagnosed conditions       
Medical symptoms during past 2 years       
Difficulty with activities of daily living       
Difficulty with instrumental activities of        
Daily living       

Pijpers, 2009
370

 3-year mortality 1 age: per 10 years  ROC curves were computed; mean predicted 3-year mortality risk and observed 3-year 
mortality were calculated and compared in each quintile of risk score 2 male sex 

3 living alone   index model   

4 cardiovascular disease Receiver Operating Characteristics curve area 0.78 (0.71-0.84)   
5 diabetes       
6 medication number>=2       
7 Body mass index<18.5       
8 Elderly Mobility Scale score <20       
9 motor deficit in ADL       
10 process deficit in ADL       

Mazzaglia, 
2007

187
 

15-month 
mortality 

1 age:  Number of death/who at risk, percentage, 95%CI, sensitivity and specificity, area under the 
curve were calculated and compared for both cohorts according to risk scores 

15-month 
hospitalization 

65-74 
75-84 Receiver operating characteristic curve area Development 

cohort  
Validation 
cohort 

>=85 Mortality 0.75 (0.72-0.78) 0.75(0.73-0.78) 
2 sex       
female       
Male       
3 positive responses to the        
Screening test       
0-1       
2-3       
4-6       
4 having hospitalization in the       
Previous 6 months       
5 having >=5 prescriptions       

Jones, 2005
144

 5-year mortality 1 Impairment index includes Mean and standard deviation for socio-demographic , clinical variables and uses of clinical 
services were calculated and compared by index levels. 

5-year 
institutionalizatio
n 

cognition Receiver Operating Characteristic curve area FI-GCA FI 

Emotion Mortality 0.67 0.7 
Communication       
mobility       
Balance       



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition (continued) 

Common Syndromes in Older Adults 460 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

Bladder       
Bowel       
Nutrition       
Activities of daily living       
Social       
2 Comorbidity index       

Mitnitski, 2002
374

 mortality Vision loss; Construct validity was examined through its relationship to chronological age; criterion 
validity was examined in its ability to predict mortality. 

Hearing loss;   Biological age Chronological 
age 

Impaired mobility; Beta coefficient 0.0081 0.0081 
Vascular problem; Standard deviation 0.0014 0.0038 
Gait abnormality; t-value 5.7 2.15 
Impaired vibration sense; p-value <0.000001 0.0313 
Difficulty bathing;       
Difficulty going out;       
Difficulty cooking;       
Difficulty toileting;       
Difficulty grooming       
Skin problem;       
Resting tremor;       
Changes in sleep;       
Difficulty dressing;       
Urinary complaints;       
Gastro-intestinal problem;       
Diabetes;       
Hypertension;       
Limb tone abnormality       

Walter, 2001
125

 1-year mortality 1 male sex No. of death/ No. at risk, 95% CI for each risk group and area under the curve were 
calculated and compared between derivation and validation cohorts 2 dependent in 1-4 ADLs 

3 dependent in all ADLs Receiver Operating characteristic curve area Derivation 
Cohort 

Validation 
Cohort 

4 congestive heart failure By risk group 0.75 0.79 
5 solitary cancer By quartile of risk 0.75 0.8 
6 metastatic cancer       
7 creatinine level on admission >3mg/dl       
8 albumin level on admission is 3-3.4 g/dL       
albumin level on admission is <3 g/dL       

Lee, 2006
71

 4-year mortality 1 male sex No. of death/ No. at risk for each risk group and area under the curve were calculated and 
compared between  development and validation cohorts. 2 age 60-64 

3 age 65-69 Receiver Operating Characteristic curve area Development 
Cohort 

Validation 
Cohort 



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition (continued) 

Common Syndromes in Older Adults 461 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

4 age 70-74       

5 age 75-79 By risk group 0.84 0.817 
6 age 80-84 By quartile of risk 0.842 0.819 
7 age >=85       
8 diabetes mellitus       
9 cancer       
10 lung cancer       
11 heart failure       
12 body mass index<25       
13 current smoker       
14 bathing       
15 managing finances        
16 walking several blocks       
17 pushing/pulling heavy objects       

Inouye, 2003
122

 1-year mortality 1 high risk diagnoses; No. of death/ No. at risk, hazard ratio, 95% CI for each risk group and area under the curve 
were calculated and compared between development and validation cohort. 2 albumin <=3.5 mg/dL; 

3 Creatinine >15 mg/dL;   Derivation 
Cohort 

Validation 
Cohort 

  Receiver Operating characteristic curve  0.83 (0.78-0.87) 0.77 (0.74-0.8) 
4 dementia;  Chi-square trend 179.33 274.01 
5 walking impairment P-value 0.001 0.001 

Schonberg, 
2009

366
 

5-year mortality 1 age  mortality rate, person-year rate were calculated and compared between development and 
validation cohorts according to quintile of risk and point score. 

65-69   index model   
70-74 Receiver operating characteristic curve area 

(ROC) 
0.75   

75-79       
80-84       
85+       
2 Male sex       
3 Smoking status       
never       
Former       
Current       
4 body mass index<25 kg/m²       
5 comorbid conditions       
COPD       
Diabetes mellitus       
Cancer       
6 overnight hospitalization in past year       
None       
One       



Appendix E Table 52. Predictive Models Based on Frailty Accumulation of Deficits Definition (continued) 

Common Syndromes in Older Adults 462 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy/Validation 

Two or more       
7 perceived health       
Excellent/very good       
Good       
Fair/good       
8 functional measures       
Dependent in at least 1 IADL       
Difficulty walking several blocks       

Carey, 2004
368

 2-year mortality; 1 male gender; No. at risk, mortality rate for each risk group and area under the curve were calculated and 
compared between development and validation cohorts. 2 age; 

 76-80 
81-85;   Derivation 

cohort 
Validation 
cohort 

 >85 Receiver Operating Characteristics curve area 0.76 0.74 
3 dependence in bathing       
4 dependence in shopping       
5 difficulty walking several blocks       
6 difficulty pulling/pushing heavy objects       

Levine, 2007
369

 1-year mortality 1 age No. of death/ No. at risk, 95% CI for each risk group and area under the curve were 
calculated and compared between derivation and validation cohorts 70-74 

75-79 Receiver operating characteristic curve area 
(ROC) 

Derivation 
Cohort 

Validation 
Cohort 

80-84 By risk group 0.67 0.65 

85-89 By quartile of risk 0.7 0.68 

>=90       

2 Discharge to nursing home or       

Skilled nursing facility       

3 length of stay >=5 days       

4 congestive heart failure       

5 peripheral vascular disease       

6 dementia       

7 renal disease       

8 hematologic and solid malignancy       

9 metastatic cance r        

 



Appendix E Table 53. Short-Term Prediction of Death in Older Persons 

Common Syndromes in Older Adults 463 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy and validation 
  

Purser, 2006
373

 6-month mortality measure set A Logistic regressions were used to assess the independent predictive validity for each 
composite or single item measures. 1 mobility 

2 grip strength Frailty index/OR(CI) 6-month 
mortality 

  

3 low endurance Measure set A 1.9(0.6-6)   
4 physical activity limitation Measure set B 1.4(0.3-5.6)   
5 nutrition Gait speed 4(1.1-13.8)   
measure set B Grip strength 2.7(0.7-10)   
1 mobility Chair-stand 1.5(0.4-5)   
2 activities of daily living       
3 incontinence       
4 cognitive impairment       
single item performance measure       
1 Gait speed       
2 Grip strength       
3 Chair stands       

Carey, 2008
129

 1-year mortality; 1 male; Mortality rate for each risk group and area under the curve were calculated and compared 
between derivation and validation cohorts. 2 age; 

 75-79 
80-84;   Derivation 

cohort 
Validation 
cohort 

 >=85 Receiver operating characteristic curve area 
(ROC) 

0.66 0.69 

3 dependence in toileting       

4 dressing       

Partially dependent;       
 Fully dependent       
5 malignant neoplasm       
6 congestive heart failure       
7 chronic obstructive        
Pulmonary disease       
8 renal failure or insufficiency       

Pilotto, 2008
363

 1-year mortality 1 Activities of daily living index Calibration of the model was assessed by comparing the predicted mortality with the actual 
mortality in the development and validation cohorts; discrimination of the model was 
assessed by calculating the receiver operating characteristic curves for the development 
and validation cohorts. 

2 instrumental activities of daily living 
scale    
3 Short Portable Mental Status 
questionnaire 
4 comorbidity index 
5 Mini Nutritional Assessment   Development 

cohort 
Validation 
cohort 

6 Exton Smith Scale Receiver operating characteristic curve area (ROC) 0.751 (0.71-0.81) Not reported 
7 number of medications       



Appendix E Table 53. Short-Term Prediction of Death in Older Persons (continued) 

Common Syndromes in Older Adults 464 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy and validation 
  

8 social support network       

Walter, 2001
125

 1-year mortality 1 male sex No. of death/ No. at risk, 95% CI  for each risk group and area under the curve were 
calculated and compared between derivation and validation cohort 2 dependent in 1-4 ADLs 

3 dependent in all ADLs Receiver operating characteristic curve area (ROC) Derivation 
Cohort 

Validation 
Cohort 

4 congestive heart failure By risk group 0.75 0.79 
5 solitary cancer By quartile of risk 0.75 0.8 
6 metastatic cancer       
7 creatinine level on admission > 
3mg/dl 

  
    

8 albumin level on admission is 3-3.4 
g/dL 

  
    

 albumin level on admission is <3 g/dL       

Inouye, 2003
122

 1-year mortality 1 high risk diagnoses; No. of death/ No. at risk, hazard ratio, 95% CI for each risk group and area under the curve 
were calculated and compared between derivation and validation cohort. 2 albumin <=3.5 mg/dL; 

3 Creatinine >15 mg/dL;   Derivation 
Cohort 

Validation 
Cohort 

4 dementia;  Receiver operating characteristic curve area (ROC) 0.83 (0.78-0.87) 0.77 (0.74-0.8) 
5 walking impairment  Chi-square trend 179.33 274.01 

P-value 0.001 0.001 

Levine, 2007
369

 1-year mortality 1 age No. of death/ No. at risk, 95% CI for each risk group and area under the curve were 
calculated and compared between derivation and validation cohorts 70-74 

75-79 Receiver operating characteristic curve area (ROC) Derivation 
Cohort 

Validation 
Cohort 

80-84 By risk group 0.67 0.65 
85-89 By quartile of risk 0.7 0.68 
>=90       
2 Discharge to nursing home or       
Skilled nursing facility       
3 length of stay >=5 days       
4 congestive heart failure       
5 peripheral vascular disease       
6 dementia       
7 renal disease       
8 hematologic and solid       
Malignancy       
9 metastatic cancer       



Appendix E Table 54. Long-Term Prediction of Death in Older Persons 
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Reference Outcome Independent Variables Accuracy and Validation 
  

Fried, 1998
54

 5-year mortality 1 age The 5-year overall mortality rate and mortality per person-year for each risk group were 
calculated and compared between cardiovascular health study (CHS) original cohort and 
the African American cohort. 

2 male sex 
3 income less than $50 000 per year, 
4  low weight   Original cohort African 

American 
cohort 

5 lack of moderate or vigorous exercise Chi-square trend 659.73 55.97 
6 smoke > 50 pack-years P-value <.001 <.001 
7 high brachial systolic blood pressure 
(> 169mm Hg) 

      

8 low tibial systolic blood pressure 
(<127mm Hg) 

      

9 diuretic use by those without 
hypertension or congestive heart failure 

      

10 elevated fasting glucose level >7.2 
mmol/L [130 mg/dL] 

      

11 low albumin level (<=37 g/L)       
12 elevated creatinine level (>=106 
μmol/L [1.2 mg/dL]) 

      

13 low forced vital capacity (<=2.06 mL)       
14 aortic stenosis (moderate or severe) 
and abnormal left ventricular ejection 
fraction (by echocardiography) 

      

15 major electrocardiographic 
abnormality 

      

16  stenosis of internal carotid artery (by 
ultrasound), 

      

17 congestive heart failure       
18 difficulty in any instrumental activity 
of daily living, 

      

19 low cognitive function by Digit 
Symbol Substitution test score. 

      

Schonberg, 
2009

366
 

5-year mortality 1 age  Mortality rate, person-year rate were calculated and compared between development and 
validation cohorts according to quintile of risk and point score. 

65-69   index model   
70-74 Receiver operating characteristic curve area (ROC) 0.75   
75-79       
80-84       
85+       
2Male sex       
3 Smoking status       
never       



Appendix E Table 54. Long-Term Prediction of Death in Older Persons (continued) 

Common Syndromes in Older Adults 466 Minnesota Evidence-based Practice Center 

Reference Outcome Independent Variables Accuracy and Validation 
  

Former       
Current       
4 body mass index<25 kg/m²       
5 comorbid conditions       
COPD       
Diabetes mellitus       
Cancer       
6 overnight hospitalization in past year       
None       
One       
Two or more       
7 perceived health       
Excellent/very good       
Good       
Fair/good       
8 functional measures       
Dependent in at least 1 IADL       
Difficulty walking several blocks       

Jones, 2005
144

 5-year mortality 1 Impairment index includes Mean and standard deviation for socio-demographic , clinical variables and uses of clinical 
services were calculated and compared by index levels. cognition 

Emotion Receiver operating characteristic curve area (ROC) FI-GCA FI 

Communication Mortality 0.67 0.7 
mobility       
Balance       
Bladder       
Bowel       
Nutrition       
Activities of daily living       
Social       
2 Comorbidity index       

 



Appendix E Table 55. Decisionmaking Models of Cost-Effectiveness of Screening  

Common Syndromes in Older Adults 467 Minnesota Evidence-based Practice Center 

Reference Aim Perspective Study Design Subjects Setting Model Validity Quality of Data 

Frazier et al, 
2000

376
 

1) Evaluate the use 
of rehydration for 
fecal occult blood 
testing 
2) Evaluate the 
impact of a followup 
colonoscopy after 
the detection of a 
small tubular 
adenoma by 
sigmoidoscopy 
3) Consider the 
impact of imperfect 
compliance with 
screening in 
average-risk 
individuals 

Societal Cost 
effectiveness 
analysis 

Hypothetical 
subjects, 
representative of 
the 50-year-old 
U.S. population, 
at average risk 
for colorectal 
cancer 

Simulated 
clinical 
practice in 
U.S. 

State-transition 
Markov model 

1) Age and sex specific 
prevalence of adenomatous 
polyps using a weighted 
logistic regression analysis 
of results from 6 autopsy 
studies 
2) Probability of 
transformation from low-risk 
to high-risk polyps was 
estimated from studies of 
small polyps left in situ and 
reexamined annually 
3) Prevalence of colorectal 
cancer and stage distribution 
at 50-year-old was obtained 
from SEER data 
4) Costs of colorectal cancer 
treatment by stage and time 
period were obtained from a 
cost study from a large HMO 
5) Compliance rates were 
obtained in the optimized 
setting of clinical trials of 
colorectal cancer screening 

Vijan et al, 
2001

377
 

Determine how 
compliance affects 
cost effectiveness, 
the optimal timing 
and frequency of 
colonoscopy, and 
the effects of pricing 
on the relative cost 
effectiveness of 
different screening 
procedures. 

Third-party 
payer 
perspective 

Cost 
effectiveness 
analysis 

  Is tested by altering 
the compliance 
rate, sensitivity and 
specificity of fecal 
occult blood testing 
to fit the Minnesota 
fecal occult blood 
testing screening 
trial and was 
validated 

 

Ness et al, 
2000

378
 

Investigate the age-
dependent cost-
utilityof one-time 
colonoscopy 
screening  

Societal 
perspective 

Cost utility 
analysis 

  1) Content validity 
was validated by 
literature search 
2) Construct 
validity was 
validated through 
the ability to match 
colorectal cancer 

 



Appendix E Table 55. Decisionmaking Models of Cost-Effectiveness of Screening (continued) 

Common Syndromes in Older Adults 468 Minnesota Evidence-based Practice Center 

Reference Aim Perspective Study Design Subjects Setting Model Validity Quality of Data 

incidence and 
adenoma 
prevalence data 
simultaneously 
3) Criterion validity 
was validated  by 
modeling the 
National Polyp 
Study and correctly 
predicting their 
colorectal cancer 
outcomes by 
simulation 

Loeve et al, 
2000

379
 

Possible costs and 
savings of 
endoscopic 
colorectal cancer 
screening are 
explored to 
investigate whether 
the induced savings 
may compensate for 
the costs of 
screening 

 Cost saving 
analysis 

Simulated 
dynamic U.S. 
population of 
1993 

 Validity of the 
'expert' model is 
based on 
observational data 
and has not been 
tested on a large 
longitudinal 
dataset; sensitivity 
analysis was 
performed for 
important uncertain 
parameters 

 

Song et al, 
2004

380
 

Compare the 
potential clinical and 
economic 
consequences of 
fecal DNA testing 
with those of 
established 
screening strategies 
and determine the 
target attributes that 
would make fecal 
DNA testing 
comparable with 
screening 
colonoscopy 

 Cost 
Effectiveness 
Analysis 

    



Appendix E Table 56. Evaluation of Decisionmaking Models of Cost-Effectiveness of Screening 

Common Syndromes in Older Adults 469 Minnesota Evidence-based Practice Center 

Reference Alternative Strategies 
Measure of 

Cost/ 
Consequence 

Differential 
Timing 

Adjustment 

Incremental 
Analysis 

Performed 

Uncertainty 
Allowance 

Results 

Frazier et al, 
2000

376
 

1) No screen 
2) Sigmoidoscopy-1 at age 55 years 
3) Sigmoidoscopy-2 at age 55 years 
4) Double-contrast barium enema; at age 
55 years 
5) Sigmoidoscopy-1 every 10 years 
6) Sigmoidoscopy-2 every 10 years 
7) Colonoscopy at age 55 years 
8) Sigmoidoscopy-1 every 5 years 
9) Double-contrast barium enema; every 
10 years 
10) Sigmoidoscopy-2 every 5 years 
11) Unrehydrated fecal occult blood 
testing 
12) Unrehydrated fecal occult blood 
testing+sigmoidoscopy-1 every 10 years 
13) Unrehydrated fecal occult blood 
testing+sigmoidoscopy-2 every 10 years 
14) Double-contrast barium enema; every 
5 years 
15) Rehydrated fecal occult blood testing 
16) Unrehydrated fecal occult blood 
testing+sigmoidoscopy-1 every 5 years 
17) Colonoscopy every 10 years 
18) Unrehydrated fecal occult blood 
testing+sigmoidoscopy-2 every 5 years 
19) Rehydrated fecal occult blood 
testing+sigmoidoscopy-1 every 10 years 
20) Rehydrated fecal occult blood 
testing+sigmoidoscopy-2 every 10 years 
21) Rehydrated fecal occult blood 
testing+sigmoidoscopy-1 every 5 years 
22) Rehydrated fecal occult blood 
testing+sigmoidoscopy-2 every 5 years 

1) Lifetime cost 
per person 
screened, 
measured by 
dollar 
2) Life 
expectancy, 
measured by 
year 
3) Reduction in 
colorectal cancer 
incidence and 
mortality 

 Yes Yes 1) In 1 base-case analysis, 
compliance was assumed to 
be 60% with the initial screen 
and 80% with followup or 
surveillance colonoscopy; 
annual rehydrated fecal occult 
blood testing plus 
sigmoidoscopy every 5 years 
had an incremental CE ratio of 
$489,900 per life-year gained 
compared with the same 
strategy every 10 years 
2) The most effective strategy 
for white men was annual 
rehydrated fecal occult blood 
testing plus sigmoidoscopy 
(followed by colonoscopy if 
either a low- or high-risk polyp 
was found) every 5 years from 
age 50 to 85 years, which 
resulted in a 60% reduction in 
cancer incidence and an 80% 
reduction in colorectal cancer 
mortality compared with no 
screening, and an incremental 
CE ratio of $92,900 per year of 
life gained compared with 
annual unrehydrated fecal 
occult blood testing plus 
sigmoidoscopy every 5 years 
3) In a base-case analysis in 
which compliance with 
screening and followup is 
assumed to be 100%, 
screening more often than 
every 10 years was 
prohibitively expensive 
4) Other strategies 
recommended by the expert 
panel were either less effective 



Appendix E Table 56. Evaluation of Decisionmaking Models of Cost-Effectiveness of Screening (continued) 

Common Syndromes in Older Adults 470 Minnesota Evidence-based Practice Center 

Reference Alternative Strategies 
Measure of 

Cost/ 
Consequence 

Differential 
Timing 

Adjustment 

Incremental 
Analysis 

Performed 

Uncertainty 
Allowance 

Results 

or cost more per year of life 
gained than the alternatives 
5) Colonoscopy every 10 years 
was less effective than the 
combination of annual fecal 
occult blood testing plus 
sigmoidoscopy every 5 years. 
However, a single colonoscopy 
at age 55 years achieves 
nearly half of the reduction in 
colorectal cancer mortality 
obtainable with colonoscopy 
every 10 years 
6) Because of increased life 
expectancy among white 
women and increased cancer 
mortality among blacks, 
colorectal cancer screening 
was even more cost effective 
in these groups than in white 
men. 

Vijan et al, 
2001

377
 

1) No screening 
2) Sigmoidoscopy 
3) Colonoscopy at age 60 years 
4) Colonoscopy at age 55 years 
5) Fecal occult blood testing 
6) Colonoscopy at ages 55 years and 65 
years 
7) Colonoscopy at ages 50 years and 60 
years 
8) Sigmoidoscopy and fecal occult blood 
testing 

1) Average gain 
in life 
expectancy, 
measured by 
days 
2) Average cost, 
measured by 
dollar 
3) Relative 
reduction in 
colorectal cancer 

Costs and 
life 
expectancy 
discounted at 
3% per 
annum 

Yes Yes 1) All strategies are cost 
effective versus no screening, 
at less than $20,000 per life-
year saved 
2) Direct comparison suggests 
that the most effective 
strategies are twice-lifetime 
colonoscopy and flexible 
sigmoidoscopy combined with 
fecal occult blood testing 
3) Assuming perfect 
compliance, flexible 
sigmoidoscopy combined with 
fecal occult blood testing is 
slightly more effective than 
twice-lifetime colonoscopy (at 
ages 50 and 60 years) but is 
substantially more expensive, 
with an incremental cost 



Appendix E Table 56. Evaluation of Decisionmaking Models of Cost-Effectiveness of Screening (continued) 

Common Syndromes in Older Adults 471 Minnesota Evidence-based Practice Center 

Reference Alternative Strategies 
Measure of 

Cost/ 
Consequence 

Differential 
Timing 

Adjustment 

Incremental 
Analysis 

Performed 

Uncertainty 
Allowance 

Results 

effectiveness of $390,000 per 
additional life-year saved 
4) Colonoscopy at ages 50 and 
60 years is the preferred test 
regardless of compliance with 
the primary screening test 
5) If followup colonoscopy for 
polyps is less than 75%, then 
even once-lifetime 
colonoscopy is preferred over 
most combinations of flexible 
sigmoidoscopy and fecal occult 
blood testing. 

Ness et al, 
2000

378
 

1) Never screening 
2) Colonoscopy screening at age 60-64 
years 
3) Colonoscopy screening at age 55-59 
years 
4) Colonoscopy screening at age 50-54 
years 
5) Colonoscopy screening at age 45-49 
years 

1) Cost is 
measured by 
dollars 
2) Effectiveness 
(utility) is 
measured by 
QALYs 

1) All costs 
and QALYs 
are 
discounted at 
a 3% annual 
rate 
2) In 
sensitivity 
analysis 
discount rate 
varied from 
0% to 5% 

Yes Yes 1) For both sexes, one-time 
colonoscopic screening 
between 50 and 54 years of 
age is associated with a 
marginal cost-utility of less 
than $10,000 per additional 
quality-adjusted life-year 
compared to screening 
between 55 and 60 years of 
age 
2) Onetime colonoscopic 
screening between 45 and 49 
years of age is either 
dominated (women) or 
associated with a marginal 
cost-utility of $69,000/per 
quality-adjusted life-year (men) 
compared to screening 
between 50 and 54 years of 
age 
3) The marginal cost-utility of 
one-time colonoscopic 
screening is relatively 
insensitive to plausible 
changes in the cost of 
colonoscopy, the cost of 
colorectal cancer treatment, 



Appendix E Table 56. Evaluation of Decisionmaking Models of Cost-Effectiveness of Screening (continued) 
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Reference Alternative Strategies 
Measure of 

Cost/ 
Consequence 

Differential 
Timing 

Adjustment 

Incremental 
Analysis 

Performed 

Uncertainty 
Allowance 

Results 

the sensitivity of colonoscopy 
for colorectal neoplasia, the 
utility values representing the 
morbidity associated with the 
colorectal cancer-related 
health states, and the discount 
rate. 

Loeve et al, 
2000

379
 

1) Sigmoidoscopy at age 50 years 
2) Sigmoidoscopy at age 55 years 
3) Sigmoidoscopy at age 60 years 
4) Sigmoidoscopy at age 65 years 
5) Sigmoidoscopy at age 70 years 
6) Sigmoidoscopy at age 75 years 

All costs and 
savings are 
measured by 
dollars 

3% discount 
rate is 
applied to 
costs and 
health effects 

N/A Yes 1) Given the expert opinion-
based assumptions, a program 
based on every 5-year 
sigmoidoscopy screenings 
could result in a net savings of 
direct health care costs due to 
prevention of cancer treatment 
costs that compensate for the 
costs of screening, diagnostic 
followup, and surveillance 
2) This result persists when 
costs and health effects are 
discounted at 3% 
3) The “break-even” point, the 
time required before savings 
exceed costs, is 35 years for a 
screening program that 
terminates after 30 years and 
44 years for a screening 
program that continues on 
indefinitely 

Song et al, 
2004

380
 

1) Natural history (no screening) 
2) Fecal DNA testing 
3) Flexible sigmoidoscopy 
4) Fecal occult blood testing 
5) Colonoscopy 

1) Costs are 
measured by 
dollars 
2) Effectiveness 
is measured by 
life-years gained 

Life years 
and costs 
were 
discounted at 
3% annually 

Yes Yes 1) Compared with no 
screening, fecal-DNA at a 
screening interval of 5 years 
decreased colorectal cancer 
incidence by 35% and 
colorectal cancer mortality by 
54% and gained 4,560 life-
years per 100,000 persons at 
$47,700/life-year gained in the 
base case 
2) The average number of 
colonoscopies per person was 
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Reference Alternative Strategies 
Measure of 

Cost/ 
Consequence 

Differential 
Timing 

Adjustment 

Incremental 
Analysis 

Performed 

Uncertainty 
Allowance 

Results 

3.8 with colonoscopy and 0.8 
with fecal-DNA 
3) in most 1-way sensitivity 
analyses and Monte Carlo 
simulation iterations, fecal-
DNA remained reasonably 
cost-effective compared with 
no screening, but colonoscopy 
and fecal occult blood testing 
dominated fecal-DNA 
4) Assuming fecal DNA testing 
sensitivities of 65% for 
colorectal cancer and 40% for 
large polyp, and 95% 
specificity, a screening interval 
of 2 years and a test cost of 
$195 would be required to 
make fecal-DNA comparable 
with colonoscopy 
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