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IMPORTANCE A 2016 review for the US Preventive Services Task Force (USPSTF) found use of
statins for primary prevention of cardiovascular disease (CVD) was associated with reduced
mortality and cardiovascular outcomes.

OBJECTIVE To update the 2016 review on statins for primary prevention of CVD to inform
the USPSTF

DATA SOURCES Ovid MEDLINE, Cochrane Central Register of Controlled Trials, and Cochrane
Database of Systematic Reviews (to November 2021); surveillance through May 20, 2022.

STUDY SELECTION Randomized clinical trials on statins vs placebo or no statin and statin
intensity in adults without prior cardiovascular events; large cohort studies on harms.

DATA EXTRACTION AND SYNTHESIS One investigator abstracted data; a second checked
accuracy. Two investigators independently rated study quality.

MAIN OUTCOMES AND MEASURES All-cause and cardiovascular mortality, myocardial
infarction, stroke, composite cardiovascular outcomes, and adverse events.

RESULTS Twenty-six studies were included: 22 trials (N = 90 624) with 6 months to 6 years of
follow-up compared statins vs placebo or no statin, 1 trial (n = 5144) compared statin
intensities, and 3 observational studies (n = 417 523) reported harms. Statins were
significantly associated with decreased risk of all-cause mortality (risk ratio [RR], 0.92 [95%
CI, 0.87 to 0.98]; absolute risk difference [ARD], −0.35% [95% CI, −0.57% to −0.14%]),
stroke (RR, 0.78 [95% CI, 0.68 to 0.90]; ARD, −0.39% [95% CI, −0.54% to −0.25%]),
myocardial infarction (RR, 0.67 [95% CI, 0.60 to 0.75]; ARD, −0.85% [95% CI, −1.22% to
−0.47%]), and composite cardiovascular outcomes (RR, 0.72 [95% CI, 0.64 to 0.81]; ARD,
−1.28% [95% CI, −1.61% to −0.95%]); the association with cardiovascular mortality was not
statistically significant (RR, 0.91 [95% CI, 0.81 to 1.02]; ARD, −0.13%). Relative benefits were
consistent in groups defined by demographic and clinical characteristics, although data for
persons older than 75 years were sparse. Statin therapy was not significantly associated with
increased risk of serious adverse events (RR, 0.97 [95% CI, 0.93 to 1.01]), myalgias (RR, 0.98
[95% CI, 0.86 to 1.11]), or elevated alanine aminotransferase level (RR, 0.94 [95% CI, 0.78 to
1.13]). Statin therapy was not significantly associated with increased diabetes risk overall (RR,
1.04 [95% CI, 0.92 to 1.19]), although 1 trial found high-intensity statin therapy was
significantly associated with increased risk (RR, 1.25 [95% CI, 1.05 to 1.49]). Otherwise, there
were no clear differences in outcomes based on statin intensity.

CONCLUSIONS AND RELEVANCE In adults at increased CVD risk but without prior CVD events,
statin therapy for primary prevention of CVD was associated with reduced risk of all-cause
mortality and CVD events. Benefits of statin therapy appear to be present across diverse
demographic and clinical populations, with consistent relative benefits in groups defined by
demographic and clinical characteristics.
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C ardiovascular disease (CVD) is highly prevalent and the lead-
ing cause of morbidity and mortality in the US. Statins are
used to prevent CVD-associated morbidity and mortality

because of their positive effects on lipid profiles as well as anti-
inflammatory and other plaque-stabilization effects.

In 2016 the US Preventive Services Task Force (USPSTF) rec-
ommended that clinicians initiate statins for primary prevention in
adults aged 40 to 75 years with at least 1 CVD risk factor and a cal-
culated 10-year CVD event risk 10% or greater (B recommenda-
tion) and selectively offer statins in those with a 10-year risk of 7.5%
to less than 10% (C recommendation). The recommendations were
based on evidence that statins are associated with reduced risk of
mortality and CVD events, with greater absolute benefits in per-
sons at higher baseline risk. There was insufficient evidence to as-
sess outcomes of statins in adults 76 years or older (I statement).1

This evidence report was conducted to update the 2016 USPSTF
review to inform the USPSTF for an updated recommendation state-
ment on statins for primary prevention.1,2 This review focused on
adults 40 years or older; the USPSTF addressed lipid screening in
children and adolescents as a separate topic.3

Methods
Scope of Review
Detailed methods and evidence tables with additional study de-
tails are available in the full evidence report.4 Figure 1 shows the ana-
lytic framework and key questions that guided the review.

Data Sources and Searches
A research librarian searched MEDLINE, the Cochrane Central Reg-
ister of Controlled Trials, and the Cochrane Database of Systematic
Reviews to November 2021 for English-language publications
(eMethods 1 in the Supplement). Searches were supplemented by
reference list review of relevant articles; studies from the prior
USPSTF review2 meeting inclusion criteria were carried forward. On-
going surveillance was conducted to identify major new studies pub-
lished since November 2021 potentially affecting the conclusions or
understanding of the evidence and the related USPSTF recommen-
dation. The last surveillance was conducted on May 20, 2022, and
identified no studies affecting review conclusions.

Study Selection
Two reviewers independently reviewed titles, abstracts, and full-
text articles using predefined eligibility criteria (eMethods 2 in the
Supplement). The population was adults 40 years or older without
prior CVD events; studies of populations in which less than 10% of
participants had prior CVD events were also eligible. Randomized
clinical trials of statin therapy vs placebo or no statin, statin dosing
strategies to target low-density lipoprotein cholesterol [LDL-C] level
vs fixed-dose strategies, or higher- vs lower-intensity statin therapy
that assessed all-cause or CVD mortality, fatal or nonfatal myocar-
dial infarction (MI) or stroke, revascularization, composite CVD out-
comes, or harms of treatment (including muscle injury, cognitive loss,
incident diabetes, and hepatic injury) were included. For harms, large
cohort (n >10 000) and case-control (>500 cases) studies of statin
use vs nonuse were also eligible. The selection of literature is sum-
marized in Figure 2.

Data Extraction and Quality Assessment
One investigator abstracted details about the study design, patient
population, setting, screening method, interventions, analysis, and
results. A second investigator verified the abstracted data. Statin in-
tensity was categorized using published criteria, based on ex-
pected degree of LDL-C reduction (eTable 1 in the Supplement). Two
investigators independently assessed the quality of each study as
good, fair, or poor using predefined criteria developed by the
USPSTF5 (eMethods 3 and eTable 2 in the Supplement). Discrepan-
cies were resolved through a consensus process.

Data Synthesis and Analysis
Meta-analyses were conducted to calculate risk ratios (RRs) for stat-
ins vs placebo or no statin using the DerSimonian and Laird random-
effects model with Review Manager version 5.4.1 (Cochrane Col-
laboration Nordic Centre). Statistical heterogeneity was assessed
using the I2 statistic.6 When statistical heterogeneity was present
(defined as I2 > 30%), sensitivity analysis was performed with the
profile likelihood method using Stata version 10.1 (StataCorp).7 Re-
sults using the profile likelihood method were very similar and are
not discussed further.

Additional sensitivity and stratified analyses were conducted
based on study quality, inclusion of patients with prior CVD events,
follow-up duration, statin intensity,8 mean baseline LDL-C level, and
whether the trial was stopped early. For analyses with at least 10 trials,
funnel plots and the Egger test were used to detect small sample
effects.9 All significance testing was 2-tailed; P values of .05 or less
were considered statistically significant.

The aggregate internal validity (quality) of the body of evi-
dence was assessed for each key question using methods devel-
oped by the USPSTF,5 based on the number, quality, and size of stud-
ies, consistency of results between studies, and directness of
evidence.

Results
A total of 26 studies were included (23 trials, 3 observational stud-
ies) were included (a full list of primary and secondary publications,
including study acronyms, are reported in eAppendix 1 and
eAppendix 2 in the Supplement).10-32 Twenty-two random-
ized trials (N = 95 768, reported in 61 publications) assessed the
effects of statins vs placebo (20 trials) or no statin (2 trials)19,26

(Table 1).10-32 All were included in the 2016 USPSTF review except
for 1 new trial (TRACE-RA, n = 3002)22 and 2 previously excluded
(exceeded the 10% threshold of secondary prevention partici-
pants) trials (ALLHAT-LLT [n = 10 355; 8880 primary prevention]18

and PROSPER [n = 5804; 3239 primary prevention]30,34) that
became eligible because of availability of separate primary preven-
tion data. In addition, mixed primary and secondary prevention
data (n = 6595) from WOSCOPS33 (<10% secondary prevention
participants) were replaced with recently published31 primary pre-
vention data for benefits of statin therapy (n = 5529); harms data
for WOSCOPS was reported only in publications that included both
primary and secondary prevention populations.33,35 The number of
trial participants ranged from 95 to 17 802. Mean age ranged from
52 to 66 years in all trials except for 1 trial (PROSPER)30 that
enrolled persons aged 70 to 82 years (mean, 75 years). Ten trials
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restricted enrollment to persons 75 years or younger; 3 trials18,27,32

had no upper age limit.
All trials enrolled persons at increased cardiovascular risk.

In 6 trials, the main enrollment criterion was dyslipidemia
(mean LDL-C levels ranged from 150 to 192 mg/dL [to convert LDL-C
values to mmol/L, multiply by 0.0259])13,17,25,26,28,31,33; in 4
trials, diabetes12,15,20,23; in 3 trials, early asymptomatic carotid
atherosclerosis16,19,24; in 2 trials, hypertension10,18; and in 1 trial each
aortic stenosis,14 microalbuminuria,11 or rheumatoid arthritis.22 Three
trials27,29,30 required presence of multiple cardiovascular risk fac-
tors (including dyslipidemia, elevated C-reactive protein level, el-
evated blood pressure, family history, mild kidney dysfunction, posi-
tive smoking status, or elevated cardiovascular risk score), and 1 trial32

enrolled patients with at least 1 cardiovascular risk factor (elevated
waist-hip ratio, low high-density lipoprotein [HDL-C] level, current
or recent tobacco use, dysglycemia, family history of early coro-
nary heart disease, or mild kidney dysfunction). Across all trials, mean
LDL-C levels ranged from 108 to 191 mg/dL, HDL-C levels ranged from
36 to 62 mg/dL, and total cholesterol levels ranged from 195 to 271
mg/dL (to convert HDL-C and total cholesterol values to mmol/L,
multiply by 0.0259). Two trials enrolled some patients (<10%) with
a history of clinical CVD.11,29 The duration of follow-up was 1 to 6 years
in all trials except for 1 trial25 with 6-month follow-up. Three trials
with planned 5-year follow-up were stopped after 2 to 3 years be-
cause of interim analyses indicating statin benefits27,29 or low CVD
event rates.22

Seven trials14,15,27,28,30-32 were rated good quality and 15
trials10-13,16-20,22-26,29 fair quality (eTable 2 in the Supplement). Meth-
odological limitations in the fair-quality trials included unclear ran-
domization or allocation concealment methods and open-label18,21,26

design. Three trials18,22,25 reported no industry funding; the rest were
fully or partially industry funded.

In addition to the placebo-controlled trials, 1 new, fair-quality
randomized trial (n = 5144) of higher- vs lower-intensity statin
therapy21 (eAppendix 3 and eTable 2 in the Supplement) and 3 large
observational studies36-38 (n = 417 523; including 1 new study
[n = 261 032]36) on statin use and risk of incident diabetes were
also included.

Benefits of Statin Treatment
Key Question 1a. What are the benefits of statins in reducing the
incidence of CVD-related morbidity or mortality or all-cause mor-
tality in asymptomatic adults without prior CVD events?

Statins, vs placebo or no statin, were associated with de-
creased risk of all-cause mortality (18 trials, n = 85 186; RR, 0.92 [95%
CI, 0.87 to 0.98] after 1-6 years; I2 = 0%; absolute risk difference
[ARD], −0.35% [95% CI, −0.57% to −0.14%]; number needed to treat
[NNT], 286 [95% CI, 175 to 714]) (Figure 3), fatal or nonfatal stroke
(15 trials, n = 76 610; RR, 0.78 [95% CI, 0.68 to 0.90] at 1-6 years;
I2 = 22%; ARD, −0.39% [95% CI, −0.54% to −0.25%]; NNT, 256
[95% CI, 185 to 400]) (eFigure 1 in the Supplement), fatal or non-
fatal MI (12 trials, n = 75 401; RR, 0.67 [95% CI, 0.60 to 0.75] at 2-6
years; I2 = 14%; ARD, −0.85% [95% CI, −1.21% to −0.47%]; NNT, 118
[95% CI, 83 to 213) (eFigure 2 in the Supplement), revasculariza-
tion (10 trials, n = 65 924; RR, 0.71 [95% CI, 0.63 to 0.80] at 2-6
years; I2 = 15%; ARD, −0.59% [95% CI, −0.77% to −0.41%]; NNT, 169
[95% CI, 130 to 244) (eFigure 3 in the Supplement); and composite
cardiovascular outcomes (15 trials, n = 74 390; RR, 0.72 [95% CI,
0.64 to 0.81] at 1-6 years; I2 = 51%; ARD, −1.28% [95% CI, −1.61%
to −0.95%]; NNT, 78 [95% CI, 62 to 105]) (eFigure 4 in the Supple-
ment). The estimate for the association with cardiovascular mortal-
ity was not statistically significant (12 trials, n = 75 138; RR, 0.91 [95%
CI, 0.81 to 1.02] at 2-6 years; I2 = 0%; ARD, −0.13% [95% CI, −0.25%
to −0.02]; NNT, 769 [95% CI, 400 to 5000]) (Figure 3). Estimates

Figure 1. Analytic Framework: Statin Use for the Primary Prevention of Cardiovascular Disease in Adults

Key questions

a. What are the benefits of statins in reducing the incidence of CVD-related morbidity or mortality
or all-cause mortality in  asymptomatic adults without prior CVD events?

b. Do the benefits of statin treatment vary in groups defined by demographic, clinical, or
socioeconomic characteristics?

c. What are the benefits of statin treatment titrated to achieve target low-density lipoprotein
cholesterol levels vs a fixed-dose strategy?

1

a. What are the harms of statins in adults without prior CVD events?
b. Do the harms of statin treatment vary in groups defined by demographic, clinical, or

socioeconomic characteristics?

2

How do benefits and harms of statin treatment vary according to its intensity?3

Adults without
prior CVD events 1

Harms of
treatment

2

3

3

Statins
CHD- or CVD-related morbidity
    or mortality
All-cause mortality
Quality of life

Health outcomes
Cardiovascular risk factors
10-year or lifetime
individualized CVD risk level

Evidence reviews for the US
Preventive Services Task Force
(USPSTF) use an analytic framework
to visually display the key questions
that the review will address to allow
the USPSTF to evaluate the
effectiveness and safety of a
preventive service. The questions are
depicted by linkages that relate to
interventions and outcomes.
Further details are available from the
USPSTF Procedure Manual.5

CHD indicates coronary heart disease;
CVA, cerebrovascular accident
(stroke); CVD, cardiovascular disease;
KQ, key question.
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were imprecise and were not statistically significant for fatal MI
(6 trials, n = 38 083; RR, 0.83 [95% CI, 0.51 to 1.37]; I2 = 28%) (eFig-
ure 5 in the Supplement) and fatal stroke (3 trials, n = 29 520; RR,
0.73 [95% CI, 0.35 to 1.50]; I2 = 29%) (eFigure 6 in the Supple-
ment). Results from individual trials are shown in eTable 3 in the
Supplement.

Estimates for all-cause and cardiovascular mortality were slightly
attenuated (smaller) than from the 2016 USPSTF review (all-cause
mortality: 15 trials; RR, 0.86 [95% CI, 0.80 to 0.97]; ARD, 0.43%;
cardiovascular mortality: 10 trials; RR, 0.82 [95% CI, 0.71 to 0.94];
ARD, 0.20%).2 Differences were primarily due to the addition of pri-
mary prevention data from ALLHAT-LLT (RR, 1.00 [95% CI, 0.89 to

Figure 3. Meta-analysis: Statins vs Placebo or No Statin and All-Cause Mortality, Cardiovascular Mortality, and Incident Diabetes

Weight, %

Statin
No. of
events Total

Control
No. of
events TotalStudy or subgroup

Risk ratio
(95% CI)

Heterogeneity: τ2 = 0.00; χ 2 = 15.77 (P = .47); I2 = 0%
Test for overall effect: z = 2.49 (P = .01)

All-cause mortality

Cardiovascular mortality

0.11 460 8 459ACAPS,19 1994 0.12 (0.02-0.99)

4.180 3304 77 3301AFCAPS/TexCAPS,17 1998 1.04 (0.76-1.41)

31.5549 4475 542 4405ALLHAT-LLT,18 2002a 1.00 (0.89-1.11)

10.4185 5168 212 5137ASCOT-LLA,29 2003 0.87 (0.71-1.05)

2.344 959 41 946ASPEN,23 2006 1.06 (0.70-1.60)

0.23 103 4 79Beishuaizen et al,12 2004 0.58 (0.13-2.50)

0 485 0 119Bone et al,13 2007 Not estimable

3.761 1428 82 1410CARDS,15 2004 0.73 (0.53-1.01)

18.5334 6361 357 6344HOPE-3,32 2016 0.93 (0.81-1.08)

0.24 283 5 285HYRIM,10 2005 0.81 (0.22-2.97)

11.4198 8901 247 8901JUPITER,27 2008 0.80 (0.67-0.96)

0.23 214 4 212KAPS,28 1995 0.74 (0.17-3.28)

3.355 3866 79 3966MEGA,26 2006 0.71 (0.51-1.00)

0.01 700 0 281METEOR,16 2007 1.21 (0.05-29.54)

0.713 433 12 431PREVEND-IT,11 2004 1.08 (0.50, 2.34]

7.6139 1585 135 1654PROSPER,30 2018a 1.07 [0.86-1.35)

1.324 1504 27 1498TRACE RA,22 2019 0.89 (0.51-1.53)

4.580 2762 92 2767WOSCOPS,34 1995a 0.87 (0.65-1.17)

100.01774 42 991 1924 42 195Total (95% CI) 0.92 (0.87-0.98)

16

Heterogeneity: τ2 = 0.00; χ 2 = 7.62 (P = .75); I2 = 0%
Test for overall effect: z = 1.68 (P = .09)

0.10 460 6 459ACAPS,19 1994 0.08 (0.00-1.36)

3.217 3304 25 3301AFCAPS/TexCAPS,17 1998 0.68 (0.37-1.26)

42.0252 4475 248 4405ALLHAT-LLT,18 2002a 1.00 (0.84-1.19)

12.574 5168 82 5137ASCOT-LLA,29 2003 0.90 (0.66-1.23)

0.52 134 5 135ASRONOMER,14 2010 0.40 (0.08-2.04)

26.4154 6361 171 6344HOPE-3,32 2016 0.90 (0.72-1.11)

5.229 8901 37 8901JUPITER,27 2008 0.78 (0.48-1.27)

0.32 214 2 212KAPS,28 1995 0.99 (0.14-6.97)

2.211 3866 18 3966MEGA,26 2006 0.63 (0.30-1.33)

0.64 433 4 431PREVEND-IT,11 2004 1.00 (0.25-3.95)

0.54 1504 3 1498TRACE RA,22 2019 1.33 (0.30-5.92)

6.537 2762 44 2767WOSCOPS,34 1995a 0.84 (0.55-1.30)

100.0586 37 582 645 37 556Total (95% CI) 0.91 (0.81-1.02)

11

Favors
statin

Favors
control

Heterogeneity: τ2 = 0.01; χ2
5 = 10.32 (P = .07); I2 = 52%

Test for overall effect: z = 0.65 (P = .52)

11.172 3094 74 3117AFCAPS/TexCAPS,17 1998 0.98 (0.71-1.35)

19.0201 5168 179 5137ASCOT-LLA,29 2003 1.12 (0.92-1.36)

20.5232 6361 226 6344HOPE-3,32 2016 1.02 (0.86-1.23)

20.8270 8901 216 8901JUPITER,27 2008 1.25 (1.05-1.49)

18.1172 3013 164 3073MEGA,26 2006 1.07 (0.87-1.32)

10.557 2999 82 2975WOSCOPS,34 1995a 0.69 (0.49-0.96)

100.01004 29 536 941 29 547Total (95% CI) 1.04 (0.92-1.19)

Incident diabetes

0.01 1010.1
Risk ratio (95% CI)

A list of trial names is available in eAppendix 2 in the Supplement. The size of the data markers indicates the weight of the study in the analysis.
a Primary prevention population only.
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1.11] for all-cause mortality and RR, 1.00 [95% CI, 0.89 to 1.11] for car-
diovascular mortality)18 and PROSPER (RR, 1.07 [95% CI, 0.86 to
1.35] for all-cause mortality; cardiovascular mortality not reported).30

PROSPER enrolled older participants (mean, 75 years), compared
with other primary prevention trials (mean, 52 to 66 years), and ALL-
HAT-LLT was open-label and reported a smaller than expected dif-
ference in the final LDL-C levels between the statin and no statin
groups (14.2%, compared with 26.3% to 49.6% in other primary pre-
vention trials),17,27,32 likely related to high attrition in the statin
therapy group, high crossover from usual care, and increased use
of nonstatin therapies in the usual care group. Without ALLHAT-
LLT, the pooled estimate for cardiovascular mortality was statisti-
cally significant and very similar to the estimate in the prior USPSTF
review (RR, 0.85 [95% CI, 0.73 to 0.98]; I2 = 0%). For MI, stroke,
and composite cardiovascular outcomes, benefits of statin therapy
based on updated pooled estimates and the 2016 USPSTF review
were very similar.

Estimates were similar in sensitivity analyses restricted to
good-quality trials, primary prevention trials (trials with <10% sec-
ondary prevention participants excluded), or baseline LDL-C level
160 mg/dL or greater (eTable 4 in the Supplement). Estimates were
also similar in sensitivity analyses restricted to trials that were not
stopped early or had at least 3 years follow-up, except for all-cause
mortality, which had slightly attenuated estimates that were no
longer statistically significant. JUPITER,27 the largest primary pre-
vention trial (n = 17 802), had the greatest effect on both of these
sensitivity analyses.

For outcomes with at least 10 trials, there was no funnel plot
asymmetry and the Egger test was not statistically significant,
except for cardiovascular mortality (P = .03; eFigure 7 in the Sup-
plement). However, the funnel plot for cardiovascular mortality was
difficult to interpret because there were few trials with small
sample sizes.
Key Question 1b. Do the benefits of statin treatment vary in
groups defined by demographic, clinical, or socioeconomic
characteristics?

Ten trials (3 trials added for this update) stratified results accord-
ing to demographic or clinical characteristics.15,17,26,27,29,30,32,33,39,40

For all outcomes, relative risk estimates were similar in groups
defined by age (9 trials), sex (6 trials), race and ethnicity (2 trials),
lipid parameters (6 trials), presence of hypertension (3 trials), car-
diovascular risk score (3 trials), presence of kidney dysfunction
(3 trials), presence of metabolic syndrome (2 trials), or presence of
diabetes (2 trials); findings for presence of elevated C-reactive pro-
tein level were inconsistent (2 trials) (eTable 5 in the Supplement).
Pooled estimates for persons older than 70 years were generally
consistent with the overall pooled estimates but were based on 3
trials and imprecise27,30,39 (eFigure 8 in the Supplement). No trial
reported how benefits of statin therapy varied according to socio-
economic characteristics.

Although relative risk estimates were similar across groups, ab-
solute benefits varied according to baseline risk. For example, in the
JUPITER trial, relative benefits for the primary composite outcome
(cardiovascular death, MI, stroke, revascularization, or hospitaliza-
tion for unstable angina) were similar in persons with Framingham
risk scores greater than 20% (hazard ratio [HR], 0.70 [95% CI, 0.43
to 1.14]) and those with Framingham risk scores less than 10% (HR,
0.67 [95% CI, 0.42 to 1.07]), but absolute benefits were larger among

those at higher risk (ARD, −6.9 vs −2.0 per 1000 person-years
[CIs not provided]).27,41 In the HOPE-3 trial, relative benefits for the
primary composite outcome (death, nonfatal MI, and nonfatal stroke)
were similar for persons with higher and lower cardiovascular risk
scores (HR, 0.77 [95% CI, 0.59 to 0.99] for INTERHEART score >16
vs HR, 0.85 [95% CI, 0.63 to 1.15] for INTERHEART score 13-16), but
absolute benefits were larger in those with higher cardiovascular risk
score (ARD, −1.43% [95% CI, −2.83% to −0.04%] vs −0.71% [95%
CI, −2.00% to 0.58%]).32

Key Question 1c. What are the benefits of statin treatment titrated
to achieve target LDL-C levels vs a fixed-dose strategy?

No trial directly compared a strategy of titrating statin doses to
achieve target LDL-C levels vs fixed statin dose. There were no sta-
tistically significant differences in estimates for any outcome
between 3 trials17,19,26 that permitted limited dose titration to
achieve target cholesterol levels compared with the 19 fixed-dose
trials, but data for dose titration were imprecise (eTable 6 in the
Supplement).

Harms of Statin Treatment
Key Question 2a. What are the harms of statins in adults without
prior CVD events?

Statin therapy, vs placebo or no statin, was not significantly as-
sociated with increased risk of study withdrawal due to adverse
events (10 trials, n = 43 783; RR, 0.97 [95% CI, 0.78 to 1.19]; I2 = 84%;
ARD, 0.03% [95% CI, −1.21% to 1.26%]) (eFigure 9 in the Supple-
ment), serious adverse events (10 trials, n = 55 419; RR, 0.97 [95%
CI, 0.93 to 1.01]; I2 = 0%; ARD, 0.09% [95% CI, −0.67% to 0.49%])
(eFigure 10 in the Supplement), any cancer (13 trials, n = 71 733; RR,
0.98 [95% CI, 0.91 to 1.04]; I2 = 0%; ARD, −0.10% [95% CI, −0.38%
to 0.18%]), fatal cancer (6 trials, n = 45 064; RR, 0.89 [95% CI, 0.66
to 1.19]; I2 = 56%; ARD, −0.13% [95% CI −0.42% to 0.017%]) (eFig-
ure 11 in the Supplement), myalgia (9 trials, n = 46 388; RR, 0.98
[95% CI, 0.86 to 1.11]; I2 = 30%; ARD, 0.02% [95% CI, −0.44% to
0.40%]) (eFigure 12 in the Supplement), elevated alanine amino-
transferase level (10 trials, n = 48 149; RR, 0.94 [95% CI, 0.78 to 1.13];
I2 = 0%; ARD, −0.03% [95% CI, −0.20% to 0.14%]), or elevated as-
partate aminotransferase level (4 trials, n = 17 534; RR, 1.30 [95%
CI, 0.78 to 2.17]; I2 = 35%; ARD, 0.21% [95% CI, −0.05% to 0.46%])
(eFigure 13 in the Supplement). Statins were also not significantly
associated with increased risk of myopathy (3 trials, n = 33 345; RR,
1.09 [95% CI, 0.48 to 2.47]; I2 = 0%; ARD, 0.00% [95% CI, −0.04%
to 0.04%]), or rhabdomyolysis (4 trials, n = 59 672; RR, 1.54 [95%
CI, 0.36 to 6.64]; I2 = 0%; ARD, 0.01% [95% CI, −0.01% to 0.03%])
(eFigure 12 in the Supplement), but estimates were imprecise.

There was no significant association between statins and
increased risk of (variably defined) incident diabetes (6 trials,
n = 59 083 RR; 1.04 [95% CI, 0.92 to 1.19]; I2 = 52%; ARD, 0.11%
[95% CI, −0.32% to 0.55%]), although statistical heterogeneity was
present. JUPITER, the only trial to evaluate high-intensity statin
therapy, was also the only trial to find increased risk (n = 17 802; 3.0%
vs 2.4; RR, 1.25 [95% CI, 1.05 to 1.49]).42 Three observational stud-
ies (n = 417 523)36-38 reported mixed findings regarding the asso-
ciation between statin use and incident diabetes (eTables 7 and 8
in the Supplement).

Evidence on the association between statins and kidney or cog-
nitive harms remained sparse and did not indicate increased risk. One
trial in the 2016 USPSTF review found statin therapy associated with
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increased risk of cataract surgery (3.8% vs 3.1% after 6 years; RR,
1.24 [95% CI, 1.03 to 1.49]), which was unanticipated and not a pre-
determined trial outcome. No new primary prevention trial re-
ported this outcome.
Key Question 2b. Do the harms of statin treatment vary in groups
defined by demographic, clinical, or socioeconomic characteristics?

There were no differences in harms of statin therapy based on
within-study analyses stratified according to age (4 trials),39,40,43,44

sex (2 trials),43,45 or race and ethnicity (1 trial) (eTable 9 in the
Supplement).46 In JUPITER, high-intensity statin therapy was as-
sociated with increased risk of incident diabetes in persons with 1
or more diabetes risk factors (including metabolic syndrome, im-
paired fasting glucose, body mass index greater than 30 [calcu-
lated as weight in kilograms divided by square of height in meters],
and hemoglobin A1c level >6.0%) but not in those without any dia-
betes risk factor (HR, 1.28 [95% CI, 1.07 to 1.54] vs HR, 0.99 [95%
CI, 0.45 to 2.21], respectively).42

Benefits and Harms of Statin Treatment
by Treatment Intensity
Key Question 3. How do benefits and harms of statin treatment vary
according to its intensity?

The EMPATHY trial (n = 5144) found no differences between
statin therapy targeted to LDL-C less than 70 mg/dL vs 100 to
120 mg/dL on cardiovascular outcomes in patients with diabetic
retinopathy.21 However, there was little differential between
groups in achieved LDL-C level (between-group difference,
27.7 mg/dL), and between-group differences in final statin dose
were small (mean, 9.9 vs 7.3 mg pravastatin). Two trials included in
the prior USPSTF review evaluated different statin intensities but
were inadequately powered.13,25

Indirect, across-study comparisons found that risk estimates for
all-cause mortality overlapped for trials of low-intensity statins
(2 trials, n = 8400; RR, 0.72 [95% CI, 0.52 to 1.00]; I2 = 0%),10,26

moderate-intensity statins (10 trials, n = 46 873; RR, 0.95 [95% CI,
0.89 to 1.02]; I2 = 0%),11,12,15,18,23,28-32 and high-intensity statins
(3 trials, n = 21 785; RR, 0.81 [95% CI, 0.68 to 0.97]; I2 = 0%; P = .08
for interaction), without a dose response.16,22,27 Estimates for com-
posite cardiovascular outcomes were also similar for low-intensity
statins (2 trials, n = 8400; RR, 0.68 [95% CI, 0.51 to 0.90]; I2 = 0%;
ARD, −0.86% [95% CI, −1.48% to −0.23%]),10,26 moderate-
intensity statins (9 trials, n = 37 662; RR, 0.79 [95% CI, 0.70 to 0.90];
I2 = 46%; ARD, −1.42% [95% CI, −2.07% to −0.76%]),11,12,15,20,23,29-32

and high-intensity statins (2 trials, n = 20 804; RR, 0.58 [95% CI,
0.48 to 0.70]; I2 = 0%; ARD, −1.16% [95% CI, −1.56% to −0.76%]22,47;
P = .03 for interaction).

Discussion
In adults at increased cardiovascular risk but without prior CVD
events, statin therapy was associated with reduced risk of clinical
outcomes compared with placebo or no statin, based on 22 trials with
6 months to 6 years of follow-up. The evidence is summarized in
Table 2 and Figure 4.

Compared with the 2016 USPSTF review, estimated benefits of
statin therapy on mortality were slightly attenuated (smaller). The dif-
ference was largely due to the addition of primary care prevention data

from ALLHAT-LLT18,39 and PROSPER,30,34,48,49 which each found stat-
ins not associated with decreased risk of all-cause or cardiovascular
mortality. The observed lack of benefit could have been related to en-
rollment of older patients in PROSPER and methodological limita-
tions in ALLHAT-LLT, with smaller than expected statin lipid-
lowering effects. For cardiovascular mortality, the pooled estimate was
no longer statistically significant, and the estimated benefit was
smaller. However, updated pooled results continued to indicate a sta-
tistically significant decreased risk of all-cause mortality, and esti-
mates for stroke, MI, revascularization, and composite cardiovascu-
lar outcomes were similar to those in the 2016 USPSTF review. Results
were generally consistent in sensitivity and stratified analyses.

Benefits of statins appeared similar in patient groups defined
by demographic characteristics, such as sex and race and ethnicity,
and clinical characteristics, such as presence of diabetes or kidney
dysfunction. Evidence on how statin benefits vary by age remains
limited for older (>70 or >75 years) persons. Although within-study
analyses indicated no differences in benefits when patients were
stratified according to age, all studies except for 1 trial27 stratified
patients using lower age (55, 60, or 65-year) cutoffs. A pooled analy-
sis from 3 trials with data for patients older than 70 years reported
results generally consistent with overall pooled estimates, but re-
sults were imprecise.27,30,39 Benefits of statins were not restricted
to patients with severely elevated lipid levels, because similar rela-
tive risk estimates were observed in subgroups stratified according
to baseline lipid levels.15,17,26,27,32,33 Risk estimates were similar in pa-
tients classified as being at higher or lower baseline global cardio-
vascular risk.17,27,32 Given similar RR estimates, the absolute ben-
efits of statin therapy will be proportionately greater in patients at
higher baseline risk.27,32,41,50

The findings of this review regarding benefits of statin therapy
were generally consistent with findings from other high-quality sys-
tematic reviews48,51-53 that primarily focused on patients without
prior CVD events, despite some differences in inclusion criteria and
analytic methods. This review provides a more comprehensive and
up-to-date analysis compared with other systematic reviews, be-
cause it includes trials published subsequent to the prior reviews,
including HOPE-3,32 and additional data on primary prevention par-
ticipants from ALLHAT-LLT,18 WOSCOPS,31 and PROSPER.30

As in the 2016 USPSTF review, this review found no evidence
that statins were associated with increased risk of withdrawal be-
cause of adverse events, serious adverse events, cancer, or el-
evated liver enzyme levels vs placebo or no statin therapy. These find-
ings are generally consistent with those from recent systematic
reviews, some of which also included trials of statins for secondary
prevention.51,54-56 Similar to meta-analyses of primary and second-
ary prevention trials,57,58 statins were not associated with in-
creased risk of muscle-related harms. Although observational stud-
ies of patients taking statins for various indications have found an
increased risk of myopathy,59 as well as study withdrawal due to ad-
verse events or muscle symptoms, these findings could be due to
expectations regarding adverse effects and nocebo effects.60,61

HOPE-3 found statin therapy associated with increased risk of cata-
ract surgery, an unanticipated finding.32 No other primary preven-
tion trials evaluated risk of cataracts or cataract surgery. A system-
atic review that included secondary prevention trials and
observational studies reported statins associated with decreased risk
of incident cataracts (odds ratio [OR], 0.81 [95% CI, 0.71 to 0.93])
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and cataract surgery (OR, 0.66 [95% CI, 0.61 to 0.71]).62 Limited evi-
dence indicated no association between statin use and kidney or cog-
nitive harms. The findings for cognitive harms are consistent with a
systematic review of randomized clinical trials and observational
studies and a scientific statement issued by the American Heart
Association.54,63

As in the 2016 USPSTF review, statins were not associated with
increased risk of incident diabetes. However, results of individual stud-
ies were inconsistent, with 1 large trial (JUPITER) showing increased
diabetes risk.27 This could be due to JUPITER being the only trial to
use high-potency statin therapy; other analyses that included trials
of statins for secondary prevention suggest an association between
intensityofstatindoseandriskof incidentdiabetes.52,64-66 InJUPITER,
among patients with diabetes risk factors, 134 CVD events were pre-
vented for every 54 additional incident cases of diabetes, while among
persons without diabetes risk factors, 86 CVD events were pre-
vented with no incident diabetes cases.42

No study directly compared treatment with statins titrated to
attain target cholesterol levels vs fixed-dose statins. Although indi-
rect comparisons showed no differences between dosing strate-
gies, only 317,19,26 of 22 primary prevention trials permitted dose ti-
tration. Further, dose titration was limited (statin therapy did not go
from low- to high-intensity in any trial, and 1 trial only titrated within
the low-intensity category), precluding strong conclusions.

Little direct evidence was available to determine effects of statin
therapy intensity. One new trial found no difference between more
vs less intensive statin therapy based on LDL-C targets but achieved
little differential between groups in LDL-C level or statin dose.21 In-
direct comparisons based on trials of statins vs placebo or no statin
stratified according to statin intensity showed no clear dose-
response effect, but most trials evaluated moderate-intensity
therapy and estimates for low- and high-intensity statins were im-
precise. Other analyses have found an association between higher
statin intensity and reduced risk of cardiovascular outcomes but were
based on LDL-C response, included trials of secondary prevention,
defined statin intensity inadequately, or included nonstatin lipid-
lowering therapies.52,67,68

Additional research is needed to clarify benefits and harms of
statins in older patients, including those older than 80 years. Evi-
dence is also needed to directly compare effects of statin therapy
to target lipid levels vs fixed-dose therapy and higher- vs lower-
intensity statin therapy; to more definitively determine whether
statin therapy is associated with increased cataract surgery risk; and
to clarify how statin intensity and other factors affects diabetes risk.

Limitations
This review had several limitations. First, the meta-analysis used the
Dersimonian-Laird random-effects model to pool studies, which can
result in overly narrow confidence intervals when heterogeneity is
present, particularly when there are few studies.7 Therefore, analy-
ses were repeated using the profile likelihood method when statis-
tical heterogeneity was present, which resulted in similar findings.
Second, the reviewers did not have access to individual patient data;
findings were based on analyses of study-level data and within-
study stratified analyses. Third, 2 mixed (primary and secondary pre-
vention) trials11,29 met inclusion criteria (<10% secondary preven-
tion), potentially reducing applicability to primary prevention.
However, excluding these trials from analyses did not affect findings.Ta
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Fourth, direct evidence was unavailable or limited on effects of dose
titration vs fixed-dose therapy or statin intensity on clinical out-
comes. Therefore, this review primarily was based on analyses of pla-
cebo-controlled trials stratified according to use of dose titration or
statin intensity; such indirect comparisons should be interpreted
cautiously.69 Fifth, the review excluded non–English-language ar-
ticles and formally assessed for publication bias only when there were
at least 10 studies, because research indicates that such methods
can be misleading with fewer studies.9

Conclusions

In adults at increased CVD risk but without prior CVD events, statin
therapy for primary prevention of CVD was associated with re-
duced risk of all-cause mortality and CVD events. Benefits of statin
therapy appear to be present across diverse demographic and clini-
cal populations, with consistent relative benefits in groups defined
by demographic and clinical characteristics.
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