
Listen to this manuscript’s

audio summary by

Editor-in-Chief

Dr. Valentin Fuster on

JACC.org.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y VO L . 7 6 , N O . 1 , 2 0 2 0

ª 2 0 2 0 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R
Association of Statin Use With Disability-
Free Survival and Cardiovascular Disease
Among Healthy Older Adults

Zhen Zhou, MD,a Richard Ofori-Asenso, PHD,b,c Andrea J. Curtis, PHD,b Monique Breslin, PHD,a Rory Wolfe, PHD,b

John J. McNeil, PHD,b Anne M. Murray, MD, MSC,d,e Michael E. Ernst, PHARMD,f,g Christopher M. Reid, PHD,b,h

Jessica E. Lockery, MB, BS,b Robyn L. Woods, PHD,b Andrew M. Tonkin, MB, BS, MD,b Mark R. Nelson, PHDa
ABSTRACT
ISS

Fro

mi

en
dB

of

Ph

Co

Au

Na

Me

rec

ha

ho

ST

rel

Th

ins

vis

Ma
BACKGROUND There is clinical uncertainty regarding the benefits and harms of prescribing statins in healthy

subjects $70 years of age.

OBJECTIVES The aim of this study was to examine the association among statins, dementia-free and disability-free

survival, and cardiovascular disease (CVD) among healthy older adults using data from the ASPREE (Aspirin in Reducing

Events in the Elderly) trial.

METHODS ASPREE was a randomized trial of 19,114 community-dwelling persons in Australia and the United States

$65 years of age and free of documented CVD, dementia, and disability. Data were collected for those $70 years of age,

and participants who took statins at baseline were compared with those who did not using Cox proportional hazards

regression with inverse probability weighting. The primary outcome, referred to as “disability-free survival,” was a com-

posite of all-cause mortality, dementia, or persistent physical disability. Other outcomes included the individual compo-

nents of the composite outcome, major adverse cardiovascular events, fatal CVD, myocardial infarction, and stroke.

RESULTS Of the 18,096 included participants (median age 74.2 years, 56.0% women), 5,629 took statins at baseline.

Over a median follow-up period of 4.7 years, baseline statin use was not associated with disability-free survival or with

the risk for all-cause mortality or dementia. However, it was associated with lower risks for physical disability and all

cardiovascular outcomes.

CONCLUSIONS Among healthy community-dwelling adults $70 years of age, statin use may be beneficial for

preventing physical disability and CVD but not beneficial for prolonging disability-free survival or avoiding death or

dementia. Future clinical trials are needed to confirm these findings. (J Am Coll Cardiol 2020;76:17–27)
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ABBR EV I A T I ON S

AND ACRONYMS

CI = confidence interval

CVD = cardiovascular disease

HR = hazard ratio

IPTW = inverse probability of

treatment weighting

IQR = interquartile range

LDL-C = low-density

lipoprotein-cholesterol

MACE = major adverse

cardiovascular event(s)

MI = myocardial infarction

PS = propensity score(s)
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P rimary prevention of cardiovascular
disease (CVD) is an increasingly
important strategy for healthy aging

because of a high CVD burden borne by older
populations (1). Statin therapy is a mainstay
for reducing cardiovascular risk in patients
with established CVD and those at high risk
(2). However, there remains clinical uncer-
tainty as to whether statins are beneficial in
adults $70 years of age without CVD, who
have been largely under-represented in past
statin trials (3,4).
SEE PAGE 28
In the absence of primary prevention trials

designed a priori to examine the effects of statins
exclusively in older adults, existing evidence is
derived mainly from post hoc and subgroup analyses
of principal randomized trials and from meta-
analyses of these studies (5). A meta-analysis by
Ridker et al. (6) using age-stratified data from 2 pri-
mary prevention statin trials (JUPITER [Justification
for Use of Statins in Prevention: An Intervention Trial
Evaluating Rosuvastatin] and HOPE-3 [Heart Out-
comes Prevention Evaluation 3]) found that the use of
rosuvastatin significantly lowered the risk for a
composite outcome of nonfatal myocardial infarction
(MI), nonfatal stroke, or cardiovascular death by 26%
compared with placebo in subjects $70 years of age
initially free of CVD. However, participants included
these trials bore a disproportionate burden of CVD
(JUPITER required elevated high-sensitivity C-reac-
tive protein and HOPE-3 required at least 1 pre-
specified CVD risk factor), and this may limit extrap-
olation of the study findings to general older pop-
ulations in primary prevention settings.

The insufficient trial evidence has therefore resul-
ted in the use of preventive statins in older adults
based at least partly on extrapolation from findings in
younger groups (7). The main concern with this
approach is that older adults are likely to be more
susceptible to and less tolerant of drug-related side
effects compared with younger people because of
age-related physiological decline and increased bur-
dens of disease and medication (7). A cost-
effectiveness study by Odden et al. (8) projected
that any statin-related adverse effect that contributes
to a mild decline in functioning and cognition could
counterbalance its cardiovascular benefits in
adults $75 years of age. Moreover, older people may
experience immediate harms from statins but not live
long enough to accrue the benefits, and deaths due to
non-CVD causes can lead to ineffective statin
treatment.
Notwithstanding these concerns, primary pre-
vention with statins has the potential to preserve
function and prolong a healthy and independent
life span for older adults through statins’ role in
preventing CVD-related morbidity and mortality
(9,10). It is conceivable that small gains in main-
taining living independence and in avoiding or
postponing institutionalization from taking statins
may substantially improve older patients’ quality of
life (11). Yet little detailed work has been done in
these areas (12). There is a significant need for
better evidence of the effects of statins not only on
CVD but, more important, on a set of global, cross-
disease health outcomes such as life expectancy,
living independence, and physical and cognitive
functioning (13).

Thus we conducted a post hoc analysis of inde-
pendent, community-dwelling adults $70 years of
age with no evidence of CVD, dementia, or physical
disability (referred to hereafter as “healthy older
adults”) using data from the ASPREE (Aspirin in
Reducing Events in the Elderly) trial (14–17). The
overarching aim of the present study was to investi-
gate the association of statin use with disability-free
survival, risk for all-cause mortality, incident de-
mentia, and physical disability as well as CVD in the
target population.

METHODS

This analysis was exempt from ethics review because
existing data from ASPREE were used, and no addi-
tional information was collected from participants.

DATA SOURCE AND STUDY POPULATION. The trial
design, methods, and main results of ASPREE have
been published previously (14–17). In brief, ASPREE
was a double-blind, randomized clinical trial that
compared aspirin 100 mg/day with placebo on
disability-free survival in community-dwelling adults
living in Australia and the United States who
were $70 years of age ($65 years among U.S. minor-
ities) and initially free of documented CVD, dementia,
and physical disability. Other selection criteria are
detailed elsewhere (14–17).

The exposure in the present analysis is use of sta-
tins at baseline. Because statins were not randomly
assigned, the observed data arise from a cohort
design and were used to estimate average treatment
effects of statin use at baseline on outcomes. The
population of interest was those $70 years of age who
had complete data on baseline statin status, follow-
up events, and the covariates used for the analysis.
Of the 19,114 participants randomized into the
ASPREE trial, we excluded 566 younger than 70 years



TABLE 1 Characteristics of the Study Population by Baseline Statin Use

Total
(N ¼ 18,096)

No Statin
(n ¼ 12,467)

Statin
(n ¼ 5,629)

ASD*

Before IPTW After IPTW

Age, yrs 74.2 (71.8–77.8) 74.2 (71.8–77.9) 74.2 (71.8–77.7) 0.03 <0.01

Age $85 yrs 699 (3.9) 518 (4.2) 181 (3.2) — —

Female 10,140 (56.0) 6,727 (54.0) 3,413 (60.6) 0.14 <0.01

Ethnicity/race 0.09 <0.01

White Australian 15,968 (88.2) 11,079 (88.9) 4,889 (86.9)

White American 1,071 (5.9) 753 (6.0) 318 (5.7)

Black 473 (2.6) 292 (2.3) 181 (3.2)

Hispanic/Latino 322 (1.8) 194 (1.6) 128 (2.3)

Other 262 (1.5) 149 (1.2) 113 (2.0)

Smoking status 0.03 <0.01

Never 10,050 (55.5) 6,978 (56.0) 3,072 (54.6)

Former 7,407 (40.9) 5,065 (40.6) 2,342 (41.6)

Current 639 (3.5) 424 (3.4) 215 (3.8)

Current drinkers 14,020 (77.5) 9,767 (78.3) 4,253 (75.6) 0.07 <0.01

BMI category 0.27 <0.01

Underweight (<20 kg/m2) 341 (1.9) 288 (2.3) 53 (0.9)

Normal (20–24.9 kg/m2) 4,434 (24.5) 3,382 (27.1) 1,052 (18.7)

Overweight (25–29.9 kg/m2) 8,090 (44.7) 5,562 (44.6) 2,528 (44.9)

Obese ($30 kg/m2) 5,231 (28.9) 3,235 (26.0) 1,996 (35.5)

Family history of CVD 11,061 (61.1) 7,396 (59.3) 3,665 (65.1) 0.12 <0.01

History of cancer 3,517 (19.4) 2,438 (19.6) 1,079 (19.2) 0.01 <0.01

Heart rate, beats/min 71 � 11 71 � 11 71 � 11 0.05 <0.01

Diabetes 1,858 (10.3) 756 (6.1) 1,102 (19.6) 0.41 <0.01

Chronic kidney disease 4,679 (25.9) 2,995 (24.0) 1,684 (29.9) 0.13 <0.01

Hypertension 13,461 (74.4) 8,821 (70.8) 4,640 (82.4) 0.28 <0.01

Living alone 12,231 (67.6) 8,458 (67.8) 3,773 (67.0) 0.02 <0.01

Education $12 yrs 9,767 (54.0) 6,926 (55.6) 2,841 (50.5) 0.10 <0.01

Gait time to walk 3 m, s 3.1 � 0.9 3.1 � 0.9 3.2 � 0.9 0.09 <0.01

Grip strength of dominant hand, kg 26.8 � 9.9 27.2 � 10.0 26.1 � 9.7 0.10 <0.01

Number of total concomitant medications 0.40 <0.01

0 or 1 5,828 (32.2) 4,648 (37.3) 1,180 (21.0)

2–4 8,297 (45.9) 5,550 (44.5) 2,747 (48.0)

$5 3,971 (21.9) 2,269 (18.2) 1,702 (30.2)

Other cholesterol medications 810 (4.5) 460 (3.7) 350 (6.2) 0.12 <0.01

Antihypertensive agents 9,489 (52.4) 5,657 (45.4) 3,832 (68.1) 0.47 0.01

Oral hypoglycemic agents 982 (5.4) 304 (2.4) 678 (12.0) 0.38 <0.01

Insulin 133 (0.7) 31 (0.3) 102 (1.8) 0.16 <0.01

Previous regular aspirin use 1,891 (10.5) 1,148 (9.2) 743 (13.2) 0.13 <0.01

Values are median (interquartile range), n (%), or mean � SD. For ethnicity/race, “other” includes aboriginal/Torres Strait Islander, Native American, more than one race, Native Hawaiian or
Pacific Islander, and those who were not Hispanic and who did not state their ethnicity/race. Diabetes was defined as self-report or fasting glucose $126 mg/dl or on treatment for diabetes.
Chronic kidney disease was defined as an estimated glomerular filtration rate <60 ml/min/1.73 m2 or urinary albumin/creatinine ratio $3 mg/mmol. Hypertension was defined as on treatment
for high blood pressure or blood pressure >140/90 mm Hg at ASPREE trial entry. Number of total concomitant medications was defined as the number of concomitant prescription med-
ications taken by participants at baseline (statins were not counted). Previous regular aspirin use was defined as self-reported regular use of aspirin immediately prior to first baseline visit, with
a 1-month washout prior to randomization to study medication. *ASD is the absolute difference in means or proportions divided by the standard error. An imbalance was defined as an ASD
>0.10, indicated in bold.

ASD ¼ absolute standardized difference; ASPREE ¼ Aspirin in Reducing Events in the Elderly; BMI ¼ body mass index; CVD ¼ cardiovascular disease; IPTW ¼ inverse probability of treatment
weighting.
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and 452 with incomplete data on baseline covariates,
leaving 18,096 for the final analyses (Supplemental
Figure 1).

BASELINE COVARIATES. To reduce the imbalance of
potential confounding factors between statin users
and nonusers, we compiled a set of baseline cova-
riates as listed in Table 1. Details on the
measurements of baseline variables have been re-
ported previously (14–17).

ASCERTAINMENT OF BASELINE STATIN EXPOSURE.

Information on statin use (including types) was
recorded at ASPREE trial entry, along with the use of
other concomitant prescription medications, and was
updated at 1-year intervals during follow-up. The



CENTRAL ILLUSTRATION Cumulative Incidence of Primary and Selected Secondary Outcomes
Stratified by Baseline Statin Use

StatinNo Statin

E FMyocardial Infarction Stroke

0

1

2

3

4
Statin vs. No Statin
Adjusted HR: 0.56; 95% CI: 0.43 to 0.75
p < 0.001

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

0

1

2

3

4
Statin vs. No Statin
Adjusted HR: 0.75; 95% CI: 0.58 to 0.96
p = 0.02

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

C DMajor Adverse
Cardiovascular Events Fatal Cardiovascular Disease

0

2

4

6

8
Statin vs. No Statin
Adjusted HR: 0.68; 95% CI: 0.57 to 0.82
p < 0.001

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

0

1

2

3

4
Statin vs. No Statin
Adjusted HR: 0.71; 95% CI: 0.51 to 0.99
p = 0.04

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

0

4

8

12

Statin vs. No Statin
Adjusted HR: 0.92; 95% CI: 0.83 to 1.03
p = 0.1716

20

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

0

1

2

3

Statin vs. No Statin
Adjusted HR: 0.75; 95% CI: 0.58 to 0.96
p = 0.024

5

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

Years Since Randomization
0 1 2 3 4 5 6

A BPrimary Composite Outcome Persistent Physical Disability

Zhou, Z. et al. J Am Coll Cardiol. 2020;76(1):17–27.

For secondary outcomes, cumulative incidence curves are presented only for statistically significant outcomes. Weighted Kaplan-Meier failure

function was applied to present cumulative incidence of the (A) primary composite outcome in statin users (red dashed line) and nonusers

(blue solid line), respectively. For (B) persistent physical disability, (C) major adverse cardiovascular events, (D) fatal cardiovascular disease,

(E) myocardial infarction, and (F) stroke, the plots were constructed from the weighted cumulative incidence predicted on the basis of

separate models in statin users and nonusers, taking into account competing risks. The graphs stop at year 6 because only a small number

of participants reached year 7 (67 statin nonusers and 16 statin users).
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TABLE 2 Baseline Statin Use and Hazards of Study Outcomes

Statin Users
(n ¼ 5,629)

Nonusers
(n ¼ 12,467)

IPTW-Adjusted
HR (95% CI)* p Value

Primary outcome 526 (20.79) 1,233 (21.88) 0.92 (0.83–1.03) 0.17

All-cause death 258 (10.20) 626 (11.11) — —

Dementia 173 (6.84) 350 (6.21) — —

Persistent physical disability 95 (3.76) 257 (4.56) — —

Anderson-Gill model 576 (—) 1,366 (—) 0.92 (0.83–1.03) 0.17

Secondary outcomes†

Death from any cause 289 (11.14) 718 (12.42) 0.87 (0.75–1.01) 0.07

Dementia 180 (6.93) 368 (6.33) 1.14 (0.94–1.39) 0.18

Persistent physical disability 107 (4.73) 280 (5.56) 0.75 (0.58–0.96)‡ 0.02

Cardiovascular outcomes

MACE 188 (7.52) 570 (10.29) 0.68 (0.57–0.82) <0.001

Fatal CVD 57 (2.20) 160 (2.77) 0.71 (0.51–0.99) 0.04

Myocardial infarction 72 (2.86) 262 (4.69) 0.56 (0.43–0.75) <0.001

Stroke 99 (3.94) 280 (5.01) 0.75 (0.58–0.96) 0.02

Negative control (cancer) 565 (24.38) 1,259 (23.53) 1.03 (0.93–1.15) 0.57

Values are number of participants with events (event rate per 1,000 person-years) in the original sample, unless
otherwise indicated. *Weights were stabilized and truncated at the 1st and 99th percentiles. 95% CIs were
calculated on the basis of robust standard errors. †For MACE, the first occurrence of any one of the 3 components
(death from coronary heart disease, nonfatal myocardial infarction, and fatal or nonfatal stroke) was counted. For
other secondary outcomes, all participants who had events at any time during the trial were counted. ‡HRs were
calculated over a restricted follow-up time of 6 years.

CI ¼ confidence interval; HR ¼ hazard ratio; MACE ¼ major adverse cardiovascular events; other abbreviations
as in Table 1.
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information was collected by either checking partici-
pants’ medical records from their general practitioner
or primary care provider or asking participants to
bring all current or recently used medications to
study visits.

OUTCOME MEASURES. The pre-specified primary
outcome, referred as to “disability-free survival,” was
a composite outcome derived from death, dementia,
or persistent physical disability (“physical disability”
for short, as measured using Katz Activities of Daily
Living [18] tests or admission to a nursing care facility
for physical disability). Secondary outcomes included
the 3 individual components of the primary compos-
ite and cardiovascular outcomes, including major
adverse cardiovascular events (MACE), fatal CVD, MI,
and stroke. All outcomes were adjudicated by expert
committees blinded to aspirin or placebo assignment.
The definitions of outcomes are described in the
Supplemental Appendix.

STATISTICAL ANALYSES. We used an inverse prob-
ability of treatment weighting (IPTW) approach on
the basis of propensity scores (PS) for confounding
adjustment (19). PS-based IPTW is a well-established
approach that reduces bias in treatment effect esti-
mation in survival analyses (20,21). The PS represents
the probability of receiving a statin, conditional on
observed covariates. We created PS for statin use for
each participant using logistic regression, with base-
line covariates listed in Table 1 as independent vari-
ables. The overlap in PS distribution between the 2
groups was checked (Supplemental Figure 2). Stabi-
lized weights were imputed on the basis of PS to
reweight the study population and achieve covariate
balance by creating a pseudo-population (22). To limit
the influence of extreme weights, we truncated the
weights at the 1st and 99th percentiles (23). We
checked the covariate balance with an
absolute standardized difference measure (an abso-
lute standardized difference $0.10 indicates imbal-
ance) (24).

Next, we calculated the number of events and
incidence rate (events per 1,000 person-years) for
each outcome in the original sample. We displayed
weighted cumulative incidence curves for the pri-
mary outcome in addition to statistically significant
secondary outcomes, taking into account competing
risks. We estimated hazard ratios (HRs) for outcomes
in relation to baseline statin use with Cox propor-
tional hazards regression with stabilized weights.
Robust standard errors were used to estimate 95%
confidence intervals (CIs). To account for multiple
events occurring per participant, we repeated the
primary analysis using the Andersen-Gill method (25)
by assuming that all the events and censoring times
were independent. Schoenfeld residuals validated
the proportional hazards assumption for all analyses
except for those for physical disability, in which the
follow-up period was restricted to a 6-year time ho-
rizon to meet the assumption. Pre-specified subgroup
analyses were conducted in a similar manner to
assess the association between statin use and all
outcomes by sex (men and women) and age
(<75 and $75 years), with the interaction between
statin use and age or sex tested.

To examine whether the protective association of
statins with physical disability was a consequence of
the cardiovascular benefit of statins, we conducted an
exploratory analysis in which participants who
experienced MACE prior to developing physical dis-
abilities were excluded and compared these results
with those of the main analysis.

We next checked the validity of the IPTW with a
negative control (26). We used cancer as a negative
outcome because there is no clear evidence of an as-
sociation between statins and cancer in elderly pa-
tients (27), and underlying factors increasing the risk
for cancer are similar to those underlying the risk for
CVD, such as unhealthy eating and lifestyle habits. A
significant association between statin use and cancer
would indicate inadequate confounding adjustment
due to uncontrolled confounders.



TABLE 3 Statin Use and Hazards of Study Outcomes Stratified by Sex and Age Category (<75 and $75 Years)

IPTW-Adjusted HR (95% CI)*
Male (n ¼ 7,956)

Statin Users vs. Nonusers
(2,216 vs. 5,740)

IPTW-Adjusted HR (95% CI)*
Female (n ¼ 10,140)

Statin Users vs. Nonusers
(3,413 vs. 6,727)

p Value
for Interaction

Primary outcome 0.88 (0.75–1.04) 0.95 (0.82–1.11) 0.62

Secondary outcomes†

Death from any cause 0.81 (0.66–1.01) 0.96 (0.78–1.18) 0.30

Dementia 1.02 (0.75–1.38) 1.21 (0.94–1.56) 0.47

Persistent physical disability 0.78 (0.53–1.16) ‡ 0.72 (0.52–0.99) ‡ 0.47

Cardiovascular outcomes

MACE 0.63 (0.48–0.81) 0.72 (0.56–0.93) 0.34

Fatal CVD 0.56 (0.34–0.92) 0.90 (0.57–1.43) 0.17

Myocardial infarction 0.53 (0.37–0.78) 0.60 (0.39–0.92) 0.61

Stroke 0.67 (0.45–1.01) 0.82 (0.59–1.15) 0.56

Age <75 yrs (n ¼ 10,352)
Statin Users vs. Nonusers

(3,221 vs. 7,131)

Age $75 yrs (n ¼ 7,744)
Statin Users vs. Nonusers

(2,408 vs. 5,336)

Primary outcome 1.00 (0.83–1.21) 0.93 (0.81–1.07) 0.36

Secondary outcomes†

Death from any cause 0.91 (0.70–1.17) 0.91 (0.75–1.09) 0.66

Dementia 1.29 (0.92–1.82) 1.13 (0.90–1.43) 0.63

Persistent physical disability 0.89 (0.60–1.33) ‡ 0.70 (0.51–0.97) ‡ 0.19

Cardiovascular outcomes

MACE 0.68 (0.52–0.90) 0.71 (0.56–0.91) 0.95

Fatal CVD 0.53 (0.27–1.03) 0.89 (0.61–1.31) 0.25

Myocardial infarction 0.57 (0.38–0.86) 0.56 (0.38–0.83) 0.89

Stroke 0.72 (0.48–1.07) 0.81 (0.58–1.14) 0.86

*Stabilized weights were recalculated for each subgroup and were further truncated at the 1st and 99th percentiles. Ninety-five percent CIs were calculated on the basis of
robust standard errors. †For MACE, the first occurrence of any 1 of the 3 components (death from coronary heart disease, nonfatal myocardial infarction, and fatal or nonfatal
stroke) was counted. For other secondary endpoints, all participants who had events at any time during the trial were counted. ‡HRs were calculated over a restricted follow-up
time of 6 years.

Abbreviations as in Tables 1 and 2.
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Because statin exposure was measured at only 1
point in time on an annual basis during follow-up, we
were unable to conduct time-dependent Cox regres-
sion analyses to take into account the impact of the
variation of statin exposure over time on the associ-
ations of interest. Instead, we delineated the varia-
tion of statin exposure over the follow-up period by
calculating the proportion of “on-treatment” partici-
pants in the 2 groups every year after trial entry.

SENSITIVITY ANALYSES. Additional sensitivity ana-
lyses were conducted. To detect the potential
confounding by indication, stratified analyses were
conducted for the primary outcome in terms of dia-
betes, hypertension, family history of CVD, and
smoking to enable the association with statins to be
analyzed separately for each clinical indication
(28,29). To test the potential interaction between the
effect of statins and randomized aspirin on study
outcomes, we reran the analyses including a multi-
plicative interaction term in the weighted Cox
models. To eliminate the risk for insufficient covari-
ate balance, we repeated the analyses by further
adjusting for baseline covariates in the IPTW-
adjusted Cox regression (called the “doubly robust”
method [30]). To account for competing risks for
study outcomes, the main analyses were repeated
using the IPTW-adjusted Fine and Gray competing-
risk models.

We did not use low-density lipoprotein-cholesterol
(LDL-C) and other cholesterol parameters for PS
imputation, as these biomarkers are causally affected
by prior statin use, resulting in LDL-C levels that do
not reflect the levels that indicated treatment. How-
ever, omitting cholesterol might lead to inadequate
confounding adjustment. To detect possible con-
founding by indication, we estimated the pre-
treatment LDL-C values for statin users by using the
summary estimates from a meta-analysis (31) of 164
randomized trials for percentage reductions in LDL-C,
according to statin types with a 20-mg dose (48% by
rosuvastatin, 43% by atorvastatin, 32% by simva-
statin, 29% by lovastatin, 24% by pravastatin, 21% by
fluvastatin). The LDL-C estimates for statin users
together with the baseline LDL-C values for nonusers
were further incorporated into the PS imputation
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model. We then repeated outcome analyses with
these new weights.

All statistical tests were 2 sided, and p values <0.05
were considered to indicate statistical significance.
Analyses were performed using Stata/SE version 15.0
for Windows (StataCorp, College Station, Texas).

RESULTS

BASELINE CHARACTERISTICS. Among the included
18,096 participants (median age 74.2 years; inter-
quartile range: 71.8 to 77.8 years; 56% women), 5,629
(31.1%) were taking statins at baseline and 12,467
(68.9%) were not. At baseline and before weighting,
compared with nonusers, statin users were more
likely to be female and to have diabetes, chronic
kidney disease, hypertension, obesity, and family
history of CVD, as well as a lower level of educational
attainment and lower grip strength. Additionally,
more statin users took concomitant medications at
baseline and had been taking aspirin previously.
After weighting, adequate covariate balance was
achieved in all models (all absolute standardized
differences #0.01) (Table 1).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND THE PRIMARY COMPOSITE OUTCOME. During a
median follow-up period of 4.7 years (interquartile
range: 3.6 to 5.7 years), a total of 1,759 incident cases
of the primary composite outcome occurred,
comprising 884 deaths, 523 diagnoses of incident
dementia, and 352 physical disabilities (unweighted).
The unweighted incidence rate for the primary
outcome was 20.8 per 1,000 person-years in statin
users and 21.9 per 1,000 person-years in nonusers. In
the IPTW-adjusted Cox model, the risk for the pri-
mary outcome did not differ significantly between
statin users and nonusers (HRweight-adjusted: 0.92;
95% CI: 0.83 to 1.03; p ¼ 0.17) (Central Illustration,
Table 2). A similar risk estimate was produced using
the Andersen-Gill method.

ASSOCIATION BETWEEN BASELINE STATIN USE

AND ALL-CAUSE MORTALITY, DEMENTIA, AND

PHYSICAL DISABILITY. For the individual compo-
nents of the primary composite outcome, we
analyzed their associations with statin use separately.
No strong evidence for an association was observed
between statin use and all-cause mortality (HRweight-

adjusted: 0.87; 95% CI: 0.75 to 1.01) or dementia
(HRweight-adjusted: 1.14; 95% CI: 0.94 to 1.39). However,
statin use was associated with a significantly lower
risk for physical disability (HRweight-adjusted: 0.75;
95% CI: 0.58 to 0.96) (Central Illustration, Table 2).

In the exploratory analysis for physical disability
that excluded those who had a history of MACE when
developing a physical disability, the association
was weakened and lost statistical significance
(HRweight-adjusted: 0.78; 95% CI: 0.61 to 1.00; cases in
statin users vs. nonusers [unweighted]: 98 vs. 254).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND CARDIOVASCULAR OUTCOMES. Statin use was
associated with significantly reduced risks for MACE
(HRweight-adjusted: 0.68; 95% CI: 0.57 to 0.82), fatal
CVD (HRweight-adjusted: 0.71; 95% CI: 0.51 to 0.99), MI
(HRweight-adjusted: 0.56; 95% CI: 0.43 to 0.75), and
stroke events (HRweight-adjusted: 0.75; 95% CI: 0.58 to
0.96) (Central Illustration, Table 2).

ASSOCIATION BETWEEN BASELINE STATIN USE AND THE

NEGATIVE CONTROL. There was no significant associ-
ation between statin use and incident cancer
(HRweight-adjusted: 1.03; 95% CI: 0.93 to 1.15), indicating
a small likelihood of confounding bias (Table 2).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND OUTCOMES BY SEX AND AGE CATEGORIES (<75

AND ‡75 YEARS). The age- and sex-specific associa-
tions of statin use with study outcomes are presented
in Table 3. No significant interaction was observed
between statin use and age or sex on the study out-
comes (pinteraction >0.05 for all).
STATIN EXPOSURE THROUGHOUT THE FOLLOW-UP

PERIOD. The variations of statin exposure over the
follow-up period among baseline statin users and
nonusers are presented in Figure 1. From year 1
through year 6, the proportion of baseline statin users
reporting statin use ranged from 98% to 87% and of
the baseline nonusers reporting statin use the pro-
portion ranged from 6% to 17%.

SENSITIVITY ANALYSES. The association between
statin use and the primary outcome was found to be
consistent across subgroups stratified by diabetes,
hypertension, family history of CVD, and smoking
status, indicating a low likelihood of confounding
arising from these clinical indications for statin
treatment (pinteraction > 0.05 for all) (Table 4). No
significant interaction was detected between use of
statins and randomized aspirin on all study outcomes
(Supplemental Table 1). Except for a loss of statistical
significance for the association for fatal CVD, using
the doubly robust method did not materially alter the
main results (Supplemental Table 2). Similarly, using
competing risk regression modeling did not change
the main results appreciably (Supplemental Table 2).

After adjusting for LDL-C, the inverse associations
of statin use with risks for physical disability and fatal
CVD were attenuated, whereas the associations with
MACE, MI, and stroke were enhanced markedly.
Other results were compatible with the main results
(Supplemental Tables 3 and 4).



FIGURE 1 Statin Exposure During Follow-Up Among Baseline Statin Users and Nonusers
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Blue and red bars denote the proportions of baseline statin users and nonusers who reported statin use at the calendar year of each annual

visit, respectively. The prior proportion in each calendar year of the annual visit was calculated by dividing the total number of baseline statin

users with available records on concomitant medication use at that calendar year into the number of baseline statin users who reported statin

use at that year. Similarly, the latter proportion in each calendar year of the annual visit was calculated by dividing the total number of

baseline statin nonusers with available records on concomitant medication use at that calendar year into the number of baseline statin

nonusers who reported statin use at that year.
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DISCUSSION

In this primary prevention study of community-
dwelling older adults followed for a median of 4.7
years, baseline statin use was not associated with
TABLE 4 Subgroup Analyses of the Association Between Baseline St

Clinical Characteristics

Statin Users Nonuse

Diabetes

No 388/4,527 (18.90) 1,125/1,1711

Yes 138/1,102 (28.96) 108/756 (3

Hypertension

No 76/989 (17.06) 319/3,646 (

Yes 450/4,640 (21.59) 914/8,821 (

Family history of CVD

No 202/1,964 (23.00) 506/5,071 (

Yes 324/3,665 (19.62) 727/7,396 (

Smoking status

Nonsmokers 264/3,072 (18.99) 618/6,978

Smokers 224/2,342 (21.34) 545/5,065 (

Current smokers 38/215 (42.47) 70/424 (3

Values are number of participants with outcome/total participants (rate per 1,000 person
of the propensity scores generated in the logistical model, with all baseline covariates (ex
were further truncated at 1% and 99%. All the baseline covariates were well balanced

Abbreviations as in Tables 1 and 2.
extended disability-free survival, risk for death, or
incident dementia. However, baseline statin use was
associated with a significantly lower risk for physical
disability (follow-up duration restricted to 6 years),
MACE, fatal CVD, MI, and stroke. There was little
atin Use and Composite Outcome by Demographic and

rs IPTW-Adjusted HR (95% CI)*
p Value

for Interaction

0.82

(21.15) 0.92 (0.81–1.04)

4.09) 0.83 (0.64–1.08)

0.79

19.41) 0.90 (0.68–1.18)

22.89) 0.93 (0.82–1.04)

0.21

22.14) 0.96 (0.81–1.16)

21.69) 0.88 (0.77–1.02)

0.46

(19.51) 0.92 (0.79–1.08)

23.87) 0.88 (0.75–1.05)

7.70) 1.13 (0.73–1.75)

-years) unless otherwise indicated. *Stabilized weights were recalculated on the basis
cept for the variable used for substratifying groups) as independent variables. Weights
after the weighting.
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heterogeneity in the impact of statins on study out-
comes across sex and age categories (<75 and $75
years of age). A small statin exposure variation over
the follow-up period suggests a likely constant asso-
ciation between statin use and the outcomes over
time.

To our knowledge, this is the first completed study
to evaluate the association of statin use with
disability-free survival, a robust measure of healthy,
productive, and independent life in older adults and
an overarching goal of geriatric health care.
Comparing our study results with findings from the
main ASPREE trial, which showed minimal cardio-
vascular benefits but high bleeding risk from aspirin,
primary prevention with statins seems to be a more
promising strategy for healthy aging (12). Because
statins may have varying effects on different out-
comes in healthy older adults, patients’ treatment
goals and the relative importance they assign to these
outcomes should be adequately considered before
prescribing statins (7).

Our finding regarding all-cause mortality is sup-
ported by 2 prior meta-analyses that used aggregate
data of older subsets free of CVD ($65 years of age)
from randomized statin trials reporting no statin
benefit on all-cause mortality (32,33). The nonsignif-
icant association in our study was due in part to a low
proportion of deaths caused by CVD (24.5%).
Furthermore, we found no evidence of an association
between statin use and dementia risk. A similar
finding was reported in a previous randomized statin
trial (MRC/BHF Heart Protection Study, 2002) of
20,536 adults 40 to 80 years of age (28% were
$70 years of age) and with high vascular risk (34),
among whom the incidence rate of dementia did not
differ significantly between statin- and placebo-
treated participants (odds ratio: 1.00; 95% CI: 0.61 to
1.65). Similarly, a recent observational study of 1,037
community-dwelling older adults in Australia who
had normal cognition at baseline showed that statin
use was not associated with a decline in memory or
global cognition over 6 years on the basis of cognitive
tests and brain magnetic resonance imaging results
(35).

There is a general concern about prescribing statins
to people $75 years of age, because of a possible age-
related increased risk for adverse effects that may
lead to frailty, disability, and impaired quality of life
(36). Two prior studies of the Helsinki Businessmen
Study cohort, however, found that statin use was not
associated with impaired health-related quality of life
and risk for phenotypic frailty in male octogenarians,
despite a higher rate of multimorbidity in statin users
(37,38). Our study findings also alleviate some of
these concerns by showing a 25% decrease in the risk
for physical disability with statin use, with the benefit
more pronounced in those $75 years of age. This as-
sociation was weakened after excluding those who
experienced MACE prior to having physical disabil-
ities in the study sample, suggesting that the pro-
tective effect of statins against disability was due in
part to their role in preventing CVD morbidity.
Further investigations are needed to explore the un-
derlying mechanisms.

We observed a clear association between statin use
and lower risk for CVD outcomes that were consistent
with the results of previous meta-analyses of primary
prevention trials, including older adults (32,33,39). In
addition, we found similar associations with CVD
outcomes between participants <75 and $75 years of
age. These results contrast with those of a recent
meta-analysis by the Cholesterol Treatment Trialists
Collaboration that pooled individual patient data
from 28 randomized trials (40). They reported a 16%
risk reduction of major vascular events per 1 mmol/l
reduction in LDL-C associated with use of statins or a
more intensive statin regimen in subjects 70 to 75
years, compared with control subjects or less inten-
sive statin regimen. However, the proportion of risk
reduction fell to 8% in those older than 75 years. The
investigators stated that the validity of the latter
result was limited by a small proportion of partici-
pants (8%) included in this age group and that future
studies are needed to confirm these results.

A major strength of this study is the use of data
from a contemporary randomized trial in a large older
population with age and sex distributions comparable
with population norms. The study was subject to
rigorous quality control, and all endpoints were
actively screened, verified (on the basis of validated
measures), and adjudicated.

IMPLICATIONS FOR FUTURE CLINICAL RESEARCH.

Given the observational nature of our analyses, they
should not inform evidence-based therapeutic stra-
tegies. However, the study offers firsthand data that
can inform the rationale of future clinical trials to-
ward addressing the comprehensive role of statins in
healthy older adults. An ongoing placebo-controlled
randomized trial in Australia (STAREE [Statin Ther-
apy for Reducing Events in the Elderly];
NCT02099123) (41) and a recently launched pragmatic
trial in the United States (PREVENTABLE [Pragmatic
Evaluation of Events and Benefits of Lipid-Lowering
in Older Adults]) (42) aim to explore the effects of
statins in healthy older adults on disability-free sur-
vival and CVD. We await the results of these statin
trials to fill the current knowledge gaps and inform an
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evidence-based approach for statin prescription for
primary prevention in older patients.

STUDY LIMITATIONS. We cannot establish causal re-
lations, because of the observational design. Howev-
er, compatible HRs for the primary outcome across
clinical indications increase the likelihood that the
outcome is a result of the statin exposure. We are
unable to control for unmeasured confounders, and
thus residual confounding bias cannot be ruled out.
ASPREE participants were predominantly white, were
in relatively good health, and were likely to tolerate
statins well, so the results may not be generalizable to
all populations. The high proportion of baseline statin
users taking statins continuously over time might be
linked to other healthy lifestyle habits, introducing
healthy user bias. However, results for death, de-
mentia, and the negative control indicate that such
bias was likely to be minimal. The small proportion of
participants $85 years of age (3.9%) limits the appli-
cability of study findings to this age group. Some
subgroup analyses with small event numbers (such as
fatal CVD) had limited statistical power. We included
prevalent statin users, but the overall duration of
statin use could not be measured. This may have led
to an overestimation of statin benefits, as discussed
in a prior study regarding prevalent user bias (43).
Results of the sensitivity analysis regarding LDL-C
implies that the main analyses were at risk for con-
founding by indication.

CONCLUSIONS

Among healthy community-dwelling adults
$70 years of age, statin use may be beneficial for
preventing persistent physical disability and CVD but
not beneficial for prolonging disability-free survival
and avoiding death or incident dementia. These re-
sults should be interpreted with caution because of
this study’s observational design. The ongoing statin
trials will help inform the remaining knowledge gaps
regarding the use of statins as primary prevention in
older populations.
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