e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 1, 2026 VOL. 395 NO. 13

Atorvastatin, Cardiovascular Events, and Disability-free Survival
in Older Adults

S. Zoungas,! R. Wolfe,'2 C. Moran,** SJ. Nicholls,* G.C. Cloud,>® C.M. Reid,"” A.M. Tonkin,* L. Beilin,?
A.S. Wierzbicki,® T.T.-J. Chong,**° J.C. Broder,*? AJ. Curtis,* Z. Flanagan,*? |. Hopper,**'2 J. Ryan,' S. Spark,*?
J.J. McNeil,* and M.R. Nelson,** for the STAREE Investigators

ABSTRACT

BACKGROUND
The effectiveness and safety of statins for the primary prevention of cardiovascular The authors’ full names, academic de-

events and the extension of disability-free survival among older adults remain un- grees, and affiliations are listed at the
certain end of the article. Sophia Zoungas can be

contacted at sophia.zoungas@monash
METHODS .eduor gtthe Sc}hc')ol of Public He:jllth a'nd

. . . . Preventive Medicine, Monash University,
We conducted a double-blind, randomized, placebo-controlled trial at general medical | evel3, 509 st. Kilda Rd., Melbourne, VIC

practices across Australia. Community-dwelling adults at least 70 years of age with 3004, Australia.

no history of cardiovascular disease, diabetes, or dementia were randomly assigned = This article was published on August 29,
in a 1:1 ratio to receive atorvastatin at a dose of 40 mg once daily or identical placebo. 2026, at NEJM.org.

The two primary end points were a composite of death from cardiovascular causes, n Engl | Med 2026;395:1259.72.
nonfatal myocardial infarction or stroke, or coronary revascularization (to assess DOI: 10.1056/NEJMoa2607314

effects on major cardiovascular events) and a composite of death from any cause, P © 2026 Massachuseits Mecdical Socity.
dementia, or persistent physical disability (to assess effects on disability-free survival).

Analyses were performed according to a hierarchical testing plan.

RESULTS

A total of 9971 participants were enrolled: 4984 were assigned to receive atorvastatin
and 4987 to receive placebo. The mean (£SD) age of the participants was 74.7+4.5
years, and 51.9% were women. After a median of 5.9 years, a primary cardiovascular
event had occurred in 297 participants (10.9 events per 1000 person-years) in the
atorvastatin group and in 412 participants (15.5 events per 1000 person-years) in the
placebo group (hazard ratio, 0.70; 95% confidence interval [CI], 0.61 to 0.82; P<0.001).
Death from any cause, dementia, or persistent physical disability occurred in 637 par-
ticipants (21.6 events per 1000 person-years) in the atorvastatin group and in 676
participants (23.0 events per 1000 person-years) in the placebo group (hazard ratio,
0.94; 95% CI, 0.84 to 1.05; P=0.25). Serious adverse events occurred in 131 partici-
pants (2.7%) in the atorvastatin group and in 129 (2.7%) in the placebo group, with
musculoskeletal, hepatobiliary, and diabetes-related adverse events occurring more
commonly in the atorvastatin group.

CONCLUSIONS

Treatment with atorvastatin led to a lower risk of major cardiovascular events than
placebo at a median of 5.9 years but did not result in longer disability-free survival
among community-dwelling older adults without clinical cardiovascular disease.
(Funded by the National Health and Medical Research Council and others; STAREE
ClinicalTrials.gov number, NCT02099123.)
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RAPID DEMOGRAPHIC TRANSITION TO-

ward an older population is occurring

throughout the world.! Increasing life span
is a major contributor to this shift, with the
percentage of older adults who survive into their
80s and 90s now almost twice what it was in the
1950s.2 Over the same time period, healthy life
span has not increased to the same extent; older
adults still face major consequences from cardio-
vascular disease, as well as dementia and other
disabling conditions.>¢

It is well established that statins reduce the
risk of myocardial infarction and ischemic stroke
in adults at high risk, including those with dia-
betes or established cardiovascular disease.”® How-
ever, the effects of initiating treatment with statins
in older patients remain uncertain and are in-
tensely debated.”!® Clinical guidelines have not
included strong recommendations to inform the
prescription of statins for persons at least 70
years of age, with the evidence particularly sparse
for those older than 75 years.!! Recommendations
have generally been based on pooled analyses of
trials involving cardiovascular outcomes in which
fewer than one in four participants were older
than 70 years of age.”> These pooled analyses
have suggested that the use of statins for the
primary prevention of cardiovascular events may
be less effective in older adults without vascular
disease than in younger persons: the reduction
in the risk of cardiovascular events for every re-
duction of 38.7 mg per deciliter (1.0 mmol per liter)
in the level of low-density lipoprotein (LDL) cho-
lesterol was nonsignificant among older adults,
at 16% among persons older than 70 years and
8% among persons older than 75 years.?

Few randomized trials have assessed the ef-
fects of statins on dementia and disability. The
Heart Protection Study included participants with
a wide range of ages (40 to 82 years) and used a
single cognitive test that probably lacked the
sensitivity to detect subtle cognitive decline, with
the number of newly identified cases of demen-
tia being too low for a definitive analysis.* Both
the PROSPER (Prospective Study of Pravastatin in
the Elderly at Risk) and HOPE-3 (Heart Outcomes
Prevention Evaluation 3) trials included cognitive
measures but did not formally assess newly di-
agnosed dementia as a clinical end point.**** The
JUPITER (Justification for the Use of Statins in
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Prevention) trial tracked dementia as an adverse
event but did not use standardized, objective cog-
nitive assessments and, despite enrolling 17,802
participants, identified very few cases of dementia
(12 in the rosuvastatin group and 9 in the placebo
group).’® Data from large-scale, randomized trials
evaluating disability-free survival (i.e., survival
free of dementia or physical disability) as a pre-
specified primary end point are lacking.

Previous studies of statins have sparked con-
cerns about muscle weakness or pain, impairment
of liver function, cognitive impairment, new-onset
diabetes, and hemorrhagic stroke.””? Older adults
are more likely to take a large number of medi-
cations than younger adults,® and older adults
metabolize drugs differently?’; therefore, older
adults are at greater risk for statin-drug interac-
tions and adverse events than younger persons.
Fears of these adverse events may drive decisions
about the prescription of statins and may lead to
nonadherence to treatment.?>? Qverall, the bal-
ance of benefits and harms from the use of
statins in older adults remains uncertain.'>*

We conducted the Statins in Reducing Events
in the Elderly (STAREE) trial to provide evidence
to inform the prescription of statins for primary
prevention in community-dwelling adults 70 years
of age or older. The primary objective of the trial
was to evaluate the effects of atorvastatin on ma-
jor cardiovascular events and on disability-free
survival (or survival free of dementia or physical
disability) as a surrogate measure of indepen-
dence.

METHODS

TRIAL ORGANIZATION AND OVERSIGHT

We conducted this investigator-initiated, double-
blind, randomized, placebo-controlled, primary-
prevention trial at general medical practices across
Australia. The trial design has been described in
detail previously,’? and the trial protocol is avail-
able with the full text of this article at NEJM.org.
Additional details about the trial methods, over-
sight, and author responsibilities are provided
in the Supplementary Appendix, available at
NEJM.org. The trial steering committee devel-
oped the protocol and operational plan after
consultation with health care consumers and
general practitioner co-investigators. The trial
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had no commercial or industry involvement. The
protocol was approved by the Monash University
Human Research Ethics Committee. An indepen-
dent data monitoring committee reviewed the
safety and efficacy data during the trial. The
funders of the trial had no role in the trial design;
in the collection, management, analysis, or inter-
pretation of the data; in the writing of the manu-
script; or in the decision to submit the manuscript
for publication. The authors vouch for the accu-
racy and completeness of the data and for the fi-
delity of the trial to the protocol.

TRIAL POPULATION

Adults 70 years of age or older who were living
independently and had no history of cardiovascu-
lar disease, diabetes, dementia, or other life-lim-
iting conditions were identified from the clinical
databases of 1013 general medical practices,
among 1583 registered practices across metropoli-
tan, regional, and rural areas of Australia. For trial
eligibility, cardiovascular disease was defined as
myocardial infarction, angina, heart failure, stroke,
transient ischemic attack, carotid stenosis, ab-
dominal aortic aneurysm, peripheral artery dis-
ease, or any coronary-artery blockage or narrow-
ing leading to angioplasty, stent implantation, or
bypass graft surgery. Eligible participants were
invited to take part in two baseline screening
visits 4 weeks apart. These baseline visits includ-
ed the completion of cognitive tests to ascertain
cognitive performance, assessment of physical
independence with the use of a modified Katz
Index of Independence in Activities of Daily Living,
and laboratory assessments. During the period
between visits, the participants were asked to take
a once-daily placebo tablet to assess adherence
to a daily medication regimen.'? All the partici-
pants provided written informed consent.

RANDOMIZATION AND TRIAL REGIMEN

A Web-based system was used to randomly assign
participants in a 1:1 ratio to the atorvastatin group
or the placebo group according to a randomiza-
tion schedule generated by an independent stat-
istician. For both groups, the starting dose was
one tablet daily for 4 weeks, with an increase to
two tablets daily if the safety profile was accept-
able. In the atorvastatin group, each tablet con-
tained 20 mg of medication, for a total dose of

40 mg after the 4-week dose-adjustment period.
Further adjustment (de-escalation and re-escala-
tion of the dose) was permitted for management
of side effects.

Participant follow-up occurred every 6 months.
Open-label statins could be prescribed at the dis-
cretion of the usual treating clinician, with the
assigned trial regimen discontinued. Fasting lipid
levels were measured at baseline and at the end
of the trial.

TRIAL END POINTS

The two primary end points were a composite of
death from cardiovascular causes, nonfatal myo-
cardial infarction or stroke, or coronary revascu-
larization and a composite of death from any
cause, dementia, or persistent physical disability
(@ measure of disability-free survival). Reported
events suspected of being primary end-point events
were adjudicated by committees whose members
were unaware of the trial-group assignments. The
prespecified secondary end points included a com-
posite of death from cardiovascular causes or
nonfatal myocardial infarction or stroke, fatal or
nonfatal myocardial infarction, fatal or nonfatal
stroke, coronary revascularization, any arterial
revascularization, death from any cause, dementia,
persistent physical disability, and hospitalization
for any cause.

Adverse events were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA),
version 21.0,” and the seriousness of adverse
events was categorized according to the 2007 Na-
tional Statement on Ethical Conduct in Human
Research of the National Health and Medical
Research Council.*® Adverse events of special in-
terest included new diagnoses of myopathy, my-
ositis, rhabdomyolysis, liver failure, and diabetes.
Adverse events were considered to be related to
the trial regimen if the trial physician, who was
unaware of the trial-group assignments, judged
that a causal relationship was possible, probable,
or definite.

STATISTICAL ANALYSIS

Analyses were performed after the data were
locked in February 2026 according to the pre-
specified statistical analysis plan, available with
the protocol.” We calculated that 619 primary
cardiovascular events and 1397 primary events
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related to disability-free survival would provide
the trial with 80.0% power to detect a difference
of 20.2% in the risk of major cardiovascular
events and 14.5% in the risk of death, dementia, or
persistent physical disability between the atorva-
statin group and the placebo group. On the basis
of expected event rates, we aimed to enroll 9631
participants to be followed for an average of 6
years.?

The primary end points were assessed in time-
to-event analyses, as prespecified in the statistical
analysis plan, and all comparisons of end points
were performed according to an intention-to-treat
approach.” Event rates were compared between
the trial groups with the use of Cox proportional-
hazards regression, with results expressed as
cause-specific hazard ratios and 95% confidence
intervals. A closed testing procedure was imple-
mented to allow for multiple testing owing to the
use of two primary end points.?® This prespecified
approach was based on the expectation that
cardiovascular benefit would be the main con-
tributor to improved disability-free survival and
that a substantial effect of statins on disability-
free survival would be unlikely in the absence of
a cardiovascular benefit.”»?” The cardiovascular
end point was to be tested first at a two-sided
alpha level of 0.05, and if the P value was less than
0.05, then the disability-free survival end point was
to be tested at a two-sided alpha level of 0.05.”

Analyses of the secondary end points also used
Cox proportional-hazards regression models that
were based on the time to the first event that met
the end-point definition. No statistical adjustment
was made for the multiple secondary end points.
Because the widths of the confidence intervals

were not adjusted for multiplicity, they should
not be used to infer treatment effects. The cumu-
lative incidence was estimated for all end points,
with death from causes other than those included
in the end point accounted for as a competing risk.
Prespecified subgroup analyses were undertaken
as outlined in the statistical analytical plan. Safety
analyses were conducted in the modified inten-
tion-to-treat population, which included all the
participants who received at least one dose of
atorvastatin or placebo. Additional information
about the statistical analyses is provided in the
Supplementary Appendix.

RESULTS

PARTICIPANT CHARACTERISTICS AND FOLLOW-UP
Between July 2015 and March 2023, a total of
9971 participants underwent randomization, with
4984 participants assigned to receive atorvastatin
and 4987 to receive placebo (Fig. S1 in the Sup-
plementary Appendix). The representativeness of
the trial participants is summarized in Table S1.
The characteristics of the participants at baseline
were similar in the two trial groups (Table 1 and
Table S2). The mean (£SD) age was 74.7+4.5 years,
and 51.9% of the participants were women. Most
participants reported current alcohol use and no
history of smoking. The median number of medi-
cations at baseline was two (interquartile range,
one to four), with 19.6% of the participants taking
at least five medications, most commonly agents
to lower blood pressure (46.3%), agents to manage
acid-related gastrointestinal disorders (27.1%), and
analgesic agents (20.6%). A total of 5.2% of the
participants reported previous statin use.

Table 1. Characteristics of the Participants at Baseline.*
Overall Atorvastatin Placebo
Characteristic (N=9971) (N=4984) (N=4987)
Age group — no. (%)
70-74 yr 5948 (59.7) 2959 (59.4) 2989 (59.9)
75-79 yr 2503 (25.1) 1274 (25.6) 1229 (24.6)
80-84 yr 1112 (11.2) 562 (11.3) 550 (11.0)
285 yr 408 (4.1) 189 (3.8) 219 (4.4)
Gender — no. (%)
Man 4797 (48.1) 2411 (48.4) 2386 (47.8)
Woman 5174 (51.9) 2573 (51.6) 2601 (52.2)
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Table 1. (Continued.)

Characteristic
Race or ethnic group — no. (%)
White
Asian
Aboriginal or Torres Strait Islander
Other
First language — no./total no. (%)
English
Other
Smoking status — no./total no. (%)
Current smoker
Former smoker
Never smoker
BMI category — no./total no. (%)
=30.0
25.0-29.9
<25.0
Medication use — no. (%)
Blood-pressure—lowering agents
Agents for acid-related disorders
Analgesic agents
Anticoagulant or antiplatelet agents
Lipid levels — mg/dl
Total cholesterol
LDL cholesterol
HDL cholesterol
Non-HDL cholesterol
Triglycerides
Blood pressure — mm Hg
Systolic
Diastolic
Score on 3MS (IQR)::
In-person assessment

Telephone assessment

9535/9967 (95.7)
43279967 (4.3)

245/9967 (2.5)
4252/9967 (42.7)
5470/9967 (54.9)

2483/9612 (25.8)
4078/9612 (42.4)
3051/9612 (31.7)

4612 (46.3)
2700 (27.1)
2055 (20.6)
1486 (14.9)
211.2+32.0
126.6+28.0

61.6£17.5
149.6+30.7
113.1£53.6

135.8+16.1
80.1+9.4

95.0 (91.0-97.0)
70.0 (67.0-71.0)

Atorvastatin
(N=4984)

4768/4981 (95.7)
213/4981 (4.3)

130/4981 (2.6)
2134/4981 (42.8)
2717/4981 (54.5)

1248/4794 (26.0)
20434794 (42.6)
1503/4794 (31.4)

2306 (46.3)
1398 (28.0)
1060 (21.3)

728 (14.6)
210.8+31.6
126.2+27.8

61.6+17.7
149.2+30.4

113.1+53.4

135.8+16.0
80.1+9.3

95.0 (91.8-97.0)
70.0 (67.0-71.0)

4767/4986 (95.6)
219/4986 (4.4)

115/4986 (2.3)
2118/4986 (42.5)
2753/4986 (55.2)

1235/4818 (25.6)
2035/4818 (42.2)
1548/4818 (32.1)

2306 (46.2)
1302 (26.1)
995 (20.0)
758 (15.2)
211.6+32.5
127.0+28.1
61.7+17.3
149.9+31.0

113.2+53.8

135.7+16.2
80.2+9.6

95.0 (91.0-97.0)
70.0 (67.0-71.0)

* Plus—minus values are means +SD. Percentages may not total 100 because of rounding. To convert the values for

cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to millimoles per liter,
multiply by 0.01129. BMI denotes body-mass index, HDL high-density lipoprotein, IQR interquartile range, and LDL

low-density lipoprotein.

 Race and ethnic group were reported by the participant. Other includes Pacific Islander or Maori (8 participants),

African (4 participants), more than one race (32 participants), and unknown or not reported (17 participants).

i Scores on the Modified Mini-Mental State (3MS) examination range from 0 to 100 for in-person assessment and from
0 to 73 for telephone assessment, with higher scores indicating better cognitive functioning. Scores were available for

8924 participants who were assessed in person and for 1047 participants who were assessed by telephone.
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The most common previous medical conditions
were cancer and depression. Memory symptoms
were uncommon (reported in 4.8% of the partici-
pants) at baseline, but muscle symptoms were
common (in 46.1%). The median body-mass index
(BMI, the weight in kilograms divided by the
square of the height in meters) was 27.0 (inter-
quartile range, 24.3 to 30.1), and the mean blood
pressure was 136/80 mm Hg. The median cogni-
tive score was 95 for those who completed the
Modified Mini—Mental State (3MS) examination
in person and 70 for those who completed the
examination by telephone (scores range from 0 to
100 for in-person assessment and from 0 to 73 for
telephone assessment, with higher scores indi-
cating better cognitive functioning).”® A total of
8849 participants (88.7%) reported having no dif-
ficulty with any of the six activities included on
a modified Katz Index of Independence in Activi-
ties of Daily Living (bathing, dressing, toileting,
transferring, walking across a small room, and
feeding), with the remainder reporting minor dif-
ficulty, a little difficulty, or some difficulty with
one or more of the activities.*

Participants were followed for a median of
5.9 years. Complete assessment for vital status
was available through a median of 6.4 years by
means of linkage to death record registers for
99.9% of the participants. Similar numbers of par-
ticipants in the atorvastatin and placebo groups
withdrew consent after randomization. Among
those who began taking atorvastatin or placebo
as assigned, fewer participants in the atorvastatin
group than in the placebo group permanently
discontinued the trial regimen (Table S3). In the
atorvastatin group, 80.2% of the participants
were still taking atorvastatin at 1 year, 66.1% at
3 years, and 55.6% at 5 years; the corresponding
percentages in the placebo group were 79.5%,
61.3%, and 47.0% (Fig. S2). Open-label statin use
was reported by an estimated 2.1% of the partici-
pants in the atorvastatin group by the end of
year 1, 5.9% by the end of year 3, and 9.4% by
the end of year 5; the corresponding estimated
percentages in the placebo group were 3.5%,
12.1%, and 19.4%.

LIPID LEVELS

At baseline, the mean total cholesterol level
was 211+32 mg per deciliter (5.46 +0.83 mmol
per liter), the mean LDL cholesterol level was

127+28 mg per deciliter (3.27+£0.72 mmol per li-
ter), the mean high-density lipoprotein cholesterol
level was 62117 mg per deciliter (1.59+0.45 mmol
per liter), and the mean triglyceride level was
113+54 mg per deciliter (1.28+0.61 mmol per li-
ter); the lipid levels were similar in the two groups
(Table 1). At the end of follow-up, the mean re-
duction in the total cholesterol level was 53 mg
per deciliter (1.37 mmol per liter) in the atorvas-
tatin group and 18 mg per deciliter (0.47 mmol
per liter) in the placebo group. The LDL choles-
terol level was reduced by a mean of 48 mg per
deciliter (1.23 mmol per liter) in the atorvastatin
group and 16 mg per deciliter (0.42 mmol per
liter) in the placebo group. The between-group
difference in the mean reduction in cholesterol
levels was 35 mg per deciliter (95% confidence in-
terval [CI], 33 to 37 [0.90 mmol per liter; 95% CI,
0.84 to 0.95]) for total cholesterol and 31 mg per
deciliter (95% CI, 30 to 33 [0.81 mmol per liter;
95% CI, 0.76 to 0.86]) for LDL cholesterol.

PRIMARY END POINTS
In the overall trial population, 709 participants
(7.1%) had a primary cardiovascular event, and
1313 participants (13.2%) had a primary end-point
event related to disability-free survival (Table 2).
Among the primary cardiovascular events, death
from cardiovascular causes was the first event in
83 of 709 participants (11.7%), nonfatal myocar-
dial infarction in 208 participants (29.3%), non-
fatal stroke in 247 participants (34.8%), and coro-
nary revascularization in 171 participants (24.1%).
Among the primary end-point events related to
disability-free survival, death from any cause was
the first event in 650 of 1313 participants (49.5%),
dementia in 548 participants (41.7%), and persis-
tent physical disability in 115 participants (8.8%).

Primary cardiovascular events occurred in 297
participants (10.9 events per 1000 person-years)
in the atorvastatin group and in 412 participants
(15.5 events per 1000 person-years) in the placebo
group (hazard ratio for death from cardiovascular
causes, nonfatal myocardial infarction or stroke,
or coronary revascularization, 0.70; 95% CI, 0.61
to 0.82; P<0.001) (Table 2 and Fig. 1A). The num-
ber needed to treat to prevent one major cardio-
vascular event at the median follow-up of 5.9 years
was 37. The results of subgroup analyses are
shown in Figure 2A.

A primary end-point event related to disability-
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Table 2. Primary and Secondary End Points.*

End Point

Death from cardiovascular causes, nonfatal myocardial
infarction or stroke, or coronary revascularization:
primary end point

Death from cardiovascular causes or nonfatal myocar-
dial infarction or stroke

Death from cardiovascular causes
Fatal or nonfatal myocardial infarction
Nonfatal myocardial infarction

Fatal or nonfatal stroke

Nonfatal stroke

Any arterial revascularization
Coronary revascularization

Death from any cause, dementia, or persistent physical
disability: primary end point

Death from any cause
Dementia
Persistent physical disability

Hospitalization for any cause

Overall Atorvastatin Placebo
(N=9971) (N=4984) (N=4987)
no. of events per 1000 person-yr (no. of participants with
event)
13.2 (709) 10.9 (297) 15.5 (412) 0.70 (0.61-0.82)7
10.1 (551) 8.6 (236) 11.7 (315) 0.73 (0.62-0.87)
2.4 (148) 2.4 (74) 2.4 (74) 1.00 (0.72-1.37)
3.9 (216) 2.9 (79) 5.0 (137) 0.57 (0.43-0.75)
3.8 (207) 2.8 (77) 4.3 (130) 0.58 (0.44-0.77)
4.7 (260) 44(122) 5.1 (138) 0.87 (0.68-1.11)
4.2 (230) 3.7 (103) 4.7 (127) 0.80 (0.62-1.04)
6.4 (348) 4.6 (127) 8.2 (221) 0.56 (0.45-0.70)
5.5 (300) 4.0 (110) 7.0 (190) 0.57 (0.45-0.72)
22.3 (1313) 21.6 (637) 23.0 (676) 0.94 (0.84-1.05)§
13.7 (828) 13.0 (395) 14.3 (433) 0.91 (0.79-1.04)
10.5 (570) 10.6 (290) 10.3 (280) 1.03 (0.87-1.21)
2.5 (140) 2.2 (60) 2.9 (80) 0.74 (0.53-1.04)
149.9 (5515) 148.9 (2744) 150.9 (2771) 0.99 (0.94-1.04)

* Data are shown for the intention-to-treat population, which included all the participants who had undergone randomization.

T Hazard ratios and 95% confidence intervals were determined with Cox regression. The widths of the confidence intervals for secondary end
points have not been adjusted for multiplicity and should not be used to infer treatment effects.

% P<0.001.
§ P=0.25.

free survival occurred in 637 participants (21.6
events per 1000 person-years) in the atorvastatin
group and in 676 participants (23.0 events per
1000 person-years) in the placebo group (hazard
ratio, 0.94; 95% CI, 0.84 to 1.05; P=0.25) (Ta-
ble 2 and Fig. 1B). The results of subgroup analy-
ses are shown in Figure 2B.

SECONDARY END POINTS

Death from cardiovascular causes, myocardial
infarction, or stroke occurred in 236 participants
(8.6 events per 1000 person-years) in the atorva-
statin group and in 315 participants (11.7 events
per 1000 person-years) in the placebo group
(hazard ratio, 0.73; 95% CI, 0.62 to 0.87). Non-
fatal or fatal myocardial infarction occurred in
79 participants (2.9 events per 1000 person-years)
in the atorvastatin group and in 137 participants
(5.0 events per 1000 person-years) in the placebo

group (hazard ratio, 0.57; 95% CI, 0.43 to 0.75),
and nonfatal or fatal stroke in 122 participants
(4.4 events per 1000 person-years) and in 138 par-
ticipants (5.1 events per 1000 person-years), re-
spectively (hazard ratio, 0.87; 95% CI, 0.68 to 1.11).
Coronary revascularization occurred in 110 par-
ticipants (4.0 events per 1000 person-years) in
the atorvastatin group and in 190 participants
(7.0 events per 1000 person-years) in the placebo
group (hazard ratio, 0.57; 95% CI, 0.45 to 0.72),
and any arterial revascularization in 127 partici-
pants (4.6 events per 1000 person-years) and in
221 participants (8.2 events per 1000 person-
years), respectively (hazard ratio, 0.56; 95% CI,
0.45 to 0.70). Dementia occurred in 290 partici-
pants (10.6 events per 1000 person-years) in the
atorvastatin group and in 280 participants (10.3
events per 1000 person-years) in the placebo group
(hazard ratio, 1.03; 95% CI, 0.87 to 1.21), and
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persistent physical disability in 60 participants
(2.2 events per 1000 person-years) and in 80 par-
ticipants (2.9 events per 1000 person-years), re-
spectively (hazard ratio, 0.74; 95% CI, 0.53 to 1.04).

Hospitalization for any cause occurred in 2744
participants (148.9 hospitalizations per 1000 per-
son-years) in the atorvastatin group and in 2771
participants (150.9 hospitalizations per 1000 per-

A Major Cardiovascular Events

Primary End Point
(death from cardiovascular causes,
nonfatal myocardial infarction or stroke,
or coronary revascularization)

Secondary End Point
(death from cardiovascular causes or
nonfatal myocardial infarction or stroke)

Atorvastatin

304 30+
100 100
= | 201 1 204
{804 80
3 i Placebo |
5 60 60 Placebo
B 1 104 7 104
£ E ]
.g 40 Atorvastatin 40 Atorvastatin
®
g 1 0 T T T T T T T T 1 T 0 T T T T T T T T 1
E ol o0 1 2 3 4 5 6 7 8 9 wd 0 1 2 3 4 5 6 7 8 9
v
i / T —
0 T T T T T T T T Y T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Years since Randomization
No. at Risk
Placebo 4987 4771 4597 4132 3536 2918 2216 1305 494 4987 4786 4625 4180 3591 2971 2268 1338 507

4984 4794 4662 4220 3633 3031 2329 1365 500

4984 4804 4686 4251 3669 3066 2364 1383 508

B Death from Any Cause, Dementia, or Persistent Physical Disability

30+
100+
| 20
X 80
g i Atorvastatin
S 10
S 60
¥
£ i
g w0
g 0 T T T T T T T T 1
E B 0 1 2 3 4 5 6 7 8 9
5 207 /
0 T T T T T T T 1
0 1 2 3 5 6 7 8 9
Years since Randomization
No. at Risk
Placebo 4987 4944 4878 4538 3946 3327 2666 1672 674
Atorvastatin 4984 4950 4891 4559 3954 3340 2685 1683 680

y axis.

Figure 1. Major Cardiovascular Events and Disability-free Survival According to Trial Group.

Panel A shows the cumulative incidence of major cardiovascular events. The graphs on the left show the cumulative
incidence of primary end-point events (death from cardiovascular causes, nonfatal myocardial infarction or stroke,
or coronary revascularization, whichever occurred first), and those on the right the cumulative incidence of compos-
ite secondary end-point events (death from cardiovascular causes, myocardial infarction, or stroke, whichever oc-
curred first). Panel B shows the cumulative incidence of death from any cause, dementia, or persistent physical dis-
ability, whichever occurred first, as a measure of disability-free survival. Insets show the same data on an expanded
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son-years) in the placebo group (hazard ratio, 0.99;
95% CI, 0.94 to 1.04).

The incidence of death from any cause was
13.0 per 1000 person-years in the atorvastatin
group and 14.3 per 1000 person-years in the
placebo group (Table 2). The incidence of death
from cardiovascular causes was 2.4 per 1000 per-
son-years in both groups, and the incidence of
death from noncardiovascular causes was 10.6 per
1000 person-years in the atorvastatin group and
11.9 per 1000 person-years in the placebo group.
The incidence of death from any cause, death from
cardiovascular causes, and death from noncardio-
vascular causes did not differ substantially be-
tween the two groups.

SAFETY
Adverse events in the modified intention-to-treat
population that were considered by the trial phy-
sician to be related to the trial regimen are sum-
marized in Table 3. Adverse events of any kind,
medically important adverse events, and adverse
events that led to discontinuation of the trial
regimen were more commonly reported in the
atorvastatin group than in the placebo group
(Table 3). In cases of discontinuation of the as-
signed trial regimen, the most cited reason was
“participant unwilling” (in 15.6% of the partici-
pants in the atorvastatin group and in 16.2% of
those in the placebo group), with adverse events
or an unacceptable side-effect profile leading to
discontinuation in 7.2% and in 6.1%, respectively.
No substantial between-group difference in
the percentage of participants with serious ad-
verse events was observed. Serious adverse events
that involved musculoskeletal or connective tissue
were reported in 0.2% of the participants in each
group, and medically important adverse events of
this type were reported in 1.1% of the participants
in the atorvastatin group and in 0.9% of those in
the placebo group. Serious hepatobiliary events
were reported in 0.2% of the participants in the
atorvastatin group and in 0.1% of those in the
placebo group, and medically important hepato-
biliary events were reported in 1.4% and in 0.3%,
respectively. Serious diabetes or diabetes-related
adverse events were reported in less than 0.1% of
the participants in each group, and medically im-
portant diabetes or diabetes-related adverse events
were reported in 1.1% of the participants in the
atorvastatin group and in 0.7% of those in the
placebo group.

DISCUSSION

Among community-dwelling adults 70 years of
age or older with no history of clinical cardio-
vascular disease, treatment with atorvastatin at
a daily dose of 40 mg was associated with a lower
risk of major cardiovascular events than placebo
over an average follow-up of 6 years but did not
result in longer disability-free survival. The reduc-
tion in the risk of major cardiovascular events
appeared to be similar among participants 70 to
74 years of age and those 75 years of age or
older. The difference in the risk of secondary
cardiovascular end-point events was consistent
with the overall treatment effect. The risk of death
from any cause, dementia, persistent physical dis-
ability, or hospitalization for any cause did not
differ substantially between the two trial groups.
The incidence of serious adverse events was simi-
lar in the two groups, but medically important
adverse events, especially those related to musculo-
skeletal or connective tissue, hepatobiliary events,
and diabetes-related adverse events, were more
common with atorvastatin than with placebo.

In contrast to previous primary-prevention
trials involving statins,”®® our trial included
only community-dwelling adults at least 70 years
of age (>40% of the participants were older than
75 years). The groups were balanced with respect
to gender, and the participants were equally dis-
tributed across metropolitan and regional or rural
locations. Mean LDL cholesterol levels were in
the normal range (upper limit, <135 mg per deci-
liter [<3.5 mmol per liter])*! at baseline and, as
anticipated, were reduced by a mean of 48 mg per
deciliter in the atorvastatin group, as compared
with 16 mg per deciliter in the placebo group.
The overall cardiovascular benefits were consis-
tent across subgroups defined by LDL cholesterol
level, blood pressure, BMI, and kidney function at
baseline.

The cardiovascular benefits from treatment
with 40 mg of atorvastatin in this trial were
greater than those observed in the PROSPER trial,**
which involved pravastatin at a dose of 40 mg in
an older population with a mean age of 75.4 years,
but similar to those reported in the JUPITER trial,*®
with rosuvastatin at a dose of 20 mg in a popula-
tion with a median age of 66.0 years, and in the
HOPE-3 trial,”® with rosuvastatin at a dose of 10 mg
in a population with a mean age of 65.7 years. The
benefits in the older population in our trial were

N ENGLJ MED 395;13 NEJM.ORG OCTOBER 1, 2026

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org by Jestis DE JUAN MONTIEL on November 2, 2026.

1267



The NEW ENGLAND JOURNAL of MEDICINE

13119 0qade|d 491199 UI1BISBAIO}Y

-

€T 0T SL0 0S50
T —

(cz1-00) 260 FH—rm— (6'1) 669T/€0T (8'€T) Z69T/56 2wapued Jaye to 3uung

(90°T-¥8°0) 60 - (5°52) 8sze/eLs (0v2) zoze/evs dlwapued 210409
m UOIJBZILUOPUEL JO B

(er1-6L0) ¥60  F—w— (641) 8¢92/9¢z (0'v1) 009Z/612 3100s Z UBIPAN=

(50'T-180) £6°0 e (sz¢) evez/ovy (z0g) v8ee/sty 21035 Z UEIpaN>
0 SNE

(€UT-6£0) 60 = (122 v161/2sT (602) 0061/65C IP/3w p£g9<

(671-58°0) ST H—=— (5°12) 65¥1/¥81 (522) 86€T/781 IP/3wi y/°59-86'7S

(€0'1-1£°0) $8°0 —e— (v's2) v191/0vz (912) 9891/v12 IP/3w g6°25>
' |o421s3|0Yd 1AQH

(OT'1-+2°0) 06°0 - (s'02) 9s£1/z1z (7°81) £891/281 IP/3w TZ'6€T<

(81'1-080) L60 F—m— (3°02) £091/861 (£07) ££9T/207  IP/3W TZ6ET-TO9TT

(Ir-820) 60w (0'82) £191/59z (£92) 191/25Z IP/3w T0°9TT>
" |0491s9|0Yyd 137

(z0'1-18°0) 16°0 - (072 68€5/195 (8°6T) LOVY/STS oW ££'T/uwi/|w 09=

(sy1-£80) z1'T ~—=—— (zze) 86S/STT  (9°5€) £25/Tan W €£°T/uw/|w 09>
m 4499

(TT'1-28°0) $6'0 == (:09) esce/vee (L61) L1L2/91¢€ 1anaN

(80'1-6°0) £6°0 - (8'52) ecze/eve (6€0) voTe/1ze 43Ui0} 40 JuaLNS
, snjels 3upjows

(tz1-280) 20T —8— (0'12) sezt/9st (£12) 8¥2T1/091 0£=

(£60-690) 280 i (s°€2) seor/s8e (S61) €v02/1vT 6'62-5C

(tz'1-88°0) 50T F—m— (rvz) svst/ezz (v52) 0sT/vee 144
! xapul ssew-Apog

(1£'1-68°0) 80T F—=-=— (961) Zvo1/s6T (0'T2) 829T/90C SH ww 8=

(y0'T-0£°0) 580 H—=— (T'2d) Lys1/90T (8'81) 9£51/8L1 8H ww €8-9/

(+0'1-¥2°0) 88°0 - (z'82) €651/€9z (0°57) 9951/9¢Z 8H ww 97>
, ainssaid poojq d1joiselq

(Tz1-v80) 10T _|-|_ (0v2) sest/eee (6'€2) 6851/82C 8H ww zp1=

(rr1-820 60  H—rm— (T°za) ovot/212 (8°07) Z691/112 8H ww T41-871

(£0'T-69°0) 80 Il_ (5°€2) 8vst/s1z (1°02) 6841/181 8H ww gz1>
! aunssaid poojq 21j01sAS

(00 T-92°0) £80 _I-I_ (¢°2¢) 866T/0vy (0°€€) SZ0Z/96€ KL=

(rz1-280) vOT F—m— (e7¢1) 6862/9¢T (8°€T) 6S62/T¥T KyL-0L
m a8y

(r0'1-8£0) 060 H—— (v'22) 98¢/18¢ (9'%2) 11vT/6VE uep

(OUT-780) 660  F—— (T61) 1092/567 (8'31) ££52/88C uewom
' Japuan

(44-uosiad gQQT 42d s1uaaz) sjuvdiiuiod
Jo “ou |p103/1u242 Y1m syupdioiipd fo -ou

(1D 9%56) oney piezeH ogade|d ujelSeAIoly dnoiSqns

[eAwuns sa4-Ayjqesia g

J1a119g 0qade|d 491199 UIIBISBAIOLY

(16:0-8°0) 99°0
($8°0-19°0) 2£°0

(z8:0-£5°0) 99°0
(16:0-09°0) v£°0

(£0'1-09°0) 8270
(01'1-£9°0) £8°0
(€£:0-9%°0) 850

(18:0-6%°0) £9°0
(y6:0-+5°0) 120
(£0'1-29°0) 08°0

(18'0-65°0) 69°0
(91'1-55°0) 08°0

(£8:0-£5°0) 0L°0
(£8:0-£5°0) 020

(06'0-05°0) £9°0
(18:0-15°0) 59°0
(81'1-£9°0) 68°0

(0670-£5°0) 69°0
($8:0-05°0) 59°0
(90'1-£9°0) Z8°0

(88°0-55°0) 69°0
(98:0-£5°0) £9°0
(#1'1-19°0) ¥8°0

(68°0-65°0) ££°0
(£8:0-€5°0) £9°0

(s20-15°0) 290
(80'1-£9°0) 58°0

€eT 01

-
SL°0
| I [ E—
—a—

—a—

—a—
—a—

[l

]_

1

.

0s°0

(s'+1) 6691/26
(8:51) 88z¢/0Z¢€

(z'+1) 8€92/502
(0°£1) ev€z/L0T

(€T1) v161/811
(T'+1) 6S+1/601
(6'12) ¥191/581

(97£1) 95£1/591
(5°€1) €09T/£11
(0'sT) £191/621

(6'¥1) 68€¥/05¢€
(r61) 865/29

(0+1) €s22/L0z
(€7£1) ggzz/soT

(8'91) sezt/ett
(£'91) s€0z/s81
(5°21) 8¥ST/¥0T

(5°sT) Zvr91/0%1
(z'91) L¥sT/9¢T
(£'v1) g6s1/521

(z'6T) S65T/£9T
(8'91) 0¥9T/8¥1
(z'o1) 8¥51/98

(8:07) 8661/61¢
(0'z1) 6862/€61

(0'12) 98£2/€9z
(s'01) T092/6¥1

(s'6) 2691/19 twidpued uaye Jo 3uung

(€'11) z628/95C

(¥°6) 0092/5€T
(921) ¥8€2/291

(68) 0061/v6
(£11) 86£1/88
(9'z1) 9891/511

(T11) £891/10T
(9°6) ££91/68
(Tz1) ¥191/L0T

(€01) Lovv/6vT
(¥°s1) LL5/87

(86) L1L2/9%1
(z'z1) vozz/1sT

(£11) 8¥z1/8L
(8:01) ev0z/€TT
(z'11) €051/26

(£01) 8291/16
(s'01) 9£51/26
(121) 9951/50T

(z°€1) 68ST/9T1
(#'11) Z691/£0T
(5°8) 68¥1/12

(z's1) szoz/891
(0°8) 6562/621

(0€1) TT¥2/0LT
(0°6) €£52/121

(1> %56) oney piezeH

(44-uosiad gQQT 42d suaaz) sjuvdiiuiod
Jo “ou [p101/1u243 Y1m spuvdiorind fo -ou

ogadeld uljeISeAIo}y

SjuaAg Jejnosenolpie) Jofe|y

Jiwapued aiojag
UOI1BZILIOPUEI JO W1 |

2103 Z UBIP3NZ

2103s Z UBIpI\>
SINE

IP/3w y£°59<

IP/3w ¥£°59-86'CS

IP/3wi 86°25>
|043183[0Yd TAH

IP/3w Tz '6€T<

IP/8W TZ'6£T-10°91T

Ip/8w 10/91T>
|os3383j0Yd 17

W €2 T/uw/|w 09=

ZW € T/uw/|w 09>
Y499

JETEIN

JaWoy 10 JuaLIND
snjels upjows

0¢=

6'67-SC

sz>
xapul ssew-Apog

3H ww 3=

8H ww ¢g-9/

3H ww 97>
ainssaid poo|q d1joiseIq

3H ww zp1=

8H ww T1-821

3H ww gzT>
ainssaid poojq d1jo1sAs

K g/=

Kyr-0L
a8y

ue

UBLLOM

Japuan

dnoiSqns

NEJM.ORG OCTOBER 1, 2026

13

N ENGL J MED 395

1268

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org by Jestis DE JUAN MONTIEL on November 2, 2026.



ATORVASTATIN IN OLDER ADULTS

Figure 2 (facing page). Subgroup Analyses.

Shown are results from prespecified subgroup analy-
ses of the effects of atorvastatin as compared with pla-
cebo. Panel A shows the incidence of primary major
cardiovascular events (death from cardiovascular
causes, nonfatal myocardial infarction or stroke, or
coronary revascularization), with associated hazard ra-
tios. Panel B shows the incidence of death from any
cause, dementia, or persistent physical disability, with
associated hazard ratios, as a measure of disability-
free survival. To convert the values for cholesterol to
millimoles per liter, multiply by 0.02586. Higher scores
on the Modified Mini—-Mental State (3MS) examination
indicate better cognitive functioning. The pandemic
refers to the coronavirus disease 2019 pandemic. The
widths of the confidence intervals have not been ad-
justed for multiplicity and should not be used to infer
treatment effects. The term eGFR denotes estimated
glomerular filtration rate, HDL high-density lipopro-
tein, and LDL low-density lipoprotein.

associated with substantial lowering of LDL cho-
lesterol levels and were larger than those reported
by the Cholesterol Treatment Trialists’ Collabora-
tion in meta-analyses of data from trial popula-
tions similar in age to the population in our
trial.”® The large treatment effects in this trial
were due primarily to a lower incidence of non-
fatal events, especially myocardial infarction and
coronary revascularization, with atorvastatin than
with placebo; numbers of deaths from cardiovas-
cular causes were small overall. The effects were
especially notable and are probably conservative
given the substantial percentage of participants
who discontinued the trial regimen, as well as
the greater use of open-label statins in the placebo
group than in the atorvastatin group. The lack of
benefit with respect to death from cardiovascu-
lar causes might be explained by low case fatality
rates with universal subsidized access to appro-
priate contemporary management of cardiovascu-
lar symptoms and by the competing risk of death
from other causes in this older population.*

A notable finding is that the lower incidence
of major, nonfatal cardiovascular events with
atorvastatin than with placebo did not result in
a corresponding improvement in disability-free
survival. Explanations for this result might in-
clude the fact that 80% of the deaths in our trial
were from noncardiovascular causes. Notwith-
standing the purported pleiotropic biologic prop-
erties of statins and concerns about harm from
low cholesterol levels,**-° no benefits or risks of
atorvastatin with respect to death from any cause,

dementia, or physical disability were observed in
our trial. However, the number of new cases of
physical disability was small, which limited our
ability to draw conclusions about this component
of the primary end point.

For many therapies, the incidence of adverse
events increases substantially with age and with
the use of multiple medications; in the case of
statins, adverse events may include potentially
disabling conditions, such as severe musculoskel-
etal and liver disorders.”® Despite the advanced
age of the trial population and our comprehen-
sive monitoring, the frequency of serious adverse
events was low and appeared to have little effect
on the components of disability-free survival. Se-
rious musculoskeletal and hepatobiliary adverse
events of special interest were uncommon, with
a total of 29 participants reporting such events.
Our data are in accordance with the findings on
adverse events from a meta-analysis of participant-
level data from previous trials that evaluated the
safety of statins.>”

The present trial also provided the opportunity
to monitor treatment adherence to therapy in the
context of primary prevention. A higher incidence
of discontinuation of the trial regimen was ob-
served in this trial than in previous trials involv-
ing statins,1¢3%39 with the most commonly re-
ported reason being “participant unwilling” (in
15.6% of the participants in the atorvastatin group
and in 16.2% of those in the placebo group) rather
than adverse events or an unacceptable side-effect
profile (which led to discontinuation in 7.2% and
in 6.1%, respectively). Combined with data from
real-world studies showing 5-year adherence of
only 25 to 50%,* our findings highlight the point
that tackling persistence with statin use remains
critical to future prescribing effectiveness for pri-
mary prevention in older adults.

The trial assessed the effects of statins on major
cardiovascular events and disability-free survival in
a large, community-dwelling population of older
men and women through a primary care setting;
the participants in our trial were representative
of older adults who, largely based on age alone,
would be considered to be at high risk for cardio-
vascular disease and eligible for therapies for pri-
mary prevention, including statins. The choice of
high-dose atorvastatin* led to a reduction in the
mean LDL cholesterol level of approximately 38%,
in contrast to the 13% reduction in the placebo
group. Ascertainment and adjudication of primary

N ENGLJ MED 395;13 NEJM.ORG OCTOBER 1, 2026

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org by Jestis DE JUAN MONTIEL on November 2, 2026.

1269



1270

The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Trial-Related Safety Events (Modified Intention-to-Treat Population).*

Event

Any adverse event
Serious adverse event
Medically important adverse event
Discontinuation of trial regimen due to adverse event
Adverse events of special interest
Musculoskeletal and connective-tissue disorders
Any adverse event
Serious adverse event
Medically important adverse event
Hepatobiliary disorders
Any adverse event
Serious adverse event
Medically important adverse event
Diabetes and diabetes-related disorders
Any adverse event
Serious adverse event
Medically important adverse event
Nervous system disorders
Any adverse event
Serious adverse event

Medically important adverse event

Atorvastatin Placebo
(N=4876) (N=4847)

no. of participants (%)

3073 (63.0) 2846 (58.7)
131 (2.7) 129 (2.7)
430 (8.8) 324 (6.7)
349 (7.2) 297 (6.1)

1562 (32.0) 1423 (29.4)

8(0.2) 8 (0.2
54 (1.1) 43 (0.9)
163 (3.3) 44(0.9)
9(0.2) 4(0.1)
69 (1.4) 14 (0.3)
195 (4.0) 132 (2.7)
2 (<0.1) 1(<0.1)
56 (1.1) 33 (0.7)
1148 (23.5) 1141 (23.5)
11(0.2) 7(0.1)
20 (0.4) 29 (0.6)

* The modified intention-to-treat population included all the participants who received at least one dose of atorvastatin
or placebo. Adverse events that were assessed by the trial physician as being related to the trial are included. Adverse
events were coded according to the Medical Dictionary for Regulatory Activities (MedDRA), version 21.0,% and the seri-
ousness of adverse events was categorized according to the 2007 National Statement on Ethical Conduct in Human
Research of the National Health and Medical Research Council 26

end-point events were rigorous, with long fol-
low-up and complete ascertainment of vital sta-
tus. Finally, the regular collection of detailed
data regarding symptoms that had been associ-
ated with statin use (but with unclear causal links)
addressed the broader risk-benefit balance asso-
ciated with statin use in older adults.

Our trial has limitations. Despite a highly
decentralized recruitment strategy through Aus-
tralian general medical practices, participants were
predominantly White, with English as their first
language. The trial also recruited throughout the
coronavirus disease 2019 pandemic, which re-
quired that many assessments be completed
through remote rather than in-person visits and

extended the recruitment period. Despite this chal-
lenge, rigorous ascertainment of end points was
still possible, with no difference in effects ob-
served between the participants who underwent
randomization before the start of the pandemic
and those who underwent randomization during
or after the pandemic. Finally, the focus on pri-
mary prevention in the trial limits the ability to
generalize our findings to older adults who are
more frail and have more coexisting conditions.
In this trial, treatment with atorvastatin result-
ed in a lower risk of major cardiovascular events
than placebo at a median of 5.9 years but did not
lead to longer disability-free survival in older
adults without clinical cardiovascular disease.
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