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Effect of Statin Treatment vs Usual Care
on Primary Cardiovascular Prevention Among Older Adults
The ALLHAT-LLT Randomized Clinical Trial
Benjamin H. Han, MD, MPH; David Sutin, MD; Jeff D. Williamson, MD; Barry R. Davis, MD, PhD; Linda B. Piller, MD, MPH; Hannah Pervin, PhD;
Sara L. Pressel, MS; Caroline S. Blaum, MD; for the ALLHAT Collaborative Research Group

IMPORTANCE While statin therapy for primary cardiovascular prevention has been associated
with reductions in cardiovascular morbidity, the effect on all-cause mortality has been
variable. There is little evidence to guide the use of statins for primary prevention in adults
75 years and older.

OBJECTIVES To examine statin treatment among adults aged 65 to 74 years and 75 years and
older when used for primary prevention in the Lipid-Lowering Trial (LLT) component of the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT-LLT).

DESIGN, SETTING, AND PARTICIPANTS Post hoc secondary data analyses were conducted of
participants 65 years and older without evidence of atherosclerotic cardiovascular disease;
2867 ambulatory adults with hypertension and without baseline atherosclerotic
cardiovascular disease were included. The ALLHAT-LLT was conducted from February 1994
to March 2002 at 513 clinical sites.

INTERVENTIONS Pravastatin sodium (40 mg/d) vs usual care (UC).

MAIN OUTCOMES AND MEASURES The primary outcome in the ALLHAT-LLT was all-cause
mortality. Secondary outcomes included cause-specific mortality and nonfatal myocardial
infarction or fatal coronary heart disease combined (coronary heart disease events).

RESULTS There were 1467 participants (mean [SD] age, 71.3 [5.2] years) in the pravastatin
group (48.0% [n = 704] female) and 1400 participants (mean [SD] age, 71.2 [5.2] years) in
the UC group (50.8% [n = 711] female). The baseline mean (SD) low-density lipoprotein
cholesterol levels were 147.7 (19.8) mg/dL in the pravastatin group and 147.6 (19.4) mg/dL in
the UC group; by year 6, the mean (SD) low-density lipoprotein cholesterol levels were 109.1
(35.4) mg/dL in the pravastatin group and 128.8 (27.5) mg/dL in the UC group. At year 6, of
the participants assigned to pravastatin, 42 of 253 (16.6%) were not taking any statin; 71.0%
in the UC group were not taking any statin. The hazard ratios for all-cause mortality in the
pravastatin group vs the UC group were 1.18 (95% CI, 0.97-1.42; P = .09) for all adults 65 years
and older, 1.08 (95% CI, 0.85-1.37; P = .55) for adults aged 65 to 74 years, and 1.34 (95% CI,
0.98-1.84; P = .07) for adults 75 years and older. Coronary heart disease event rates were not
significantly different among the groups. In multivariable regression, the results remained
nonsignificant, and there was no significant interaction between treatment group and age.

CONCLUSIONS AND RELEVANCE No benefit was found when pravastatin was given for primary
prevention to older adults with moderate hyperlipidemia and hypertension, and a
nonsignificant direction toward increased all-cause mortality with pravastatin was observed
among adults 75 years and older.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00000542

JAMA Intern Med. doi:10.1001/jamainternmed.2017.1442
Published online May 22, 2017.

Editor's Note

Supplemental content

Author Affiliations: Division of
Geriatric Medicine and Palliative Care,
Department of Medicine, New York
University School of Medicine,
New York (Han, Sutin, Blaum);
Section on Gerontology and Geriatric
Medicine, Department of Internal
Medicine, Wake Forest School of
Medicine, Winston Salem, North
Carolina (Williamson); Coordinating
Center for Clinical Trials, University of
Texas School of Public Health,
Houston (Davis, Piller, Pervin,
Pressel).

Group Information: The members of
the ALLHAT Collaborative Research
Group are listed at the end of this
article.

Corresponding Author: Benjamin H.
Han, MD, MPH, Division of Geriatric
Medicine and Palliative Care,
Department of Medicine, New York
University School of Medicine,
550 First Ave, Room BCD 615,
New York, NY 10016 (benjamin.han
@nyumc.org).

Research

JAMA Internal Medicine | Original Investigation

(Reprinted) E1

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/pdfaccess.ashx?url=/data/journals/intemed/0/ on 05/22/2017

http://clinicaltrials.gov/show/NCT00000542
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.1442&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.1442
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.1457&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.1442
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.1442&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.1442
mailto:benjamin.han@nyumc.org
mailto:benjamin.han@nyumc.org


Copyright 2017 American Medical Association. All rights reserved.

T he number of older adults in the United States is in-
creasing rapidly. According to the US Census Bureau,1

there are approximately 6 million people in the United
States 85 years and older, and this group is expected to be 9
million by 2030. Many older patients take statins for primary
cardiovascular prevention. In a study2 at the Geisinger Health
System in Pennsylvania, 28% of patients aged 75 to 79 years
and 22% of patients 80 years and older were taking a statin for
primary prevention. Another study3 that analyzed the Medi-
cal Expenditure Panel Survey found that statin use for pri-
mary prevention for adults older than 79 years increased from
8.8% in 1999-2000 to 34.1% in 2011-2012. While there is some
evidence of benefit to secondary prevention with statins among
older adults,4,5 data are limited on the risks and benefits of stat-
ins for primary prevention in this age group.5 Improving our
understanding of preventive interventions in patients 75 years
and older has many implications for health care and its costs.

Until recently, decisions to initiate statins for primary pre-
vention in patients were based largely on cardiovascular risk
models developed from the Framingham Heart Study.6 This
risk score has been demonstrated to be inaccurate in predict-
ing cardiovascular events among the oldest adults (≥85 years).7

Elevated lipid levels are less predictive of cardiovascular risk
with increasing age,8 and low lipid levels in the oldest adults
usually correlate with increased mortality.8-11 Furthermore, the
2013 guideline from the American College of Cardiology and
the American Heart Association emphasized that “Few data
were available to indicate an atherosclerotic cardiovascular dis-
ease (ASCVD) event reduction benefit in primary prevention
among individuals >75 years of age who do not have clinical
ASCVD,”12(pS24) and the risk calculator developed has a cutoff
age of 79 years.12 However, these guidelines imply a dispro-
portionate risk based on age, and there is controversy about
overestimating risk among older adults.13 The recently pub-
lished US Preventive Services Task Force guidelines of statin
use for primary prevention also highlight the lack of evi-
dence for its use in older adults (especially for adults ≥76
years).14 In addition, these guidelines raised many controver-
sies regarding the evidence of statin use for primary preven-
tion in asymptomatic adults, particularly for older adults.15

Statins for primary prevention have been associated with
some reductions in atherosclerotic cardiovascular disease
(ASCVD) morbidity for older adults in some large clinical
trials,16-18 while not in another trial,19 and most studies16-19 do
not show an effect on all-cause mortality. Given the conflict-
ing evidence, particularly for adults 75 years and older, there
are several reasons to think that there may be heterogeneity
of the effects of statins when used for primary prevention in
older age groups. A recent Markov modeling study20 found that
statins for primary prevention for adults 75 years and older
would be cost-effective in preventing cardiovascular-related
events (including coronary heart disease [CHD], stroke, revas-
cularization procedures, and death). However, the authors
noted that “even a small increase in geriatric-specific adverse
effects could offset the cardiovascular benefit.”20(p533) De-
spite the potential benefit of statins for primary cardiovascu-
lar prevention, even small adverse effects in older adults could
lead to harm and may explain the inconsistent data on all-

cause mortality. However, owing to the low proportion of older
adults enrolled in clinical trials, it is difficult to fully under-
stand the risks and benefits of statins for primary prevention
in this population compared with younger adults. The objec-
tive of this study was to conduct secondary data analyses of
several important outcomes of a large subset of older adults
without baseline ASCVD from the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial–Lipid-
Lowering Trial (ALLHAT-LLT)21 to evaluate the overall ben-
efit for older adults.

Methods
We performed a subanalysis of the LLT component of the
ALLHAT. The design of the ALLHAT has been previously
described.22-24 Briefly, the ALLHAT-LLT, sponsored by the Na-
tional Heart, Lung, and Blood Institute of the National Insti-
tutes of Health, was a randomized, open-label trial con-
ducted from February 1994 to March 2002 at 513 clinical sites.
All participants of the ALLHAT-LLT were drawn exclusively
from the parent trial, ALLHAT, which was an antihyperten-
sive trial designed to determine if treatment with a calcium
channel blocker, an angiotensin-converting enzyme inhibi-
tor, or an α-blocker reduces fatal CHD or nonfatal myocardial
infarction compared with treatment with a thiazide-type di-
uretic. Details regarding sample size, recruitment, and ran-
domization have been published elsewhere.21-24 Access to the
full protocol may be found at http://www.ALLHAT.org.25 The
trial protocol for the ALLHAT-LLT is available in Supplement
1. The institutional review board of The University of Texas
Health Science Center at Houston approved the secondary data
analysis.

Study Population
Eligibility for the ALLHAT-LLT included ambulatory adults 55
years and older having stage 1 or 2 hypertension with at least
one additional CHD risk factor, randomized to 1 of 4 antihy-
pertensive drugs. Participants for the ALLHAT-LLT were ex-
cluded if they were currently receiving lipid-lowering therapy,
were known to be intolerant of statins, manifested signifi-
cant liver or kidney disease, or had a known secondary cause

Key Points
Question Are statins beneficial when used for primary
cardiovascular prevention in older adults?

Findings In this post hoc secondary analysis of older adults in the
randomized clinical trial Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial–Lipid-Lowering Trial
(ALLHAT-LLT), there were no significant differences in all-cause
mortality or cardiovascular outcomes between pravastatin sodium
and usual care for primary prevention for adults 65 years and
older.

Meaning No benefit was found when a statin was given for
primary prevention to older adults. Treatment recommendations
should be individualized for this population.
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of hyperlipidemia. For individuals without known CHD, a fast-
ing low-density lipoprotein cholesterol (LDL-C) level of 120 to
189 mg/dL and a fasting triglycerides level lower than 350
mg/dL were required (to convert cholesterol level to milli-
moles per liter, multiply by 0.0259; to convert triglycerides
level to millimoles per liter, multiply by 0.0113). Ultimately,
10 355 adults were enrolled in the ALLHAT-LLT. Among the par-
ticipants of the ALLHAT-LLT, we performed a subanalysis only
of those individuals who were 65 years and older and with-
out evidence of ASCVD (CHD, peripheral vascular disease, and
cerebrovascular disease) at baseline. The full ASCVD criteria
are listed in eTable 1 in Supplement 2.

Treatment
The intervention for the ALLHAT-LLT was open-label prava-
statin sodium (40 mg/d) vs usual care (UC), and participants
were randomly assigned to the 2 groups in a ratio of 1:1. Ini-
tially, participants in the pravastatin group began with a prava-
statin sodium dosage of 20 mg/d and increased to 40 mg/d as
needed to achieve a 25% decrease in LDL-C level; however, af-
ter the first 1000 participants enrolled in the study, a con-
stant dosage of 40 mg/d was adopted for all participants in the
pravastatin group. Study practitioners had the option to lower
the dosage, discontinue treatment with pravastatin due to ad-
verse effects, and prescribe other cholesterol-lowering drugs.
The UC group was treated for LDL-C level lowering based on
the discretion of their primary care physician.

Follow-up
Follow-up visits were done at 3, 6, 9, and 12 months after an-
tihypertensive trial randomization and every 4 months there-
after. Along with determination of the fasting total choles-
terol level and questions about intervening events, at the
2-year, 4-year, and 6-year follow-up visits, a fasting lipid pro-
file was obtained in random preselected samples of UC (5%)
and pravastatin (10%) participants (eTable 2 in Supplement 2).

Outcomes
The primary outcome in the ALLHAT-LLT was all-cause mor-
tality. Secondary outcomes included cause-specific mortal-
ity and nonfatal myocardial infarction or fatal CHD combined
(CHD events). Study end points were ascertained at fol-
low-up visits or by death certificates for all deaths and hospi-
tal discharge summaries for each hospitalized study event. Fur-
ther details of the event ascertainment process are published
elsewhere.22

Statistical Analysis
All analyses were performed during the entire study period of
the trial with follow-up according to participants’ random-
ized treatment assignments regardless of subsequent cross-
over (intent-to-treat analysis). Characteristics of participants
included in this analysis were calculated by age range and par-
ticipants’ randomized treatment assignments, with statisti-
cal significance of differences determined using t tests or χ2

tests as appropriate. The cumulative event rates for each out-
come by age range were calculated using the Kaplan-Meier
method. A participant’s duration in the study started at ran-

domization to the ALLHAT-LLT and ended at the date of last
known follow-up or death. The Cox proportional hazards model
was used to evaluate differences between event rate curves and
provide hazard ratios (HRs) with 95% CIs. A multivariable-
adjusted model was constructed to give HRs that included the
following predefined cardiac risks factors: baseline age, sex,
black race/ethnicity, aspirin use (for primary prevention), cur-
rent cigarette smoker, the presence of type 2 diabetes, body
mass index, and systolic and diastolic blood pressures. We con-
ducted sensitivity analyses testing the interaction between
treatment group and age to assess if the treatment effect dif-
fered between adults 75 years and older and those younger than
75 years. For all analyses, a 2-tailed P < .05 was considered sta-
tistically significant. Statistical software (Stata, version 14;
StataCorp LP) was used for all analyses.

Results
Among the 10 355 participants in the ALLHAT-LLT, 4546 were
excluded owing to age younger than 65 years, and an addi-
tional 2942 participants with ASCVD at baseline were ex-
cluded (eTable 1 in Supplement 2). The analytical sample was
2867 ambulatory adults 65 years and older with hyperten-
sion and without ASCVD at baseline (Figure 1). There were 1467
participants in the pravastatin group and 1400 participants in
the UC group. The baseline characteristics, including serum
lipid levels stratified by age group (65-74 years and ≥75 years)
and by treatment group (pravastatin vs UC), are listed in Table 1.
In participants aged 65 to 74 years, the mean years of fol-
low-up differed significantly for pravastatin (4.63 years) vs UC
(4.77 years) (P = .04). Losses to follow-up in the ALLHAT-LLT
are discussed elsewhere.21 Among participants 75 years and
older, 86.7% (325 of 375) of the pravastatin group were taking
antihypertensive medications vs 92.9% (326 of 351) of the

Figure 1. Consolidated Standards of Reporting Trials Diagram

10 355 ALLHAT-LLT cohort
5170 Pravastatin
5185 Usual care

5809 Age ≥65 y
2913 Pravastatin
2896 Usual care

2867 No ASCVD at baseline
1467 Pravastatin
1400 Usual care

4546 Excluded for age <65 y

2942 Excluded for evidence
of ASCVD at baseline

Shown is the selection of study participants from the overall Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial–Lipid-Lowering
Trial (ALLHAT-LLT) randomized to receive pravastatin sodium vs usual care.
ASCVD indicates atherosclerotic cardiovascular disease.
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UC group (P = .01), and the mean systolic blood pressures were
150.6 mm Hg in the pravastatin group and 147.5 mm Hg in the
UC group (P = .01).

Of the individuals assigned to pravastatin, 86.1% (1070 of
1243) were taking it at year 2 and 77.9% (197 of 253) at year 6
(eTable 2 in Supplement 2). In the UC group, 8.3% (96 of 1155) of
participants were taking a statin by year 2 and 29.0% (77 of 266)
byyear6.TherateofcrossovertostatintreatmentintheUCgroup
was more pronounced for participants aged 65 to 74 years com-
pared with those 75 years and older. For participants aged 65 to
74 years in the UC group, 31.8% (70 of 220) were taking a statin
by year 6; for those 75 years and older, only 15.2% (7 of 46) were
taking a statin by year 6. Total cholesterol and LDL-C levels were
lower at the 2-year, 4-year, and 6-year follow-up visits in the
pravastatin group compared with the UC group across all age
groups (eTable 3 in Supplement 2). The mean (SD) baseline LDL-C
levels were 147.7 (19.8) mg/dL in the pravastatin group and 147.6
(19.4) mg/dL in UC group; by year 6, the mean (SD) LDL-C levels
were 109.1 (35.4) mg/dL in the pravastatin group and 128.8 (27.5)
mg/dL in the UC group. The ALLHAT-LLT ended in March 2002
as scheduled. Approximately half of those discontinuing prava-
statin therapy did so without citing a reason, while the remain-
der cited adverse effects and other medical and nonmedical
reasons.21 Specific adverse effects data were not collected.

There was no benefit of pravastatin for any of the pri-
mary and secondary outcomes (Table 2 and Figure 2). For the
primary outcome, all-cause mortality, more deaths occurred
in the pravastatin group compared with the UC group in both
age groups (Table 2). For participants aged 65 to 74 years, there
were 141 deaths in the pravastatin group and 130 deaths in the
UC group (HR, 1.08; 95% CI, 0.85-1.37; P = .55). For partici-
pants 75 years and older, there was a nonsignificant increase
in mortality in the pravastatin group, with 92 deaths vs 65
deaths in the UC group (HR, 1.34; 95% CI, 0.98-1.84; P = .07).

There were 76 CHD events in the pravastatin group and 89
CHD events in the UC group for adults aged 65 to 74 years (HR,
0.85; 95% CI, 0.62-1.15; P = .29), and there were 31 CHD events
in the pravastatin group and 39 CHD events in the UC group
for adults 75 years and older (HR, 0.70; 95% CI, 0.43-1.13;
P = .14) (Table 2). Stroke, heart failure, and cancer rates were
similar in the 2 treatment groups for both age groups.

In multivariable Cox proportional hazards regression, the
adjusted HR (pravastatin vs UC) for all-cause mortality for all
participants 65 years and older was 1.15 (95% CI, 0.94-1.39;
P = .17) (Table 3). In the age group 65 to 74 years, the HR was
1.05 (95% CI, 0.82-1.33); for the age group 75 years and older,
the HR was 1.36 (95% CI, 0.98-1.89) (P = .24 for interaction).
Multivariable regression for CHD events adjusting for the same
cardiovascular risk factors did not significantly change the risk
across all age groups, and there was no significant interaction
between treatment group and age (eTable 4A and eTable 4B
in Supplement 2).

Discussion
Our study found that newly administered statin use for primary
prevention had no benefit on all-cause mortality or CHD events

compared with UC in the subset of adults 65 years and older
with hypertension and moderate hypercholesterolemia in the
ALLHAT-LLT. We noted a nonsignificant direction toward in-
creased all-cause mortality with the use of pravastatin in the age
group 75 years and older, but there was no significant interaction
between treatment group and age. The use of statins may be pro-
ducing untoward effects in the function or health of older adults
that could offset any possible cardiovascular benefit.

Statins may have an effect on the physical or mental func-
tioning of older adults, and studies26,27 have shown that any
negative effect on function places older adults at higher risk
for functional decline and death. Older adults are at in-
creased risk for statin-induced muscle problems; the risk of
hospitalization for rhabdomyolysis in patients 65 years and
older is more than 5 times higher than that in younger adults.28

It has also been suggested that statins have negative effects on
energy and fatigue with exertion.29 Therefore, it is possible that,
for vulnerable older adults, statins may have negative effects
on function. Evidence has suggested that statin use may have
negative effects on cognition, particularly in adults with mild
cognitive impairment or dementia.30 However, a recent ma-
jor review of the efficacy and safety of statins using trial data
found no effect of statins on incident dementia or on cogni-
tive function.31 However, that study fails to acknowledge that
current trial data do not include many people 80 years and
older or older frail adults; other individual trials were under-
powered to identify the harms of statin therapy.32

Observational studies33-35 from around the world have
shown mixed findings regarding the benefit of statins for pri-
mary prevention in older adults. The only large lipid treat-
ment clinical study specifically targeting older adults was
the Prospective Study of Pravastatin in the Elderly at Risk
(PROSPER).19 Among the participants in the PROSPER with-
out vascular disease at baseline (ie, primary prevention)
(n = 3239), the use of pravastatin did not result in significant
reductions in CHD or stroke events during a mean 3.2-year
follow-up.19 If one subtracts from the all-cause mortality data
of PROSPER19 with the specific results of mortality of older pa-
tients with CHD published by Afilalo et al,36 the mortality rate
in the PROSPER in participants without CHD at baseline was
8.8% in those receiving placebo vs 9.6% in those receiving
statin therapy.

The other major randomized trial that had a large propor-
tion of older individuals, the Justification for the Use of Stat-
ins in Prevention: an Intervention Trial Evaluating Rosuvas-
tatin (JUPITER),17 included 5695 individuals 70 years and older
with no cardiovascular disease at baseline but with a high-
sensitivity C-reactive protein level of 2 mg/L or more (to con-
vert C-reactive protein level to nanomoles per liter, multiply
by 9.524). A secondary analysis of participants 70 years and
older in the JUPITER study17 found all-cause mortality of 1.63
per 100 person-years in those receiving rosuvastatin and 2.04
per 100 person-years in those receiving placebo, a difference
that was not statistically significant (P = .09). The JUPITER
study has come under criticism pertaining to the early termi-
nation of the trial and strong commercial conflicts of interest.37

The recently published results from the Heart Outcomes
Prevention Evaluation (HOPE)-3 study18 have garnered sup-
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port for the broader use of statins for primary prevention in
intermediate-risk populations. HOPE-3 enrolled men 55 years
and older and women 65 years and older who had at least one
cardiovascular risk factor or women 60 years and older with
2 risk factors, all without a diagnosis of ASCVD. Participants
were randomized to rosuvastatin (mean age, 65.8 years) or pla-
cebo (mean age, 65.7 years). At a median follow-up of 5.6 years,
the first coprimary outcome (a composite of death from car-
diovascular causes, nonfatal stroke, or nonfatal myocardial in-
farction) occurred significantly less frequently with rosuvas-
tatin than with placebo (3.7% vs 4.8%). There was no difference
in death from any cause between the rosuvastatin group and

the placebo group (5.3% vs 5.6%). While HOPE-3 appears to
show benefit of statins for primary prevention for cardiovas-
cular outcomes among a younger population of older adults,
there was no benefit for all-cause mortality, although this mea-
sure was not a primary or secondary outcome. Stratification
by age 65.3 years and younger vs older than 65.3 years gave
similar estimates, but further analysis of the subgroup of older
adults (particularly those ≥75 years) in HOPE-3 is needed.

Strengths and Limitations
A major strength of this study is its large population of
high-risk older adults. The findings of the recent Markov

Table 2. Six-Year Incidence Rates for Primary and Secondary Outcomes in the ALLHAT-LLT, Cumulative Events, and Relative Risks Based
on the Entire Follow-up by Age Group

Outcome

Cumulative Events 6-y Incidence Rate (SE) per 100 Participants Pravastatin vs Usual Care

Pravastatin Sodium Usual Care Pravastatin Usual Care HR (95% CI) P Value
All-cause mortality 233 195 19.4 (1.3) 16.2 (1.2) 1.18 (0.97-1.42) .09

65-74 y 141 130 15.5 (1.3) 14.2 (1.3) 1.08 (0.85-1.37) .55

≥75 y 92 65 31.0 (3.2) 22.7 (3.0) 1.34 (0.98-1.84) .07

CVD deaths 101 87 8.2 (0.9) 7.5 (0.9) 1.14 (0.86-1.52) .36

65-74 y 64 62 7.2 (1.0) 6.8 (0.9) 1.02 (0.72-1.45) .91

≥75 y 37 25 11.2 (2.1) 10.1 (2.3) 1.39 (0.84-2.32) .20

CHD deaths 49 50 4.0 (0.6) 4.2 (0.7) 0.97 (0.65-1.44) .87

65-74 y 33 35 3.9 (0.8) 3.7 (0.7) 0.94 (0.58-1.51) .79

≥75 y 16 15 4.1 (1.1) 6.0 (1.8) 0.99 (0.49-2.00) .97

Stroke deaths 18 13 1.3 (0.3) 1.2 (0.4) 1.36 (0.67-2.78) .40

65-74 y 11 10 1.2 (0.4) 1.1 (0.4) 1.08 (0.46-2.54) .87

≥75 y 7 3 1.4 (0.6) 1.8 (1.2) 2.27 (0.59-8.79) .23

Non-CVD deaths 117 95 10.8 (1.1) 8.4 (1.0) 1.21 (0.93-1.59) .16

65-74 y 72 61 8.5 (1.1) 7.2 (1.0) 1.17 (0.83-1.65) .36

≥75 y 45 34 18.3 (2.8) 12.2 (2.4) 1.26 (0.81-1.97) .31

Cause of death
unknown

15 13 1.6 (0.5) 1.1 (0.3) 1.14 (0.54-2.39) .73

65-74 y 5 7 0.6 (0.3) 0.8 (0.4) 0.72 (0.23-2.26) .57

≥75 y 10 6 4.9 (1.7) 2.1 (0.8) 1.58 (0.57-4.35) .38

Fatal CHD and nonfatal
MIa

107 128 8.8 (0.9) 11.3 (1.0) 0.81 (0.63-1.05) .12

65-74 y 76 89 8.4 (1.1) 10.2 (1.1) 0.85 (0.62-1.15) .29

≥75 y 31 39 9.9 (1.9) 14.9 (2.7) 0.70 (0.43-1.13) .14

Stroke, fatal and
nonfatal

71 65 6.2 (0.8) 5.8 (0.8) 1.06 (0.76-1.49) .72

65-74 y 44 42 5.2 (0.9) 4.7 (0.8) 1.03 (0.68-1.57) .89

≥75 y 27 23 9.0 (1.9) 9.6 (2.4) 1.09 (0.63-1.90) .76

Heart failure,
hospitalized or fatal

79 78 7.1 (0.9) 7.7 (0.9) 1.00 (0.73-1.36) .98

65-74 y 53 53 6.5 (1.0) 7.1 (1.1) 1.01 (0.69-1.47) .98

≥75 y 26 25 8.9 (1.9) 9.1 (1.9) 0.97 (0.56-1.68) .91

Cancer, fatal and
nonfatal

131 113 11.4 (1.1) 10.0 (1.0) 1.14 (0.88-1.46) .32

65-74 y 105 87 11.7 (1.2) 10.2 (1.2) 1.20 (0.90-1.60) .21

≥75 y 26 26 10.6 (2.2) 9.0 (2.0) 0.93 (0.54-1.59) .78

Abbreviations: ALLHAT-LLT, Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial–Lipid-Lowering Trial; CHD, coronary heart disease;
CVD, cardiovascular disease; HR, hazard ratio for pravastatin sodium vs usual
care; MI, myocardial infarction.
a Fatal CHD events were ascertained by clinic report or by match with national

databases (see the Outcomes subsection of the Methods section) plus a
confirmatory death certificate. Hospitalized outcomes, such as nonfatal MIs,

were primarily based on clinic investigator reports for which supporting copies
of death certificates and hospital discharge summaries were requested.
Clinical trials center medical reviewers verified the clinician-assigned
diagnoses of outcomes. More detailed information was collected on a random
10% subset of CHD events to validate the procedure of using clinician
diagnoses.
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Figure 2. All-Cause Mortality and Coronary Heart Disease (CHD) Deaths Plus Nonfatal Myocardial Infarction by Treatment Group
(Pravastatin vs Usual Care) and Age
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A, C, and E, Shown is all-cause mortality by treatment group and age group.
B, D, and F, Shown are CHD deaths plus nonfatal myocardial infarction by

treatment group and age group. The hazard ratios (95% CIs) are listed in
Table 2. Pravastatin was given as pravastatin sodium.
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modeling study20 evaluating the use of statins for primary
prevention in adults aged 75 to 94 years suggested that, if
statins had no effect on functional limitation or cognitive
impairment, primary prevention strategies would pre-
vent CHD and would also be cost-effective. However, the
ALLHAT-LLT data suggest that, while there may be a trend
toward cardiovascular benefit, there was no all-cause mor-
tality benefit of statins for adults 65 years and older. More
studies that address cardiovascular and noncardiovascular
outcomes are needed to better understand the risks and ben-
efits of statin therapy for primary prevention in older adults,
particularly for those 75 years and older.

The following limitations should be noted in our study that
should give caution when interpreting our findings. This study
isaposthocsecondaryanalysisoftheALLHAT-LLTofasubgroup
of participants. Another limitation is that an exclusion criterion
for enrollment in the ALLHAT-LLT was current use of lipid-
lowering therapy at baseline. The risk-benefit ratio of statin
therapy in patients who were started on treatment with statins
at a younger age may be different from that among those 75 years
and older in whom one is considering initiating treatment with
statins, and our study was unable to address this risk. An addi-
tional limitation is the lack of specific adverse effects data col-
lected during the study, and such data could have given a bet-
ter understanding of the risks and benefits of statin therapy. An-
other major limitation is that our subpopulation of older adults
in the ALLHAT-LLT lessened the number of participants in each
group; therefore, the power of the study might be insufficient

for detecting small differences in risk of infrequent events. Other
limitations include the open-label design of this study, poten-
tially increasing the possibility of bias. In addition, there might
have been differences in other nonpharmacological cholesterol-
lowering interventions (eg, diet, exercise, and weight loss) in the
UC group compared with the pravastatin group, particularly be-
cause the control group had frequent follow-up visits, which
could motivate a healthier lifestyle; however, these factors were
not measured in the ALLHAT-LLT. Finally, while there were sig-
nificant differences in LDL-C levels by year 6 between the prava-
statin group and the UC group in the preselected participants,
an increasing number of participants in the UC group were tak-
ing a lipid-lowering drug (29.0% [77 of 266]), and an increasing
number of participants in the pravastatin group were not tak-
ing the study drug by year 6 (22.2% [56 of 204]) (crossover). This
level of crossover should be considered when interpreting our
findings.

Conclusions
This secondary analysis of the subset of older adults who par-
ticipated in the ALLHAT-LLT showed no benefit of primary pre-
vention for all-cause mortality or CHD events when pravasta-
tin was initiated for adults 65 years and older with moderate
hyperlipidemia and hypertension. A nonsignificant trend to-
ward increased all-cause mortality with pravastatin was ob-
served among adults 75 years and older.

Table 3. Multivariable Regression for All-Cause Mortality by Age Group and for Coronary Heart Disease (CHD) Events by Age Group

Variable

65-74 y ≥75 y Total

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value
Multivariable Regression for All-Cause Mortality by Age Group

Pravastatin 1.05 (0.82-1.33) .72 1.36 (0.98-1.89) .06 1.15 (0.94-1.39) .17

Age 1.06 (1.01-1.10) .01 1.11 (1.06-1.15) <.01 1.08 (1.06-1.10) <.01

Female 0.83 (0.65-1.07) .16 0.53 (0.38-0.74) <.01 0.71 (0.58-0.87) <.01

Systolic blood pressure 1.01 (1.00-1.02) .01 1.01 (1.00-1.02) .11 1.01 (1.00-1.02) <.01

Diastolic blood pressure 0.99 (0.98-1.01) .37 1.00 (0.98-1.02) .90 1.00 (0.99-1.01) .52

Aspirin use 1.03 (0.77-1.36) .86 0.86 (0.59-1.24) .42 0.97 (0.77-1.21) .78

Body mass index 1.00 (0.98-1.02) .90 0.99 (0.95-1.02) .44 1.00 (0.98-1.02) .98

Black race/ethnicity 1.04 (0.81-1.33) .76 1.15 (0.82-1.60) .41 1.08 (0.88-1.31) .47

Current cigarette smoker 1.90 (1.43-2.53) <.01 1.49 (0.91-2.45) .11 1.75 (1.37-2.24) <.01

Type 2 diabetes 1.74 (1.32-2.29) <.01 1.66 (1.17-2.35) <.01 1.66 (1.34-2.05) <.01

Multivariable Regression for CHD Events by Age Group

Pravastatin 0.85 (0.63-1.16) .31 0.70 (0.42-1.15) .16 0.80 (0.62-1.04) .09

Age 1.02 (0.96-1.08) .48 1.05 (0.99-1.12) .13 1.03 (1.01-1.06) .01

Female 0.77 (0.56-1.06) .11 0.46 (0.27-0.77) <.01 0.65 (0.50-0.86) <.01

Systolic blood pressure 1.01 (1.00-1.02) .06 1.01 (0.99-1.02) .51 1.01 (1.00-1.02) .06

Diastolic blood pressure 1.00 (0.98-1.02) .75 1.00 (0.98-1.03) .86 1.00 (0.98-1.01) .83

Aspirin use 1.05 (0.73-1.49) .80 1.52 (0.92-2.51) .11 1.21 (0.91-1.61) .20

Body mass index 1.00 (0.97-1.02) .75 0.95 (0.90-1.01) .10 0.99 (0.96-1.01) .29

Black race/ethnicity 0.93 (0.68-1.28) .66 0.79 (0.46-1.35) .39 0.89 (0.68-1.17) .40

Current cigarette smoker 1.49 (1.02-2.17) .04 0.95 (0.41-2.16) .89 1.31 (0.93-1.84) .13

Type 2 diabetes 2.13 (1.49-3.04) <.01 1.30 (0.78-2.18) .32 1.80 (1.35-2.40) <.01

Abbreviation: HR, hazard ratio for pravastatin sodium vs usual care.
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