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Abstract
Background—There are limited randomized data on statins for primary prevention in older
people, and the relative hazard of cardiovascular disease associated with elevated cholesterol
weakens with advancing age.

Objective—To assess the efficacy and safety of rosuvastatin in individuals 70 years of age or
older.

Design—Secondary analysis of the JUPITER trial, a randomized, double-blind, placebo-
controlled trial.

Setting—1315 sites in 26 countries randomized subjects in JUPITER.

Participants—Among the 17802 randomized participants with low-density lipoprotein
cholesterol (LDL) levels of less than 130 mg/dL and high-sensitivity C-reactive protein levels of
2.0 mg/L or higher, and without cardiovascular disease, 5695 were 70 years of age or older.

Intervention—Participants were randomly assigned in a 1:1 ratio to receive 20 mg rosuvastatin
daily or placebo.
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Measurements—The primary end point was the occurrence of a first cardiovascular event
(myocardial infarction, stroke, arterial revascularization, hospitalization for unstable angina, or
death from cardiovascular causes).

Results—The 32% of trial participants aged 70 years or older accrued 49% (N=194) of the 393
confirmed primary end points. The rates of the primary end point in this age group were 1.22 and
1.99 per 100 person-years of follow-up in the rosuvastatin and placebo groups, respectively
(hazard ratio 0.61; [95% CI, 0.46 to 0.82]; P<0.001). Corresponding rates of all-cause mortality in
this age group were 1.63 and 2.04 (hazard ratio 0.80; [95% CI, 0.62 to 1.04]; P=0.090). While
there was no significant heterogeneity in treatment effects by age, absolute reductions in event
rates associated with rosuvastatin were greater in older individuals. The relative rate of any serious
adverse event among older people in the rosuvastatin group versus placebo was 1.05 (95% CI:
0.93–1.17).

Limitations—Effect estimates from this exploratory analysis with age cutpoint chosen after trial
completion should be viewed in the context of the overall trial results.

Conclusion—In apparently healthy older people without hyperlipidemia but with elevated high-
sensitivity C-reactive protein, rosuvastatin reduces the incidence of major cardiovascular events.

Primary Funding Source—AstraZeneca

Statins are underutilized in high risk older individuals with clear indications (1–3).
Moreover, use of statins for primary prevention in older individuals without diabetes
remains controversial (4), both because of limited randomized evidence and because the
relative hazard associated with elevated cholesterol is markedly attenuated by older age (5).
The Framingham coronary heart disease risk score reflects this attenuation in its assignment
of 6 points to a man and 8 points to a woman aged 40 years with a total cholesterol of 250
mg/dL, but only 1 and 2 points for men and women, respectively, with this level at age 75
years (6). However, absolute risk is critical for treatment decisions and older age is the
dominant risk factor for a first cardiovascular event in individuals without diabetes. Thus, at
age 75 years, the Framingham score assigns 13 points to a man and 16 points to a woman,
relative to 0 points for either sex at age 40.

Substantial randomized evidence on the efficacy of statins in older people with diabetes or
prevalent vascular disease supports guidelines to treat high risk individuals regardless of age
(7–10). However, randomized evidence on statin use in primary prevention among older
people without diabetes is limited. Among the 5,804 individuals aged 70–82 years
randomized in the PROSPER trial (11), pravastatin (40 mg/day) reduced the incidence of
important vascular events by 15% (hazard ratio 0.85; 95% CI: 0.74–0.97; P=0.014), but the
observed benefit was somewhat weaker in the 3,239 individuals without prior vascular
disease (hazard ratio 0.94; 95% CI: 0.77–1.15). Justification for the Use of statins in
Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER, [12]) randomized an
older population (mean age 66 years) than prior large primary prevention trials of statins
(13–15, mean ages 55–58 years). This report focuses on the treatment effects and safety
profile among participants in the JUPITER trial aged 70 years and older, and compares these
findings with results in younger participants.

METHODS
Trial Design

JUPITER was a randomized, double-blind, placebo-controlled trial conducted at 1315 sites
in 26 countries. Institutional review boards approved the protocol at each site.
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Study Population
The main eligibility criteria were age 50 years or older in men and 60 years or older in
women, with no history of cardiovascular disease or diabetes, no lipid-lowering therapy
within 6 weeks before screening, LDL cholesterol level less than 130 mg per deciliter and
high-sensitivity C-reactive protein level of 2.0 mg per liter or more at screening. Additional
eligibility and exclusion criteria, including a willingness to participate for the duration of the
trial and provision of written informed consent, are described elsewhere (12). Willing and
potentially eligible subjects entered a 4-week, placebo run-in phase to test their adherence.

Randomization and Follow-up
Subjects who remained willing and eligible after the run-in phase were randomly assigned in
a 1:1 ratio to receive either 20 mg rosuvastatin daily, or matching placebo. Site investigators
randomized their subjects via an interactive voice response system that assigned treatment
on the basis of a computer-generated list developed by AstraZeneca that was stratified by
center. From March 2003 until December 2006, 17,802 participants were randomized.

Participants had scheduled follow-up visits at 13 weeks and at 6, 12, 18, 24, 30, 36, 42, 48,
54, and 60 months after randomization. Figure 1 illustrates subject accrual and follow-up by
age group.

JUPITER was designed to continue until accrual of 520 confirmed primary end points, with
interim efficacy analyses scheduled to occur upon accrual of 195 and 390 confirmed primary
end points. The pre-specified stopping boundary (based on O’Brien-Fleming boundaries
determined by the Lan-DeMets approach) was exceeded at the first interim analysis. The
independent data and safety monitoring board voted to continue the trial for an additional 6
months, at which time the board determined that the criteria specified in their charter for
early stopping were exceeded. Their recommendation on March 29, 2008 to stop the trial
was accepted the next day by the steering committee. A closeout visit was scheduled after
this date, at which time participants learned their group assignment.

End Points
The primary end point was the occurrence of a first major cardiovascular event, defined as
nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, an
arterial revascularization procedure, or confirmed death from cardiovascular causes. Other
pre-specified end points included the components of the primary end point, death from any
cause, venous thromboembolism and incident diabetes.

An independent end point committee, masked to randomized treatment assignment,
adjudicated all reported primary end points that occurred through March 30, 2008. Follow-
up for efficacy end points ended on that date. For safety end points including incident
diabetes, blinded treatment and follow-up continued until a participant had a closeout visit
and discontinued study therapy. The last closeout visit occurred on August 20, 2008.

Statistical Analysis
The cutpoint at age 70 years for this report was chosen after trial completion but before
conducting these analyses because prior primary prevention trials included few individuals
in this age group and use of statins for primary prevention in older people is controversial.
Analyses of the primary, pre-specified secondary and safety outcomes followed the intention
to treat principle and used Cox proportional hazards models to estimate treatment effects,
separately by age group. Possible heterogeneity in the treatment effect by age was evaluated
by a likelihood ratio test of an age group by treatment interaction in a model fitted to the
entire population. Because the competing risk of death is an important consideration in the
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treatment of older people, we considered composite end points including either death or
other end points. Evaluation of the proportional hazards assumption was based on a
likelihood ratio test of the interaction between treatment and study time. Alternative
analyses stratified on geographic region yielded similar effect estimates.

We also evaluated absolute treatment effects as the difference between the incidence rate of
an outcome in the placebo group minus the incidence rate in the rosuvastatin group,
separately by age group. We based estimates of the number of patients needed to treat to
prevent one event on the difference between Kaplan-Meier estimates of cumulative risk at 4
years (18).

Role of the funding source
The study chair designed and wrote the trial protocol. AstraZeneca financially supported the
trial, collected the data, and monitored the sites, but remained blinded to treatment status
throughout the trial, and played no role in the analyses or drafting of the primary study
results (12,16–17) or this manuscript.

RESULTS
Participants in JUPITER who were age 70 years or older at randomization had a somewhat
different profile of other cardiovascular risk factors, relative to participants age 50–69 years
at randomization (Table 1). Higher percentages of older participants were women or had
hypertension, and lower percentages were obese or were cigarette smokers, relative to
younger participants.

Achieved levels of lipids and high-sensitivity C-reactive protein during follow-up were
comparable in older (age ≥ 70 years) and younger subjects. Specifically, among the 89% of
subjects with blood samples at 12 months, the median LDL cholesterol in the rosuvastatin
group (54 and 55 mg/dL in older and younger subjects, respectively) was half that in the
placebo group in each age group. The median high-sensitivity C-reactive protein level (2.3
and 2.2 mg/L in older and younger subjects, respectively) was 36–37% lower in the
rosuvastatin group versus placebo, separately in each age group.

In both age groups combined (12), rosuvastatin was associated with a 44% reduction in the
hazard of the primary end point (hazard ratio 0.56; 95% CI: 0.46–0.69; P<0.001). The 32%
of participants age 70 years or older accrued 49% (N=194) of the 393 confirmed primary
cardiovascular end points in JUPITER (Table 2). For the primary composite cardiovascular
end point, as well as for most of its components, relative treatment effects were slightly
attenuated in older subjects, but substantial treatment benefits were still seen and there were
no significant interactions between age and treatment effect for any outcome (each P>0.10).
For the primary end point, as well as for composites including total mortality, a treatment
benefit emerged shortly after treatment initiation in both older and younger participants, and
no violation of the proportional hazards assumption was seen in either age group (Figure 2a–
2c).

The absolute reduction in the incidence of the primary end point associated with rosuvastatin
was 48% larger (0.77 versus 0.52 events per 100 person-years) among participants age 70
and older relative to those under 70 years of age. For composite end points that included any
death, larger differences in absolute treatment effects were seen between age groups. The
estimated number of individuals age 70 or older who need to be treated for 4 years to
prevent one primary end point was 24 (95% CI: 15–57) compared with the need to treat 36
(95% CI: 23–77) younger individuals; for the composite including the primary end point,
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any death or venous thromboembolism, comparable estimates were 17 (95% CI: 12–33)
older versus 27 (95% CI: 17–57) younger individuals.

Similar hazard reductions were seen in both older men and women, and no significant
heterogeneity was observed across subgroups among older participants (Figure 3). A clear
treatment benefit was observed among higher risk older subgroups including those with
Framingham risk score above 10%, and those with hypertension.

Older participants assigned to placebo had higher rates of any serious adverse event, as well
as of most specific adverse events, compared to younger participants (Table 3). Among
older participants, rates of muscle weakness, stiffness or pain, renal disorder, bleeding,
gastrointestinal disorder, hepatic disorder, and incident diabetes were higher in the
rosuvastatin group, but none of these associations was statistically significant (each P>0.10).

DISCUSSION
Among the 5,695 randomized participants in the JUPITER trial who were age 70 years or
older, rosuvastatin substantially reduced the incidence of major cardiovascular events. In
these older people, clear benefits over time emerged shortly after treatment initiation and
appeared in analyses of broader end points including total mortality, in separate analyses of
myocardial infarction and stroke, among older men and women separately, and in high risk
subgroups. The observed relative treatment effects in older people were consistent with
those seen in younger trial participants, but absolute event rates and treatment benefits were
greater in older people.

The JUPITER trial differed from prior primary prevention trials of statins in its enrollment
of an older population, its inclusion of stroke in the primary end point, and its enrollment of
individuals with normal LDL cholesterol but elevated high-sensitivity C-reactive protein.
Because age is the dominant risk factor for a first cardiovascular event in non-diabetic
individuals, the lower age limit and absence of an upper age limit contributed to enrollment
of a population that incurred many cardiovascular events. Prevention of stroke is an
important treatment target for statin therapy (20), and stroke contributes an increasing
proportion of total cardiovascular events with increasing age. Enrollment of individuals with
elevated high-sensitivity C-reactive protein contributed further to the identification of a
population at increased risk of both coronary heart disease and stroke (21,22), who were
found to benefit from statin therapy in spite of their normal LDL levels.

Meta-analysis of observational studies found that a 1 mmol/L lower total cholesterol level
was associated with a 56% reduction (95% CI: 52%–58%) in the hazard of death from
ischemic heart disease at ages 40–49, but a 17% reduction (95% CI: 15%–19%) at ages 70–
89 years (5). For stroke, a slightly reduced risk associated with lower total cholesterol at
ages 40–69 did not persist upon control for blood pressure, and there was no reduction in the
hazard of stroke associated with lower cholesterol at ages 70–89. The apparently attenuated
associations of total cholesterol levels with cardiovascular events in older people may be
partly due to confounding by age-related comorbid conditions (23). Nonetheless, the
weakened association of total cholesterol with cardiovascular risk in older people and the
limited randomized evidence on statin therapy for primary prevention directed by lipid
levels in older people, raise questions about how lipid levels should be used to inform
treatment decisions in older people. Relative treatment benefits appear to be independent of
baseline lipid levels (24), many older people are at substantial risk in spite of apparently
normal lipid levels, and the JUPITER findings indicate that these individuals receive a
benefit regardless of their lipid levels if high sensitivity C-reactive protein is elevated.
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The JUPITER trial provides new information on the effects of statins in older people that
can inform evaluations of the impact of alternative prescribing strategies. Several authors
have noted the limitations arising from the need to project prior treatment recommendations
for healthy older people from the available randomized evidence in younger people, or in
older people with diabetes or prevalent cardiovascular disease, or from the observational
data on cholesterol levels and risk of cardiovascular disease (4,25,26). For example, in their
comparison of alternative treatment strategies, Pletcher et al (26) assumed, in their base-case
scenario, that the relative treatment benefit associated with a given LDL cholesterol
reduction is much less in an older compared to a younger person. Their sensitivity analyses,
under the assumption supported by the JUPITER data that relative treatment benefits are
unchanged across age groups, found a preference for strategies more focused on treating
older people. The JUPITER trial also points to the need to include stroke prevention in
evaluations of cost-effectiveness, both because of its high personal and financial impact as
well as its increased percentage of total cardiovascular events with age. Thus, evaluations
restricted to coronary events can under-value treatment in older people.

Comorbidity and proximity to death are barriers to preventive care in older people.
Physicians reasonably hesitate to initiate a therapy if they expect a patient will not live long
enough to benefit. Data from JUPITER indicate that a treatment benefit emerges shortly
after initiation, that absolute risk is high, and that the absolute risk reduction is greater in
older versus younger individuals. Consideration of composite end points including total
mortality provides a treatment evaluation that accounts for the competing risks of death.
Adding total mortality to the end point indicates that fewer patients need to be treated to
prevent one event.

These exploratory analyses need to be interpreted in light of the overall trial results, but they
confirm that the overall treatment effect was reliably seen in older participants. Early
stopping of the trial limited the information on the long-term effects of treatment, although
cumulative risks between treatment groups continued to diverge up to 4 years of follow-up,
and reliable estimates of effects were seen even in subgroups of older participants. Stopping
early on the basis of a principled and conservative monitoring plan yields a valid estimate of
treatment effects (27) and meets ethical requirements to inform participants when equipoise
no longer holds and society when better treatments are available (28,29).

Overall, among individuals age 70 years and older in this randomized trial, rosuvastatin was
associated with a significant reduction in the rate of a first major cardiovascular event.
Because older participants had much higher event rates, absolute treatment benefits were
greater in this age group.
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Figure 1.
Progress of randomization and participation in the JUPITER trial by age group.
Randomization was not stratified by age.
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Figure 2.
Figure 2a. Cumulative incidence of the primary end point (myocardial infarction, stroke,
arterial revascularization, hospitalization for unstable angina, or death from cardiovascular
causes) by time, treatment, and age group
Figure 2b. Cumulative incidence of the composite end point including myocardial infarction,
stroke or any death by time, treatment, and age group
Figure 2c. Cumulative incidence of the composite end point including the primary end point
(myocardial infarction, stroke, arterial revascularization, hospitalization for unstable angina,
or death from cardiovascular causes), venous thromboembolism or any death by time,
treatment, and age group
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Figure 3.
Forest plot of the effect of rosuvastatin on the primary end point within subgroups of trial
participants aged 70 years of age or older. Hazard ratios with 95% confidence intervals are
plotted.
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Table 1

Baseline characteristics of trial participants, according to age and treatment assignment

Age 70–97 years Age 50–69 years

Rosuvastatin (N=2878) Placebo (N=2817) Rosuvastatin (N=6023) Placebo (N=6084)

Age, years, median (interquartile range) 74 (72–77) 74 (72–78) 63 (58–66) 63 (58–66)

Female sex, N (%) 1485 (51.6) 1446 (51.3) 1941 (32.2) 1929 (31.7)

Race or ethnic group, N (%)

 White 2030 (70.6) 1953 (69.3) 4328 (71.9) 4372 (71.9)

 Black 382 (13.3) 372 (13.2) 718 (11.9) 752 (12.4)

 Hispanic 383 (13.3) 420 (14.9) 738 (12.3) 720 (11.8)

 Other or unknown 82 (2.8) 72 (2.6) 239 (4.0) 240 (3.9)

Geographic region, N (%)

 United States or Canada 1009 (35.1) 1040 (36.9) 1998 (33.2) 1994 (32.8)

 Central or South America 465 (16.2) 468 (16.6)) 842 (14.0) 831 (13.7)

 Europe 970 (33.7) 889 (31.6) 2291 (38.0) 2365 (38.9)

 South Africa 416 (14.5) 398 (14.1) 839 (13.9) 844 (13.9)

 Israel 18 (0.6) 22 (0.8) 53 (0.9) 50 (0.8)

Body mass index, N (%)

 <25 kg/m2 748 (26.1) 752 (26.8) 1292 (21.5) 1281 (21.1)

 25 to <30 kg/m2 1184 (41.3) 1175 (41.8) 2311 (38.5) 2339 (38.5)

 ≥ 30 kg/m2 938 (32.7) 884 (31.5) 2400 (40.0) 2452 (40.4)

Hypertension, N (%) 1883 (65.5) 1849 (65.7) 3196 (53.1) 3280 (53.9)

Current smoker, N (%) 232 (8.1) 245 (8.7) 1168 (19.4) 1175 (19.3)

Metabolic syndrome*, N (%) 1152 (40.4) 1105 (39.5) 2500 (41.8) 2618 (43.4)

Framingham risk score>10, N (%) 1984 (69.1) 1948 (69.3) 2458 (40.9) 2505 (41.2)

hsCRP ≥ 5.0 mg/L, N(%) 1204 (41.8) 1211 (43.0) 2414 (40.1) 2515 (41.3)

LDL cholesterol > 100 mg/dL, N (%) 1894 (65.8) 1831 (65.0) 3887 (64.6) 3916 (64.4)

HDL < 40 mg/dL (men), < 50 mg/dL
(women), N (%)

864 (30.0) 845 (30.0) 1969 (32.7) 2011 (33.1)

Triglycerides ≥ 150 mg/dL, N(%) 811 (28.2) 809 (28.7) 2089 (34.7) 2127 (35.0)

Fasting glucose ≥ 100 mg/dL, N(%) 881 (30.6) 842 (29.9) 1874 (31.1) 1972 (32.4)

Abbreviations: hsCRP, high-sensitivity C-reactive protein; HDL, high density lipoprotein cholesterol

*
The metabolic syndrome was defined according to consensus criteria of the American Heart Association and the National Heart, Lung, and Blood

Institute (19).
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