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Background: Randomized data on statins for primary prevention in
older persons are limited, and the relative hazard of cardiovascular
disease associated with an elevated cholesterol level weakens with
advancing age.

Objective: To assess the efficacy and safety of rosuvastatin in
persons 70 years or older.

Design: Secondary analysis of JUPITER (Justification for the Use of
statins in Prevention: an Intervention Trial Evaluating Rosuvastatin),
a randomized, double-blind, placebo-controlled trial.

Setting: 1315 sites in 26 countries randomly assigned participants
in JUPITER.

Participants: Among the 17 802 participants randomly assigned
with low-density lipoprotein (LDL) cholesterol levels less than 3.37
mmol/L (�130 mg/dL) and high-sensitivity C-reactive protein levels
of 2.0 mg/L or more without cardiovascular disease, 5695 were 70
years or older.

Intervention: Participants were randomly assigned in a 1:1 ratio to
receive 20 mg of rosuvastatin daily or placebo.

Measurements: The primary end point was the occurrence of a
first cardiovascular event (myocardial infarction, stroke, arterial re-
vascularization, hospitalization for unstable angina, or death from
cardiovascular causes).

Results: The 32% of trial participants 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 [CI, 0.62 to 1.04];
P � 0.090). Although no significant heterogeneity was found in
treatment effects by age, absolute reductions in event rates asso-
ciated with rosuvastatin were greater in older persons. The relative
rate of any serious adverse event among older persons in the
rosuvastatin versus placebo group was 1.05 (CI, 0.93 to 1.17).

Limitation: Effect estimates from this exploratory analysis with age
cut-point chosen after trial completion should be viewed in the
context of the overall trial results.

Conclusion: In apparently healthy older persons without hyperlip-
idemia but with elevated high-sensitivity C-reactive protein levels,
rosuvastatin reduces the incidence of major cardiovascular events.

Primary Funding Source: AstraZeneca.
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Statins are underused in high-risk older persons with
clear indications (1–3). Moreover, use of statins for pri-

mary prevention in older persons without diabetes remains
controversial (4) because evidence from randomized trials
is limited and the relative hazard associated with an ele-
vated cholesterol level is markedly attenuated by older age
(5). The Framingham coronary heart disease risk score re-
flects this attenuation in its assignment of 6 points to a
man and 8 points to a woman aged 40 years with total
cholesterol level of 6.48 mmol/L (250 mg/dL), but only 1
and 2 points for men and women, respectively, age 75
years with this level (6). However, absolute risk is critical

for treatment decisions, and older age is the dominant risk
factor for a first cardiovascular event in persons without
diabetes. Thus, at age 75 years, the Framingham risk score
assigns 13 points to a man and 16 points to a woman,
relative to 0 points for either sex at age 40 years.

Substantial randomized evidence on the efficacy of stat-
ins in older persons with diabetes or prevalent vascular
disease supports guidelines to treat high-risk persons re-
gardless of age (7–10). However, randomized evidence on
statin use in primary prevention among older persons with-
out diabetes is limited. Among the 5804 persons aged 70
to 82 years randomly assigned in the PROSPER (PRO-
spective Study of Pravastatin in the Elderly at Risk) trial
(11), pravastatin (40 mg/d) reduced the incidence of im-
portant vascular events by 15% (hazard ratio [HR], 0.85
[95% CI, 0.74 to 0.97]; P � 0.014), but the observed
benefit was somewhat weaker in the 3239 persons without
previous vascular disease (HR, 0.94 [CI, 0.77 to 1.15]).
The JUPITER (Justification for the Use of statins in Pre-
vention: an Intervention Trial Evaluating Rosuvastatin)
(12) investigators randomly assigned an older population
(mean age, 66 years) than those of previous large, primary
prevention trials of statins (mean age, 55 to 58 years) (13–
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15). This report focuses on the treatment effects and
safety profile among JUPITER participants 70 years or
older and compares these findings with results in younger
participants.

METHODS

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.

Study Population
The main eligibility criteria were men 50 years or

older or women 60 years or older with no history of car-
diovascular disease or diabetes, no lipid-lowering therapy
within 6 weeks before screening, low-density lipoprotein
(LDL) cholesterol levels less than 3.37 mmol/L (�130 mg/
dL), and high-sensitivity C-reactive protein levels of 2.0
mg/L or more at screening. Additional eligibility and ex-
clusion criteria, including a willingness to participate for
the duration of the trial and provision of written informed
consent, are described elsewhere (12). Willing and poten-
tially eligible participants entered a 4-week placebo run-in
phase to test their adherence.

Randomization and Follow-up
We randomly assigned participants who remained

willing and eligible after the run-in phase in a 1:1 ratio to
receive either 20 mg of rosuvastatin daily or a matching
placebo. Site investigators randomly assigned their partici-
pants through an interactive voice-response system that as-
signed treatment on the basis of a computer-generated list
developed by AstraZeneca (Wilmington, Delaware), strat-
ified by center. From March 2003 to December 2006, we
randomly assigned 17 802 participants.

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 shows participant 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 on accrual of 195 and 390
confirmed primary end points. The prespecified stopping
boundary (based on the O’Brien–Fleming boundaries de-
termined 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 addi-
tional 6 months, at which time the board determined that
the criteria specified in its charter for early stopping were
exceeded. Its recommendation on 29 March 2008 to stop
the trial was accepted the next day by the steering commit-
tee. 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 an-
gina, an arterial revascularization procedure, or confirmed
death from cardiovascular causes. Other prespecified end
points included the components of the primary end point,
death from any cause, venous thromboembolism, and in-
cident diabetes.

An independent end point committee, masked to ran-
domized treatment assignment, adjudicated all reported
primary end points that occurred through 30 March 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 20 August 2008.

Statistical Analysis
We chose the cut-point at age 70 years for this report

after trial completion but before conducting these analyses
because previous primary prevention trials included few
persons in this age group and use of statins for primary
prevention in older persons is controversial. Analyses of the
primary, prespecified secondary and safety outcomes fol-
lowed the intention-to-treat principle and used Cox pro-
portional hazards models to estimate treatment effects
separately by age group. We evaluated the possible hetero-
geneity in the treatment effect by age by using a likelihood
ratio test of an age-group-by-treatment interaction in a
model fitted to the entire population. Because the compet-
ing risk for death is an important consideration in the
treatment of older persons, we considered composite end
points, including either death or other end points. We

Context

Limited data are available on the effectiveness of statins in
improving outcomes in older patients.

Contribution

This secondary analysis of JUPITER (Justification for the
Use of statins in Prevention: an Intervention Trial Evaluat-
ing Rosuvastatin) showed that nearly half of the 393 first
cardiovascular events observed among 17 802 trial partici-
pants occurred in the 5695 participants who were 70
years or older (194 events). The absolute reduction in first
cardiovascular events associated with rosuvastatin was
greater among older than younger participants. Yet, over-
all mortality did not differ in older patients who received
rosuvastatin compared with those who received placebo.

Caution

Randomization was not stratified by age. The study was
stopped early, so long-term effects cannot be ascertained.

—The Editors
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based the evaluation of the proportional hazards assump-
tion 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 1 event on
the difference between Kaplan–Meier estimates of cumula-
tive risk at 4 years (16).

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,
17, 18) or this manuscript, or in the decision to submit the
manuscript for publication.

RESULTS

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

Achieved levels of lipids and high-sensitivity C-reactive
protein during follow-up were similar in older (aged �70
years) and younger participants. Specifically, among the
89% of participants with blood samples at 12 months, the
median LDL cholesterol levels in the rosuvastatin group
(1.40 mmol/L [54 mg/dL] and 1.43 mmol/L [55 mg/dL]
in older and younger participants, respectively) were half
those in each age group that received placebo. The median
high-sensitivity C-reactive protein levels (2.3 and 2.2 mg/L
in older and younger participants, respectively) were 36%
to 37% lower in the rosuvastatin versus placebo group,
separately in each age group.

Figure 1. Study flow diagram.

Participants screened
(n = 26 562)

Aged ≥70 y

4-wk placebo
run-in

Randomly assigned (n = 5695)†

Excluded, n (%)
Poor adherence 546 (3)

Excluded, n (%)
LDL-C ≥3.37 mmol/L 

(130 mg/dL) 10 747 (52)
hs-CRP <2.0 mg/L 7179 (34)
Withdrew consent 1426 (7)
Diabetes 293 (1)
Hypothyroidism 153 (<1)
Liver disease 51 (<1)
TG ≥5.65 mmol/L 

(500 mg/dL) 20 (<1)
Age out of range 0 (0)
Current use of HRT 42 (<1)
Cancer in past 5 y 64 (<1)
Other 346 (2)

Assigned to rosuvastatin,
20 mg (n = 2878)

Assigned to
placebo (n = 2817)

Completed study (n = 2867)
Lost to follow-up (n = 11)

Completed study (n = 2809)
Lost to follow-up (n = 8)

Included in efficacy and
safety analyses (n = 2878)

Included in efficacy and
safety analyses (n = 2817)

Participants screened
(n = 63 328)

Aged <70 y*

4-wk placebo
run-in

Randomly assigned (n = 12 107)†

Excluded, n (%)
Poor adherence 975 (2)

Excluded, n (%)
LDL-C ≥3.37 mmol/L 

(130 mg/dL) 26 864 (52)
hs-CRP <2.0 mg/L 18 814 (37)
Withdrew consent 2522 (5)
Diabetes 664 (1)
Hypothyroidism 196 (<1)
Liver disease 254 (<1)
TG ≥5.65 mmol/L 

(500 mg/dL) 107 (<1)
Age out of range 137 (<1)
Current use of HRT 102 (<1)
Cancer in past 5 y 76 (<1)
Other 510 (1)

Assigned to rosuvastatin,
20 mg (n = 6023)

Assigned to
placebo (n = 6084)

Completed study (n = 5990)
Lost to follow-up (n = 33)

Completed study (n = 6055)
Lost to follow-up (n = 29)

Included in efficacy and
safety analyses (n = 6023)

Included in efficacy and
safety analyses (n = 6084)

HRT � hormone replacement therapy; hs-CRP � high-sensitivity C-reactive protein; LDL-C � low-density lipoprotein cholesterol; TG � triglyceride.
* Includes 12 persons for whom age is unknown.
† Randomization was not stratified by age.
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In both age groups combined (12), rosuvastatin was
associated with a 44% reduction in the hazard of the pri-
mary end point (HR, 0.56 [CI, 0.46 to 0.69]; P � 0.001).
The 32% of trial participants who were 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 participants, but substantial
treatment benefits were still seen and no significant inter-
actions between age and treatment effect for any outcome
(P � 0.10 for each) were found. For the primary end
point, as well as for composites that included total mortal-
ity, 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 2).

The absolute reduction in the incidence of the primary
end point associated with rosuvastatin was 48% larger
(0.77 vs. 0.52 events per 100 person-years) among partic-
ipants 70 years or older relative to those younger than 70
years. For composite end points that included any death,
larger differences in absolute treatment effects were seen

between age groups. The estimated number of older per-
sons who needed treatment for 4 years to prevent 1 pri-
mary end point was 24 (CI, 15 to 57) compared with 36
(CI, 23 to 77) in the younger age group; for the composite,
including the primary end point, any death, or venous
thromboembolism, similar estimates were 17 (CI, 12 to
33) for older persons versus 27 (CI, 17 to 57) for younger
persons.

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
scores greater than 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 with younger participants (Table
3). Among older participants, rates of muscle weakness,
stiffness or pain, renal disorder, bleeding events, gastro-
intestinal disorder, hepatic disorder, and incident diabetes
were higher in the rosuvastatin group, but none of these
associations was statistically significant (P � 0.10 for each).

Table 1. Baseline Characteristics of Trial Participants

Characteristic Aged 70 to 97 y Aged 50 to 69 y

Rosuvastatin Group
(n � 2878)

Placebo Group
(n � 2817)

Rosuvastatin Group
(n � 6023)

Placebo Group
(n � 6084)

Median age (interquartile range), y 74 (72–77) 74 (72–78) 63 (58–66) 63 (58–66)
Women, n (%) 1485 (51.6) 1446 (51.3) 1941 (32.2) 1929 (31.7)
Race or ethnicity, 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)
The 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)
hs-CRP level �5.0 mg/L, n (%) 1204 (41.8) 1211 (43.0) 2414 (40.1) 2515 (41.3)
LDL cholesterol level �2.59 mmol/L

(�100 mg/dL), n (%)
1894 (65.8) 1831 (65.0) 3887 (64.6) 3916 (64.4)

HDL cholesterol level �1.04 mmol/L (�40 mg/dL)
in men or �1.30 mmol/L (�50 mg/dL) in
women, n (%)

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

Triglyceride level �1.70 mmol/L (�150 mg/dL),
n (%)

811 (28.2) 809 (28.7) 2089 (34.7) 2127 (35.0)

Fasting glucose level �5.55 mmol/L
(�100 mg/dL), n (%)

881 (30.6) 842 (29.9) 1874 (31.1) 1972 (32.4)

HDL � high-density lipoprotein; hs-CRP � high-sensitivity C-reactive protein; LDL � high-density lipoprotein.
* 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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DISCUSSION

Among the 5695 randomly assigned participants in
JUPITER who were 70 years or older, rosuvastatin sub-
stantially reduced the incidence of major cardiovascular
events. In these older persons, 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
persons were consistent with those seen in younger partic-
ipants, but absolute event rates and treatment benefits were
greater in older persons.

JUPITER differed from previous primary prevention
trials of statins in its enrollment of an older population,
inclusion of stroke in the primary end point, and enroll-
ment of persons with normal LDL cholesterol levels but
elevated high-sensitivity C-reactive protein levels. Because
age is the dominant risk factor for a first cardiovascular
event in nondiabetic persons, the lower age limit and ab-
sence of an upper age limit contributed to enrollment of a
population that incurred many cardiovascular events. Pre-
vention of stroke is an important treatment target for statin
therapy (20), and stroke contributes an increasing propor-

tion of total cardiovascular events with increasing age.
Enrollment of persons with elevated high-sensitivity
C-reactive protein levels contributed further to the identi-
fication of a population at increased risk for both coronary
heart disease and stroke (21, 22), who were found to ben-
efit from statin therapy despite normal LDL cholesterol
levels.

Meta-analysis of observational studies found that a
1-mmol/L (39-mg/dL) lower total cholesterol level was as-
sociated with a 56% reduction (CI, 52% to 58%) in the
hazard of death from ischemic heart disease at ages 40 to
49 years, but a 17% reduction (CI, 15% to 19%) at ages
70 to 89 years (5). For stroke, a slightly reduced risk asso-
ciated with lower total cholesterol levels at ages 40 to 69
years did not persist on control for blood pressure, and
persons aged 70 to 89 years had no reduction in the hazard
of stroke associated with lower cholesterol levels. The ap-
parently attenuated associations of total cholesterol levels
with cardiovascular events in older persons may be partly
due to confounding by age-related comorbid conditions
(23). Nonetheless, the weakened association of total cho-
lesterol levels with cardiovascular risk in older persons and
the limited randomized evidence on statin therapy for pri-
mary prevention directed by lipid levels in older persons

Table 2. Relative and Absolute Treatment Effects, by Age

Treatment Effect Rosuvastatin Group Placebo Group Hazard Ratio
(95% CI)†

P Value Rate Difference
(95% CI)†

Patients,
n

Rate* Patients,
n

Rate*

Aged 70–97 y‡
Primary end point 75 1.22 119 1.99 0.61 (0.46 to 0.82) �0.001 0.77 (0.32 to 1.22)
MI 17 0.27 30 0.50 0.55 (0.31 to 1.00) 0.046 0.22 (0.00 to 0.44)
Stroke 22 0.35 39 0.64 0.55 (0.33 to 0.93) 0.023 0.29 (0.04 to 0.54)
Revascularization or

hospitalization for unstable
angina

30 0.48 57 0.95 0.51 (0.33 to 0.80) 0.003 0.46 (0.16 to 0.76)

Cardiovascular death 21 0.34 25 0.41 0.83 (0.47 to 1.48) 0.53 0.07 (�0.14 to 0.29)
Any death 108 1.63 133 2.04 0.80 (0.62 to 1.04) 0.090 0.40 (�0.06 to 0.87)
VTE 15 0.24 25 0.41 0.59 (0.31 to 1.11) 0.096 0.17 (�0.003 to 0.37)
MI, stroke, or any death 131 2.11 183 3.04 0.70 (0.56 to 0.87) 0.001 0.93 (0.35 to 1.50)
Primary end point or death or

VTE
165 2.69 233 3.91 0.69 (0.56 to 0.84) �0.001 1.23 (0.58 to 1.88)

Aged 50–69 y‡
Primary end point 67 0.54 132 1.06 0.51 (0.38 to 0.69) �0.001 0.52 (0.29 to 0.74)
MI 14 0.11 38 0.30 0.37 (0.20 to 0.69) �0.001 0.19 (0.08 to 0.30)
Stroke 11 0.09 25 0.20 0.45 (0.22 to 0.91) 0.020 0.11 (0.02 to 0.20)
Revascularization or

hospitalization for unstable
angina

46 0.37 86 0.69 0.54 (0.38 to 0.77) �0.001 0.32 (0.14 to 0.50)

Cardiovascular death 14 0.11 18 0.14 0.79 (0.39 to 1.58) 0.50 0.03 (�0.06 to 0.12)
Any death 90 0.68 114 0.86 0.80 (0.60 to 1.04) 0.10 0.18 (�0.04 to 0.39)
VTE 19 0.15 35 0.28 0.55 (0.31 to 0.96) 0.031 0.13 (0.01 to 0.24)
MI, stroke, or any death 108 0.87 170 1.35 0.64 (0.50 to 0.81) �0.001 0.49 (0.22 to 0.75)
Primary end point or death or

VTE
155 1.25 250 2.00 0.62 (0.51 to 0.76) �0.001 0.75 (0.44 to 1.07)

MI � myocardial infarction; VTE � venous thromboembolism.
* Rates are per 100 person-years.
† Hazard ratios compare hazards in the rosuvastatin group with those in the placebo group; rate differences are rates in the placebo group minus those in the rosuvastatin
group with 95% CIs based on the normal approximation to the Poisson distribution.
‡ Median follow-up, 2.0 y; maximum follow-up, 5.0 y.
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Figure 2. Cumulative incidence of the primary and other composite end points, by time, treatment, and age group.
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Top. Cumulative incidence of the primary end point (MI, stroke, arterial revascularization, hospitalization for unstable angina, or death from cardio-
vascular causes). Middle. Cumulative incidence of the composite end point, including MI, stroke, or any death. Bottom. Cumulative incidence of the
composite end point, including the primary end point (MI, stroke, arterial revascularization, hospitalization for unstable angina, or death from
cardiovascular causes), VTE, or any death.
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raise questions about how lipid levels should be used to
inform treatment decisions in older persons. Relative treat-
ment benefits seem to be independent of baseline lipid
levels (24), many older persons are at substantial risk de-
spite apparently normal lipid levels, and JUPITER findings

indicate that these persons receive a benefit regardless of
their lipid levels if high-sensitivity C-reactive protein are
elevated.

JUPITER provides new information on the effects of
statins in older persons that can inform evaluations of the

Figure 3. Forest plot of the effect of rosuvastatin on the primary end point within subgroups of trial participants 70 years or older.

Aged ≥70 y

Sex

Male

Female

Race

White

Black, Hispanic, other

BMI

<25.0 kg/m2

25.0–29.9 kg/m2

≥30.0 kg/m2

Hypertension

Yes

No

Smoking status

Smoker

Nonsmoker

The metabolic syndrome

Yes

No

Framingham risk score

≤10%

>10%

hs-CRP level

<5 mg/L

≥5 mg/L

LDL-C level

≤100 mg/dL

>100 mg/dL

HDL-C level

<40 mg/dL (men)/<50 mg/dL (women)

≥40 mg/dL (men)/≥50 mg/dL (women)

Triglyceride level

<150 mg/dL

≥150 mg/dL

All participants

Participants, n

2764

2931

3983

1711

1500

2359

1822

3732

1960

477

5215

2257

3397

1753

3932

3280

2415

1969

3725

1709

3985

4074

1620

5695

Events, n

Incidence Rates

122

72

156

38

59

86

48

132

62

27

167

74

119

35

159

108

86

68

126

57

137

143

51

194

Rosuvastatin

1.66

0.79

1.28

1.01

1.71

1.10

0.94

1.16

1.32

2.49

1.11

1.37

1.10

0.67

1.47

1.05

1.46

1.48

1.09

1.08

1.28

1.19

1.28

1.22

Placebo HR (95% CI)

Favors Rosuvastatin Favors Placebo

2.46

1.54

2.16

1.51

2.04

2.32

1.52

2.24

1.55

3.08

1.89

1.73

2.17

1.15

2.39

2.01

1.97

1.85

2.07

2.15

1.93

2.14

1.62

1.99

0.20 0.5 1.0 2.0 4.0

HRs with 95% CIs are plotted. Incidence rates are per 100 person-years. To convert cholestrol and triglyceride values to mmol/L, multiply by 0.0259
and 0.0113, respectively. BMI � body mass index; HDL-C � high-density lipoprotein cholesterol; HR � hazard ratio; hs-CRP � high-sensitivity
C-reactive protein; LDL-C � low-density lipoprotein cholesterol.
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effect of alternative prescribing strategies. Several authors
have noted the limitations arising from the need to project
previous treatment recommendations for healthy older per-
sons from the available randomized evidence in younger
persons, from older persons with diabetes or prevalent car-
diovascular disease, or from the observational data on cho-
lesterol levels and risk for cardiovascular disease (4, 25, 26).
For example, in their comparison of alternative treatment
strategies, Pletcher and coworkers (26) assumed, in their
base-case scenario, that the relative treatment benefit as-
sociated with a given LDL cholesterol reduction is much
less in an older person than in a younger person. Their
sensitivity analyses, under the assumption supported by
JUPITER data that relative treatment benefits are un-
changed across age groups, found a preference for strategies
more focused on treating older persons. JUPITER also
points to the need to include stroke prevention in evalua-
tions 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 re-
stricted to coronary events can undervalue treatment in
older persons.

Comorbidity and proximity to death are barriers to
preventive care in older persons. Physicians reasonably hes-
itate to initiate a therapy if they expect that a patient will
not live long enough to benefit. Data from JUPITER in-
dicate that a treatment benefit emerges shortly after initia-
tion, absolute risk is high, and the absolute risk reduction
is greater in older versus younger persons. Consideration of
composite end points including total mortality provides a
treatment evaluation that accounts for the competing risks
for death. Adding total mortality to the end point indicates
that fewer patients need treatment to prevent 1 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 partici-
pants. 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 moni-
toring plan yields a valid estimate of treatment effects (27)
and meets ethical requirements to inform participants
when equipoise no longer holds and let society know when
better treatments are available (28, 29).

Overall, among persons aged 70 years or older in this
randomized trial, rosuvastatin was associated with a signif-
icant 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.

From Brigham and Women’s Hospital, Harvard Medical School, Bos-
ton, Massachusetts; University of Ulm, Ulm, Germany; Herlev Hospital,
Copenhagen University Hospital, University of Copenhagen, Herlev,
Denmark; and the University of Glasgow, Glasgow, United Kingdom.

Grant Support: By AstraZeneca. Dr. Glynn received additional support
from the National Institute on Aging (R01 AG18833).

Potential Conflicts of Interest: Disclosures can be viewed at www.acponline
.org/authors/icmje/ConflictOfInterestForms.do?msNum�M09-2155.

Reproducible Research Statement: Study protocol and data set: Not
available. Statistical code: Available from Dr. Glynn (e-mail, rglynn@rics
.bwh.harvard.edu).

Table 3. Monitored Adverse Events and Other Events of Interest, by Age and Treatment Group

Monitored Adverse
Event

Aged 70 to 97 y Aged 50 to 69 y

Rosuvastatin Group Placebo Group Hazard Ratio
(95% CI)†

Rosuvastatin Group Placebo Group Hazard Ratio
(95% CI)†

Patients,
n

Rate* Patients,
n

Rate* Patients,
n

Rate* Patients,
n

Rate*

Any serious adverse
event

622 10.93 584 10.45 1.05 (0.93–1.17) 730 6.07 793 6.51 0.93 (0.84–1.03)

Muscle weakness,
stiffness, or pain

494 8.92 467 8.50 1.04 (0.92–1.19) 927 8.14 908 7.85 1.04 (0.94–1.13)

Myopathy 4 0.06 3 0.05 1.31 (0.29–5.84) 6 0.05 6 0.05 1.01 (0.33–3.14)
Rhabdomyolysis 1 0 0 0
Newly diagnosed

cancer
144 2.30 155 2.54 0.91 (0.73–1.14) 154 1.21 159 1.23 0.98 (0.79–1.22)

Death from cancer 18 0.27 31 0.48 0.58 (0.32–1.03) 17 0.13 27 0.20 0.63 (0.35–1.16)
Gastrointestinal

disorder
665 12.41 621 11.71 1.06 (0.95–1.18) 1088 9.72 1090 9.54 1.02 (0.94–1.11)

Renal disorder 222 3.63 191 3.17 1.14 (0.94–1.39) 313 2.51 289 2.28 1.10 (0.94–1.29)
Bleeding event 127 2.04 106 1.73 1.18 (0.91–1.53) 131 1.03 169 1.32 0.78 (0.62–0.98)
Hepatic disorder 61 0.96 59 0.95 1.01 (0.71–1.45) 155 1.22 127 0.99 1.24 (0.98–1.57)
Newly diagnosed

diabetes
82 1.30 64 1.03 1.25 (0.90–1.74) 188 1.48 152 1.18 1.26 (1.02–1.56)

* Rates are per 100 person-years.
† Hazard ratios compare hazards in the rosuvastatin group with those in the placebo group.
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