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Background: Statins have been shown to reduce the
risk of all-cause mortality among individuals with clini-
cal history of coronary heart disease. However, it
remains uncertain whether statins have similar mortal-
ity benefit in a high-risk primary prevention setting.
Notably, all systematic reviews to date included trials
that in part incorporated participants with prior cardio-
vascular disease (CVD) at baseline. Our objective was
to reliably determine if statin therapy reduces all-cause
mortality among intermediate to high-risk individuals
without a history of CVD.

Data Sources: Trials were identified through comput-
erized literature searches of MEDLINE and Cochrane da-
tabases (January 1970-May 2009) using terms related to
statins, clinical trials, and cardiovascular end points and
through bibliographies of retrieved studies.

Study Selection: Prospective, randomized controlled
trials of statin therapy performed in individuals free from
CVD at baseline and that reported details, or could sup-
ply data, on all-cause mortality.

Data Extraction: Relevant data including the number of
patients randomized, mean duration of follow-up, and the
number of incident deaths were obtained from the princi-
palpublicationorbycorrespondencewiththe investigators.

Data Synthesis: Data were combined from 11 studies
and effect estimates were pooled using a random-effects
model meta-analysis, with heterogeneity assessed with
the I2 statistic. Data were available on 65 229 partici-
pants followed for approximately 244 000 person-years,
during which 2793 deaths occurred. The use of statins
in this high-risk primary prevention setting was not as-
sociated with a statistically significant reduction (risk ra-
tio, 0.91; 95% confidence interval, 0.83-1.01) in the risk
of all-cause mortality. There was no statistical evidence
of heterogeneity among studies (I2=23%; 95% confi-
dence interval, 0%-61% [P=.23]).

Conclusion: This literature-based meta-analysis did not
find evidence for the benefit of statin therapy on all-cause
mortality in a high-risk primary prevention set-up.
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S TATINS ARE NOW ONE OF THE

most widely used drugs for
the treatment and preven-
tion of cardiovascular dis-
ease (CVD) both among in-

dividuals with established disease and
among high-risk healthy individuals who
are at an elevated risk of incident CVD.1

There is little debate that, compared with
placebo, statin therapy among individu-
als with established coronary heart dis-
ease (CHD) not only prevents complica-
tions related to atherosclerosis but also
reduces all-cause mortality.2-4 The ben-
efits of statins on fatal and nonfatal CVD
have provided reassurance for the major-
ity of clinicians for use of these agents in

high-risk primary prevention settings.1

However, the absence of prior convinc-
ing data for all-cause mortality has led
some researchers5,6 to question the ben-
efits of statins among individuals with-
out a history of CHD, including Abram-
son et al5 who stated that “in some
subgroups statins cause serious unrecog-
nized harm, which negates the beneficial
effects if the benefit is small—ie, most pri-
mary prevention settings.”

Recently, the Justification for the Use
of Statins in Prevention: an Intervention
Trial Evaluating Rosuvastatin ( JUPI-
TER) reported that among individuals with

CME available online at
www.jamaarchivescme.com
and questions on page 1005

See also pages 1007 and 1032

Author Affiliations are listed at
the end of this article.

(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 12), JUNE 28, 2010 WWW.ARCHINTERNMED.COM
1024

©2010 American Medical Association. All rights reserved.
 at HINARI, on August 6, 2010 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


comparatively low levels of low-
density lipoprotein cholesterol
(LDL-C) (�130 mg/dL) (to con-
vert to millimoles per liter, multi-
ply by 0.0259) and baseline levels of
hs-CRP of higher than 2 mg/L (to
convert to nanomoles per liter, mul-
tiply by 9.524), statins signifi-
cantly reduced all-cause mortality by
20%.7 Some have questioned these
findings as a chance or exaggerated
observation.8 Four systematic re-
views have been published on the
topic thus far, which have either
principally attempted to evaluate
heterogeneity of effect estimates be-
tween statins and thus have not re-
ported combined effect estimates
across statin trials9 or have in-
cluded populations with prevalent
CVD10-12 and/or have included trials
with incomplete randomization.11

The most recent systematic re-
view,12 which included results from
JUPITER, is also somewhat limited
by the inclusion of participants with
prior CVD at baseline (n=3659), as
well as the exclusion of smaller statin
trials.13,14 Thus, to provide the most
robust information to date, we un-
dertook a meta-analysis of pub-
lished clinical trials (including in-
formation previously unpublished
by these studies) to assess whether
statins reduce all-cause mortality in
the setting of high-risk primary pre-
vention populations.

METHODS

DATA SOURCES

We searched the databases of MEDLINE
and the Cochrane Collaboration for ar-
ticles published from January 1970 to
May 2009, using a combination of free
keywords and MeSH terms related to
statins, clinical trials, and cardiovascu-
lar end points. The search yielded 1226
articles, which were further screened for
inclusion using titles, abstracts, and/or
full texts. We supplemented the elec-
tronic search by scanning the reference
lists of relevant publications. When pub-
lished data were insufficient for our
analyses, additional details were sought
from the investigators of the correspond-
ing clinical trials (Figure 1).

STUDY SELECTION

Our predefined inclusion criteria were (1)
randomized trials of statins vs placebo/
control, (2) trials that collected informa-

tion on all-cause mortality, and (3) trials
conducted among individuals without
prevalent CVD at baseline. Three trials
meeting these inclusion criteria were
identified, with relevant information
available in their principal publica-
tions.7,15,16 Two further trials provided
hitherto unpublished tabular informa-
tion on all-cause mortality.14,17 Since the
principal publication from the West of
Scotland Coronary Prevention Study
(WOSCOPS)18 included individuals with
a history of angina or electrocardio-
graphic (ECG) evidence of CHD at base-
line, unpublished tabular information
excluding such individuals was sought
and obtained. For trials that included
individuals with CHD or stroke at base-
line, tabular data on the subset that
excluded these participants were sought
from the authors. Five such trials shared
tabular data on the subset without
CVD,13,19-22 whereas 4 studies were un-
able to do so.4,23-25 Two further studies
were excluded because either the partici-
pants were not randomly assigned to the
2 treatment groups26 or because a per-
protocol analysis was conducted be-
cause of unsuccessful randomization.27

Thus, we hereby provide combined in-
formation from the following 11 ran-
domized controlled trials involving a
total of 65 229 participants: the West of
Scotland Coronary Prevention Study
(WOSCOPS),18 the Antihypertensive and
Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT),19 Air

Force/Texas Coronary Atherosclerosis
Prevention Study (AFCAPS/TexCAPS),17

Primary Prevention of Cardiovascular
Disease with Pravastatin in Japan
(MEGA),16 the Anglo-Scandinavian Car-
diac Outcomes Trial (ASCOT),20 the Col-
laborative Atorvastatin Diabetes Study
(CARDS),15 the Atorvastatin Study for
Prevention of Coronary Heart Disease
Endpoints in Non-Insulin-Dependent
Diabetes Mellitus (ASPEN),22 the Justi-
fication For The Use Of Statins In Pre-
vention: An Intervention Trial Eval-
uating Rosuvastatin ( JUPITER),7 the
Prospective Study of Pravastatin in the
Elderly at Risk (PROSPER),21 the Hy-
pertension High Risk Management
(HYRIM) trial,14 and the Prevention of
Renal and Vascular Endstage Disease
Intervention Trial (PREVEND IT)13

(Figure 1).

DATA EXTRACTION

We (S.R.K.S. and S.E.) abstracted infor-
mation induplicate fromall relevant stud-
ies and, where necessary, a third investi-
gator adjudicated any discrepancies
(K.K.R.). Information was obtained on
several baseline and follow-up character-
istics of participants including lipid lev-
elsand levelsofother factors, andonevent
rates in each arm of randomization, and
effect estimates and their 95% confi-
dence intervals (CIs). Where rates could
not be directly abstracted, they were cal-
culated from published information or

1226 Citations were identified in MEDLINE and
through a search of reference lists of 
relevant articles and discussion with 
experts in the field

1209 Studies were excluded based on titles 
and/or abstracts not fulfilling the inclusion
criteria (eg, conducted on diseased 
populations, assessed intermediate end 
points only, not randomized controlled 
trials, reviews, studies of mechanisms)

17 Full-text articles were assessed for inclusion

15 Studies fulfilled criteria

11 Studies were included in final analyses

2 Studies were excluded based on not fulfilling 
inclusion criteria (not randomized controlled 
studies, randomization not successful)

4 Studies that were conducted on both diseased
and nondiseased populations did not provide 
sufficient information in publications to allow 
calculation of relative risk estimates separately
for disease-free individuals

Figure 1. Flow diagram of selection of studies for inclusion in the present meta-analysis.
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tabular data provided via correspon-
dence using average follow-up duration
andthenumberofparticipantsandevents
in each randomization group. Informa-
tion regarding the baseline and fol-
low-upconcentrationsofLDL-C, the lipid
marker of interest in this meta-analysis,
was abstracted from the published re-
ports. Since on-treatment LDL-C levels
were variably reported across different
trials, with some trials reporting relative
reductions (expressed as a difference in
thepercentagereductioninLDL-Cineach
arm during follow-up) and others pro-
viding absolute levels (ie, LDL-C levels
in milligrams per deciliter in each study
arm during follow-up), we calculated
where necessary the absolute and per-
centage reductions in LDL-C level be-
tween the treatment groups. Average fol-
low-up duration was reported as mean
duration in WOSCOPS,18 ALLHAT,19

AFCAPS/TexCAPS,17 PROSPER,21

PREVEND IT,13 and MEGA,16 and as the
median duration in JUPITER,7 ASCOT,20

CARDS,15 and ASPEN.22 End of fol-
low-up duration was available in the case
of HYRIM.14 For the estimation of the
number of person-years of follow-up we
assumed that the geometric mean ap-
proximated the arithmetic mean.

STATISTICAL ANALYSIS

To assess the effect of statin therapy
(compared with placebo) on all-cause
mortality, we conducted a random-
effects model meta-analysis that as-
sumes that the true underlying effect var-
ies between studies (subsidiary analyses
were done using a fixed-effect model).
Statistical heterogeneity across trials was
assessed using the �2 (P value) and I2 sta-
tistics,28 with P� .10 considered statis-
tically nonsignificant. The I2 statistic is
derived from Cochran Q [(Q–df/Q)
�100]28 and provides a measure of the
proportion of the overall variation that
is attributable to between-study hetero-
geneity. We used meta-regression to in-

vestigate potential sources of differ-
ences in the observed event rates and in
the effect estimates across different stud-
ies. The amount of variation explained
by the factor under consideration was es-
timated using coefficient of determina-
tion (reported as adjusted R2 value) from
the meta-regression model. Unless speci-
fied otherwise, these analyses were not
adjusted for other covariates. To calcu-
late the absolute mortality rate in the
statin or control arms, study and trial
arm-specific estimates were combined
across studies using random-effects
model meta-analysis. All P values re-
ported are 2 sided. All analyses were per-
formed using Stata version 10.0 (Stata-
Corp, College Station, Texas).

RESULTS

STUDY POPULATION

Overall, there were 65 229 subjects in
predominantly Western popula-

Table. Baseline Characteristics of Participants Without Clinically Manifest Coronary Heart Disease Enrolled Into Trials
of Statin Therapy (vs Placebo), With Treatment Effects on LDL-C Level and All-Cause Mortality Event Rates

Source, Location
Subjects,

No.

Baseline Characteristics
(All Subjects)

Treatmenta

Mean
Follow-up
Duration,

yb

Follow-up
LDL-C,
mg/dL

Event Rates
per 1000

Person-years

Mean
Age, y

Male,
%

With
Diabetes,

%
Smokers,

%

Mean
SBP,

mm Hg
LDL-C,
mg/dL

Placebo
Arm

Statin
Arm

Placebo
Arm

Statin
Arm

JUPITER,7 2008, North
America, South America,
Asia, Europe, Africa

17 802 66c 62 0 16 134 108c Rosuvastatin calcium, 20 mg/d 2.2 108 54 12.5 10.0

ALLHAT,19 2002, US, Puerto
Rico, US Virgin Islands,
Canada

8880 66 51 35 23 145 148 Pravastatin sodium, 40 mg/d 4.8 129 105 24.3 24.3

ASCOT,20 2003, UK, Ireland,
Denmark, Iceland, Finland,
Norway, Sweden

8715 63 81 25 33 164 131 Atorvastatin calcium, 10 mg/d 3.3 126 90 12.4 10.9

MEGA,16 2006, Japan 7832 58 32 21 21 132 156 Pravastatin sodium, 10-20 mg/d 4.6 151 128 3.6 2.4
AFCAPS/TexCAPS,17 1998, US 6605 58 85 6 13 138 150 Lovastatin, 20-40 mg/d 5.2 156d 114d 4.4 4.6
WOSCOPS,18 1995, Scotland 5981 55 100 1 44 136 192 Pravastatin sodium, 40 mg/d 4.9 192 142 8.2 6.4
PROSPER,21 2002, Scotland,

Ireland, the Netherlands
3239 75 42 12 33 157 146 Pravastatin sodium, 40 mg/d 3.2 143 96 26.0 27.2

CARDS,15 2004, UK, Ireland 2838 62 68 100 23 144 117 Atorvastatin calcium, 10 mg/d 4.0 120 81 14.5 10.7
ASPEN,22 2006, North

America, Australia, Europe,
Africa

1905 61 62 100 13 133 114 Atorvastatin calcium, 10 mg/d 4.3 114 79 10.2 10.8

PREVEND IT,13 2004,
the Netherlands

864 51 65 2.5 40 130 154 Pravastatin sodium, 40 mg/d 3.8 158 120 7.2 7.7

HYRIM,14 2005, Norway 568 57 100 NR 26 141 150 Fluvastatin sodium, 40 mg/d 4.0 136 117 4.4 3.5
Overalle 65 229 62 65 19 23 141 138 3.7 134 94 11.4 10.7

Abbreviations: AFCAPS/TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial; ASCOT, Anglo-Scandinavian Cardiac Outcomes Trial; ASPEN, Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in
Non-Insulin-Dependent Diabetes Mellitus; CARDS, Collaborative Atorvastatin Diabetes Study; HYRIM, Hypertension High Risk Management; JUPITER, Justification For
The Use Of Statins In Prevention: An Intervention Trial Evaluating Rosuvastatin; MEGA, Primary Prevention of Cardiovascular Disease with Pravastatin in Japan;
LDL-C, low-density lipoprotein cholesterol; NR, not reported; PREVEND IT, Prevention of Renal and Vascular Endstage Disease Intervention Trial; PROSPER, Prospective
Study of Pravastatin in the Elderly at Risk; SBP, systolic blood pressure; UK, United Kingdom; US, United States; WOSCOPS, West of Scotland Coronary Prevention
Study.

SI conversion factor: To convert LDL-C to millimoles per liter, multiply by 0.0259.
aVariable dose range used in MEGA16 and AFCAPS/TexCAPS17 to attain prespecified lipid levels on treatment.
bFollow-up durations were reported as mean duration in case of WOSCOPS,18 ALLHAT,19 AFCAPS/TexCAPS,17 PROSPER,21 PREVEND IT13 and MEGA,16 and as the

median duration in case of JUPITER,7 ASCOT,20 CARDS,15 and ASPEN.22 Mean duration for the latter 4 studies was calculated from the total person-years of follow-up
and the number of participants.

cMedians are reported for age and LDL-C where indicated, instead of means; follow-up LDL-C levels in JUPITER7 correspond to values at 2 years of follow-up (ie,
approximately median follow-up duration).

dOnly 1-year follow-up levels available from published report on AFCAPS/TexCAPS.17

eWeighted averages are shown for age, mean SBP, LDL-C, and follow-up duration; average event rates were calculated by pooling with random-effects meta-analysis.
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tions with only 1 trial (MEGA16) con-
ducted exclusively in an East Asian
population (Table). The mean age of
subjects in these11 trials ranged from
51 to 75 years, with the proportion
of women ranging from 0% to 68%.
Whereas 2 trials (CARDS15 and
ASPEN22) exclusively had subjects
with diabetes, JUPITER7 excluded
people with diabetes at entry and,
hence, the proportion of people with
diabetes in this meta-analysis ranged
from 0% to 100%. Average baseline
LDL-C level (weighted mean) across
studies was 138 mg/dL. During an av-
erage follow-up of 3.7 years the mean
LDL-C level among participants al-
located to placebo was 134 mg/dL
compared with a mean of 94 mg/dL
among those allocated to statins, re-
flecting an average LDL-C level dif-
ference of 40 mg/dL between the 2
treatment groups.

MORTALITY RATES

The Table reports the rates of all-
cause mortality across studies which
ranged from 3.6 to 26.0 per 1000 per-
son-years (weighted mean, 11.4 per
1000 person-years) in the placebo/
control arm and from 2.4 to 27.2 per
1000 person-years (weighted mean,
10.7 per 1000 person-years) in the
statin-treated group. We assessed the
relationship between baseline char-
acteristics and mortality rates ob-
served in these studies. As antici-
pated, the strongest correlation was
observed with mean baseline age,
which accounted for an estimated
66% of the variation in mortality rates
across studies (R2=0.66; P� .001;
Figure 2). Inclusion of mean base-
line LDL-C levels in the regression
model did not make a statistically sig-
nificant change (P=.50).

EFFECT OF STATINS
ON ALL-CAUSE MORTALITY

Overall, approximately 244 000 per-
son-years of follow-up were accrued
in the 11 trials, which provided in-
formation on a total of 2793 deaths,
with 1447 deaths occurring among
32 606 participants assigned to pla-
cebo arm and 1346 deaths among
32 623participantsassigned tostatin-
treated arm, reflecting about 100
fewer deaths in the statin-treated
group. In a random-effects model

meta-analysis of these 11 trials, the
risk ratio for all-cause mortality as-
sociated with the use of statins was
0.91 (95% CI, 0.83-1.01). The cor-
responding risk ratio using a fixed-
effect model was 0.93 (0.86-1.00)
(Figure 3A). There was no strong
evidenceofheterogeneity in theeffect
estimate across the studies (I2=23%;
95%CI,0%-61%[P=.23]).Similar re-
sults were obtained in analyses that
excluded CARDS15 and ASPEN22

(whichhadrecruited individualswith
diabetesonly),withariskratioof0.92
(95% CI, 0.84-1.02) in a random-
effectsmodel and0.94(95%CI,0.86-
1.01) using a fixed-effect model
(Figure 3B). There was no strong evi-
dence of publication bias when as-
sessed using a funnel plot and the Eg-
ger’s test (P=.50) (eFigure; http://
www.archinternmed.com).

RELATIONSHIP BETWEEN
LIPID LEVELS AND

REDUCTION IN ALL-CAUSE
MORTALITY

Figure4 depicts the relationship be-
tween the relative risk of death and
lipid levels across different studies. No
significant relationship was ob-
served between mean baseline levels
of LDL-C and the relative reduction
in all-cause mortality across studies
(P=.97). Similarly there was no ma-
terial relationship between mean
LDL-C reduction and reduction in all-
cause mortality, whether assessed in

relation to absolute (P=.62) or per-
centage reduction in LDL-C (P=.46).

COMMENT

This literature-based meta-analysis
(including previously unpublished
tabular data) of 11 clinical trials in-
volving 65 229 participants with ap-
proximately 244 000 person-years of
follow-up and 2793 deaths pro-
vides more reliable evidence than
previously available on the impact
of statin therapy on all-cause mor-
tality among high-risk individuals
without prior CVD. These data in-
dicate that over an average treat-
ment period of 3.7 years, the use of
statin therapy did not result in re-
duction in all-cause mortality with
no strong evidence of statistical
heterogeneity across studies that var-
ied considerably with respect to par-
ticipant characteristics and mean
baseline LDL-C levels. Within this
combined high-risk dataset with a
mean placebo mortality rate of 11.4
per 1000 person-years, there were on
average an estimated 7 fewer deaths
for every 10 000 person-years of
treatment. The observed propor-
tional risk reduction was similar with
the exclusion of 2 trials consisting
entirely of individuals with diabe-
tes. In contrast to single studies and
previous meta-analyses, the pres-
ent report suggests that all-cause
mortality benefits are more modest
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Figure 2. Relationship between baseline age of participants and mortality rates in 11 randomized trials of
statins among participants without prior coronary heart disease at baseline. Meta-regression showed a
significant relationship between baseline age and mortality rates in the groups (P�.001); age explained
nearly 70% of the variation in event rate between the groups (R 2=0.66). For expansions of study
abbreviations, see Table footnote.
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in the short term, even among high-
risk primary prevention popula-
tions, thereby indicating the need for
further caution when extrapolating
the potential benefits of statins on
mortality to lower-risk primary pre-
vention populations than to those
shown herein.

The present findings usefully
complement and extend previ-
ously published meta-analyses of
statin treatment such as the Choles-
terol Treatment Trialists’ (CTT) col-
laborative meta-analysis of indi-
vidual participant data based on
90 056 individuals,1 which re-
ported that statins reduced death
from any cause by 12% (hazard ra-

tio, 0.88; 95% CI, 0.84-0.91), and a
more recent literature-based meta-
analysis12 that included JUPITER,7

which reported a similar effect. How-
ever, these estimates were based on
information from both individuals
with and without pre-existing CHD
or stroke, which may overestimate
the true benefits in the primary pre-
vention setting. Two other literature-
based meta-analyses have previ-
ously attempted to quantify the
impact of statins on all-cause mor-
tality among individuals without
clinically manifest CHD, before the
publication of JUPITER. The first of
these meta-analyses10 reported a
similar all-cause mortality reduc-

tion (RR, 0.92; 95% CI, 0.84-1.01),
but included participants with CHD
from PROSPER,21 ALLHAT,19 and
Heart Protection Study (HPS),4 and
did not include data from MEGA16

or ASPEN.22 A further study11 re-
ported comparable effect estimates
(RR, 0.93; 95% CI, 0.87-0.99) but,
again, included data from both
people with and without clinically
manifest CVD. By contrast, our
meta-analysis was based on data
from only those individuals with-
out clinically manifest CVD, includ-
ing previously unpublished data,
thus providing the most reliable
effect estimates about the effect of
statins in this population.
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Figure 3. Effect of statins on all-cause mortality in randomized controlled trials of participants without prior coronary heart disease at baseline. A, Forest plot of 11
randomized trials, including 2 studies that were conducted in diabetic populations. *There was no significant heterogeneity between the studies (I 2=23%; P=.23).
B, Forest plot of 9 randomized trials, excluding 2 studies that were conducted in diabetic populations. †There was no significant heterogeneity between the studies
(I 2=24%, P=.23). For expansions of study abbreviations, see Table footnote.

(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 12), JUNE 28, 2010 WWW.ARCHINTERNMED.COM
1028

©2010 American Medical Association. All rights reserved.
 at HINARI, on August 6, 2010 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


The present findings also allow
contextualization of the results of
JUPITER7 against thebackdropofpre-
viouslypublishedtrialevidence. Ithas
beensuggestedthat themortalityben-
efits observed in JUPITER were more
extreme and rapid than would be ex-
pected from the LDL-C–lowering
effectof rosuvastatin,8 andthere ison-
going speculation about the contri-
bution of hs-CRP reduction to the re-
duction in risk observed in JUPITER.
In addition, JUPITER also reported a
reduction in deaths due to cancer, in
contrast to larger studies and meta-
analyses that have suggested a neu-
tralassociationwithcancer.29Thepres-
ent data suggest that the all-cause
mortality reduction of 20% reported
in JUPITER is likely to be an extreme
and exaggerated finding as often oc-
curs when trials are stopped early,
hence, indicating thatmore liberaluse
of potent statin regimens, particu-
larly in the setting of lower risk pri-
mary prevention subjects, is un-
likely,at least intheshort term,tohave
a major impact on all-cause mortal-
ity reduction. Nevertheless, the
longer-term benefits of statins be-
yond the relatively short duration of
any trial must be considered. Meta-
analyses have demonstrated that the
relative risk reduction with respect
to coronary events becomes stron-
ger with duration of therapy.1 Also,
findings from the 10-year extension
of the WOSCOPS30 and the 2.2-year
extension of the ASCOT31 have sug-
gested that statins might reduce all-
cause mortality, although both stud-
ies contained some individuals with
angina and prior cerebrovascular dis-
ease, respectively.

One of the findings of the current
meta-analysis is the “flat relation-
ship” between baseline levels of
LDL-C and the proportional reduc-
tion in all-cause mortality. This is in
keeping with previous reports that
showed that the proportional reduc-
tion in the combined end point of fa-
tal and nonfatal cardiovascular events
is similar across differing levels of
baseline LDL-C.1,4 However, in con-
trast to the reported strong correla-
tion between reductions in LDL-C
levels and the reduction in fatal and
nonfatal cardiovascular events com-
bined in the aggregate primary and
secondary prevention dataset of the
CTT meta-analysis,1 we failed to ob-

serve any statistically significant cor-
relation between on-treatment differ-
ence in LDL-C levels and the relative
reduction in all-cause mortality.

The findings of our meta-anal-
ysis on statins should also be con-
sidered in the light of similar data for

fibrates, which principally lower
triglyceride levels. In this regard, a
previous meta-analysis of random-
ized controlled trials showed that
despite a significant reduction in
nonfatal myocardial infarction, all-
cause mortality was approximately
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Figure 4. Plots of risk ratios and 95% confidence intervals (CIs) of all-cause mortality by percentage (A),
absolute low-density lipoprotein cholesterol (LDL-C) reduction (B), or baseline mean LDL-C levels in 11
randomized clinical trials of statins among participants without prior coronary heart disease at baseline
(C). The benefit on mortality from statin use did not show a continuous relationship with amount of
reduction in LDL-C levels or baseline mean LDL-C levels (P� .10). To convert LDL-C to millimoles per
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(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 12), JUNE 28, 2010 WWW.ARCHINTERNMED.COM
1029

©2010 American Medical Association. All rights reserved.
 at HINARI, on August 6, 2010 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


7% higher (hazard ratio, 1.07; 95%
CI, 0.99-1.15) among individuals
randomized to a fibrate.32 Given the
existing uncertainty in medical lit-
erature about the mortality benefits
(and potential harm) of lowering
lipid levels in populations without
clinically manifest CVD,5,6 our find-
ings are timely and reassuring and
further reinforce the notion that low-
ering lipid levels in a very high-risk
primary prevention population is not
likely to be harmful, but any mor-
tality benefits are likely to be more
modest than previously perceived.
As a corollary, however, it may be
inferred that in even more lower-
risk populations (such as subjects at
low CVD risk prescribed statins for
primary prevention of CVD), the
benefits of mortality reduction are
likely to be even more modest than
observed in this meta-analysis, at
least in the short term.

The present study has some po-
tential limitations that should be
considered. First, a meta-analysis re-
mains retrospective research that is
subject to the methodological defi-
ciencies of the studies included. We
minimized the likelihood of bias by
developing a detailed protocol a
priori, by performing a meticulous
search of published and unpub-
lished studies, and by using ex-
plicit criteria for study selection, data
extraction, and analysis. Second, as
in other meta-analyses, these re-
sults should be interpreted with cau-
tion, since individual studies var-
ied considerably with respect to the
demographic characteristics of the
participants, the duration of follow-
up, and the type and dose of statins
used. Importantly, the absolute ben-
efits of statin therapy depend on
baseline risk of the populations
treated, and in very-low-risk popu-
lations, such as younger, healthier
individuals, the benefit of statins re-
mains unclear. However, these dif-
ferences did not appear to result in
material heterogeneity across the
studies. Third, we had insufficient
data to analyze the effects of statins
in different subgroups (eg, men and
women or individuals in different
age categories). Such analyses are
more informative when done using
individual participant data rather
than cohort level data. Similar ap-
proaches are also needed to deter-

mine whether there is a significant
correlation between the magnitude
of LDL-C lowering and mortality re-
duction. Fourth, we attempted but
were unable to obtain information
from 4 published studies fulfilling
our study criteria that would have
contributed further information on
approximately 3700 persons. Finally,
we included 2 studies that recruited
solely subjects with diabetes but who
were without clinically manifest
CHD at study entry (CARDS15 and
ASPEN22). Although diabetes is con-
sidered by many as a CHD risk
equivalent,33 the event rate among pa-
tients with diabetes varies consider-
ably and, in particular, among
younger diabetic patients without mi-
croalbuminuria, the cardiovascular
event rate is much lower than among
individuals with established CHD.34-36

In line with these observations, ab-
solute mortality rates observed in the
2 diabetes-only cohorts were com-
parable with other high-risk groups
free of CVD (Table), and the main
factor that influenced heterogeneity
in mortality rates across studies was
age (Figure 2). In addition, of the re-
maining “primary prevention” co-
horts, a history of diabetes was
present in up to 35% of individuals,
who could not be excluded from the
analyses without access to indi-
vidual participant data.

In conclusion, based on aggre-
gate data on 65 229 men and women
from 11 studies, yielding approxi-
mately 244 000 person-years of fol-
low-up and 2793 deaths, we ob-
served that statin therapy for an
average period of 3.7 years had no
benefit on all-cause mortality in a
high-risk primary prevention popu-
lation. Current prevention guide-
lines endorse statin therapy for sub-
jects at high global risk of incident
CVD as a means to reduce fatal and
nonfatal vascular events.33,35,36 Due
consideration is needed in apply-
ing statin therapy in lower-risk pri-
mary prevention populations.
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