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Background: While the role of hydroxymethyl glu-
taryl coenzyme A reductase inhibitors (statins) in sec-
ondary prevention of cardiovascular (CV) events and mor-
tality is established, their value for primary prevention
is less clear. To clarify the role of statins for patients with-
out CV disease, we performed a meta-analysis of ran-
domized controlled trials (RCTs).

Methods: MEDLINE, EMBASE, Cochrane Collabora-
tion, and American College of Physicians Journal Club
databases were searched for RCTs published between
1966 and June 2005. We included RCTs with follow-up
of 1 year or longer, more than 100 major CV events, and
80% or more of the population without CV disease.
From each trial, demographic data, lipid profile, CV
outcomes, mortality, and adverse outcomes were re-
corded. Summary relative risk (RR) ratios with 95%
confidence intervals (CIs) were calculated using a ran-
dom effects model.

Results: Seven trials with 42 848 patients were included.
Ninety percent had no history of CV disease. Mean fol-
low-up was 4.3 years. Statin therapy reduced the RR of ma-
jor coronary events, major cerebrovascular events, and re-
vascularizations by 29.2% (95% CI, 16.7%-39.8%)
(P�.001),14.4%(95%CI,2.8%-24.6%)(P=.02), and33.8%
(95% CI, 19.6%-45.5%) (P�.001), respectively. Statins pro-
duced a nonsignificant 22.6% RR reduction in coronary
heart disease mortality (95% CI, 0.56-1.08) (P=.13). No
significant reduction in overall mortality (RR, 0.92 [95%
CI, 0.84-1.01]) (P=.09) or increases in cancer or levels of
liver enzymes or creatine kinase were observed.

Conclusion: In patients without CV disease, statin therapy
decreases the incidence of major coronary and cerebro-
vascular events and revascularizations but not coronary
heart disease or overall mortality.
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C ARDIOVASCULAR DISEASE IS

the leading cause of death
and loss of disability-
adjusted life-years world-
wide.1-3 Hydroxymethyl

glutaryl coenzyme A reductase inhibitors
(commonly called statins) reduce coro-
nary and cerebrovascular disease out-
comes, including mortality, in patients
with proven cardiovascular disease (ie, sec-
ondary prevention).4-8 However, the ben-
efit of statin therapy for patients without
known or symptomatic cardiovascular dis-
ease (ie, primary prevention) is less clear.

The current National Cholesterol Edu-
cation Program Adult Treatment Panel III
(ATP III) guidelines9 recommend the use
of statins for primary prevention based
on a patient’s cardiovascular risk profile and
low-density lipoprotein cholesterol (LDL-C)
level. For patients with average or below av-
erage LDL-C levels (defined as �160 mg/dL
[�4.1 mmol/L]), therapy is only recom-

mended for patients with diabetes mellitus
and those with 2 or more cardiac risk fac-
tors with a 10-year risk of a first coronary
artery disease event of at least 10%.9

Unfortunately, the clinical trials that
have evaluated statins for primary preven-
tion10-16 and that are the basis of the ATP
III and other guidelines provide some-
what inconsistent results.17,18 For ex-
ample, statins significantly reduced the
risk of major coronary events in the
AFCAPS/TexCAPS (Air Force/Texas Coro-
nary Atherosclerosis Prevention Study)12

and WOSCOPS (West of Scotland Coro-
nary Prevention Study)16 trials but had no
impact on this outcome in the PROSPER
(Pravastatin in Elderly Individuals at Risk
of Vascular Disease)13,15 and ALLHAT-LLT
(Antihypertensive and Lipid Lowering
Treatment to Prevent Heart Attack Trial)13

trials. Accordingly, we sought to clarify the
role of statins for the primary prevention
of cardiovascular events.
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METHODS

STUDY SELECTION

We performed an electronic literature
search of MEDLINE (1966 to June
2005), EMBASE (1980 to June 2005),
Cochrane Collaboration (CENTRAL,
DARE, and CDSR), and the American
College of Physicians Journal Club da-
tabases using medical subject headings
and keywords related to statins (ie,
HMG-CoA reductase inhibitors, simva-
statin, lovastatin, pravastatin, atorvas-
tatin, cervistatin, fluvastatin, and rosu-
vastatin), cardiovascular disease (ie, heart
disease, coronary artery disease, myocar-
dial infarction, and cerebrovascular dis-
ease), cholesterol (ie, cholesterol, LDL,
HDL, and triglycerides), and study types
(ie, randomized-control-trial, placebo-
control-trial, and meta-analysis). We re-
stricted our search to English-language
studies conducted in human subjects.
We retrieved potentially relevant ar-
ticles and reviewed their reference lists
to identify other studies that our search
strategy might have missed.

INCLUSION CRITERIA

We included randomized trials of stat-
ins compared with controls (placebo, ac-
tive control, or usual care) with the fol-
lowing characteristics: a mean follow-up
of at least 1 year; at least 100 reported

cardiovascular disease outcomes (eg, ma-
jor coronary events, strokes, all-cause
mortality); no intervention difference be-
tween the treatment and control groups
other than the use of statin; at least 80%
of participants not known to have car-
diovascular disease (ie, coronary artery
disease, cerebrovascular disease, and pe-
ripheral vascular disease); and at least
1 of our primary outcomes for the pri-
mary prevention subgroup reported.

We excluded studies with the fol-
lowing characteristics: examined only
changes in serum cholesterol concen-
tration or angiographic outcomes; com-
pared high- to low-dose statins; pre-
screened patients with ultrasound for the
presence of atherosclerosis; targeted pa-
tients with disease states that are not tra-
ditional cardiovascular risk factors (eg,
dialysis or posttransplantation pa-
tients); and did not report the propor-
tion of study participants receiving
therapy as primary prevention.

DATA EXTRACTION

Two investigators independently ex-
tracted data on patient and study charac-
teristics, outcomes, and study quality for
each trial using a standardized protocol
and reporting form. Disagreements were
resolved by consensus. We contacted the
study coordinators for all the included
studies to attempt to obtain additional in-
formation but we were unfortunately un-
successful in these attempts. Therefore,

outcomes that were not reported in the
original study manuscript were obtained
or calculated from subsequent publica-
tions. This included overall mortality data
for PROSPER15 from Wilt et al,8 absolute
cholesterol level change at 1 year for all
studies from Baigent et al,19 and stroke
outcomes for AFCAPS/TexCAPS12 from
Collins et al.20 For the 3 studies that did
notpresentprimarypreventiongroupdata
separately,13,14,16 we used the overall data
becausemore than80%of thepatientshad
no known cardiovascular disease. We
used available primary prevention out-
come data for the PROSPER study15 and
the diabetic subgroup of the HPS (Heart
Protection Study).11

Quality of the included studies was
evaluated using the Jadad scale.21 A score
or 3 or higher was considered to reflect
a trial of high quality, as noted by Brou-
wers et al.22

DATA ANALYSIS

The coprimary outcomes for our analy-
sis were major coronary and major cere-
brovascular events. Major coronary
events were defined as nonfatal myo-
cardial infarction (NFMI) and coro-
nary heart disease (CHD) death, while
major cerebrovascular events were de-
fined as fatal and nonfatal strokes. Our
secondary end points were death from
any cause (ie, all-cause mortality), CHD
death, NFMI, revascularizations (per-
cutaneous transluminal coronary angi-
oplasty or coronary artery bypass graft),
and adverse outcomes. Adverse out-
comes included creatine kinase (CK) lev-
els greater than 10 times the upper limit
of normal, aspartate aminotransferase or
alanine aminotransferase levels more
than 3 times the upper limit of normal,
and fatal or nonfatal cancer.

Relative risks (RRs) with 95% con-
fidence intervals (CIs) were calculated
for the outcomes (based on intention-
to-treat principles) in each study. We
combined individual trial results using
both fixed effect and random effects
models.23 Conclusions were drawn based
on the results of the random effects cal-
culations because these provide the most
conservative estimates of effect size.

For each analysis, heterogeneity was
explored in 3 ways. First, a plot of the
RR was visually inspected. Second, a het-
erogeneity Q statistic was calculated and
compared to a �2 distribution with
k–1 df, where k is the number of trials
in the analysis; heterogeneity was con-
sidered to be present when Q was greater
than k–1.24 Third, sources of system-
atic heterogeneity were assessed by
performing univariate metaregression
analyses.25 Metaregression evaluates as-
sociations between treatment effects and
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Figure 1. Literature review flowchart.
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study level covariates to determine
whether subsets of patients benefit from
treatment.26

Using metaregression, we assessed
the relationship between study out-
comes and the following study charac-
teristics: (1) the proportion of primary
prevention patients, (2) baseline LDL-C
levels, (3) absolute changes in LDL-C
levels at 1 year and percentage changes
at the latest time period reported by the
trial, (4) baseline risk for coronary ar-
tery disease outcomes in each study (es-
timated by calculating the yearly inci-
dence of major coronary events in the
placebo group27), (5) the percentage of
men, and (6) the percentage of patients
with diabetes. Because of the small num-
ber of studies included in the analysis,
we performed metaregression with only
1 predictor at a time. We report an as-
sociation between a study characteris-
tic and outcome if P�.05.

RESULTS

TRIAL CHARACTERISTICS

Our literature search identified 1146
articles, of which 7 reported on
trials that met our inclusion criteria
(Figure 1). All studies were of high
methodologicquality.Detailsofthede-
sign of the included trials are listed in
Table 1. These trials randomized
42 848 patients (21 409 to statin
therapy and 21 439 to placebo). The
mean follow-upperiod for the7 trials
rangedfrom3.2to5.2years; themean
ageoftheenrolledpatientsrangedfrom
55.1 to75.4years; andtheproportion
ofmenrangedfrom42%to100%.The
mean (range) pretreatment LDL-C
level was 147 (117-192) mg/dL (3.82

[3.04-4.97] mmol/L). The mean
(range)reductionsinlevelsoftotalcho-
lesterol,LDL-C,andtriglycerideswere
17.8%(9.5%-21.8%),26.1%(16.7%-
33.9%),and10.6%(0.0%-15.9%), re-
spectively; high-density lipoprotein
cholesterol level was increased by a
mean (range) of 3.2% (0.9%-5.0%).
Overall, 90% of enrolled patients had
noevidenceofcardiovasculardisease
(ie, received statins for primary pre-
vention).TheAFCAPS/TexCAPS12and
CARDS10 trials enrolledonlyprimary
prevention patients. The control arm
oftheALLHAT-LLT13trialwasa“usual
care”group,andhence26%of thepa-
tients in thisgroupwere takingastat-
inattheendofthetrial.Thisisahigher
crossoverratethanthatobservedinall
the other included trials.

Table 1. Characteristics of Included Trials

Characteristic

Source

WOSCOPS,16

1995

AFCAPS/
TexCAPS,12

1998
PROSPER,15

2002*
ALLHAT-LLT,13

2002
ASCOT-LLA,14

2003
HPS,11

2003*
CARDS,10

2004

Design RCT, double-blind,
placebo-
controlled

RCT, double-blind,
placebo-
controlled

RCT, double-blind,
placebo-
controlled

RCT, nonblinded,
control = usual
care

RCT, double-blind,
placebo-
controlled

RCT, double-blind,
placebo-
controlled

RCT, double-blind,
placebo-
controlled

Target population Men with
hyper-
cholesterolemia

Patients with
average or
below average
cholesterol
levels

Older patients
with at least
1 CV risk factor

Substudy of
patients with
hypertension,
moderate
hyper-
cholesterolemia,
and at least 1
additional CHD
risk factor

Substudy of
patients with
hypertension,
average or lower
cholesterol
levels, and at
least 3 other
CV risk factors

Substudy of
high-risk
patients with
diabetes

Patients without
high LDL-C
levels

Patients, statin/control,
No.

3302/3293 3304/3301 1585/1654 5170/5185 5168/5137 1455/1456 1428/1410

Follow-up, mean, y 4.9 5.2 3.2 4.8 3.3† 4.8 3.9†
Patients treated as primary

prevention, %
83.8 100 100 85.8 81.5 100 100

Patient characteristics‡
Age, y 55.3 58.0 75.0‡ 66.4 63.1 NA 61.5
Male, % 100 85 42.0‡ 51 81.1 NA 68
Diabetes, % 1.0 3.8 12.2‡ 34.4 24.3 100 100
Active smoker, % 44.0 13.0 33.4‡ 23.3 33.2 NA 22.0
SBP, mean, mmHg 135 138 156.6‡ 145 164.2 NA 144

Yearly baseline coronary
event risk, %§

1.54 0.55 2.74 1.69 0.91 1.36 1.08

Drug, dose, mg/d Pravastatin, 40 Lovastatin, 20-40 Pravastatin, 40 Pravastatin, 20-40 Atorvastatin, 10 Simvastatin, 40 Atorvastatin, 10
Baseline level (change, %)

Total cholesterol, mg/dL 274 (−20.0) 220 (−19.3) 220 (NA)‡ 227 (−9.6) 212 (−18.2) NA 207 (−21.8)
LDL-C, mg/dL 193 (−26.0) 150 (−26.5) 147 (NA)‡ 148 (−16.7) 133 (−27.6) NA 117 (−33.9)
HDL-C, mg/dL 42 (�5.0) 37 (�4.8) 50 (NA)‡ 48 (�0.9) 51 (�1.5) NA 54 (�4.0)
Triglycerides, mg/dL 158 (−12.0) 154 (−12.7) 133 (NA)‡ 150 (0.0) 150 (−12.6) NA 173 (−15.9)

Abbreviations: AFCAPS/TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT-LLT, Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial; ASCOT-LLA, Anglo-Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm; CARDS, Collaborative Atorvastatin Diabetes Study; CHD, coronary
heart disease; CV, cardiovascular; HDL-C, high-density lipoprotein cholesterol; HPS, Heart Protection Study (diabetic subgroup publication); LDL-C, low-density
lipoprotein cholesterol; NA, data not available; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; RCT, randomized controlled trial; SBP, systolic blood
pressure; WOSCOPS, West of Scotland Coronary Prevention Study.

SI conversion factors: To convert cholesterol to millimoles per liter, multiply by 0.0259; triglycerides to millimoles per liter, multiply by 0.0113.
*Primary prevention subgroup data used.
†Median.
‡Data obtained from a separate article28 on baseline characteristics of patients included in the trial.
§Risk calculated based on the incidence of nonfatal myocardial infarction and CHD death at end of follow-up in the control group divided by the duration of follow-up.
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EFFECT OF STATINS
ON OUTCOMES

There were 924 and 1219 major
coronary events in patients random-
ized to statin therapy and control, re-
spectively. This represents a 29.2%
(95% CI, 16.7%-39.8%) reduction in
the RR of a major coronary event
from statin therapy (P�.001)
(Figure 2, Table 2). Major cere-
brovascular events occurred in 440
statin-treated patients and 517 con-
trols, representing a 14.4% reduc-
tion in the relative risk of major cere-
brovascular events from statin
therapy (95% CI, 2.8%-24.6%)
(P=.02) (Figure 3, Table 2).

Statin therapy produced a non-
significant 22.6% RR reduction in
CHD mortality (95% CI, 0.56-
1.08) (P=.13) (Figure 4, Table 2).
There was no statistically signifi-
cant reduction in overall mortality
(RR, 0.92 [95% CI, 0.84-1.01])
(P=.09) (Figure 5, Table 2). Statin
treatment was associated with a
31.7% RR reduction in NFMI (95%
CI, 16.9%-43.9%) (P�.001) and a
33.8% RR reduction in the number
of revascularization procedures (95%
CI, 19.6%-45.5%) (P�.001).

Fatal and nonfatal cancers were
not reported by all studies (Table 2).
The ALLHAT-LLT,13 ASCOT-LLA,14

PROSPER,15 and HPS11 trials did not

provide sufficient information re-
garding CK and liver enzyme level
changes for the primary prevention
population. In the available studies,
statin therapy was not associated with
elevations of CK (RR, 0.51 [95% CI,
0.16-1.60]) (P = .25) or liver en-
zymes (RR, 1.37 [95% CI, 0.90-
2.09]) (P = .15). Similarly, statin
therapy was not associated with a sig-
nificant increase in the incidence of
fatal or nonfatal cancers (RR, 1.02
[95% CI, 0.92-1.13]) (P=.74).

METAREGRESSION

In our metaregression analysis, re-
ductions in the risk of major coro-
nary events from statin therapy were
significantly associated with greater
absolute baseline coronary artery dis-
ease risk (P=.001), a smaller propor-
tion of men in the study population
(P=.003), a larger absolute change in
LDL-C level at 1 year (P=.001), and
a larger proportional change in
LDL-C level at the end of follow-up
(P�.001). There was no association
between other outcomes and study
level characteristics.

COMMENT

In this meta-analysis of primary pre-
vention patients at moderate to mod-
eratelyhighriskofcardiovasculardis-
ease who had average LDL-C levels,
treatmentwithastatinoverameanof
4.3years significantly reducedtheRR

0.4 0.6 0.8 1.0 1.2

Favors Statin Favors Control

Tr
ia

l

AFCAPS/TexCAPS12

ALLHAT-LLT13

ASCOT-LLA14

CARDS10

HPS11

PROSPER15

WOSCOPS16

Combined

Figure 2. Plotted relative risk ratios (RRs) (95% confidence intervals [CIs]) for major coronary events.
The combined RR for statin was 0.71 (95% CI, 0.60-0.83) (P�.001). See the Abbreviations footnote in
Table 1 for expanded trial names.

Table 2. Summary of Treatment Effects of Statin Therapy*

Source
Major Coronary

Events

Major
Cerebrovascular

Events
All-Cause
Mortality CHD Mortality NFMI Revascularizations

Fatal or
Nonfatal
Cancer

WOSCOPS,16 1995 0.70 (0.58-0.85) 0.90 (0.60-1.34) 0.78 (0.61-1.01) 0.73 (0.48-1.11) 0.70 (0.56-0.87) 0.64 (0.45-0.90) 1.09 (0.84-1.42)
AFCAPS/TexCAPS,12

1998
0.60 (0.43-0.83) 0.82 (0.41-1.67) 1.04 (0.76-1.42) 0.74 (0.34-1.60) NR 0.68 (0.53-0.86) 0.97 (0.82-1.16)

PROSPER,15 2002 0.91 (0.71-1.15) 1.03 (0.72-1.46) 0.98 (0.79-1.21) NR NR 0.82 (0.54-1.25) NR
ALLHAT-LLT,13 2002 0.91 (0.79-1.04) 0.91 (0.75-1.09) 0.99 (0.88-1.10) 0.99 (0.80-1.23) NR NR 1.03 (0.89-1.19)
ASCOT-LLA,14 2003 0.65 (0.50-0.83) 0.73 (0.56-0.96) 0.87 (0.71-1.06) NR NR NR NR
HPS,11 2003 0.57 (0.41-0.79) NR NR NR NR NR NR
CARDS,10 2004 0.53 (0.35-0.82) 0.59 (0.34-1.02) 0.73 (0.53-1.02) 0.39 (0.17-0.90) 0.60 (0.37-0.99) 0.66 (0.32-1.37) NR
All trials† 0.71 (0.60-0.83) 0.86 (0.75-0.97) 0.92 (0.84-1.01) 0.77 (0.56-1.08) 0.68 (0.56-0.83) 0.66 (0.55-0.80) 1.01 (0.92-1.13)
Overall P value �.001 .02 .09 .13 �.001 �.001 .74
P value for

heterogeneity
.006 .48 .31 .12 .59 .96 .77

Abbreviations: AFCAPS/TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT-LLT, Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial; ASCOT-LLA, Anglo-Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm; CARDS, Collaborative Atorvastatin Diabetes Study; CHD, coronary
heart disease; HPS, Heart Protection Study (diabetic subgroup publication); NFMI, nonfatal myocardial infarction; NR, trial did not report data; PROSPER, Prospective
Study of Pravastatin in the Elderly at Risk; WOSCOPS, West of Scotland Coronary Prevention Study.

*Unless otherwise indicated, data are reported as relative risk ratio (95% confidence interval).
†Random effects model.

(REPRINTED) ARCH INTERN MED/ VOL 166, NOV 27, 2006 WWW.ARCHINTERNMED.COM
2310

©2006 American Medical Association. All rights reserved.
 on May 1, 2012 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


of major coronary events by 29.2%,
major cerebrovascular events by
14.4%,NFMIby31.7%,andrevascu-
larization by 33.8% but not CHD or
all-causemortality.Statin therapydid
not elevate the risk of cancer or in-
crease levels of liver enzymes or CK,
although the CIs for these safety out-
comes were very wide. Our findings
areconsistentwith therecommenda-
tions of ATP III for statin therapy in
moderate tomoderatelyhigh-riskpri-
mary prevention patients.9,29

Assuming a baseline risk of a ma-
jor coronary event of 5.7% over a
4.3-year period (based on the mean
placebo event rate in the 7 trials), a
29.2% RR reduction in major coro-
nary events is equivalent to an ab-
solute risk reduction of 1.7%. There-
fore, 60 patients would need to be
treated for an average of 4.3 years to
prevent 1 major coronary event. We
report similar calculations for other
outcomes in Table 3.

We did not find a statistically sig-
nificant reduction in overall mortal-
ity from statin therapy in our analy-
sis, likely because of the relatively low
risk of mortality in this patient popu-
lation and insufficient length of fol-
low-up. The overall incidence of all-
cause mortality in the placebo arm of
the 6 studies with available mortal-
ity data was 6.6% over 4.3 years. In
contrast, in a recently published sec-
ondary prevention meta-analysis,8 the
mortality rate in the placebo arm was
11.3% over approximately 5.5 years,
and the reduction in overall mortal-
ity with statin therapy was statisti-
cally significant. We also did not find
a statistically significant reduction in
CHD death. However, the point es-
timate for CHD deaths seen in our
study (RR reduction, 22.6%) is
greater than the statistically signifi-
cant 16% RR reduction reported in
the Cholesterol Trialists’ Collabora-
tion19 pooled analysis of primary pre-
vention patients. This discrepancy
may be attributable to the differ-
ences in the patient population in-
cluded in each analysis. The Choles-
terol Trialists’ Collaboration analysis
included all primary prevention sub-
jects enrolled in trials of patients with
and without known vascular dis-
ease. In contrast, our analysis used ag-
gregate data from studies in which at
least 80% of subjects were classified
as primary prevention (Table 2).

Clinical trials such as the HPS7

have demonstrated that statin therapy
reduces the risk of cardiovascular out-
comes across a wide range of base-
line LDL-C levels. The lack of asso-
ciation between baseline LDL-C level
and outcomes in our metaregression
analysis is in keeping with these trial
findings. In addition, the positive
association we observed between pro-
portional and absolute reductions
in LDL-C and major coronary events
suggests that larger reductions in
LDL-C produce greater reductions
in major coronary events.

The RR reductions for the major
outcomes in our analysis are similar
to those previously reported for pa-

tients with known CHD (ie, in a sec-
ondary prevention population)
(Table 3).19 In contrast, and not sur-
prisingly, the absolute benefit of
therapy is significantly lower for pri-
mary prevention patients because of
their lower risk for cardiovascular
events (Table 3). Accordingly, within
the primary prevention population
itself, greater absolute reductions
would likely be seen in patients at the
highest CHD risk. This is supported
by correlation between higher base-
line coronary artery disease risk of the
patients and greater reductions in ma-
jor coronary events seen in our meta-
regression. For example, using the
modified Framingham risk score for
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Figure 3. Plotted relative risk ratios (RRs) (95% confidence intervals [CIs]) for major cerebrovascular
events. The combined RR for statin was 0.86 (95% CI, 0.75-0.97) (P=.02). See the Abbreviations
footnote in Table 1 for expanded trial names.
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Figure 4. Plotted relative risk ratios (RRs) (95% confidence intervals [CIs]) for coronary heart disease
mortality. The combined RR for statin was 0.77 (95% CI, 0.56-1.08) (P=.13). See the Abbreviations
footnote in Table 1 for expanded trial names.
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primary prevention patients, low-
risk patients have a yearly CHD
events risk of less than 0.6%/y
whereas intermediate- and high-
risk groups have risks of 0.6%/y to
2.0%/y and over 2.0%/y, respec-
tively.27 Based on our results, statin
therapy would reduce the absolute
risk of major coronary events over 4.3
years by 0.75%, 1.63%, and 2.51% in
low-, intermediate-, and high-risk
groups, respectively. This translates
into numbers needed to treat of 133,
61, and 40, respectively.

Therefore, the cost-effectiveness
ofstatinsinprimarypreventionwould
varyasafunctionofpatientrisk.How-
ever, future guidelines should incor-
porate risk stratification models that
includecerebrovascularandrevascu-
larizationeventsalongwithcoronary
artery disease events because statins
provide benefit in these outcomes as
well.Statinsappeartobecost-effective
for high-risk primary prevention pa-
tients who have an absolute 10-year
CHD event rate of higher than 20%

but are cost-ineffective for low-risk
patients whose 10-year risk is lower
than10%.30,31 The routineuseof stat-
ins inprimarypreventionforpatients
at intermediate risk(ie,10-yearCHD
riskof10%-20%)remainscontrover-
sial,30 andourstudyprovidesupdated
efficacy estimates to facilitate further
analysis. Crudely, if the estimated 23
million Americans who are at inter-
mediate risk of CHD events32 were
treated with statins for a mean of 4.3
years, we estimate that 383 000 ma-
jor coronary events and 85 800 ma-
jor cerebrovascular events could be
prevented. However, this would cost
between$40billionand$155billion,
assuming that the average daily
cost of the statins used at the doses
in the included studies (Table 1) is
between$1.15and$4.51.33Therefore,
eventhoughuniversal lipid-lowering
therapyappears attractive, especially
in an intermediate-risk primary
prevention population, further stud-
ies are needed to clarify the cost-
effectivenessof therapy in thisgroup.

Our study has several limita-
tions. First, 3 of the included trials
had a small proportion (overall 10%)
of secondary prevention patients.
Since we relied on published data, we
were unable to exclude these pa-
tients from our analysis. However,
our metaregression analysis found no
association between our outcomes of
interest and the proportion of pri-
mary prevention patients in the trials,
which suggests that the benefits of
statin therapy observed were not at-
tributable to the presence of second-
ary prevention patients.

Second,wecombinedprimarypre-
ventionstudies consistingofpatients
atdifferent risk levels.Therefore,our
risk-reductionestimatesmaybeinflu-
encedbythehigher-riskprimarypre-
ventionpatientssuchasthosewithdia-
betes mellitus. However, most of the
patients includedinouranalysiswere
at amoderateormoderatelyhighrisk
of CHD events by ATP III criteria.9

Moreover, many patients with diabe-
tes mellitus, such as those who are
youngerorhave fewercomorbidities,
are not considered to be at high risk9

and are thus very similar to other pa-
tients who are potentially eligible for
primary prevention.

Finally, we combined data from
studies that used different statins. De-
pending on the statin and the dose,
some statin regimens may be more ef-
fective in cholesterol lowering than
others. However, based on the up-
dated ATP III guidelines,9 the stat-
ins used in the 7 studies at their re-
spective doses have similar efficacy.

Our meta-analysis contributes to
the current literature in several ways.
First, we provide an update to the pre-
viously published, primary preven-
tion meta-analysis by Pignone et al34

in 2000. Second, even though a
pooled analysis of all statin studies has
been recently published,19 our study
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Figure 5. Plotted relative risk ratios (RRs) (95% confidence intervals [CIs]) for overall mortality. The
combined RR for statin was 0.93 (95% CI, 0.86-1.01) (P=.09). See the Abbreviations footnote in Table 1
for expanded trial names.

Table 3. Comparison of Risk Reduction Between Primary and Secondary Prevention Patients

Outcome

Relative Risk Reduction Absolute Risk Reduction Number Needed to Treat

Primary* Secondary† Primary* Secondary† Primary* Secondary†

Major coronary events 29.2 20.8 1.66 2.4 60 33
Major cerebrovascular events 14.4 17.8 0.37 0.8 268 125
Nonfatal myocardial infarctions 31.7 NA 1.65 NA 61 NA
Revascularizations 33.8 20.3 1.08 2.7 93 37

Abbreviation: NA, not applicable.
*Data from our meta-analysis.
†Data from the Cholesterol Treatment Trialists’ Collaborators19 expressed as per–millimole per liter change in low-density lipoprotein cholesterol level.
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focuses exclusively on primary pre-
vention trials and presents data for
a wide range of outcomes. We also
present meta-regression data ex-
amining the relationship between
study-level patient characteristics
and the benefit of statins for pri-
mary prevention.

In conclusion, while statins did
not have significant effect on CHD
mortality or all-cause mortality,
these drugs reduce the incidence of
major coronary events, major cere-
brovascular events, NFMI, and re-
vascularization procedures in a
mainly primary prevention popula-
tion. These benefits occur regard-
less of the baseline LDL-C levels and
risk factors. However, compared
with the findings in secondary pre-
vention trials, the absolute RR in out-
comes is smaller in the primary pre-
vention patients.
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