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ABSTRACT

Background: Statins were initially used to im -
prove cardiovascular outcomes in people with
established coronary artery disease, but re-
cently their use has become more common in
people at low cardiovascular risk. We did a sys-
tematic review of randomized trials to assess
the efficacy and harms of statins in these
individuals.

Methods: We searched MEDLINE and EMBASE
(to Jan. 28, 2011), registries of health technol-
ogy assessments and clinical trials, and refer-
ence lists of relevant reviews. We included tri-
als that randomly assigned participants at low
cardiovascular risk to receive a statin versus a
placebo or no statin. We defined low risk as
an observed 10-year risk of less than 20% for
cardiovascular-related death or nonfatal myo-
cardial infarction, but we explored other defi-
nitions in sensitivity analyses.

Results: We identified 29 eligible trials involv-
ing a total of 80 711 participants. All-cause

Ithough statins are known to improve

survival and relevant clinical outcomes

in high-risk populations,' evidence of
their clinical benefit in lower risk populations is
more equivocal. Initially, low-risk populations
were defined by the absence of known coronary
artery disease (and their treatment was termed
“primary prevention”). However, it was sub-
sequently recognized that these populations
included both patients at very high risk of coro-
nary artery disease (e.g., those with severe
peripheral vascular disease) and those at very
low risk (e.g., those aged < 40 years who have
no diabetes or hypertension and have low-
density lipoprotein cholesterol level of less than
1.8 mmol/L). Accordingly, current guidelines
for the use of statins are based on the projected
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mortality was significantly lower among pa-
tients receiving a statin than among controls
(relative risk [RR] 0.90, 95% confidence inter-
val [Cl] 0.84-0.97) for trials with a 10-year risk
of cardiovascular disease <20% [primary
analysis] and 0.83, 95% CI 0.73-0.94, for trials
with 10-year risk < 10% [sensitivity analysis]).
Patients in the statin group were also signifi-
cantly less likely than controls to have nonfa-
tal myocardial infarction (RR 0.64, 95% ClI
0.49-0.84) and nonfatal stroke (RR 0.81, 95%
Cl 0.68-0.96). Neither metaregression nor
stratified analyses suggested statistically sig-
nificant differences in efficacy between high-
and low-potency statins, or larger reductions
in cholesterol.

Interpretation: Statins were found to be effi-
cacious in preventing death and cardiovascu-
lar morbidity in people at low cardiovascular
risk. Reductions in relative risk were similar to
those seen in patients with a history of coro-
nary artery disease.

risk of an atherosclerotic event rather than
solely on the presence or absence of known
coronary artery disease.*’

Results of the recent JUPITER study (Justifi-
cation for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin)* have
renewed enthusiasm for the use of statins in peo-
ple without a history of coronary artery disease
and have generated further controversy as to
whether high-potency statins such as rosuvastatin
and atorvastatin lead to better clinical outcomes
than low-potency statins such as pravastatin, sim-
vastatin, fluvastatin and lovastatin. We did a sys-
tematic review of randomized trials to assess the
efficacy and harms of statins in people at low car-
diovascular risk, including indirect comparisons
of high-potency and low-potency statins.
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Methods

We performed a systematic review of published
and unpublished randomized controlled trials
that compared statins with no statin or placebo.
We used accepted methods for literature
searches, article selection, data extraction and
risk-of-bias assessment. The review was reported
according to accepted guidelines.>®

Literature search

We searched MEDLINE (1950 to Jan. 28, 2011)
and EMBASE (1950 to Jan. 28, 2011). Details of
the search strategy appear in Appendix 1 (avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503
/cmaj.101280/-/DC1). Because of high search
yields, an update of a modified version of the
National Institute for Health and Clinical Excel-
lence search’ was performed, with elimination of
studies published before 2003. Searches were
not restricted by language (when a translator
could be found).

We also searched registries of health technol-
ogy assessments and clinical trials, conducted
manual searches of reference lists of relevant
reviews, and contacted Canadian manufacturers
of statins (Astra Zeneca, Merck Frosst, Pfizer,
Bristol Myers Squibb, Novartis) for additional
studies and unpublished reports of trials.

Study selection and validity assessment
We included parallel-group randomized con-
trolled trials if they included people 16 years or
older who were at low cardiovascular risk (as
defined in the next paragraph), the follow-up
period was at least six months, and an eligible
statin (atorvastatin, fluvastatin, lovastatin, prava-
statin, rosuvastatin or simvastatin) was compared
with no statin (placebo or standard care). We cat-
egorized statins according to their pharmaco-
logic effect on lowering cholesterol as either low
potency (fluvastatin, lovastatin, pravastatin and
simvastatin) or high potency (atorvastatin and
rosuvastatin).® To be eligible, studies also had to
report one or more of the following outcomes:
all-cause mortality, unstable angina, acute myo -
cardial infarction (fatal or nonfatal), stroke or
transient ischemic attack (fatal or nonfatal), sur-
gical or percutaneous revascularization, length of
stay, quality of life, persistence on statin therapy,
and adverse events. Trials with fewer than 30
participants per study arm were excluded to
improve the efficiency of the work without an
appreciable loss of power.’

Trials were considered to have enrolled par-
ticipants at low cardiovascular risk if the 10-year
risk of cardiovascular-related death or nonfatal
myocardial infarction among participants was

less than 20%," as assessed by extrapolation of
observed risk in the control group of each trial.
In general, this corresponded to participants who
were free from cardiovascular disease (i.e., no
prior acute coronary syndrome or coronary re-
vascularization, no prior ischemic stroke and no
prior revascularization or loss of limb owing to
peripheral arterial disease) and diabetes. Data
from trials in which some, but not all, partici-
pants had known cardiovascular disease were
included if the control group had a low cardio-
vascular risk (as defined above).

In sensitivity analyses, we calculated the esti-
mated 10-year risk of cardiovascular-related death
or nonfatal myocardial infarction for the average
participant in each trial, using mean baseline char-
acteristics from the control group and two com-
monly used formulas from D’Agostino and col-
leagues' and the Third Adult Treatment Panel.”
We also used a number of other definitions for
low risk in sensitivity analyses.

Two reviewers screened each citation. Trials
considered to be relevant by one or both review-
ers were retrieved, and the full text was indepen-
dently assessed by two reviewers for inclusion.
Disagreements were resolved by a third party
through consensus.

Two reviewers independently assessed each
study’s risk of bias using a condensed version of
the Chalmers Index"” as well as other characteris-
tics that influence the risk of biased estimates of
effectiveness in meta-analyses.'*'® Disagreements
were resolved by a third party through consensus.

Data extraction

One reviewer extracted data from selected trials,
and a second reviewer checked the data for accu-
racy. Results of intention-to-treat analyses were
collected if reported.

We classified adverse events as serious if they
were defined as such by the primary authors or if
their severity was unspecified but they led to
withdrawal from therapy or study. We also col-
lected data on the incidence of new diabetes, can-
cer and rhabdomyolysis. Myocardial infarctions
were classified as fatal, nonfatal or fatal/nonfatal;
those in the fatal/nonfatal category were from
studies that did not specify the type of myocardial
infarction or separate totals for fatal and nonfatal
myocardial infarctions. Strokes were classified in
a similar manner. Angina was classified as un-
stable if defined as such by the primary authors, if
it required admission to hospital or if it necessi-
tated revascularization. Angina that did not meet
these criteria was classified as “unspecified”
angina. Types of revascularization included coro-
nary artery bypass graft surgery, percutaneous
coronary intervention, percutaneous transluminal



coronary angioplasty, interventional vascular pro-
cedure, coronary revascularization, arterial revas-
cularization and coronary angioplasty. For studies
in which the number of cardiovascular-related
deaths or nonfatal myocardial infarctions was
unclear, we contacted the original authors for
information so that we could calculate the 10-
year risk.

Data synthesis and analysis

We pooled the results using the random-effects
model described by DerSimonian and Laird."”
We used relative risks (RRs) to summarize di-
chotomous results. We quantified statistical het-
erogeneity using the I statistic and used “small,”
“moderate” and “large” to describe values of
25%, 50% and 75%.'"*"" A weighted regression
test® was used to test for publication bias.

We used univariable and bivariable meta-
regression analyses'® to examine whether the fol-
lowing variables influenced the association be-
tween statin use and all-cause mortality: duration
of study, year of study, baseline cholesterol lev-
els, observed annual cardiovascular risk in the
control arm, the absolute and percent change in
low-density lipoprotein cholesterol from baseline
in the statin arm, the point at which low-density
lipoprotein cholesterol was measured, daily ini-
tial dose of statin, potency of statin (high v. low),
mean age of participants, proportion of partici-
pants who were male, proportion who had dia-
betes, proportion who had hypertension, and
risk-of-bias items.

The number needed to treat and the absolute
risk reduction were calculated for outcomes with
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Results

Literature search

Of the 15 250 articles identified, 29 (n = 80 711)
met our inclusion criteria (Figure 1).*** Atorva-
statin was the study drug in six trials (n = 11 894),
fluvastatin in four trials (n = 2107), lovastatin in
three (n = 15769), pravastatin in nine (n =
30 974), rosuvastatin in four (n = 19 129) and
simvastatin in three (n = 838). Twenty-two of the
trials were placebo-controlled, and the remaining
seven reported usual care, conventional treatment,
standard treatment, no treatment or diet as the
comparators. The median year of publication was
2004 (range 1991-2010). The median duration of
follow-up was two years (range 0.5-5.3 years).
Details of the studies are summarized in Table 1
(at the end of the article).

Risk-of-bias assessment

The 29 trials generally exhibited moderate risk
of bias (Table 2, at the end of the article). A
weighted regression test® using all-cause mortal-
ity results detected no statistical evidence of pub-
lication bias (bias = 0.03, p = 0.92).

Characteristics of participants
The median age of the participants was 58 years
(range 51-76), and the proportion who were

Potentially relevant records identified
and screened for retrieval
n=15250

— Excluded n=14426
¢ Not relevant n =14 388
e Not retrievable n=6
e No translator n=32

statistically significant relative risks. The number
needed to treat indicates the number of patients
who need to be given statin treatment to prevent
one event and is the reciprocal of the absolute \
risk reduction (difference in probabilities of an Aridles resiteves) for cleiaike] aveluatiism
event between treatment and control groups).” n =824

In subgroup analyses, we examined all-cause
mortality and other clinical outcomes for trials
stratified by statin potency (high v. low). We also
explored the relative effects of statins using a
method of indirect comparison of treatments de-
scribed by Bucher and colleagues,” a technique

— Excluded n =795

e Not original research n =292
Not low-risk population n =187
No relevant outcomes n =142
Sample size <30 n =43

No placebo or usual-care

arm n=32

that facilitates the comparison of any two statins . F0|||0WI-UP <b? mo n =32
. . e Multiple publication n =30
not d1r.ectly compared in any one study. Here, .the « Nostatin arm n = 24
magnitude of treatment effects (e.g., relative e NotanRCT n=7
risk) for the direct evidence of treatment A ver- ¢ Nouseable data n=5
e Nothuman n=1
sus B and treatment B versus C were compared v
with acquired indirect evidence of treatment A

Trials included in meta-analysis
versus C. n=29

Analyses were conducted using RevMan Ver-
sion 4.2 (The Cochrane Collaboration, 2002,
Oxford, England) and Stata/MP 11.2 software
(Stata Corp, 2011, College Station, Texas).

Figure 1: Selection of studies for inclusion in the meta-analysis. RCT = random-
ized controlled trial.
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male ranged from 0% to 100% (median 62%).
The median proportion of participants who had
diabetes was 7% (range 0%—-35%), and hyper-
tension 47% (range 16%—100%) (Table 1).

The baseline lipid levels in the included trials
were: total cholesterol, median 6.0 (range 4.8—
7.6) mmol/L; low-density lipoprotein cholesterol,
median 4.0 (range 2.8-5.2) mmol/L; high-density
lipoprotein cholesterol, median 1.3 (range 1.0—
1.9) mmol/L; and triglycerides, median 1.7
(range 1.2-3.6) mmol/L. Seven studies reported
baseline C-reactive protein levels: median 0.17
(range 0.15-7.7) mg/dL (16.6 [range 13.8-732.4]
nmol/L). The mean 10-year risk of cardiovascu-
lar-related death or nonfatal myocardial infarction
was 6% (range 0%—18%).

Outcomes

Table 3 presents a summary of the relative risks
(overall and stratified by high- and low-potency
statins), number needed to treat and absolute risk
reduction for all outcomes.

All-cause mortality

Twenty-three trials (n = 79 495) reported all-cause
mortality (Figure 2). The trial-level relative risk
could not be estimated for four trials that reported
no events in either group.” From the remaining 19
trials (n = 78 321), the pooled relative risk of
death was significantly lower among statin recipi-
ents than among controls (RR 0.90, 95% confi-
dence interval [CI] 0.84-0.97; I = 2.0%).

In the metaregression analyses, none of the
characteristics listed in the methods section
(including baseline cholesterol levels or change
in lipid levels during the trials) significantly
modified the association between statin use and
all-cause mortality at the level of p < 0.05
(Appendix 2, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.101280/-/DC1).

Myocardial infarction

Thirteen trials (n = 48 023) reported the number
of participants with fatal, nonfatal or unspecified
myocardial infarctions. The pooled relative risk
was significantly lower among statin recipients
than among controls (RR 0.63, 95% CI 0.50—
0.79; P = 13%].

From eight trials (n = 31 424) that provided
data on fatal myocardial infarctions, we found
that the pooled relative risk did not differ signifi-
cantly between treatment groups (RR 0.96, 95%
CI10.5-1.85; I = 0%).

Ten trials (n = 49 222) reported nonfatal
myocardial infarctions. The pooled relative risk
was significantly lower among statin recipients
than among controls (RR 0.64, 95% CI 0.49—
0.84; I’ = 44%) (Figure 3). After removing
studies that enrolled people with prior myocar-
dial infarction, we found that the point estimate
was similar to the estimate from the primary
analysis (eight trials, n = 48 595; RR 0.64,
95% CI 0.48-0.86; moderate heterogeneity [I*
= 54%])).

Table 3: Relative risk of serious outcomes associated with the use of statins in patients at low cardiovascular risk*

QOutcome

RR for high- RR for low- Number Absolute risk
Overall potency statins potency statins needed to treat reduction, %
RR (95% CI) (95% ClI) (95% ClI) (95% Ci)t (95% Ci)t

Death from any cause
Myocardial infarction
Fatal myocardial infarction
Nonfatal myocardial infarction
Stroke

Fatal stroke

Nonfatal stroke

Unstable angina

Angina, type unspecified
Revascularization

Serious adverse event
Rhabdomyolysis

Cancer

New diabetes

0.90 (0.84-0.97)
0.63 (0.50-0.79)
0.96 (0.50-1.85)
0.64 (0.49-0.84)
0.83 (0.74-0.93)
0.91 (0.65-1.29)
0.81 (0.68-0.96)
0.71 (0.55-0.92)
0.83 (0.57-1.22)
0.66 (0.57-0.77)
1.01 (0.96-1.07)
1.29 (0.25-6.68)
1.00 (0.93-1.08)
1.05 (0.84-1.32)

0.85 (0.74-0.96)
0.47 (0.31-0.71)
1.54 (0.61-3.89)
0.47 (0.34-0.67)
0.70 (0.55-0.87)
0.50 (0.13-2.0)

0.51(0.33-0.79)
0.73(0.48-1.11)
1.05 (0.12-9.23)
0.74 (0.39-1.40)
0.96 (0.86-1.09)

2.99 (0.31-28.75)

0.95(0.81-1.11)
1.17 (1.04-1.32)

0.90 (0.79-1.03)
0.68 (0.53-0.87)
0.59 (0.23-1.51)
0.77 (0.59-1.00)
0.89(0.77-1.03)
0.95 (0.67-1.35)
0.88 (0.73-1.06)
0.70(0.51-0.97)
0.83(0.56-1.22)
0.66 (0.55-0.78)
1.03 (0.98-1.10)
0.50 (0.05-5.51)
1.02 (0.93-1.11)
0.76 (0.56-1.02)

239 (149-796)
216 (160-381)
153 (108-343)
291 (190-707)
335 (199-1592)
431 (278-1563)
131 (103-193)

0.42 (0.13-0.67)
0.46 (0.26-0.63)
0.66 (0.29-0.93)
0.34 (0.14-0.53)
0.30 (0.06-0.50)
0.23 (0.06-0.36)
0.77 (0.52-0.97)

Note: Cl = confidence interval, RR = relative risk.
*Low cardiovascular risk was defined as an observed 10-year risk of less than 20% for cardiovascular-related death or nonfatal myocardial infarction.

tNumber needed to treat and absolute risk reduction for each outcome were calculated on the basis of the pooled risk in the control arm from all included trials.
Number needed to treat and absolute risk reduction were calculated only for outcomes with a statistically significant estimate of effect.
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Stroke

Fourteen trials (n = 60 841) reported the num-
ber of participants with fatal, nonfatal or unde-
fined strokes. The pooled relative risk of stroke
was significantly lower among statin recipients
than among controls (RR 0.83, 95% CI 0.74—
0.93; ' = 0%).

Five trials (n = 36 118) reported on the risk of
fatal stroke; the pooled relative risk did not differ
significantly between treatment groups (RR 0.91,
95% CI 0.65-1.29; I* = 0%). Nine trials (n =
37 333) reported the number of participants with
nonfatal stroke; the pooled relative risk was sig-
nificantly lower among statin recipients (relative
risk 0.81 [0.68-0.96]; I* = 0%) (Figure 4).

Coronary revascularization
Eight trials (n = 43 708) reported the number of
participants who underwent percutaneous or sur-

RESEARCH

gical coronary revascularization. The incidence
of revascularization was significantly lower
among statin recipients than among controls (RR
0.66, 95% C10.57-0.77; I = 71%).

Other outcomes

Four trials (n = 35 017) reported on the risk of
unstable angina: the pooled relative risk was sig-
nificantly lower among statin recipients than
among controls (RR 0.71, 95% CI 0.55-0.92;
I = 0%). Three trials (n = 9082) reported on the
risk of unspecified angina: the pooled relative
risk did not differ significantly between treat-
ment groups (RR 0.83, 95% CI 0.57-1.22; P =
0%). Thirteen trials reported on the proportion of
participants who adhered to statin therapy (range
63%-98%). Length of hospital stay, persistence
on statin therapy and quality-of-life measures
were not reported in any of the studies.

No. of events, n/N )
Favours | Favours no
Study Statin No statin RR (95% Cl) <— statin statin —>
Low-potency statin* '
EXCEL% 33/6 582 3/1 663 2.78 (0.85-9.05) T
ACAPS38 1/460 8/459 0.12 (0.02-0.99) D S
KAPS#1 3/224 4/223 0.75 (0.17-3.30) _—
WOSCOPS* 106/3 302 135/3 293 0.78 (0.61-1.01) -
CAIUS#2 1/151 0/154 3.06 (0.13-74.51) : >
AFCAPS/TexCAPS3? 80/3 304 77/3 301 1.04 (0.76-1.41) ——
KLIS37 87/2 219 78/1 634 0.82 (0.61-1.11) —-—f—
ALLHAT-LLT40 631/5 170 641/5 185 0.99 (0.89-1.09) l:
Bruckert et al.33 1/607 1/622 1.02 (0.06-16.35) < >
Muldoon et al.?? 0/206 0/102 Not estimable
PHYLLIS30 1/254 0/254 3.00 (0.12-73.30) f >
PREVEND-IT3! 13/433 12/431 1.08 (0.50-2.34) —:.-—
Rejnmark et al.32 0/41 0/41 Not estimable ]
HYRIM2e 4/283 5/285 0.81(0.22-2.97) —_—
MEGA?24 55/3 866 79/3 966 0.71 (0.51-1.00) —-Z
ESPLANADE# 0/87 0/93 Not estimable :
Subtotal 1016/27 189 1043/21 706 0.90 (0.79-1.03) 0:
/2= 18.8% E
High-potency statint
ASCOT-LLA36 186/5 168 212/5 137 0.87 (0.72-1.06) --:r
Holmberg et al.26 5/70 5/73 1.04 (0.32-3.45) —!-—
Bone et al.23 0/485 0/119 Not estimable ;
METEOR34 1/702 0/282 1.21 (0.05-29.56) < 0 >
JUPITER#* 198/8 901 247/8 901 0.80 (0.67-0.96) -
LEADe% 9/314 6/325 1.55 (0.56-4.31)
LORD#8 4/58 5/65 0.90 (0.25-3.18) :
Subtotal 403/15 698 475/14 902 0.85 (0.74-0.96) Qf
P2 =0% ;
Overall 1419/42 887 1518/36 608 0.90 (0.84-0.97) ¢
P2=2.0% — —t— —
0102 05 1 2 5 10
RR (95% Cl)

Figure 2: Risk of death from any cause associated with the use of statins (versus no statins) in patients at
low cardiovascular risk (observed 10-year risk of cardiovascular-related death or nonfatal myocardial infarc-
tion < 20%). A relative risk (RR) of less than 1.0 indicates fewer deaths with the use of statins. Cl = confi-
dence interval. *Lovastatin, fluvastatin, pravastatin and simvastatin. tRosuvastatin and atorvastatin. For

complete study names, see Box 1.
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No. of events, n/N )
Favours | Favours no
Study Statin No statin RR (95% Cl) <— statin statin —>
Low-potency statin* :
ACAPS38 5/460 5/459 1.00 (0.29-3.42) —f—
KAPS41 3/224 6/223 0.50 (0.13-1.97) —-5—
WOSCOPS43 143/3 302 204/3 293 0.70 (0.57-0.86) -
CAIUS#2 1/151 2/154 0.51 (0.05-5.56) < E
KLIS3? 36/2 219 20/1 634 1.33 (0.77-2.28) e
Muldoon et al.29 0/206 0/102 Not estimable
Rejnmark et al.32 0/41 0/41 Not estimable :
MEGAZ26 16/3 866 30/3 966 0.55 (0.30-1.00) —
ESPLANADE# 1/87 0/93 3.20 (0.13-77.63) : >
Subtotal 205/10 556 267/9 965 0.77 (0.59-1.00) L 4
/2= 15.8% 5
High-potency statint
ASCOT-LLA38 60/5 168 108/5 137 0.55 (0.40-0.76) —— f
METEOR34 1/702 0/282 1.21 (0.05-29.56) < : >
JUPITER#* 22/8 901 62/8 901 0.35 (0.22-0.58) ——
Subtotal 83/14 771 170/14 320 0.47 (0.34-0.67) - é
2 =221% ;
Overall 288/25 327 437/24 285 0.64 (0.49-0.84) > é
IZ - 443% T T T T T T T
0.102 05 1 2 5 10
RR (95% Cl)

Figure 3: Risk of nonfatal myocardial infarction associated with the use of statins (versus no statins) in
patients at low cardiovascular risk (observed 10-year risk of cardiovascular-related death or nonfatal
myocardial infarction < 20%). A relative risk (RR) of less than 1.0 indicates fewer events with the use of
statins. Cl = confidence interval. *Lovastatin, fluvastatin, pravastatin and simvastatin. tRosuvastatin and
atorvastatin. For complete study names, see Box 1.

No. of events, n/N )
Favours i Favours no
Study Statin No statin RR (95% ClI) <— statin ' statin —>
Low-potency statin* ‘
ACAPS38 0/460 3/459 0.14 (0.01-2.75) <
KAPS41 2/224 3/223 0.66 (0.11-3.93)
WOSCOPS#4 40/3 302 47/3 293 0.85 (0.56-1.29) =
ALLHAT-LLTA40 156/5 170 175/5 185 0.89 (0.72-1.11) -l-
Muldoon et al.2® 1/206 0/102 1.49 (0.06-36.32) < >
ESPLANADE4® 1/87 0/93 3.20 (0.13-77.63) >
Subtotal 200/9 449 228/9 355 0.88 (0.73-1.06) <
2= 0% i
High-potency statint
Bone et al.z3 1/485 0/119 0.74 (0.03-18.07) < . >
JUPITER# 30/8 901 58/8 901 0.52 (0.33-0.80) —
LORD#8 0/58 2/65 0.22 (0.01-4.57) <
Subtotal 31/9 444 60/9 085 0.51 (0.33-0.79) - |
12=0%
Overall 231/18 893 288/18 440 0.81 (0.68-0.96) <
12=0% T T T t T T T
0102 05 1 2 5 10
RR (95% Cl)

Figure 4: Risk of nonfatal stroke associated with the use of statins (versus no statins) in patients at low car-
diovascular risk (observed 10-year risk of cardiovascular-related death or nonfatal myocardial infarction
< 20%). A relative risk (RR) of less than 1.0 indicates fewer events with the use of statins. Cl = confidence
interval. *Lovastatin, fluvastatin, pravastatin and simvastatin. tTRosuvastatin and atorvastatin. For com-
plete study names, see Box 1.



Adverse events
Twenty-one trials (n = 47 589) reported the num-
ber of participants who had serious adverse
events. The trial-level relative risk could not be
estimated for four trials that reported no events in
either group. From the remaining 17 trials (n =
47 021), the pooled risk of serious adverse events
did not differ significantly between treatment
groups (RR 1.01, 95% CI 0.96-1.07; I’ = 8%).
Ten trials (n = 45 557) reported the number of
participants who experienced rhabdomyolysis.
From the three trials in which this outcome
occurred (n = 34 712), the pooled risk of rhab-
domyolysis did not differ significantly between
groups (RR 1.29, 95% CI 0.25-6.68; I* = 0%).
Ten trials (n = 62 547) reported the number of
participants in whom cancer was diagnosed, and
four trials (n = 31 818) reported the proportion
with new diabetes. The pooled risk of cancer did
not differ significantly between groups (RR 1.00,
95% CI 0.93-1.08; I = 0%), nor did the pooled
risk of diabetes (RR 1.05, 95% CI 0.84-1.32),
although heterogeneity between studies in the
latter analysis was large (I’ = 64%).

Subgroup and sensitivity analyses

Indirect comparisons between high- and low-
potency statins did not show a significant differ-
ence in the risk of all-cause mortality (RR for
high- v. low-potency statins: 0.94, 95% CI 0.79—
1.13), fatal or nonfatal myocardial infarction
(RR 0.69, 95% CI 0.43-1.12) or stroke (RR
0.79,95% CI1 0.61-1.02).

The sensitivity analyses, many of which used
alternative definitions of low cardiovascular risk,
showed findings that were consistent with the
results of the primary analysis across a wide variety
of assumptions and conditions (Appendices 3 and
4, available at www.cmaj.ca/lookup/suppl/doi:
10.1503/cmaj.101280/-/DC1). In particular, use of
estimates rather than observed data to classify trials
with respect to 10-year cardiovascular risk led to
similar conclusions regarding the efficacy of statins
in reducing all-cause mortality. In addition, when
low cardiovascular risk was defined as a 10-year
risk of cardiovascular-related death or nonfatal
myocardial infarction of less than 10%, the pooled
relative risk was similar to that of the primary
analysis (RR 0.83, 95% CI 0.73-0.94). The pooled
relative risk of all-cause mortality among statin
recipients was statistically significant in virtually all
of the sensitivity analyses (28 of 33). In addition,
the point estimate for the pooled relative risk was
relatively stable in these analyses (range 0.78-0.93,
as compared with the point estimate of 0.90 in the
primary analysis), except for one analysis that
included trials with a follow-up period shorter than
the median of two years (pooled RR 0.99).

RESEARCH

Interpretation

We found that the use of statins by people at low
cardiovascular risk reduced the relative risk of
death from any cause by 10%. Treatment with
statins also reduced the risk of stroke, myocardial
infarction, unstable angina and coronary revascu-
larization to an extent similar to that seen in trials
involving patients with coronary artery disease.”

In a meta-analysis of the efficacy and safety
of statins among patients with coronary artery
disease, the number needed to treat was 86 to
prevent a single death from any cause and 62 to
prevent a single nonfatal myocardial infarction.”
The corresponding numbers needed to treat
among people at low cardiovascular risk by our
primary definition were 239 and 153, which
reflect the generally low rates of vascular events
in this population. Because statins might be used
indefinitely to reduce cardiovascular risk, the
absolute benefit may increase (accompanied by
corresponding decreases in the number needed
to treat) with longer durations of treatment, al-
though this remains speculative.

Although we sought information from all tri-
als on outcomes associated with serious harm
from statins, information on serious adverse
events was available for only 59% (47 589/
80 711) of the trial participants. This low propor-
tion is consistent with previously documented
deficiencies in reporting harm among participants
in randomized controlled trials.”* Our experi-
ence with soliciting this information from investi-
gators revealed a lack of clarity among trial
authors regarding how serious adverse events
were reported in published reports. Because the
risk of serious morbidity would be expected to
decline among statin users, our finding of a lack
of significant difference in the rate of serious
adverse events between treatment groups and our
nonsignificant estimate of elevated risk among
statin users should be interpreted with caution. A
complete analysis of published and unpublished
data from individual patients on the effect of
statins among low-risk patients would be a useful
addition to the literature, but it would require
cooperation among the various stakeholders.

Our metaregression and indirect comparisons
did not show statistically significant differences
in the efficacy of high- and low-potency statins.
However, metaregression has relatively low sta-
tistical power. The as-yet unproven potential for
high-potency statins to prevent cardiovascular
outcomes more effectively must be balanced
against their higher costs compared with low-
potency statins. The recent availability of generic
(lower cost) atorvastatin makes this issue of par-
ticular importance for decision-makers and third-

party payers.
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Unlike a recent systematic review that in-
cluded statin trials involving both low- and high-
risk people,” we did not find a significantly in-
creased risk of new diabetes among low-risk
statin users, perhaps because of differences in
study populations or statistical power. If such an
effect exists, this would be expected to further
reduce the absolute benefit of statin treatment in
low-risk populations over the long term.

Our findings also differ from those of another
recently published systematic review of 11 trials
involving 65 229 people without cardiovascular
disease that found no evidence of a benefit of
statin use on all-cause mortality.”® The authors
reported a relative risk reduction for all-cause
mortality that was similar to ours (9% v. 10%),
but their estimate was less precise, leading to a
95% CI that crossed unity (0.83—1.01). Eight tri-
als in that review were included in our
study.**313694045 However, we included an addi-
tional 11 trials that reported on all-cause mortal-
ity, and we excluded 2 trials** that exclusively
enrolled participants with a diagnosis of diabetes
at baseline. A third study included in the prior
reviews was excluded from our study because
the 10-year risk for cardiovascular-related death
or nonfatal myocardial infarction was greater
than 20%.”

Strengths and limitations

This is an up-to-date, comprehensive systematic
review of the clinical implications of statin use
among people at low cardiovascular risk. We in-
cluded studies in which participants were consid-
ered to be at low risk according to an accepted
definition — a 10-year incidence of less than 20%
for cardiovascular-related death or nonfatal
myocardial infarction."” We excluded trials that
predominantly enrolled people at higher cardio-
vascular risk, such as those with diabetes or prior
cardiovascular events. Therefore, our relative risk
estimates were unlikely to be influenced by
higher-risk subgroups within the trial populations.

Our analysis has limitations. First, as with all
meta-analyses, our conclusions are limited by
the availability of individual trials. We cannot
exclude the possibility of publication bias, al-
though it seems unlikely that there are unidenti-
fied trials large enough to influence the direction
or significance of our findings.

Second, although we used accepted tech-
niques for metaregression in an attempt to iden-
tify factors associated with greater or lesser ben-
efit from statin use among low-risk participants,
statistical power for these analyses was relatively
low given the number of available trials.

Third, the duration of all trials was relatively
short given that people at low cardiovascular risk

might require treatment with statins for decades.

Fourth, we used the number needed to treat to
summarize the benefits of statins across different
analyses. Whether the number needed to treat is
appropriate for use in meta-analyses is contro-
versial; however, we believe that the simplicity
and transparency of this method outweigh its
potential disadvantages.**

Fifth, although we reported a wide range of
clinically relevant outcomes as specified in our
protocol, the definition for some (e.g., unstable
angina) will have varied across trials.

Sixth, in an attempt at unbiased identification
of people at low cardiovascular risk, we based our
inclusion criterion on the observed incidence of
events among placebo recipients, anticipating that
clinicians could apply our findings in practice by
using their risk prediction instrument of choice to
identify patients with an estimated 10-year risk of
less than 20% for cardiovascular-related death or
nonfatal myocardial infarction. Because risk pre-
diction tools may overestimate true rates of events
in contemporary practice, we repeated analyses
after including only trials with an estimated 10-
year risk of less than 20% based on mean partici-
pant characteristics and two widely used risk
equations; "> we reached similar conclusions.

Finally, given that most of the trials included
in our review were at moderate risk of bias, we
cannot exclude the possibility that other factors
besides statin use may have influenced the ob-
served differences in health outcomes between
treatment groups.

Conclusion

Both low- and high-potency statins were effica-
cious in preventing death and cardiovascular-
related morbidity in people at low risk of car-
diovascular events (whose 10-year risk of
cardiovascular-related death or nonfatal myocar-
dial infarction is less than 20%), most of whom
did not have a history of coronary artery disease
or diabetes. However, the number needed to treat
to prevent one adverse outcome was relatively
high for any statin. Whether high-potency statins
improve outcomes to a greater extent than low-
potency statins is uncertain based on current data.
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Endpoints

statin
e KAPS: Kuopio Atherosclerosis Prevention Study
e KLIS: Kyushu Lipid Intervention Study
e LEADe: Lipitor's Effect in Alzheimer’s Dementia

Box 1: Full names of trials included in the meta-analysis

e ACAPS: Asymptomatic Carotid Artery Progression Study

e AFCAPS/TexCAPS: Air Force/Texas Coronary Atherosclerosis Prevention Study

e ALLHAT-LLT: Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial

e ASCOT-LLA: Anglo-Scandinavian Cardiac Outcomes Trial — Lipid Lowering Arm

e ASTRONOMER: Aortic Stenosis Progression Observation: Measuring the Effects of Rosuvastatin

e CAIUS: Carotid Atherosclerosis Italian Ultrasound Study

e ESPLANADE: European Study for Preventing by Lipid-lowering Agents aNd ACE-inhibition Dialysis

e EXCEL: Expanded Clinical Evaluation of Lovastatin Study
e HYRIM: Hypertension High-Risk Management Trial
e JUPITER: Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuva-

e LORD: Lipid Lowering and Onset of Renal Disease

¢ MEGA: Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese
e METEOR: Measuring Effects on Intima-Media Thickness: an Evaluation of Rosuvastatin

e PHYLLIS: Plaque Hypertension Lipid-Lowering Italian Study

e PREVEND-IT: Prevention of Renal and Vascular Endstage Disease Intervention Trial

e UK-HARP-I: First United Kingdom Heart and Renal Protection

e \WOSCOPS: West of Scotland Coronary Prevention Study
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