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IMPORTANCE The association between statin-induced reduction in low-density lipoprotein
cholesterol (LDL-C) levels and the absolute risk reduction of individual, rather than
composite, outcomes, such as all-cause mortality, myocardial infarction, or stroke, is unclear.

OBJECTIVE To assess the association between absolute reductions in LDL-C levels with
treatment with statin therapy and all-cause mortality, myocardial infarction, and stroke to
facilitate shared decision-making between clinicians and patients and inform clinical
guidelines and policy.

DATA SOURCES PubMed and Embase were searched to identify eligible trials from January
1987 to June 2021.

STUDY SELECTION Large randomized clinical trials that examined the effectiveness of statins
in reducing total mortality and cardiovascular outcomes with a planned duration of 2 or more
years and that reported absolute changes in LDL-C levels. Interventions were treatment with
statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) vs placebo or usual
care. Participants were men and women older than 18 years.

DATA EXTRACTION AND SYNTHESIS Three independent reviewers extracted data and/or
assessed the methodological quality and certainty of the evidence using the risk
of bias 2 tool and Grading of Recommendations, Assessment, Development and Evaluation.
Any differences in opinion were resolved by consensus. Meta-analyses and a meta-regression
were undertaken.

MAIN OUTCOMES AND MEASURES Primary outcome: all-cause mortality. Secondary outcomes:
myocardial infarction, stroke.

FINDINGS Twenty-one trials were included in the analysis. Meta-analyses showed reductions
in the absolute risk of 0.8% (95% CI, 0.4%-1.2%) for all-cause mortality, 1.3% (95% CI,
0.9%-1.7%) for myocardial infarction, and 0.4% (95% CI, 0.2%-0.6%) for stroke in those
randomized to treatment with statins, with associated relative risk reductions of 9%
(95% CI, 5%-14%), 29% (95% CI, 22%-34%), and 14% (95% CI, 5%-22%) respectively.
A meta-regression exploring the potential mediating association of the magnitude of
statin-induced LDL-C reduction with outcomes was inconclusive.

CONCLUSIONS AND RELEVANCE The results of this meta-analysis suggest that the absolute risk
reductions of treatment with statins in terms of all-cause mortality, myocardial infarction,
and stroke are modest compared with the relative risk reductions, and the presence of
significant heterogeneity reduces the certainty of the evidence. A conclusive association
between absolute reductions in LDL-C levels and individual clinical outcomes was not
established, and these findings underscore the importance of discussing absolute risk
reductions when making informed clinical decisions with individual patients.
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T he accumulation of low-density lipoprotein choles-
terol (LDL-C) in vessel walls is purported to be the caus-
ative factor in the development of atherosclerosis.1,2

Hence, the reduction of LDL-C has become an important tar-
get for preventing atherosclerotic cardiovascular disease. The
aggressive lowering of LDL-C levels with treatment with stat-
ins (3-hydroxy-3-methylglutaryl co-enzyme A reductase in-
hibitors) is reflected in the various iterations of expert guide-
lines for preventing cardiovascular disease (CVD), giving rise
to the popular theory that the lower the LDL-C level, the
better.1-4

A log-linear association between LDL-C and cardiovascu-
lar events has been reported by the Cholesterol Treatment Tri-
alists’ (CTT) collaboration, which published a series of meta-
analyses that suggested that a reduction of 38.7 mg/dL (to
convert to mmol/L, multiply by 0.0259) in LDL-C levels with
statins yields about a 21% relative risk reduction (RRR) of ma-
jor vascular events and a 10% RRR in all-cause mortality.5 More
recently, Silverman and colleagues6 reported a log-linear as-
sociation between LDL-C levels and major vascular events.

However, CTT analyses were based on individual patient
data (IPD),5,7,8 which are inaccessible to independent research-
ers and not replicable. In addition, the use of composite out-
comes in such analyses5-8 are a point of concern.9 For ex-
ample, the outcomes reported in Silverman et al6 comprised
various composites as defined by the included trials rather
than a universally defined composite. Reported RRRs in com-
posite outcomes may be associated with reductions in poten-
tially subjective outcomes, such as revascularization or hos-
pitalization, the frequency of which may depend on opinions
or preferences of the attending physician, rather than more ob-
jective outcomes (eg, all-cause mortality, myocardial infarc-
tion [MI], or stroke), leading to misleading impressions of the
effect of treatment.10 Hence, an analysis focusing on hard,
singular end points (total mortality, MI, and stroke) is less sus-
ceptible to bias.

Reporting the reduction in cardiovascular outcomes as RRR
without reporting the corresponding absolute risk reduction
(ARR) has the potential to inflate the clinical importance of an
intervention and may exaggerate trivial associations.11 There-
fore, to enable better decision-making between clinicians
and patients, we assessed ARRs and RRRs from treatment with
statins in hard outcomes, such as all-cause mortality, MI,
and stroke, as well as exploring the association between LDL-C
reduction and statin treatment effects.

Methods
This review was conducted according to the methods of the
Cochrane Handbook for Systematic Reviews of Interventions
and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline statement.12,13 The protocol for our review was
published on PROSPERO.14

Details of the search strategy are described in eFigures 1
(PRISMA Flowchart) and 2 (PICOTTS format) in the Supple-
ment. In summary, we searched PubMed and EMBASE in

September 2020 and updated the search in June 2021.
Potential studies were identified using the combined search
terms clinical outcomes, LDL lowering, ischemic heart dis-
ease, and hydroxymethylglutaryl COA reductase inhibitors;
were published between January 1966 and June 2021, lim-
ited to randomized clinical trials (RCTs); were written in
English; and included human participants. Potential studies
were also identified through the reference files of relevant
studies. The search results were independently screened by
P.B. and R.D. by title and abstract, and they obtained full-
text versions of potentially relevant studies. Relevant stud-
ies were selected by P.B. and R.D. by reading the full texts
and applying the inclusion and exclusion criteria. Covidence
systematic review software15 was used to manage the
searches and extraction of data. Any differences of opinion
were resolved by discussion or by consulting another review
author (S.S.).

We included any RCT that examined the efficacy of stat-
ins on total mortality and cardiovascular outcomes and stroke
in adults, had a planned duration of 2 years or longer, had an
enrollment of more than 1000 participants (to ensure reason-
able statistical power), whose comparator was placebo or usual
care, and reported absolute changes in LDL-C levels. Data ex-
traction was performed by P.B. and R.D. and any differences
resolved by consensus.

The methodological quality of included studies was as-
sessed using the revised Cochrane Risk-of-bias tool for RCTs
(version 2)16 by P.B., R.D., and K.O.B. Discrepancies were re-
solved by consensus. The overall certainty of the evidence for
each outcome individually depending on the risk of bias (ROB),
indirectness of evidence, inconsistency, imprecision of ef-
fect estimates, and potential publication bias was analyzed by
P.B. and K.O.B. using the Grading of Recommendations, As-
sessment, Development and Evaluation (GRADE) approach.17

Key Points
Question What is the association between statin-induced
reductions in low-density lipoprotein cholesterol (LDL-C) levels
and the absolute and relative reductions in individual clinical
outcomes, such as all-cause mortality, myocardial infarction,
or stroke?

Findings In this meta-analysis of 21 randomized clinical trials in
primary and secondary prevention that examined the efficacy of
statins in reducing total mortality and cardiovascular outcomes,
there was significant heterogeneity but also reductions in the
absolute risk of 0.8% for all-cause mortality, 1.3% for myocardial
infarction, and 0.4% for stroke in those randomized to treatment
with statins compared with control, with relative risk reductions
of 9%, 29%, and 14%, respectively. A meta-regression was
inconclusive regarding the association between the magnitude
of statin-induced LDL-C reduction and all-cause mortality,
myocardial infarction, or stroke.

Meaning The study results suggest that the absolute benefits of
statins are modest, may not be strongly mediated through the
degree of LDL-C reduction, and should be communicated to
patients as part of informed clinical decision-making as well as to
inform clinical guidelines and policy.
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We calculated the absolute difference in LDL-C levels be-
tween treatment arms based on the mean difference aver-
aged over the course of follow-up. If unavailable, we used the
mean absolute difference in LDL-C levels at the point closest
to the median follow-up period (usually 1-2 years). We con-
ducted a random-effects meta-analysis for each of the pre-
specified outcomes that were reported as log relative risks and
absolute risk differences using the method of DerSimonian and
Laird and reported the results by primary prevention, second-
ary prevention, and overall. We conducted a subgroup
meta-analysis for each of the outcomes by study population
(primary, secondary, mixed). We used this LDL-C absolute dif-
ference as an explanatory variable in a random-effects meta-
regression analysis of the treatment effect estimated for each
study (absolute risk difference and log relative risk) using
the metareg command in Stata, version 16 (StataCorp;
https:// journals.sagepub.com/doi/pdf/10.117 7/153
6867X0800800403). Statistical heterogeneity was assessed
using I2 and the Cochrane Q test. We conducted exploratory
meta-regressions of absolute risk differences with adjust-
ment for control event rates to control for differences in
baseline risk and length of follow-up between trials.

Results
An initial database search identified 275 studies, with a fur-
ther 31 studies identified from other sources (eFigure 1 in the
Supplement). Following the removal of duplicates, 275 stud-
ies were eligible for title and abstract screening. Of these, 36
studies (13.1%) were selected for full-text review, and 15
(41.7%) of these were excluded. Details of the included and
excluded studies are described in eTables 1 and 2 in the Supple-
ment. Following full-text review, 21 studies were included in
this review.

The 21 included trials were approximately equally distrib-
uted between primary prevention trials (7 [33%]), secondary
prevention trials (6 [29%]), and trials that included partici-
pants from primary and secondary prevention populations
(8 [38%]). Achieved LDL-C differences ranged from 16.99 mg/dL
to 67.57 mg/dL for each individual trial. The average trial
follow-up period was 4.4 years, ranging from 1.9 to 6.1 years,
and the number of trial participants ranged from 1255 to 20 536
(eTable 1 in the Supplement).

As stated in our protocol,14 we initially intended to ex-
tract data on the composite outcomes of major vascular events
and major coronary events. However, these outcomes were in-
consistently defined across the trials. Thus, we concluded that
a meta-analysis of these outcomes would be inappropriate.
We found similar difficulties in the definitions of cardiovas-
cular death and cardiovascular events. Hence, we restricted
our analysis to all-cause mortality, spontaneous MI, and spon-
taneous stroke (excluding procedure-related MI and stroke
when specified).

Overall, the ROB of the included trials was low (eFigure 3
in the Supplement). Of the 5 ROB domains, the randomiza-
tion process was generally well conducted, most studies were
placebo-controlled and blinded so that participants, health care

professionals, and those conducting the intervention were un-
aware of the participants’ assigned intervention. For the
outcomes of interest, most studies had little missing data de-
spite there being a number of withdrawals in some of the
studies. The outcomes were generally measured in an appro-
priate manner and analyzed as indicated in the individual study
protocols.

There were a few aspects of the trials that caused con-
cern. In the 4D trial,18 it was unclear from the protocol how the
authors planned to measure or analyze fatal stroke, while in
the ASPEN trial,19 there were changes to the inclusion criteria
for participants after 2 years. However, it was unclear if this
would have introduced bias. Four trials (JUPITER, CARDS,
AFCAPS/TexCAPS, and ASCOT-LLA20-23) were terminated early,
and this may have been a source of bias. In addition, we noted
that all of the included trials were funded, in part or wholly,
by the pharmaceutical industry.

The certainty of the evidence from these trials was ap-
praised using the GRADE method, in which an assessment is
made for each reported outcome. The certainty of the evi-
dence was rated high for 1 outcome (MI secondary preven-
tion) and low for 1 outcome (all-cause mortality secondary pre-
vention). The outcomes of all-cause mortality all trials, stroke
primary prevention, stroke secondary prevention, and stroke
all trials were considered to be of moderate to low certainty.
The outcomes of all-cause mortality primary prevention and
MI all trials were rated moderate certainty, and the outcome
of MI primary prevention was rated moderate to high cer-
tainty (eTable 3 in the Supplement).

A meta-analysis was conducted on 19 of the 21 trials that
reported data on all-cause mortality and 18 trials reporting
data on MI and stroke (Table 1). The ARR was 0.8% for all-
cause mortality, 1.3% for MI, and 0.4% for stroke. The RRR for
all-cause mortality was 9%, 29% for MI, and 14% for stroke for
the groups randomized to receive statin therapy compared with
placebo or usual care (Figure 1; eFigures 4, 5, 6, 7, 8, and 9 in
the Supplement). Meta-analyses of relative associations of
treatment with all-cause mortality in primary and secondary
prevention trials were also conducted (Table 1). The ARR was
0.6% for all-cause mortality, 0.7% for MI, and 0.3% for stroke
in primary prevention and 0.9%, 2.2%, and 0.7%, respec-
tively, in secondary prevention. The RRR was 13% for all-
cause mortality, 38% for MI, and 24% for stroke in primary pre-
vention and 14%, 27%, and 13%, respectively, in secondary
prevention (eFigures 10, 11, 12, 13, 14, and 15 in the Supple-
ment). Results for statistical heterogeneity were mixed, with
a range of low to high heterogeneity depending on the out-
come and how it was assessed and the study population (pri-
mary prevention, secondary prevention, overall) (Table 1).

Meta-regression was undertaken as planned to explore the
potential mediating association of LDL-C reduction with rela-
tive and absolute treatment effects. Findings were inconclu-
sive, with regression slope confidence intervals all including
the null value of 0. The proportion of between-study vari-
ance explained by LDL-C ranged from 0% to 14%, indicating
very little, if any, association between the magnitude of LDL-C
reduction and size of the treatment effect (eTable 4 in the
Supplement). However, exploratory meta-regressions that ad-
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justed for control event rates (or study population) and length
of follow-up provided some differences from the unadjusted
regressions (Table 224). These meta-regressions revealed in-
consistent associations between the magnitude of LDL-C re-
duction and the size of treatment effects on clinical out-
comes. Some association was found for the relative effects on
all-cause mortality and stroke, but not for MI. Similarly, some
association was found between the magnitude of LDL-C re-
duction and the size of the absolute treatment effect on stroke,
but not for all-cause mortality or MI. Plots of the association
between LDL-C reduction and the relative and absolute treat-
ment effects on individual outcomes are shown in Figure 2
and Figure 3.

Discussion
The primary focus of this systematic review and meta-
analysis was to estimate and compare the ARRs and RRRs in
total mortality and cardiovascular events achieved with
statin treatment and explore whether treatment effect was
mediated by the magnitude of LDL-C lowering. The results
of the meta-analysis suggested a benefit in all clinical out-
comes. However, the presence of significant clinical and sta-
tistical heterogeneity suggests that pooling studies for a
meta-analysis may be ill-advised; therefore, these results
may be unreliable.25 Additional meta-analyses that were
conducted on subgroups using trials that included only pri-
mary prevention or secondary prevention participants sug-
gested that differences in study populations in terms of pre-
vious CVD explains little of the observed heterogeneity. Our

unadjusted meta-regression analyses showed only a weak or
inconsistent association between absolute LDL-C reductions
and clinical outcomes (Table 2; Figure 2 and Figure 3). How-
ever, after adjusting for control event rates (or study popula-
tion) and length of follow-up, evidence of an association was
found for the relative effect on all-cause mortality and rela-
tive and absolute effect on stroke (Table 2). Because the
meta-regression analysis yielded inconsistent results, we
concluded that our meta-regression was inconclusive in
proving or disproving an association between the magnitude
of LDL-C reduction and the size of treatment effect. We
noted that the R2 values ranged from 0% to 69%, which

Figure 1. Comparison of Absolute and Relative Risk Reductions
of Statins, All Trials
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Table 1. Summary Results of Meta-analysis of the Relative and Absolute Association of Statin Therapy With All-Cause Mortality, MI, and Stroke

All studies No. of trials
No. in statin
group

No. in control
group Outcome Effect size % (95% CI) I2 %

P value
(Q test)

RRR

19 66 366 66 397 All death 9 (5 to 14) 52 .01

18 60 569 60 621 MI 29 (22 to 34) 36 .07

18 65 522 65 564 Stroke 14 (5 to 22) 49 .01

ARR

19 66 366 66 397 All death 0.8 (0.4 to 1.2) 29 .11

18 60 569 60 621 MI 1.3 (0.9 to 1.7) 82 <.001

18 65 522 65 564 Stroke 0.4 (0.2 to 0.6) 27 .14

1° Prevention

RRR

6 29 028 29 028 All death 13 (3 to 22) 44 .11

6 27 162 27 215 MI 38 (29 to 46) 0 .56

6 29 028 29 099 Stroke 24 (9 to 37) 41 .13

ARR

6 29 028 29 028 All death 0.6 (0.2 to 1) 7 .37

6 27 162 27 215 MI 0.7 (0.4 to 1) 73 .003

6 29 028 29 099 Stroke 0.3 (0.2 to 0.5) 0 .46

2° Prevention

RRR

5 12 227 12 213 All death 14 (–2 to 27) 82 <.001

5 13 464 13 458 MI 27 (18 to 35) 4 .39

4 11 383 11 380 Stroke 13 (–6 to 28) 57 .07

ARR

5 12 227 12 213 All death 0.9 (0.5 to 2.4) 66 .02

5 13 464 13 458 MI 2.2 (0.4 to 3.9) 89 <.001

4 11 383 11 380 Stroke 0.7 (0.2 to 1.6) 65 .04

Abbreviations: ARR, absolute risk reduction; I2, Proportion of total variation because of heterogeneity; Q test, test for heterogeneity in which P < .10 provides
evidence of heterogeneity; MI, myocardial infarction; RRR, relative risk reduction; 1° prevention, primary prevention; 2° prevention, secondary prevention.
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made little clinical sense; if the magnitude of LDL-C is asso-
ciated with the relative reduction in all-cause mortality, it
should also be associated with the absolute reduction in all-
cause mortality, as well as with MI.

The cardiovascular benefits of treatment with statins are
sometimes reported as RRR.7 However, reporting RRR with-
out the corresponding ARR or number-needed-to-treat of a
treatment can be misleading.25,26 For example, in our analy-
sis, the RRR for MI was 29%, whereas the ARR was 1.3%. In
other words, 77 participants would need to be treated with a
statin for roughly 4.4 years on average to prevent 1 MI.

Moreover, the benefits of a treatment also depend on base-
line risk (eTable 1 in the Supplement). Reporting RRR without
baseline risk has been described as “the first sin against trans-
parent reporting,”27 as it increases people’s willingness to re-
ceive a treatment, advise treatment, and pay to prevent the risk
compared with ARR or other methods for communicating
risk.28,29 Some patients who experience harms might choose
to discontinue their use of the drug if they were counseled
about the absolute degree of risk and benefit.30

Thus, we believe that ARR is essential for clinical decision-
making and provides the clinician with a more accurate means
of discussing the true benefits and harms of a specific therapy
with their patients.31,32 Framed this way, our analysis found
that when considering the ARR of statins, the benefits are quite
modest, and most trial participants who took statins derived
no clinical benefit.

While it is an advantage to patients that clinicians report
the benefits of interventions in terms of ARR, this practice may
not be as widespread as it should. Some studies report that phy-
sicians have been “found to recommend treatment options
more on basis of relative than of absolute risk reduction.”33

Physicians may have difficulty in interpreting health risk
statistics,33-36 are more likely to prescribe a treatment if the risk
reduction is presented as relative rather than absolute,33 and
some consider the association between cholesterol levels and
CVD to be a “generally accepted truth.”37,38

In addition, our analyses considered the association be-
tween LDL-C reduction and the individual outcomes of all-

cause mortality, MI, and stroke rather than focusing on the
composite outcomes reported in other meta-analyses.5,6,39-41

There are inherent problems with composite outcomes as they
can be inconsistently defined and inadequately reported.32

Mora et al10 analyzed the components of the composite out-
come total CVD events in 1 large trial and found that women
had a significant reduction in revascularizations and un-
stable angina, but not in other components of the composite
outcome, including stroke. Patients or prescribers may alter
their decision-making regarding the potential benefits of treat-
ment with statins even though larger treatment effects may
be associated with the less clinically important components
of the composite.32

Current cholesterol clinical guidelines are based on an as-
sumption of a log linear association between LDL-C and car-
diovascular outcomes. For example, the 2019 European Guide-
lines for the Management of Dylipidaemias2 note that “RCTs
have consistently demonstrated a log linear relationship be-
tween the absolute changes in plasma LDL-C and the risk of
ASCVD.” Similarly, the 2018 American cholesterol guidelines
state, “the more LDL-C is reduced on statin therapy, the greater
will be subsequent risk reduction.”1 In contrast with these clini-
cal guidelines, our findings are inconclusive in proving or dis-
proving an association between the magnitude of LDL-C re-
duction and the size of treatment effect.

A strength of our review was the identification and ac-
knowledgment of significant clinical and statistical heteroge-
neity, well-described limitations of meta-analysis that to our
knowledge have received little or no attention in prior meta-
analyses of statins. Our analysis identified marked clinical
heterogeneity in the individual trials, the sources of which can
be classified into those that are likely associated with LDL-C
reduction and those that are not. For example, the type of
statin, dosage of statin, compliance with treatment, and base-
line level of LDL-C are all likely to be associated with LDL-C
reduction, whereas population characteristics (for example,
those taking statins for primary prevention compared with
those taking them for secondary prevention), study dura-
tion, control treatment, and outcome definitions may not be.

Table 2. Adjusted Meta-Regression Results of the Association of Mean Difference in LDL-C With All-Cause Mortality, MI, and Stroke

Outcome No. of trials Coefficient (95% CI) P value

R2 %

Baseline model Full model
All death

logRR 19 –0.19 (–0.33 to –0.05) .01 0 45

Death ARD 19 –0.006 (–0.02 to 0.008) .41 0 0

MI

logRR 18 –0.31 (–0.69 to 0.07) .11 38 69

ARD 17a –0.008 (–0.025 to 0.01) .38 11 0

Stroke

logRR 18 –0.50 (–0.82 to –0.19) .002 0 52

ARD 18 –0.009 (–0.016 to –0.002) .01 0 62

Abbreviations: ARD, absolute risk difference; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; RR, relative risk.
a The 4S study24 was excluded from the meta-regression because of an outlying ARD that made the results uninterpretable (coefficient = estimate of slope in

meta-regression model; R2 = proportion of between-study variance explained by the model). Baseline model only includes the adjusting variables; full model
includes adjusting variables and explanatory variable: mean difference in LDL-C. Adjusting variables were study population (primary prevention, secondary
prevention, or mixed) and length of follow up for logRR, and control event rate and length of follow up for risk difference.
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Therefore, if LDL-C reduction is strongly associated with treat-
ment effect, then we should see this explain a sizeable por-
tion of heterogeneity, but not all of it. However, our findings
were inconsistent, and the meta-regression was inconclusive
in proving or disproving an association between the magni-
tude of LDL-C reduction and the size of treatment effect. While
pooling of studies may be inadvisable when this degree of clini-
cal heterogeneity exists,42 we completed the meta-analysis
as per protocol.

We also identified evidence of statistical heterogeneity in
the I2 and Q statistic for all outcomes. In the context of signifi-
cant heterogeneity, the calculations of ARR and RRR in all-
cause mortality and cardiovascular events must be inter-
preted with caution. However, these limitations similarly apply
to previous meta-analyses of statins.5,6,39-41

The calculated RRRs were similar to those reported in other
meta-analyses,5,6,39-41 although each review used somewhat
different trial selection criteria and methods. However, by

Figure 2. Association Between Relative Risk Reductions in All-Cause
Mortality, Myocardial Infarction (MI), and Stroke and Between-Group
Difference in Achieved Low-Density Lipoprotein Cholesterol (LDL-C) Level
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Figure 3. Association Between Absolute Risk Reductions in All-Cause
Mortality, Myocardial Infarction (MI), and Stroke and Between-Group
Difference in Achieved Low-Density Lipoprotein Cholesterol (LDL-C) Level
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avoiding composite end points, our review may have been able
to eliminate a potential source of bias. Unlike other reviews,
we formally compared ARR and RRR and acknowledged the
importance of heterogeneity on the validity of our results.

Compared with the CTT meta-analysis, our trial list was
similar, but CTT weighted their meta-analysis based on the de-
gree of LDL-C reduction reported in individual patient data.
Independent researchers do not have access to that indi-
vidual patient data, so our analysis was based on aggregate pub-
lished data, and we used traditional weighting based on indi-
vidual trial variances.

In addition to considering the absolute benefit, patients
and clinicians need to examine the potential for harm from
treatment with statin therapy. This has been an area of con-
siderable controversy, and the exact incidence and definition
of statin harms have been debated. Collins et al43 reported that
treating 10 000 patients with statins for 5 years could result
in 5 cases of myopathy, 50 to 100 new cases of diabetes, and 5
to 10 cases of hemorrhagic stroke. The authors asserted that
these harms are outweighed by the benefits of statins. This ar-
gument has merit if a patient’s baseline risk of serious CVD
events is greater than their risk of harm from taking the medi-
cine. However, the definition of myopathy used by Collins
et al43 may be a high bar for diagnosing muscle symptoms
among patients who may simply define myopathy as any
muscle symptom.32 Observational data suggest that the fre-
quency of statin myopathy may be higher. Buettner et al44 re-
ported that 22.0% (95% CI, 18.0%-26.7%) of those taking stat-
ins in their study reported musculoskeletal pain in at least 1
anatomical region during the previous 30 days compared
with 16.7% (95% CI, 15.1%-18.4%) of those who did not use a
statin. Fernandez et al45 reported that the observational stud-
ies included in their review suggest that the frequency of statin
myopathy is 9% to 20%.

Limitations
By restricting the analysis to only hard end points (total mor-
tality, spontaneous MIs, and strokes), we may have excluded
important clinical events, such as revascularization proce-
dures or hospital admissions for angina. However, while we
acknowledge that these are important clinical events, they lack
uniform indications and are left to the discretion of the at-
tending physician. Physicians in this context may be influ-

enced by the lower LDL-C levels in patients who are receiving
statin therapy. Similarly, composite end points could have been
included in the analysis because they better reflect all cardio-
vascular events. Nevertheless, we felt it inappropriate to ana-
lyze composite clinical end points because they lack a univer-
sal definition and composite outcomes, such as major vascular
events, are defined differently in different trials. The analysis
also relied on aggregate data with potential biases associated
with ecological fallacy. Although we intended to undertake
subgroup analyses by age and sex as described in our proto-
col, we did not because of outcomes not reported within these
subgroups of interest in the included trials. Meta-regressions
were based on fewer than 20 trials, which may explain the in-
consistent findings obtained across the different outcomes.

There are several possible explanations for why some of
our conclusions differ from previous meta-analyses. Our trial
list was similar to CTT meta-analyses, but CTT weighted their
meta-analysis based on IPD, whereas our analysis was based
on aggregate published data, using traditional weighting based
on individual trial variances. Unlike other meta-analysis, we
did not include trials of high-dose vs low-dose statins or trials
that enrolled fewer than 1000 participants. Finally, we in-
cluded an intercept term in our meta-regression models be-
cause of concerns it may be inappropriate to force the regres-
sion line through the origin.

Conclusions
This systematic review and meta-analysis found that the ARR
of statins appears to be modest compared with the RRR, but
these calculated benefits must be interpreted with caution be-
cause of the presence of significant heterogeneity. Our find-
ings were inconsistent and inconclusive regarding the asso-
ciation between the magnitude of LDL-C reduction because of
treatment with statins and all-cause mortality, MI, or stroke.
The transparent communication of RRR and ARR by clini-
cians, as well as the potential for harm, to their patients may
lead to more informed decision-making about the true ben-
efits and risks of statins.31 In addition, our findings have im-
plications for future clinical guideline development and for
policy makers and payers considering the opportunity cost of
statin therapy.
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