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Abstract
Objective  To assess the benefits and harms of lipid-lowering therapies used to prevent 
or manage cardiovascular disease including bile acid sequestrants (BAS), ezetimibe, 
fibrates, niacin, omega-3 supplements, proprotein convertase subtilisin-kexin type 9 
(PCSK9) inhibitors, and statins.

Data sources  MEDLINE, the Cochrane Database of Systematic Reviews, and a grey 
literature search. 

Study selection  Systematic reviews of randomized controlled trials published between 
January 2017 and March 2022 looking at statins, ezetimibe, PCSK9 inhibitors, fibrates, 
BAS, niacin, and omega-3 supplements for preventing cardiovascular outcomes were 
selected. Outcomes of interest included major adverse cardiovascular events (MACE), 
cardiovascular mortality, all-cause mortality, and adverse events. 

Synthesis  A total of 76 systematic reviews were included. Four randomized controlled trials 
were also included for BAS because no efficacy systematic review was identified. Statins 
significantly reduced MACE (6 systematic reviews; median risk ratio [RR]=0.74; interquartile 
range [IQR]=0.71 to 0.76), cardiovascular mortality (7 systematic reviews; median RR=0.85, 
IQR=0.83 to 0.86), and all-cause mortality (8 systematic reviews; median RR=0.91, IQR=0.88 
to 0.92). Major adverse cardiovascular events were also significantly reduced by ezetimibe 
(3 systematic reviews; median RR=0.93, IQR=0.93 to 0.94), PCSK9 inhibitors (14 systematic reviews; 
median RR=0.84, IQR=0.83 to 0.87), and fibrates (2 systematic reviews; mean RR=0.86), but these 
interventions had no effect on cardiovascular or all-cause mortality. Fibrates had no effect on 
any cardiovascular outcomes when added to a statin. Omega-3 combination supplements had 
no effect on MACE or all-cause mortality but significantly reduced cardiovascular mortality 
(5 systematic reviews; median RR=0.93, IQR=0.93 to 0.94). Eicosapentaenoic acid ethyl ester 
alone significantly reduced MACE (1 systematic review, RR=0.78) and cardiovascular mortality 
(2 systematic reviews; RRs of 0.82 and 0.82). In primary cardiovascular prevention, only statins 
showed consistent benefits on MACE (6 systematic reviews; median RR=0.75, IQR=0.73 to 0.78), 
cardiovascularall-cause mortality (7 systematic reviews, median RR=0.83, IQR=0.81 to 0.90), and 
all-cause mortality (8 systematic reviews; median RR=0.91, IQR=0.87 to 0.91). 

Conclusion  Statins have the most consistent evidence for the prevention of cardiovascular 
complications with a relative risk reduction of about 25% for MACE and 10% to 15% for 
mortality. The addition of ezetimibe, a PCSK9 inhibitor, or eicosapentaenoic acid ethyl ester 
to a statin provides additional MACE risk reduction but has no effect on all-cause mortality. 

Editor’s key points
 Statins remain the lipid-lowering 
drugs with the most consistent 
benefits, with a relative risk 
reduction of approximately 25% for 
major adverse cardiovascular events 
(MACE) and approximately 10% for 
mortality. Although MACE was also 
reduced with ezetimibe (about 
7% relative), fibrates (about 15% 
relative), and proprotein convertase 
subtilisin-kexin type 9 inhibitors 
(about 15% relative), these drugs 
had no effect on cardiovascular 
mortality or all-cause mortality. 
Omega-3 supplements might reduce 
cardiovascular mortality (about 
7% relative) but have no effect 
on MACE or all-cause mortality. 
Eicosapentaenoic acid ethyl ester 
supplements might reduce MACE 
and cardiovascular mortality (about 
20% relative) but have no effect on 
all-cause mortality and increase 
the risk of atrial fibrillation and 
bleeding. Niacin and bile acid 
sequestrants do not appear to 
provide any cardiovascular benefit. 

 Except for statins, evidence for 
primary cardiovascular prevention 
is very limited. Most evidence arises 
from secondary cardiovascular 
prevention trials. Statins appear to 
have similar benefits in primary and 
secondary cardiovascular prevention.

 This systematic review of 
systematic reviews provided the 
scientific evidence to inform 
the updated PEER simplified lipid 
guideline (page 675).
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Résumé
Objectif  Évaluer les bienfaits et les préjudices des thérapies hypolipidémiantes utilisées pour 
prévenir ou prendre en charge les maladies cardiovasculaires, y compris les chélateurs des acides 
biliaires (CAB), l’ézétimibe, les fibrates, la niacine, les suppléments d’omega-3, les inhibiteurs de la 
proprotéine convertase subtilisine-kexine de type 9 (PCSK9) et les statines.

Sources d’information  MEDLINE, la base de données des revues systématiques de Cochrane et 
une recension dans la littérature grise.  

Sélection des études  Les revues systématiques d’essais randomisés contrôlés publiées entre janvier 
2017 et mars 2022, portant sur les statines, l’ézétimibe, les inhibiteurs de la PCSK9, les fibrates, les CAB, la 
niacine et les suppléments d’omega-3 pour la prévention des événements cardiovasculaires (CV) ont été 
sélectionnées. Parmi les éléments recherchés figuraient les événements CV indésirables majeurs (ECIM), 
la mortalité CV, la mortalité toutes causes confondues et les effets indésirables. 

Synthèse  Au total, 76 revues systématiques ont été incluses. Quatre essais randomisés contrôlés sur  
les CAB ont aussi été retenus, parce qu’aucune revue systématique sur leur efficacité n’a été recensée. 
Les statines réduisent les ECIM de manière significative (6 revues systématiques; rapport bénéfice/risque 
médian [RB/R]=0,74; intervalle interquartile [IIQ]=0,71 à 0,76), la mortalité CV (7 revues systématiques; 
RB/R médian=0,85, IIQ=0,83 à 0,86) et la mortalité toutes causes confondues (8 revues systématiques; 
RB/R médian=0,91, IIQ=0,88 à 0,92). Les événements cardiovasculaires indésirables majeurs ont aussi 
été réduits de manière significative par l’ézétimibe (3 revues systématiques; RB/R médian=0,93, IIQ=0,93 
à 0,94), les inhibiteurs de la PCSK9 (14 revues systématiques; RB/R médian=0,84, IIQ=0,83 à 0,87) et 
les fibrates (2 revues systématiques; RB/R médian=0,86), mais ces interventions n’ont pas eu d’effets 
sur la mortalité CV ou toutes causes confondues. Les fibrates n’ont pas eu d’effets sur l’une ou l’autre 
des issues CV lorsqu’ils étaient ajoutés à une statine. Les suppléments combinés d’omega-3 n’ont pas 
eu d’effets sur les ECIM ou la mortalité toutes causes confondues, mais ont réduit significativement 
la mortalité CV (5 revues systématiques; RB/R médian=0,93, IIQ=0,93 à 0,94). L’ester éthylique de 
l’acide eicosapentaénoïque à lui seul a réduit de manière significative les ECIM (1 revue systématique; 
RB/R=0,78) et la mortalité CV (2 revues systématiques; RB/R de 0,82 et 0,82). Dans la prévention CV 
primaire, seules les statines ont obtenu des bienfaits constants pour les ECIM (6 revues systématiques; 
RB/R médian=0,75, IIQ=0,73 à 0,78), la mortalité CV (7 revues systématiques; RB/R médian=0,83, IIQ=0,81 à 
0,90) et la mortalité (8 revues systématiques; RB/R médian=0,91, IIQ=0,87 à 0,91).  

Conclusion  L’utilisation des statines est étayée par les données probantes les plus constantes pour la 
prévention des complications CV, obtenant une réduction du risque relatif d’environ 25 % dans le cas 
des ECIM et de 10 à 15 % sur le plan de la mortalité. L’ajout de l’ézétimibe, d’un inhibiteur de la PCSK9 ou 
de l’ester éthylique de l’acide eicosapentaénoïque à une statine procure une réduction additionnelle du 
risque d’ECIM, mais n’influe pas sur la mortalité toutes causes confondues.  

Points de repère  
du rédacteur
 Les statines demeurent les 
médicaments hypolipidémiants qui 
produisent les bienfaits les plus 
constants; il réduit d’environ 25 % 
le risque relatif (RR) d’événements 
cardiovasculaires indésirables 
majeurs (ECIM) et d’environ 10 % 
celui de la mortalité. Même si les 
ECIM ont aussi été réduits avec 
l’ézétimibe (d’environ 7 % du  
RR), les fibrates (d’environ 15 % 
du RR) et les inhibiteurs de la 
proprotéine convertase subtilisine-
kexine de type 9 (d’environ 15 % 
du RR), ces médicaments n’ont 
pas eu d’effets sur la mortalité 
cardiovasculaire ou toutes causes 
confondues. Les suppléments 
d’omega-3 pourraient réduire 
la mortalité cardiovasculaire 
(d’environ 7 % du RR), mais ils n’ont 
pas d’effets sur les ECIM ou sur la 
mortalité toutes causes confondues. 
Les suppléments d’ester éthylique 
de l’acide eicosapentaénoïque 
pourraient réduire les ECIM 
(d’environ 20 % du RR), mais ils 
n’ont pas d’effets sur la mortalité 
toutes causes confondues et 
augmentent le risque de fibrillation 
auriculaire et de saignements. La 
niacine et les chélateurs des acides 
biliaires ne semblent pas procurer 
de bienfaits cardiovasculaires. 

 Les données probantes sur la 
prévention cardiovasculaire primaire 
sont très limitées, sauf en ce qui 
concerne les statines. La plupart 
des données factuelles proviennent 
d’essais sur la prévention 
cardiovasculaire secondaire.   

 Cette revue systématique des 
revues systématiques a fourni les 
données probantes scientifiques sur 
lesquelles se fonde l’actualisation 
des lignes directrices simplifiées de 
PEER sur les lipides (page e189).
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Cardiovascular diseases (CVDs) are the leading 
cause of mortality globally.1 Numerous interven-
tions are available to prevent and manage CVDs, 

including lipid-lowering agents such as bile acid seques-
trants (BAS), ezetimibe, fibrates, niacin, omega-3 supple-
ments, statins, and proprotein convertase subtilisin-kexin 
type 9 (PCSK9) inhibitors.2-4

The purpose of this systematic review of systematic 
reviews is to assess benefits and harms of lipid-lowering 
pharmacotherapies used for the prevention and man-
agement of cardiovascular events. This systematic 
review will provide evidence for an updated PEER guide-
line on the management of dyslipidemia in primary care.

—— Methods ——
This review was registered in PROSPERO (protocol number 
CRD42022333774).5 We performed 7 systematic reviews 
of systematic reviews following the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) and systematic review of systematic reviews 
protocols.6 The following 7 medications or medication 
classes were reviewed: BAS, ezetimibe, fibrates, niacin, 
omega-3 supplements, PCSK9 inhibitors, and statins.

We determined a priori to include relevant, system-
atic reviews of randomized controlled trials (RCTs) with 
meta-analyses, published in the past 5 years. We limited 
inclusion to the past 5 years to limit the number of sys-
tematic reviews to analyze and the risk of overrepresenta-
tion of older trials. In cases where fewer than 5 systematic 
reviews were identified, inclusion was expanded to publi-
cation within the past 8 years. Additionally, the most recent 
Cochrane systematic review pertaining to each medication 
class was included regardless of publication date.

Each review focused on a single intervention and 
included systematic reviews with RCTs that studied an 
adult patient population receiving pharmacotherapy 
for primary or secondary prevention of cardiovascular 
events. Our review also included special populations of 
interest, namely adults with type 2 diabetes or chronic 
kidney disease. All medications were compared with 
placebo, usual care, or no treatment. We included 
reviews of dual interventions in cases where the addi-
tional agent was used in both arms of the trial (eg, nia-
cin and statins vs statins alone).

Systematic reviews were excluded if they did not com-
plete a meta-analysis, included only active comparators 
(comparing 2 interventions), only reported surrogate out-
comes, or focused on pediatric or pregnant patients or 
those with familial hypercholesterolemia. For interven-
tions that did not have a meta-analysis or efficacy sum-
mary statistic, RCTs were included and analyzed. 

Search strategy
We performed a comprehensive search strategy using 
MEDLINE and the Cochrane Database of Systematic 

Reviews. We limited the search to articles published in 
English and included articles from study inception 
(January 2017) to March 2022. The search strategy can 
be found in Appendix 1, available from CFPlus.* 
Additionally, a grey literature search was performed 
using Google Scholar and reference lists from the 
included systematic reviews. If no systematic reviews 
with eligible efficacy data were retrieved after expanding 
the initial search from 5 to 8 years, grey literature 
sources were used to identify relevant RCTs. 

Outcomes
The primary outcome of this review was the proportion 
of patients who experienced a major adverse cardio-
vascular event (MACE) in either a primary cardiovas-
cular prevention population or a mixed (primary and 
secondary cardiovascular prevention) population. We 
reported on 3-point MACE (composite end point of total 
cardiovascular death, nonfatal myocardial infarction 
[MI], or nonfatal stroke) when available, but allowed 
for other MACE definitions if reported. Secondary out-
comes included cardiovascular-related mortality, all-
cause mortality, MIs, and strokes. 

Further, we collected adverse event data, primar-
ily overall adverse events, serious adverse events, and 
withdrawals due to adverse events. Each systematic 
review also collected adverse event data relevant to that 
specific intervention (eg, muscle-related adverse events 
for statins). 

Data collection and analysis
Selection of trials and data extraction.  Title and abstract 
review, full-text review, and risk-of-bias assessment were 
completed independently by 2 authors. Included studies 
were extracted by 2 independent authors following MECIR 
(Methodological Expectations of Cochrane Intervention 
Reviews) criteria.7 Disagreements were resolved by con-
sensus or by consulting a third author.

Risk-of-bias assessment.  The risk of bias of each sys-
tematic review was assessed using a modified version 
of AMSTAR (A Measurement Tool to Assess Systematic 
Reviews).8 Randomized controlled trials were assessed 
using the Cochrane Collaboration’s risk-of-bias tool.9

Data synthesis strategy.  For each intervention, we identi-
fied the median effect estimate and reported this for each 
outcome, along with the interquartile range (IQR), for the 
risk ratio (RR) effect estimates reported across system-
atic reviews. We chose to report the median as a realistic 
summary statistic and the IQR to capture any heterogene-
ity between effect estimates. If fewer than 3 systematic 

*Appendices 1 to 9 and the disclosure of potential conflicts of 
interest are available from https://www.cfp.ca. Go to the full text 
of the article online and click on the CFPlus tab.
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reviews were included for an outcome, individual RRs 
were reported. When needed, odds ratios (ORs) were con-
verted to RRs, using the formula RR=OR/(1–p+[p×OR]),10 
where p is the risk in the control group. When data were 
unavailable to calculate the RR, the systematic review 
results were excluded from the summary estimate. To 
determine if results were statistically significant, we used 
the statistics from the systematic review. We describe 
results as positive when at least half the systematic 
reviews for a specific outcome were statistically signifi-
cant. Systematic reviews that reported different doses 
separately (ie, adverse effects of low vs high doses) were 
treated as 2 individual systematic reviews.

Analysis of subgroups or subsets
When available, in addition to overall results, we ana-
lyzed the following subgroups of patients often managed 
in primary care: those undergoing primary cardiovascu-
lar prevention, those undergoing secondary cardiovas-
cular prevention, those with type 2 diabetes, and those 
with chronic kidney disease. 

Quality assessment
We used the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) tool to report 
the certainty of the evidence.11 

—— Synthesis ——
Our initial search yielded 4768 results (Appendix 1*). Title 
and abstract review led to the exclusion of 4523 articles, 
leaving 245 for full-text review. In the end, 76 systematic 
reviews were included. All interventions but BAS were 
evaluated in at least 1 high-quality systematic review 
meeting all AMSTAR criteria (Appendix 2*). Four indi-
vidual RCTs were included since no efficacy systematic 
review was identified for BAS. Details on included sys-
tematic reviews and RCTs can be found in Appendix 3.* 

Full details of the primary outcome and the primary 
cardiovascular prevention subgroup analysis are avail-
able in Tables 1 and 2, respectively. Full details of all 
other outcomes and the subgroup analysis are available 
in Appendices 4 and 5.* Serious adverse events, overall 
adverse events, and withdrawals due to adverse events 
are presented in Table 3. Full details of adverse events that 
were retrieved from meta-analyses in systematic reviews 
are available in Appendix 6.* Certainty of evidence for 
each outcome with complete details on the GRADE pro-
cess used can be found in Appendix 7.* Results for effi-
cacy of lipid-lowering treatments for secondary CVD 
prevention are presented in Appendix 8.* Key findings are 
summarized below.

Statins
Efficacy. Thirty systematic reviews12-41 (4 to 135 RCTs, 625 
to 192,977 participants followed for 5 days to 1040 weeks) 

looking at statins (various drugs and doses) com-
pared with placebo, usual care, or no statin were 
included. Overall, statins reduced MACE (6 systematic 
reviews,23,27,29,30,32,37 median RR=0.74, IQR=0.71 to 0.76; 
all 6 systematic reviews statistically significant; high cer-
tainty of evidence), cardiovascular mortality (7 system-
atic reviews,13,20,23,27,30,32,37 median RR=0.85, IQR=0.83 to 
0.86; 6 systematic reviews statistically significant; high 
certainty of evidence), and all-cause mortality (8 system-
atic reviews,12,20,23,27,29,30,32,37 median RR=0.91, IQR=0.88 
to 0.92; 6 systematic reviews statistically significant; 
high certainty of evidence). In primary cardiovascu-
lar prevention, statins showed consistent benefits on 
MACE (6 systematic reviews, median RR=0.75, IQR=0.73 
to 0.78), cardiovascular mortality (7 systematic reviews, 
median RR=0.83, IQR=0.81 to 0.90), and all-cause mortality 
(8 systematic reviews, median RR=0.91, IQR=0.87 to 0.91).

Safety.  Statins did not increase the risk of withdrawals due 
to adverse events (6 systematic reviews,26,28,30,32,37,41 median 
RR=1.00, IQR=0.90 to 1.08; no systematic reviews statisti-
cally significant; high certainty of evidence), serious adverse 
events (2 systematic reviews,30,41 RRs of 0.99 and 1.01; no 
systematic reviews statistically significant; high certainty 
of evidence), any adverse effect (2 systematic reviews,32,41 
RRs of 0.99 and 1.00; no systematic reviews statistically sig-
nificant; high certainty of evidence), any muscle symptom 
(5 systematic reviews,13,14,18,41 median RR=1.03, IQR=1.01 to 
1.05; 2 systematic reviews statistically significant), myalgia 
(5 systematic reviews,14,23,30,32 median RR=1.03, IQR=1.02 
to 1.11; no systematic reviews statistically significant), 
myopathy (6 systematic reviews,13,23,30,34,37,41 median RR=1.09, 
IQR=1.02 to 2.16; 2 systematic reviews statistically signifi-
cant), rhabdomyolysis (8 systematic reviews,14,23,26,30,32,34,41 
median RR=1.15, IQR 0.95 to 2.58; no systematic reviews 
statistically significant), or creatine kinase level elevation 
10 times above the normal upper limit (4 system-
atic reviews,14,23,30 median RR=1.24, IQR=0.95 to 2.38; no 
systematic reviews statistically significant). 

Statins significantly increase the risk of liver dys-
function (3 systematic reviews,13,23,37 median RR=1.17, 
IQR=1.15 to 1.33; 2 systematic reviews statistically sig-
nificant) or elevated liver enzyme levels (6 systematic 
reviews,23,26,30,32,34,35 median RR=1.32, IQR=1.06 to 2.39; 
2 systematic reviews statistically significant) but defini-
tions varied across systematic reviews. The renal risk 
associated with taking a statin is unclear but likely not 
clinically important, as most systematic reviews report no 
statistically significant differences in renal disorders (not 
defined) (4 systematic reviews,13,23,32,37 median RR=1.12, 
IQR=1.11 to 1.13; 1 systematic review statistically sig-
nificant). Statins may increase the incidence of type 2 
diabetes (9 systematic reviews,13,15,16,19,23,30,32,36,37 median 
RR=1.10, IQR=1.07 to 1.14; 5 systematic reviews statisti-
cally significant). 



Vol 69:  OCTOBER | OCTOBRE 2023 | Canadian Family Physician | Le Médecin de famille canadien  705

  Research

Table 1. Efficacy of lipid-lowering treatments for overall cardiovascular disease prevention: Shaded cells represent 
statistically significant results (ie, the results from at least half of the SRs were statistically significant).

INTERVENTION
MACE, 

MEDIAN RR* (n OF N†)
CARDIOVASCULAR MORTALITY, 

MEDIAN RR* (n OF N†)
ALL-CAUSE MORTALITY, 
MEDIAN RR* (n OF N†)

BAS‡ 0.83 (0 of 1 RCT) 0.79 (1 of 3 RCTs) 0.92 (0 of 3 RCTs)

Ezetimibe 0.93 (3 of 3 SRs) 1.00 (0 of 2 SRs) 0.94 (0 of 2 SRs)

Fibrates 0.86 (2 of 2 SRs) 0.95 (0 of 1 SR) 0.98 (0 of 3 SRs)

Niacin 0.93 (0 of 2 SRs) 0.99 (0 of 5 SRs) 1.04 (0 of 4 SRs)

EPA and DHA 0.98 (0 of 3 SRs) 0.93 (5 of 5 SRs) 0.98 (0 of 2 SRs)

EPA ethyl ester 0.78 (1 of 1 SR) 0.82 (2 of 2 SRs) 0.97 (0 of 2 SRs)

PCSK9 inhibitors 0.84 (14 of 14 SRs) 0.95 (0 of 18 SRs) 0.93 (1 of 17 SRs)

Statins 0.74 (6 of 6 SRs) 0.85 (6 of 7 SRs) 0.91 (6 of 8 SRs)

BAS—bile acid sequestrants, DHA—docosahexaenoic acid, EPA—eicosapentaenoic acid, MACE—major adverse cardiovascular event, PCSK9—proprotein 
convertase subtilisin-kexin type 9, RCT—randomized controlled trial, RR—risk ratio, SR—systematic review.
*RR<1.0 indicates that the outcome trended in favour of the intervention; mean RR was used if there were ≤2 SRs.
†n of N is the number of SRs or RCTs with statistically significant results out of the total number of SRs or RCTs. 
‡Evidence was from RCTs.

Table 2. Efficacy of lipid-lowering treatments for primary cardiovascular disease prevention: Shaded cells represent 
statistically significant results (ie, the results from at least half of the SRs were statistically significant).

INTERVENTION
MACE, 

MEDIAN RR* (n OF N†)
CARDIOVASCULAR MORTALITY, 

MEDIAN RR* (n OF N†)
ALL-CAUSE MORTALITY, 
MEDIAN RR* (n OF N†)

BAS‡ 0.83 (0 of 1 RCT) 0.79 (0 of 1 RCT) 0.95 (0 of 1 RCT)

Ezetimibe 1.45 (0 of 1 SR) NR 0.78 (0 of 1 SR)

Fibrates 0.84 (1 of 1 SR) NR 1.01 (0 of 1 SR)

Niacin NR NR NR

EPA and DHA NR NR NR

EPA ethyl ester NR NR NR

PCSK9 inhibitors 0.65 (0 of 1 SR) 0.63 (0 of 1 SR) 0.42 (0 of 1 SR)

Statins 0.75 (6 of 6 SRs) 0.83 (4 of 7 SRs) 0.91 (4 of 8 SRs)

BAS—bile acid sequestrants, DHA—docosahexaenoic acid, EPA—eicosapentaenoic acid, MACE—major adverse cardiovascular event, NR—not reported, 
PCSK9—proprotein convertase subtilisin-kexin type 9, RCT—randomized controlled trial, RR—risk ratio, SR—systematic review.
*RR<1.0 indicates that the outcome trended in favour of the intervention; mean RR was used if there were ≤2 SRs.
†n of N is the number of SRs or RCTs with statistically significant results out of the total number of SRs or RCTs. 
‡Evidence was from RCTs.

Discussion.  Statins reduced MACE by about 25% and 
cardiovascular mortality or all-cause mortality by about 
10% in both the overall and the primary cardiovascu-
lar prevention populations. Although results for MACE 
were consistent across systematic reviews, evidence on 
all-cause mortality in secondary cardiovascular preven-
tion was conflicting, with 3 systematic reviews report-
ing a statistically significant benefit (RRs of 0.80 to 
0.88)21,27,40 and 7 systematic reviews reporting no signifi-
cant effect (RRs of 0.86 to 1.47).12,17,20,24,31,33,34 Of the sys-
tematic reviews reporting no significant effect, 4 were 
of patients with previous stroke only17,24,31,33 and 1 was 
of patients with acute coronary syndrome.34 In post hoc 
analysis, excluding these 5 systematic reviews resulted 
in an RR of 0.86 (IQR=0.81 to 0.93) with a high certainty 
of evidence. The 3 largest systematic reviews looking 

at the effect of statins on all-cause mortality in second-
ary cardiovascular prevention showed very consistent 
results, with RRs between 0.85 and 0.88.12,21,40 

Pertaining to safety, statins did not cause more over-
all or serious adverse events but possibly caused more 
liver or renal disorders and diabetes. Results and defi-
nitions used varied between systematic reviews, espe-
cially for liver or renal disorders. Adding to that low RRs 
and a number of reviews reporting no significant effect, 
any possible increase in liver or renal disorders and dia-
betes would certainly be outweighed by the expected 
clinical benefits of statins. 

Ezetimibe
Efficacy.  Three systematic reviews42-44 with meta-analyses 
(4 to 26 RCTs, 18,921 to 23,499 participants followed 
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for 52 to 312 weeks) looking at 10 mg of ezetimibe 
daily were included. Overall, ezetimibe reduced MACE 
(3 systematic reviews,42-44 median RR=0.93, IQR=0.93 
to 0.94; all statistically significant; moderate certainty 
of evidence) but had no effect on cardiovascular mor-
tality (2 systematic reviews,43,44 RRs of 1.00 and 1.00; 
no systematic reviews statistically significant; moder-
ate certainty of evidence) or all-cause mortality (2 sys-
tematic reviews,43,44 RRs of 0.89 and 0.98; no systematic 
reviews statistically significant; low certainty of evi-
dence). Variability between both results on all-cause 
mortality are due to different analyses used (fixed vs 
random effects analyses). 

Table 3. Adverse events: Shaded cells represent statistically significant results (ie, the results from at least half of the SRs 
were statistically significant). Gastrointestinal disorders, skin abnormalities, and hemorrhage were also reported but only 
in 1 RCT and they are not included in this table.

INTERVENTION

OVERALL  
ADVERSE EVENTS, 

MEDIAN RR* (n OF N†)

SERIOUS  
ADVERSE EVENTS , 

MEDIAN RR* (n OF N†)

WITHDRAWALS DUE TO 
ADVERSE EVENTS, 

MEDIAN RR* (n OF N†)

STATISTICALLY SIGNIFICANT  
SPECIFIC ADVERSE EVENT IDENTIFIED, 

MEDIAN RR* (n OF N†)

BAS 1.09 (1 of 1 SR) 1.56 (1 of 1 SR) 1.48 (0 of 1 SR) Constipation: RR=3.31 (1 of 1 SR)

Ezetimibe NR NR 0.91 (0 of 1 SR) None

Fibrates NR NR 1.38 (0 of 1 SR) Increased creatinine: RR=3.45 (2 of 2 SRs)
Pancreatitis: RR=2.24 (1 of 2 SRs)
Altered LFT results: RR=19.10 (1 of 1 SRs)

Niacin NR NR 2.17 (1 of 1 SR) Flushing: RR=13.14 (2 of 2 SRs)
Diabetes: RR=1.38 (2 of 2 SRs)
MSK effect: RR=1.24 (1 of 1 SR)
GI symptoms: RR=1.61 (2 of 2 SRs)
Pruritus: RR=5.15 (1 of 1 SR)
Rash: RR=3.16 (1 of 1 SR)

EPA and DHA NR NR NR Atrial fibrillation: RR=1.19 (1 of 2 SRs)

EPA ethyl ester NR NR NR Atrial fibrillation: RR=1.35 (1 of 1 SR)
Total bleeding: RR=1.49 (1 of 1 SR)

PCSK9 inhibitors 1.00 (0 of 5 SRs) 0.97 (2 of 8 SRs) 1.05 (0 of 4 SRs) Injection site reactions: RR=1.55 (4 of 4 SRs)

Statins 1.00 (0 of 2 SRs) 1.00 (0 of 2 SRs) 1.00 (0 of 6 SRs) Liver dysfunction: RR=1.17 (2 of 3 SRs)
Diabetes: RR=1.10 (5 of 9 SRs)

Altered LFT results: RR=1.32 (2 of 6 SRs)
Renal disorders: RR=1.12 (1 of 4 SRs)

BAS—bile acid sequestrants, DHA—docosahexaenoic acid, EPA—eicosapentaenoic acid, GI—gastrointestinal, LFT—liver function test, MSK—musculoskeletal, 
NR—not reported, PCSK9—proprotein convertase subtilisin-kexin type 9, RCT—randomized controlled trial, RR—risk ratio, SR—systematic review.
*RR<1.0 indicates that the outcome trended in favour of the intervention; mean RR used if ≤2 SRs.
†n of N is the number of SRs with statistically significant results out of the total number of SRs.

Safety.  Ezetimibe did not increase the risk of with-
drawals due to adverse events (1 systematic review,44 
RR=0.91; not statistically significant; high certainty of 
evidence) or other notable adverse events.43

Discussion.  Ezetimibe reduced MACE by about 7% (rel-
ative), but did not improve cardiovascular mortality or 
all-cause mortality. It should be noted that 85% to 96% 
of the participants in all 3 systematic reviews of ezeti-
mibe are from the IMPROVE-IT (Improved Reduction of 
Outcomes: Vytorin Efficacy International Trial),45 which 

included 18,144 participants with previous MI taking a 
statin, and showed a 6% relative risk reduction in MACE 
(hazard ratio=0.94, 95% CI 0.89 to 0.99). It is therefore 
difficult to estimate the potential effect of ezetimibe in 
patients undergoing primary cardiovascular prevention 
or in those not taking a statin. The evidence for ezeti-
mibe for primary cardiovascular prevention is limited to 
1 systematic review44 (1 RCT, 720 participants with famil-
ial hypercholesterolemia) and found ezetimibe does not 
improve MACE. 

Since publication of the included systematic reviews, 
2 new ezetimibe RCTs have been published. A 2019 
open-label RCT compared 10 mg of ezetimibe once a day 
versus no treatment (no other lipid-lowering therapies 
were allowed) in 3796 participants 75 years and older 
without a history of coronary artery disease (CAD) for 
approximately 4 years.46 Ezetimibe significantly reduced 
the incidence of the composite outcome of sudden car-
diac death, fatal and nonfatal MI, coronary revasculariza-
tion, or fatal and nonfatal stroke by approximately 35% 
(ezetimibe 5.2% vs 7.8%) but had no effect on all-cause 
mortality. However, the trial had multiple major limita-
tions (only 63% of the planned sample size enrolled, the 
trial had an open-label design, and 28% of participants 
withdrew or were lost to follow-up).
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A 2022 RCT47 compared a combination of 10 mg of 
ezetimibe and 10 mg of rosuvastatin daily versus 20 mg 
of rosuvastatin daily in 3780 participants with athero-
sclerotic CVD for 3 years. The combination was equiva-
lent to rosuvastatin monotherapy on MACE.

Proprotein convertase subtilisin-kexin  
type 9 inhibitors
Efficacy. Twenty-six systematic reviews with meta-
analyses39,43,48-71 (2 to 39 RCTs, 6281 to 97,910 partici-
pants followed for 8 to 305 weeks) looking at PCSK9 
inhibitors (evolocumab, alirocumab, and bococizumab) 
were included. Overall, PCSK9 inhibitors reduced 
MACE (14 systematic reviews,43,49,51,54-56,59,62-64,68-71 median 
RR=0.84, IQR=0.83 to 0.87; all 14 systematic reviews sta-
tistically significant; moderate certainty of evidence) but 
had no effect on cardiovascular mortality (18 systematic 
reviews,43,49,51,52,54-60,62,64,65,68-71 median RR=0.95, IQR=0.94 
to 0.97; no systematic reviews were statistically signifi-
cant; high certainty of evidence) or all-cause mortality 
(17 systematic reviews,43,49,51-60,63,64,68-70 median RR=0.93, 
IQR=0.88 to 0.95; 1 systematic review statistically signifi-
cant; high certainty of evidence). 

Safety. Proprotein convertase subtilisin-kexin type 9 
inhibitors were not associated with significant increases 
in withdrawals due to adverse events (4 systematic 
reviews,52,57,64,68 median RR=1.05, IQR=1.00 to 1.08; no 
systematic review was statistically significant; high cer-
tainty of evidence), serious adverse events (8 system-
atic reviews,49,51,58,64,67,68-70 median RR=0.97, IQR=0.96 to 
0.99; 2 systematic reviews statistically significant; high 
certainty of evidence), or overall adverse events (5 sys-
tematic reviews,49,64,68-70 median RR=1.00, IQR=0.99 to 
1.01; no systematic review was statistically significant; 
high certainty of evidence). Injection site reactions were 
more commonly reported with intervention (2.8% to 
3.5%) compared with control (1.8% to 2.1%) (4 system-
atic reviews,57,64,67,70 median RR=1.55, IQR=1.44 to 1.97; 
all 4 systematic reviews statistically significant).

Discussion. Proprotein convertase subtilisin-kexin type 9 
inhibitors reduced MACE by about 16% (relative) but had 
no effect on cardiovascular mortality or all-cause mor-
tality. Evidence for PCSK9 inhibitors comes mostly from 
2 large RCTs72,73 looking specifically at secondary cardio-
vascular prevention using a maximum tolerated dose 
of statin. In primary cardiovascular prevention, trials 
were smaller and many focused on people with famil-
ial hypercholesterolemia. Therefore, the effect of PCSK9 
inhibitors in primary cardiovascular prevention or as 
monotherapy remains unclear. 

Fibrates
Efficacy. Three systematic reviews with meta-analyses74-76 

(6 to 20 RCTs, 16,112 to 46,099 participants followed for 

4.8 to 5.2 years) looking at fibrates compared with pla-
cebo, in a general population, were included. Overall, 
fibrates reduced MACE (2 systematic reviews,74,76 RRs 
of 0.84 and 0.88; 2 systematic reviews statistically sig-
nificant; moderate certainty of evidence) but had no 
effect on cardiovascular mortality (1 systematic 
review,76 median RR=0.95, IQR not available; no sys-
tematic reviews statistically significant; high certainty 
of evidence) or on all-cause mortality (3 systematic 
reviews,74-76 median RR=0.98, IQR=0.98 to 1.01; no sys-
tematic reviews statistically significant; moderate cer-
tainty of evidence). 

Safety.  Fibrate recipients had an increase in serum cre-
atinine levels (2 systematic reviews,74,76 RRs of 1.88 and 
5.01; 2 systematic reviews statistically significant), an 
increase in pancreatitis (2 systematic reviews,74,76 RRs 
of 1.74 and 2.74; 1 systematic review statistically signifi-
cant), and an increase in altered liver function test results 
(1 systematic review,76 RR=19.1; statistically significant). 
Withdrawals due to adverse events were numerically 
higher in the fibrate group, but this was not statistically 
significant (1 systematic review,74 RR=1.38; not statisti-
cally significant; very low certainty of evidence).

Discussion.  Fibrates reduced MACE by 12% to 16% (rela-
tive) but had no effect on cardiovascular mortality or all-
cause mortality. Of note, fibrates showed no benefit when 
added to a statin.74,75 These results are also supported 
by a 2022 RCT that compared pemafibrate with placebo 
in 10,497 participants with diabetes (96% taking a statin) 
with elevated triglyceride levels.77 At a median follow-
up of 3.4 years, no benefit of adding pemafibrate was 
observed for any cardiovascular outcome.

Bile acid sequestrants
Efficacy.  No systematic reviews with meta-analyses 
reporting efficacy outcomes were identified in the initial 
search for BAS. A grey literature search identified 1 sys-
tematic review reporting on safety of BAS, and 4 RCTs.78-82 

The largest RCT was the Lipid Research Clinics 
trial,81 which followed 3806 participants (mean age 48, 
100% male) at high risk of CAD for a mean of 7.4 years. 
Participants were randomized to high-dose cholestyr-
amine (24 g/day) or placebo. At 7.4 years, the composite 
end point of CAD death or nonfatal MI occurred in 8.1% 
in the intervention group compared with 9.8% in the pla-
cebo group (RR=0.83, 95% CI 0.67 to 1.01; calculated by 
the authors as it is not reported in the original publication). 

Dorr et al80 randomized 2278 participants (mean age 
54, 52% female, 26% had CAD) to 5 g of colestipol hydro-
chloride daily or placebo. Outcomes were reported by 
gender only. After 1 to 3 years, for men, death from any 
cardiovascular cause occurred in 2% of those prescribed 
colestipol hydrochloride, compared with 4.4% of those tak-
ing placebo (P<.02). Death from CAD occurred in 1.6% of 
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men prescribed colestipol hydrochloride, compared with 
4.0% prescribed placebo (P<.02). No statistically signifi-
cant differences in all-cause mortality, death from acute 
MI, or death from all vascular diseases were found in men. 
In women, only all-cause mortality and death from CAD 
were reported, neither of which were statistically different. 

Two very small RCTs with 143 and 53 participants79,82 
did not find statistically significant differences between 
BAS and placebo for the primary outcomes of our review 
and were not included in our summary tables. 

Safety.  One systematic review78 with meta-analysis 
(17 RCTs, 2950 participants followed for 8 to 26 weeks) 
looked at BAS safety in a population with diabetes. Bile 
acid sequestrants were associated with increases in 
overall adverse events (1 systematic review,78 RR=1.09; 
statistically significant; moderate certainty of evidence) 
and serious adverse events (1 systematic review,78 
RR=1.56; statistically significant; moderate certainty of 
evidence); however, a difference in withdrawals due 
to adverse events was found (1 systematic review,78 
RR=1.48; not statistically significant; low certainty of 
evidence). Constipation was more common with BAS 
compared with control (1 systematic review,78 RR=3.31; 
statistically significant).

Discussion.  Bile acid sequestrants do not appear to 
be beneficial in reducing MACE or mortality. It should be 
noted that the studies evaluating BAS pre-date the routine 
use of statins and other contemporary pharmacologic and 
nonpharmacologic cardiovascular prevention measures.

Niacin
Efficacy.  Five systematic reviews83-87 with meta-analyses 
(4 to 23 RCTs, 34,294 to 39,195 participants followed for 
24 to 312 weeks) looking at niacin (0.5 to 7.5 g/day) were 
included. Overall, niacin had no effect on MACE (2 sys-
tematic reviews,83,85 RRs of 0.88 and 0.97; no systematic 
review statistically significant; high certainty of evidence), 
cardiovascular mortality (5 systematic reviews,83-87 
median RR=0.99, IQR=0.95 to 1.08; no systematic review 
statistically significant; high certainty of evidence), or 
all-cause mortality (4 systematic reviews,84-87 median 
RR=1.04, IQR=1.00 to 1.05; no systematic review statisti-
cally significant; high certainty of evidence). 

Safety.  Niacin caused more withdrawals due to adverse 
events (1 systematic review,87 RR=2.17; statistically sig-
nificant; high certainty of evidence). It also increased the 
risk of flushing (2 systematic reviews,84,87 RRs of 7.69 and 
18.59; 2 systematic reviews statistically significant), dia-
betes (2 systematic reviews,84,87 RRs of 1.32 and 1.44; 
2 systematic reviews statistically significant), musculo-
skeletal effects (1 systematic review,84 RR=1.24; statisti-
cally significant), gastrointestinal symptoms (2 systematic 
reviews,84,87 RRs of 1.69 and 1.53; 2 systematic reviews 

statistically significant), pruritis (1 systematic review,87 
RR=5.15; statistically significant), and rash (1 systematic 
review,87 RR=3.16; statistically significant).

Discussion.  Niacin had no effect on MACE, cardiovascu-
lar mortality or all-cause mortality and caused substantial 
harms. Most trials examined secondary cardiovascular 
prevention and approximately 70% of all participants 
were from the HPS2-THRIVE trial (Heart Protection Study 
2–Treatment of HDL to Reduce the Incidence of Vascular 
Events),88 which found no benefit of adding niacin to a 
statin. The effect of niacin in primary cardiovascular pre-
vention or as monotherapy has not been properly evalu-
ated but is unlikely to be beneficial.

Omega-3 supplements
Eight systematic reviews20,89-95 (7 to 38 RCTs, 65,819 to 
149,051 participants followed for 26 to 385 weeks) looking 
at omega-3 supplements were included. Given the docu-
mented heterogeneity among eicosapentaenoic acid (EPA) 
ethyl ester trials and EPA and docosahexaenoic acid (DHA) 
combination trials,94 these were analyzed separately.

Eicosapentaenoic acid and DHA
Efficacy:  Overall, EPA and DHA supplementation had 

no effect on MACE (3 systematic reviews,89,91,94 median 
RR=0.98, IQR=0.97 to 0.99; no systematic review sta-
tistically significant; moderate certainty of evidence) or 
all-cause mortality (2 systematic reviews,20,94 RRs of 0.97 
and 0.98; no systematic review statistically significant; 
high certainty of evidence) but reduced cardiovascular 
mortality (5 systematic reviews,20,90,93-95 median RR=0.93, 
IQR=0.93 to 0.94; 5 systematic reviews statistically signifi-
cant; low certainty of evidence). An increase in nonfatal 
strokes was also reported (1 systematic review,94 RR=1.16, 
statistically significant; low certainty of evidence).

Safety:  Eicosapentaenoic acid and DHA supple-
mentation increased the risk of atrial fibrillation (2 sys-
tematic reviews,92,94 RRs of 1.14 and 1.23, 1 systematic 
review statistically significant).

Eicosapentaenoic acid ethyl ester
Efficacy:  Overall, EPA ethyl ester reduced MACE 

(1 systematic review,94 RR=0.78; 1 systematic review sta-
tistically significant; moderate certainty of evidence) and 
cardiovascular mortality (2 systematic reviews,20,94 RRs 
of 0.82 and 0.82; 2 systematic reviews statistically signif-
icant; moderate certainty of evidence) but had no effect 
on all-cause mortality (2 systematic reviews,20,94 RRs of 
0.96 and 0.98; no systematic review statistically signifi-
cant; high certainty of evidence). 

Safety:  Eicosapentaenoic acid ethyl ester increased 
the risk of atrial fibrillation (1 systematic review,94 
RR=1.35; 1 systematic review statistically significant) 
and total bleeding (1 systematic review,94 RR=1.49; 
1 systematic review statistically significant).
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Discussion.  Eicosapentaenoic acid and DHA combina-
tion supplementation had no effect on MACE or all-cause 
mortality but had a low certainty of evidence for a modest 
reduction in cardiovascular mortality (about 7% relative).

Eicosapentaenoic acid ethyl ester alone reduced 
MACE and cardiovascular mortality by about 20% (rela-
tive) but had no effect on all-cause mortality. Results 
come mainly from 2 RCTs—REDUCE-IT (Reduction of 
Cardiovascular Events With EPA–Intervention Trial)96 
and JELIS (Japan EPA Lipid Intervention Study)97—with 
results surprisingly different from those for EPA and 
DHA combination supplements. The JELIS trial was 
open label, which might have overestimated the effect, 
and REDUCE-IT used a placebo containing mineral oil, 
which might have negatively affected the results in the 
placebo group.98

—— Discussion ——
Statins remain the lipid-lowering drugs with the most 
consistent benefits, with a relative risk reduction of 
approximately 25% for MACE and approximately 10% for 
all-cause mortality. Although MACE was also reduced 
with ezetimibe (about 7% relative), fibrates (about 15% 
relative), and PCSK9 inhibitors (about 16% relative), 
these drugs had no effect on cardiovascular mortality or 
all-cause mortality. Omega-3 supplements might reduce 
cardiovascular mortality (about 7% relative) but have no 
effect on MACE or all-cause mortality. Eicosapentaenoic 
acid ethyl ester supplements might reduce MACE and 
cardiovascular mortality (about 20% relative) but have 
no effect on all-cause mortality and increase the risk of 
atrial fibrillation and bleeding. Niacin and BAS do not 
appear to provide any cardiovascular benefit. 

Unfortunately, except for statins, evidence for primary 
cardiovascular prevention is very limited. Most evidence 
arises from secondary cardiovascular prevention trials. 
Statins appear to have similar benefits in primary and sec-
ondary cardiovascular prevention. One systematic review 
found a 14% relative risk reduction in MACE for fibrates, 
but no effect when added to a statin.74 Our review did not 
find statistically significant primary cardiovascular preven-
tion benefits for BAS, ezetimibe, niacin, omega-3 supple-
ments, EPA ethyl ester, or PCSK9 inhibitors. 

Strengths and limitations
The principal strength of this systematic review of sys-
tematic reviews is the breadth of our review, including 
the evaluation of many commonly used medications 
and the provision of a broad perspective on the benefits  
and harms of lipid-lowering therapies for CVD prevention. 
We also focused on systematic reviews reporting patient-
oriented outcomes, excluding studies reporting only sur-
rogate markers, to ensure our results would help inform a 
shared decision-making process. This systematic review 
underwent external peer review (Appendix 9*).

Our review also has limitations. Restricting our search 
to recent systematic reviews might have limited our 
results (eg, recent trials, subgroup analysis). In addition, 
many of the included systematic reviews report on a lim-
ited number of trials and regularly include the same tri-
als (eg, for PCSK9s there were 26 systematic reviews, but 
2  RCTs provided most of the evidence). This could dis-
proportionately give more weight to older trials, although 
restricting our search to the past 5 years should have lim-
ited this risk. Additionally, the inclusion of lesser-quality 
systematic reviews may have impacted our median and 
IQR calculations. Beyond statins, our results show limited 
data in individuals with no history of CVD. In addition, 
newer included primary prevention RCTs often focus on 
subgroups such as people with hypertriglyceridemia or 
familial hypercholesterolemia, again making it difficult to 
extrapolate the results to a more typical population seen 
in primary care. 

Another limitation to our review is the exclusion of 
some drugs. For example, inclisiran, a small interfer-
ing RNA molecule inhibiting PCSK9, was not included 
in our review because it was not available in Canada at 
the time of our literature search. Finally, we did not per-
form any systematic analyses to evaluate the difference 
in benefits and harms of lipid-lowering therapies used 
either alone or in combination with another medication. 
Since most large non-statin therapy trials included indi-
viduals already taking a statin, our results probably do 
not allow for a comprehensive shared decision-making 
discussion for patients who cannot take a statin. 

Finally, it should also be noted that most large RCTs 
looking at lipid-lowering therapies are industry funded, 
which might influence the results and limit the evalua-
tion of harms.99 

Conclusion
Overall, our systematic review of systematic reviews 
found consistent evidence of benefits for statins on 
MACE and mortality. Ezetimibe and PCSK9 inhibitors 
reduce cardiovascular events, but have no benefit on 
cardiovascular or all-cause mortality. Omega-3 sup-
plements reduce cardiovascular mortality but have no 
effect on MACE or all-cause mortality, except for EPA 
ethyl ester, which also reduces MACE. Niacin does not 
improve cardiovascular outcomes. We found inconsis-
tent benefits for fibrates based on concurrent statin use 
and for BAS from studies before the statin era. 

For primary cardiovascular prevention, our review 
did not find statistically significant cardiovascular ben-
efits for BAS, ezetimibe, niacin, omega-3 supplements, 
or PCSK9 inhibitors. 

This review helped provide the scientific evidence to 
inform an updated PEER simplified lipid guideline.      
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