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ABSTRACT
ISS
BACKGROUND Guideline-recommended low-density lipoprotein cholesterol (LDL-C) thresholds are often not achieved

in women. The proprotein convertase subtilisin/kexin type-9 inhibitor (PCSK9i) monoclonal antibodies can help further

reduce LDL-C and major adverse cardiovascular events (MACE) although differences in efficacy by sex and type are less

understood.

OBJECTIVES The authors sought to determine if there are differences in the efficacy of LDL-C lowering and reduction

in the risk of MACE by sex and type of PCSK9i.

METHODS A comprehensive literature search was done through October 17, 2022, for published trials comparing

PCSK9i vs control. Outcomes assessed were LDL-C reduction and incidence of MACE following the use of PCSK9i vs

placebo, stratified by sex and type of PCSK9i used.

RESULTS We identified 16 trials with 54,996 adults, and 15,143 (27.5%) of them were female. PCSK9i significantly

reduced MACE compared to placebo in both women (HR: 0.86, 95% CI: 0.74-0.97, P < 0.001) and men (HR: 0.85,

95% CI: 0.79-0.91, P < 0.001) with no significant sex difference (MD �0.01, 95% CI: �0.14 to �0.13, P ¼ 0.930).

PCSK9i also significantly reduced LDL-C levels in both sexes at 12 weeks (females: MD �62.57, 95% CI: �70.24

to �54.91, P < 0.001; males: MD �66.19, 95% CI: �72.03 to �60.34, P < 0.001) and 24 weeks (females: MD �47.52,

95% CI: �52.94 to �42.09, P < 0.001; males: MD �54.07, 95% CI: �59.46 to �48.68, P < 0.001). Significant sex

difference was seen in the LDL reduction of PCSK9i for both 12 weeks (males vs females: MD �4.55, 95% CI: �7.34

to �1.75, P < 0.01) and 24 weeks (males vs females: MD �7.11, 95% CI: �9.99 to �4.23, P < 0.001).

CONCLUSIONS The use of PCSK9i results in significant LDL-C and MACE reduction in both males and females. While

there is no significant sex difference in MACE reduction, LDL-C reduction is greater in males than in females. Our data

support the equal use of PCSK9i in all eligible patients, regardless of sex. (JACC Adv 2023;2:100669)

© 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
N 2772-963X https://doi.org/10.1016/j.jacadv.2023.100669

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacadv.2023.100669
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacadv.2023.100669&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABBR EV I A T I ON S

AND ACRONYMS

ASCVD = atherosclerotic

cardiovascular disease

LDL-C = low-density

lipoprotein cholesterol

MACE = major adverse

cardiovascular events

MD = mean difference

MI = myocardial infarction

PCSK9i = proprotein

convertase subtilisin/kexin

type-9 inhibitor

RCT = randomized controlled

trial
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E levated low-density lipoprotein
cholesterol (LDL-C) level is a prin-
cipal risk factor for atherosclerotic

cardiovascular disease and a primary target
for preventive therapies.1 Although statins
are the first-line lipid-lowering agents for
reducing the risk of atherosclerotic cardio-
vascular disease, high residual risk remains
a concern in many statin-treated patients.2

The proprotein convertase subtilisin/kexin
type-9 inhibitors (PCSK9i) are highlighted
in the 2022 American College of Cardiology
Expert Consensus Decision Pathway as
adjunctive therapies to statins to be used
sooner in high-risk patients to help achieve
lower LDL-C goals.3 Alirocumab and evolocumab
are monoclonal antibody PCSK9is approved by the
United States Food and Drug Administration in
2015. In addition to statins, these agents led to
dose-dependent reductions in LDL-C levels by up
to 60% in clinical trials.2 For high-risk patients on
maximum statin therapy or who are statin intol-
erant, these agents also reduce nonfatal myocardial
infarction (MI) and stroke.4 What is unclear is if
there are differences in PCSK9i efficacy between
sex and type of agent.5 Moreover, females remain
consistently underrepresented in lipid-lowering
therapy trials.6 Thus, this meta-analysis of random-
ized controlled trials (RCTs) was done to assess for
any differences in the efficacy of LDL-C lowering
and major adverse cardiovascular events (MACEs)
reduction with PCSK9i between males and females
and by type of PCSK9i.

METHODS

This study was reported under the Preferred Report-
ing Items for a Review and Meta-Analysis (PRISMA),
and the checklist was followed7 (Supplemental
Figure 1, Supplemental Table 1). Certainty of evi-
dence was rated using the Grades of Recommenda-
tion, Assessment, Development, and Evaluation
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(GRADE) framework.7,8 This study was registered in
the International Prospective Register of Systematic
Reviews (PROSPERO),9 with the identification num-
ber CRD42023388794.

DATA SOURCES AND SEARCHES. The literature
search was performed using PubMed/MEDLINE,
Ovid/Embase, and Google Scholar databases from
database inception until October 17, 2022. Search
terms included “PCSK9 inhibitor”, “PCSK9 antibody”,
“Evolocumab”, “Alirocumab”, “Bococizumab”,
“AMG145”, “Repatha”, “REGN727”, “SAR236553”,
“RN 316”, “PF-04950615”, and synonyms. PCSK9is
that are not monoclonal antibodies, such as inclisiran,
were not included. Citations of selected articles and
any relevant studies that evaluated MACE and LDL-C
lowering using PCSK9is were reviewed. After
removing duplicates, records were reviewed at the
title and abstract level, followed by the screening of
full text based on our study criteria.

STUDY SELECTION. Eligible trials included only
published articles comparing treatment with PCSK9is
and control in adult patients aged 18 years or older.
Trials were required to evaluate PCSK9is as medica-
tion versus placebo, ezetimibe, or usual care (fenofi-
brate; omega-3 fatty acid; nicotinic acid) with or
without statin therapy. In addition, the studies must
have reported at least one of the 2 outcomes: LDL-C
reduction or MACE. Studies were excluded if they
did not report a control arm or lacked sex-stratified
analyses. We excluded RCTs with participants
younger than 18 years and those reporting interim or
post hoc analysis. Cross-over trials were also
excluded due to the nature of the outcomes consid-
ered. Review articles, case reports, letters to the ed-
itor, commentaries, proceedings, laboratory studies,
and other nonrelevant studies were excluded. No
language restrictions were imposed.

DATA EXTRACTION. Key participant and interven-
tion characteristics and reported data on efficacy
outcomes were extracted independently by 2
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investigators (S.W.C. and J.P.A.) using standard data-
extraction templates. Any disagreements were
resolved by discussion or, if required, by a third
author (F.B.R.). Data on the following variables were
extracted: first author’s name, year of publication,
journal, study phase, interventional and control
treatments, randomization method, analysis tool,
number of randomized patients, and demographic
and clinical data (eg, age, sex). In case of un-
certainties regarding the study data, we contacted the
authors of the specific study for addi-
tional information.

OUTCOME MEASURES. Outcomes assessed in this
study were: 1) LDL-C-lowering effects of PCSK9i
measured as percent change from baseline; and 2)
incidence of MACE following the use of PCSK9i vs
control, stratified by sex. MACE was defined as a
composite of cardiovascular death, MI, stroke, or
coronary revascularization. For FOURIER trial
(Sabatine et al10), the primary efficacy endpoint was
the composite of cardiovascular death, MI, stroke,
hospitalization for unstable angina, or coronary
revascularization. The median duration of follow-up
was 2.2 years. Sabatine et al10 used HR and esti-
mated the risks in males and females separately.
For the ODYSSEY trial (Schwartz et al11), the primary
endpoint was a composite of death from coronary
heart disease, nonfatal MI, fatal or nonfatal
ischemic stroke, or unstable angina requiring hos-
pitalization. The median duration of follow-up was
2.8 years. The investigators also used HR and esti-
mated the risks in males and females separately. In
addition, subgroup analyses were performed for
applicable studies stratified by sex on: 1) type of
PCSK9i; and 2) LDL-C-lowering effect of PCSK9i
vs ezetimibe.

BIAS ASSESSMENT. All included studies reported a
central randomization process, and outcomes were
objectively determined. The included studies re-
ported all primary and secondary outcomes as pre-
specified in their protocols, so the risk of bias for
selective reporting was judged as low. Two authors
(S.W.C. and J.P.A.) independently assessed the risk of
bias based on the Cochrane Risk of Bias Tool
(Supplemental Figures 2 and 3) for studies that ful-
filled the inclusion criteria. Disagreements between
the 2 reviewers were resolved by consensus. In case
of persistent disagreement, arbitration by a third
reviewer (F.B.R.) was performed.

STATISTICAL ANALYSIS. RevMan version 5.4 and
Stata version 17.0 were used to conduct the included
studies’ meta-analysis, heterogeneity tests, and
sensitivity analyses. For all outcomes, the
significance level was set at a P value of <0.05. Sta-
tistical heterogeneity was identified through the for-
est plots and a standard chi-square test with a
significant level of P < 0.10. The extent of heteroge-
neity was based on the I2 statistic, wherein a value of
more than 50% was interpreted as substantial het-
erogeneity. We pooled all estimates using a random
effects model. We measured HR and mean differences
(MD) with 95% CIs. Prespecified subgroup analyses
were performed according to the type of PCSK9i and
PCSK9i vs ezetimibe.

RESULTS

A literature search through October 17, 2022, yielded
1,183 potentially relevant references on PCSK9i ther-
apy (Supplemental Figure 1). Of these, 229 duplicates
were removed. A total of 908 studies with unrelated
interventions, outcomes, populations, nonoriginal
data (eg, meta-analysis or review), descriptive or
observational study design, and study protocols were
excluded. A total of 46 studies were left, and 30
pooled analyses were removed for not meeting the
eligibility criteria. The remaining 16 related studies
were retrieved as full-text publications for detailed
evaluation. Overall, 16 studies were included in the
final meta-analysis. From the 16 studies, 54,996
eligible individuals were included for analysis, among
which 15,143 or 27.5% were females. The total per-
centage of females in each study ranged from 17.4%
to 66.4%. Table 1 includes study characteristics and
sex distribution.

LDL-C REDUCTION AT 12 AND 24 WEEKS. Four
studies12-15 reported percentage changes in LDL-C
after 12 weeks of PCSK9i versus control and their
corresponding MD. All 4 studies reported signifi-
cantly decreased LDL-C levels after 12 weeks of
PCSK9i therapy in both sexes (females: MD �62.57,
95% CI: �70.24 to �54.91, P < 0.001 [Figure 1A];
males: MD �66.19, 95% CI: �72.03 to �60.34,
P < 0.001 [Figure 1B]), with an overall greater reduc-
tion in males than in females (males vs females:
MD �4.55, 95% CI: �7.34 to �1.75, P < 0.01,
[Figure 1C]). Eight studies16,17-23 reported percentage
changes in LDL-C after 24 weeks of PCSK9i versus
control and their corresponding MD. All 8 studies
reported significantly decreased LDL-C levels after
24 weeks of PCSK9i therapy in both sexes (females:
MD �47.52, 95% CI: �52.94 to �42.09], P < 0.001
[Figure 2A]; males: MD �54.07, 95% CI: �59.46
to �48.68, P < 0.001 [Figure 2B]) with an overall
greater reduction in males than in females (males vs
females: MD �7.11, 95% CI: �9.99 to �4.23,
P < 0.001 [Figure 2C]).
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TABLE 1 Characteristics of Included Studies

First Author, Year Population N
Women
(%) Intervention Control Outcome

LDL-C Reductions
From Baseline

Bays et al, 201523 Patients with very high CVD
risk and LDL-C levels
of $70 mg/dL or high
CVD risk and LDL-C
of $100 mg/mL

355 34.9% Alirocumab plus
Atorvastatin

Ezetimibe, doubling
atorvastatin dose,
or switching to
rosuvastatin

Percent change in
LDL-C from baseline
to week 24

Add-on alirocumab
reduced LDL-C levels
by 44.1% and 54.0%,
respectively

Boccara et al, 202017 PLHIV and
hypercholesterolemia/
mixed dyslipidemia
taking maximally
tolerated statin therapy

467 17.4% Evolocumab Placebo Percent change in
LDL-C from baseline
to week 24

56.9% in evolocumab vs
placebo

Cannon et al, 201524 Patients with high
cardiovascular risk and
elevated LDL-C despite
maximal doses of
statins

720 26.4% Alirocumab Ezetimibe Percent change in
LDL-C from baseline
to week 24

50.6% in the alirocumab
arm

Chen et al, 201912 Patients with T2DM and
dyslipidemia on
background statin

451 51.0% Evolocumab Placebo Percent change in
LDL-C from baseline
to week 12

73% vs 12% in the
alirocumab 140Q2W
vs placebo arm,
respectively, 65.4%
vs 8.4% in the
alirocumab 4200Q2W
vs placebo arm,
respectively

Giugliano et al, 201213 Patients with history of
hypercholesterolemia
and fasting LDL-C
$2.2 mmol/L on stable
dose of statin for$4 wk

1,262 25.4% Evolocumab Placebo Percent change in
LDL-C from baseline
to week 12

41.8%, 60.2%, 66.1%,
41.8%, 50%, and
50.3% in evolocumab
70/105/140 mg
biweekly, 280/350/
420 mg monthly vs
placebo

Kastelein et al, 201520 HeFH patients without a
history of CV events
and those who suffered
an MI or ischemic stroke
if LDL-C levels were not
at goal

735 44.9% FH I Alirocumab FH
II Alirocumab

FH I placebo
FH II placebo

Percent change in
LDL-C from baseline
to week 24

FH I 48.8% and 9.1% in
the alirocumab and
ezetimibe arm,
respectively. FH II
48.7% and 2.8% in
the alirocumab and
ezetimibe arm,
respectively

Kereiakes et al, 201521 Patients with established
CHD or CHD risk
equivalents and
hypercholesterolemia

316 34.2% Alirocumab Placebo Percent change in
LDL-C from baseline
to week 24

45.9% in alirocumab vs
placebo

Koren et al, 201414 Patients with fasting LDL-C
$100 and <190 mg/dL
and Framingham risk
scores #10%

614 66.4% Evolocumab Placebo Percent change in
LDL-C from baseline
to week 12

Evolocumab treatment
reduced LDL-C from
baseline, on average,
by 55%-57% more
than placebo

Raal et al, 201515 HeFH and were on a stable
lipid-lowering therapy
for $4 wk with fasting
LDL $2.6 mmol/L

329 42.3% Evolocumab Placebo Percent change in
LDL-C from baseline
to week 12

59.2% in evolocumab
biweekly vs placebo
and 61.3% in
evolocumab monthly
vs placebo

Ray et al, 201816 Patients with T2DM and
mixed dyslipidemia not
optimally managed my
maximally tolerated
statin therapy

413 49.1% Alirocumab Usual lipid-lowering
care

Percent change in
LDL-C from baseline
to week 24

43% in alirocumab vs
usual care

Robinson et al, 201522 Patients at high risk of CV
events on maximally
tolerated statin therapy

2,341 37.7% Alirocumab Placebo Percent change in
LDL-C from baseline
to week 24

61% vs 0.8% in the
alirocumab vs placebo
arm, respectively

Roth et al, 201425 Hypercholesterolemic
patients at moderate
cardiovascular risk not
receiving statins or
other lipid-lowering
therapy

18,924 25.2% Alirocumab Ezetimibe Percent change in
LDL-C from baseline
to week 24

47.2% alirocumab arm

Continued on the next page
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TABLE 1 Continued

First Author, Year Population N
Women
(%) Intervention Control Outcome

LDL-C Reductions
From Baseline

Roth et al, 201619 Hypercholesterolemic
patients at moderate to
very high cardiovascular
risk

803 39.3% Alirocumab Placebo 1) Percent change in
LDL-C from baseline
to week 24 in no
statin group

2) Percent change in
LDL-C from baseline
to week 24 in with
statin group

3) Percent change in
LDL-C from baseline
to averaged weeks
21-24 in no statin
group

4) Percent change in
LDL-C from baseline
to averaged weeks
21-24 in no statin
group in with statin
group

1) 52.7% vs 0.3% in the
alirocumab vs placebo
arm, respectively

2) 58.8% vs 0.1% in the
alirocumab vs placebo
arm, respectively

3) 56.9% vs 1.6% in the
alirocumab vs placebo
arm, respectively

4) 65.8% vs 0.8% in the
alirocumab vs placebo
arm, respectively

Sabatine et al, 201710 Patients with
atherosclerotic CVD and
LDL $70 mg/dL on
statin therapy

564 25.0% Evolocumab Placebo 1) Composite of CV
death, MI, stroke,
hospitalization for
UA or coronary
revascularization

2) Composite of CV
death, MI, or stroke

1) 9.8% vs 11.3% in
evolocumab vs
placebo arm,
respectively

2) 5.9% vs 7.4% in
evolocumab vs
placebo arm,
respectively

Schwartz et al, 201811 Patients who had an ACS
1-12 mo prior, LDL
$70 mg/dL, a non-
HDL cholesterol
$100 mg/dL, or an
apolipoprotein B level
of $80 mg/dL, on high
intensity or maximally
tolerated statin therapy

18,924 25.2% Alirocumab Placebo Composite of death
from CHD, nonfatal
MI, fatal or nonfatal
ischemic stroke, or
unstable angina
requiring
hospitalization

9.5% vs 11.1% in
alirocumab vs placebo
arm, respectively

Stroes, 201632 Patients with
hypercholesterolemia
not on statin therapy

233 44.2% Alirocumab Placebo Percent change in
LDL-C from baseline
to week 24

51.7%, 53.5%, and 4.7%
in the alirocumab
150Q4W, 75Q2W, and
placebo arm,
respectively

ACS ¼ acute coronary syndrome; CHD ¼ cardiovascular heart disease; CV ¼ cardiovascular; FH ¼ familial hypercholesterolemia; HDL ¼ high-density lipoprotein; HeFH ¼ hereditary familial hypercholes-
terolemia; LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction; PLHIV ¼ person living with HIV; UA ¼ unstable angina.
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MAJOR ADVERSE CARDIOVASCULAR EVENTS. Two
studies10,11 reported incidence of MACE and their
corresponding HR after treatment with a PCSK9i
versus placebo. Both studies reported a similar
reduction in MACE after PCSK9i in both sexes (fe-
males: HR 0.86, 95% CI: 0.74-0.97] P < 0.001
[Figure 3A]; males: HR 0.85, 95% CI: 0.79-0.91,
P < 0.001 [Figure 3B]). However, further analysis
showed no significant sex differences in MACE
following PCSK9i use (males vs females: MD �0.01,
95% CI: �0.14 to 0.13, P ¼ 0.930 [Figure 3C]).

SUBGROUP ANALYSIS: PCSK9i VS EZETIMIBE. Three
studies23-25 reported percentage changes in LDL-C
after 24 weeks of biweekly PCSK9i versus ezeti-
mibe. All 3 studies reported significantly decreased
LDL-C levels in both sexes (females: MD �23.28,
95% CI: �29.70 to �16.87, P < 0.001 [Figure 4A];
males: MD �32.18, 95% CI: �37.10 to �27.25,
P < 0.001 [Figure 4B]) with an overall greater
reduction in males than in females (males vs fe-
males: MD �8.61, 95% CI: �16.99 to �0.24,
P < 0.05 [Figure 4C]).
SUBGROUP ANALYSIS: BY PCSK9i TYPE. For sub-
group analyses by type of PCSK9i, 7 studies used
alirocumab, and one17 used evolocumab. All 7 studies
reported significantly decreased LDL-C levels after
24 weeks in both sexes (females: MD �46.69, 95% CI:
�52.55 to �40.84, P < 0.001 [Figure 5A]; males:
MD �53.75, 95% CI: �59.79 to �47.70, P < 0.001
[Figure 5B]). Likewise, administration of evolocumab
resulted in significantly decreased LDL-C levels after
24 weeks in both sexes (females: MD �54.83, 95% CI
�64.47 to �45.19, P < 0.001 [Figure 5A]; males:
MD �56.62, 95% CI: �61.79 to �51.45, P < 0.001
[Figure 5B]). Further analysis revealed an overall
greater LDL-C reduction in males compared to



FIGURE 1 PCSK9 Inhibitor vs Placebo

(A) LDL-C reduction in females after 12 weeks of therapy; (B) LDL-C reduction in males after 12 weeks of therapy; (C) sex difference in LDL-C

reduction after 12 weeks of therapy. LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 ¼ proprotein convertase subtilisin/kexin type-9.
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females for alirocumab (males vs females: MD �7.53,
95% CI: �10.51 to �4.55], P < 0.001 [Figure 5C]) and no
significant difference for evolocumab (males vs fe-
males: MD �1.79, 95% CI: �9.56 to �5.98,
P ¼ 0.650 [Figure 5C]).
DISCUSSION

The present study includes both clinical outcomes
data among patients treated with PCSK9i globally
and assesses its efficacy by sex (Central Illustration).



FIGURE 2 PCSK9 Inhibitor vs Placebo

(A) LDL-C reduction in females after 24 weeks of therapy; (B) LDL-C reduction in males after 24 weeks of therapy; (C) sex difference in LDL-C

reduction after 24 weeks of therapy.

J A C C : A D V A N C E S , V O L . 2 , N O . 9 , 2 0 2 3 Rivera et al
N O V E M B E R 2 0 2 3 : 1 0 0 6 6 9 Sex Difference on CV Outcomes of PCSK9 Inhibitors

7



FIGURE 3 PCSK9 Inhibitor vs Placebo

(A) Major adverse cardiovascular events (MACE) in females; (B) MACE in males; (C) sex difference in MACE.
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To date, this is the first meta-analysis to explore
these outcomes and further support the benefit of
PCSK9i use. Our results show that there are signif-
icant and similar reductions in MACE across both
sexes. Furthermore, our results show significant
reductions in LDL-C in both males and
females, with greater reduction in males than in
females.

Multiple trials have evaluated the efficacy of
monoclonal antibody PCSK9is. These include the
ODYSSEY (Alirocumab and Cardiovascular Outcomes
after Acute Coronary Syndrome) trial, FOURIER
(Evolocumab and Clinical Outcomes in Patients with
Cardiovascular Disease) trial, and SPIRE (Cardiovas-
cular Efficacy and Safety of Bococizumab in High-Risk
Patients) trial, which used alirocumab, evolocumab,
and bococizumab, respectively.10,11,26 All trials re-
ported a reduction in LDL-C levels and cardiovascular
events. The ODYSSEY and SPIRE trials revealed
greater benefits among those with higher LDL-C
baseline values (>100 mg/dL),8,24 while the FOUR-
IER trial showed consistent benefits among sub-
groups.10 Given the benefit of these agents, current
guidelines recommend their use, especially if target
LDL-C levels are not achieved on maximally tolerated
statin.3 The results of this study support the equal use
of PCSK9is across sex in reducing both LDL-C and
MACE. Observational studies have suggested differ-
ences in LDL-C reduction by sex.27,28,29 Consistent
with previous data, our results showed significantly
greater mean reduction in males than in females
regardless of frequency and duration of PCSK9i



FIGURE 4 PCSK9 Inhibitor vs Ezetimibe

(A) LDL-C reduction in females after 24 weeks of therapy; (B) LDL-C reduction in males after 24 weeks of therapy; (C) sex difference in LDL-C

reduction after 24 weeks of therapy.

J A C C : A D V A N C E S , V O L . 2 , N O . 9 , 2 0 2 3 Rivera et al
N O V E M B E R 2 0 2 3 : 1 0 0 6 6 9 Sex Difference on CV Outcomes of PCSK9 Inhibitors

9

administration. Furthermore, our findings extend on
what was shown by Sever et al that, on average, the
treatment difference in LDL-C was 59 to 60 mg/dL for
males and from 50 to 52 mg/dL in females who
received evolocumab. Moreover, no statistical evi-
dence of treatment effect modification by sex was
observed for cardiovascular death, MI, stroke, un-
stable angina requiring rehospitalization, and coro-
nary revascularization.30 The LIPID-REAL registry
study conducted at 18 different hospitals using evo-
locumab and alirocumab revealed that the mean
reduction in LDL-C was lower in females than in
males (47.4% vs 56.9%).27 Also, a pooled analysis of
10 ODYSSEY Phase 3 trials showed that females and
males given alirocumab achieved an average on-
treatment LDL-C <50 mg/dL in 36.5% and 58.7%,
respectively.31 Similar findings were also reported in a
multicenter study in Spain, where the mean LDL-C
reduction was lower in females than in males (46%
vs 57%), with an even greater reduction among those
with cardiovascular disease (68.9% vs 48.0%).28 Fe-
males are consistently underrepresented in RCTs
assessing lipid-lowering therapies, limiting the
results.6

Regardless of the absolute change in LDL-C, there
was still a significant LDL-C reduction across both
sexes. The specific mechanisms behind the
sex-specific differences in LDL-C reduction are not
yet fully known; however, some studies have shown
that circulating PCSK9 levels were higher among fe-
males than among males.29 Furthermore, different
factors can predict circulating PCSK9 levels in females
and males. The mean corpuscular hemoglobin
concentration and cigarette pack-years were



FIGURE 5 PCSK9 Inhibitor vs Placebo

(A) LDL-C reduction in females after 24 weeks of therapy, by type of PCSK9 inhibitor; (B) LDL-C reduction in males after 24 weeks of therapy,

by type of PCSK9 inhibitor; (C) sex difference in LDL-C reduction after 24 weeks of therapy, by type of PCSK9 inhibitor.

Continued on the next page
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FIGURE 5 Continued
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independent predictors in females, while hypercho-
lesterolemia and physical activity were independent
predictors in males.29 These differences suggest that
some of the variations in the sex-specific responses to
PCSK9i may be due to different levels of circulating
PCSK9 among the sexes. However, further research is
needed to elucidate these differences.

When evaluating PCSK9i by type across sex, our
results showed that both alirocumab and evolocumab
resulted in significant LDL-C reduction in both sexes
compared to placebo. Moreover, analysis for sex dif-
ference by PCSK9i type showed a greater LDL-C
reduction in males than in females for alirocumab
(MD �7.53, 95% CI: �10.51 to �4.55, P < 0.001), but
not with evolocumab (MD �1.79, 95% CI: �9.56
to �5.98, P ¼ 0.650). However, the number of studies
included in the evolocumab group (n ¼ 1) may not
provide conclusive data in this group.

As noted, both the FOURIER and ODYSSEY trials
showed a prominent reduction in MACE with
PCSK9is.16,12 The FOURIER trial showed a similar
reduction in MACE among males and females with
evolocumab.16 However, the ODYSSEY trial showed a
greater MACE reduction in males (HR: 0.83, 95% CI:
0.74-0.92) than in females (HR: 0.91, 95% CI:
0.77-1.08) with Alirocumab.12 In our study, there was
a significant reduction in MACE compared to placebo
with PCSK9i for both sexes, but no significant sex
differences were found (MACE, males vs females:
MD �0.01, 95% CI: �0.14 to 0.13, P ¼ 0.930).

STRENGTH AND LIMITATIONS. To our knowledge,
this is the first meta-analysis to report on sex-
differences in LDL-C reduction and MACE in partici-
pants receiving PCSK9i therapy. There are several
limitations that are important to note. This is a study-
level meta-analysis, and we could not access indi-
vidual patient data. Additional limitations include
heterogeneity in PCSK9i studies in both males and
females. Publication bias may also be present, but the
extent of which could not fully be quantified. How-
ever, every effort possible was made to limit bias by
utilizing a robust analytical approach to adjust for
potential moderators through subgroup analyses.
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stratified by sex. LDL-C ¼ low-density lipoprotein cholesterol; MACE ¼ major adverse cardiovascular event; PCSK9i ¼ proprotein convertase subtilisin/kexin type-9

inhibitor; RCT ¼ randomized controlled trial.

Rivera et al J A C C : A D V A N C E S , V O L . 2 , N O . 9 , 2 0 2 3

Sex Difference on CV Outcomes of PCSK9 Inhibitors N O V E M B E R 2 0 2 3 : 1 0 0 6 6 9

12
CONCLUSIONS

The use of PCSK9i results in significant LDL-C and
MACE reduction in both males and females.
While there is no significant sex difference in
MACE reduction, LDL-C reduction is greater in
males than in females. Our data support the equal
use of PCSK9i in all eligible patients, regardless of
sex.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Clinicians

should consider PCSK-9 inhibitors in eligible patients not

achieving the desired LDL-C level equally across both

sexes. Despite a lower LDL-C reduction in women than in

men, both sexes have a significant reduction in LDL-C and

MACE with these agents. Thus, these results support

current guideline recommendations.

TRANSLATIONAL OUTLOOK: PCSK-9 inhibitors

continue to show great promise but may have different

effects on various subgroups. Large-scale studies utilizing

individual patient data can further expand the current

understanding of PCSK-9i utilization across these

populations.
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