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Introduction 

Women are often underrepresented in clinical trials, lead-
ing to uncertainty in subgroup analyses by sex and lower
quality data to guide evidence-based therapy. 1 , 2 While many
individual trials are inconclusive, patient-level meta-analyses
show that women with established cardiovascular disease
benefit from statin therapy to the same degree as men. 3 How-
ever, sex-specific data for non-statin lipid-lowering therapies
are sparse. 2 A recent statement by the European Society of
Atherosclerosis highlighted differences in lipoprotein con-
centrations through the life course in women versus men, as
well as sex differences in the relationships of lipoprotein lev-
els to cardiovascular risk. The statement also specifically em-
phasized the importance of further research to define the role
of lipoprotein(a) in atherosclerotic risk and risk mitigation in
women. 4 

Compared with men, women have higher levels of
circulating proprotein convertase subtilisin/kexin type 9
(PCSK9), 5 but PCSK9 inhibitor therapy reduces low-density
lipoprotein cholesterol (LDL-C) somewhat less in women
than in men. 6 , 7 This may be due in part to the fact that mea-
surements of LDL-C include cholesterol from lipoprotein(a)
particles, that lipoprotein(a) levels are higher in women than
men, 8 and that PCSK9 inhibitors reduce lipoprotein(a) to a
lesser extent than LDL-C. A recent analysis from the Fur-
ther Cardiovascular Outcomes Research with PCSK9 Inhi-
bition in Subjects with Elevated Risk (FOURIER) trial re-
ported comparable reductions in cardiovascular events with
evolocumab therapy in women and men with established sta-
ble atherosclerotic cardiovascular disease, 7 but sex differ-
ences in the effect of PCSK9 inhibitors on levels of lipopro-
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
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TCOMES trial (NCT01663402) compared the effects of the pro-
e 9 inhibitor alirocumab with placebo on major adverse cardiovas-
 recent acute coronary syndrome (ACS). 
 and safety of alirocumab versus placebo according to sex and

sis compared the effects of alirocumab versus placebo on lipopro-
e death, non-fatal myocardial infarction, fatal/non-fatal ischemic
pitalization), death, total cardiovascular events, and adverse events
wed for a median of 2.8 years. In post-hoc analysis, we evaluated
 to sex, baseline lipoprotein(a), and treatment. 
 higher baseline LDL-C levels (89.6 vs 85.3 mg/dL) and lipopro-
 more co-morbidities than men. At 4 months, alirocumab lowered
nd 54.0 mg/dL in men and lipoprotein(a) by 9.7 and 8.1 mg/dL,
cumab reduced MACE, death, and total cardiovascular events sim-
oup, lipoprotein(a) was a risk factor for total cardiovascular events
duction of total cardiovascular events was greater at higher base-
s more evident in women than men (pinteraction = 0.08). Medication
re similar in both sexes. 

ves cardiovascular outcomes after ACS irrespective of sex. Reduc-
s greater at higher baseline lipoprotein(a). 
ublished by Elsevier Inc. 
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tein(a) have not been defined. Moreover, an analysis of the
impact of PCSK9 inhibitor therapy on clinical outcomes by
sex among patients after recent acute coronary syndrome
(ACS) has not been reported. 

The ODYSSEY OUTCOMES trial compared the PCSK9
inhibitor alirocumab with placebo in 18,924 patients with re-
cent ACS and persistent elevation of atherogenic lipoproteins
despite optimized statin treatment. Over a median follow-
up of 2.8 years, alirocumab reduced the primary outcome
of major adverse cardiovascular events (MACE) by 15 %,
with comparable benefits for secondary outcomes including
a 15 % reduction in all-cause death. 9 , 10 Here, we report the
results of a prespecified subgroup analysis of ODYSSEY
OUTCOMES according to sex and treatment and a post-
hoc analysis that examined the relationship of lipoprotein(a)
levels to outcomes in women and men in both treatment
groups. 

Methods 

Details of the ODYSSEY OUTCOMES trial
(NCT01663402) design and results have been published. 9 , 11

The trial included 4762 women and 14,162 men aged
≥40 years hospitalized with ACS 1–12 months before
randomization who had LDL-C ≥ 70 mg/dL, non-high-
density lipoprotein cholesterol (non-HDL-C) ≥100 mg/dL,
or apolipoprotein B ≥ 80 mg/dL on high-intensity or
maximum-tolerated statin therapy. The trial was approved
by the institutional review board of each site. All patients
provided informed consent. 
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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Patients were randomly assigned to treatment with
alirocumab 75 mg subcutaneously every 2 weeks or match-
ing placebo. Among patients assigned to alirocumab, the
dose was blindly increased to 150 mg to maximize the num-
ber of patients who achieved an LDL-C value between 25 and
50 mg/dL, or blindly substituted with placebo to minimize
the number with sustained LDL-C levels below 15 mg/dL.
LDL-C was measured by beta-quantification when triglyc-
erides were > 400 mg dL or when the calculated LDL-C
was < 15 mg/dL; all other LDL-C values were calculated
by the Friedewald formula. 12 Lipoprotein(a) was measured
at baseline and 4 months at COVANCE Central laborato-
ries with a mass assay using an automated Siemens BNII
(Siemens, Healthcare Diagnostics, Malvern, Pennsylvania)
as previously described. 13 The primary MACE outcome was
the first event in a composite of death from coronary heart
disease (CHD), non-fatal myocardial infarction (MI), fatal or
non-fatal ischemic stroke, or unstable angina requiring hos-
pitalization. To maximize the number of events available for
analyses of subgroups defined by sex and lipoprotein(a), total
cardiovascular events were also included as an outcome and
encompassed first and subsequent components of MACE,
cardiovascular deaths other than those due to CHD, hem-
orrhagic stroke, hospitalization for heart failure, ischemia-
driven coronary revascularization, peripheral artery disease
events (critical limb ischemia, lower extremity revascular-
ization procedures, or amputation for ischemia), and venous
thromboembolism (deep vein thrombosis or pulmonary em-
bolism). Non-cardiovascular deaths were also recorded, and
all-cause death analyzed as an outcome. All efficacy events
except peripheral artery disease events and venous throm-
boembolism were adjudicated by a blinded endpoint com-
mittee. 

Statistical analysis 

Analyses of subgroups defined by sex reported at ran-
domization were prespecified. These include descriptive
statistics, assessment of lipid effects in women and men,
assessment of events stratified by sex, and assessment of
the impact of alirocumab in women and men. Categorical
variables are reported as count (percentage), and continuous
variables as median (quartile 1, quartile 3). Event rates are
expressed as the number of events per 100 patient-years
of follow-up. Comparisons of baseline characteristics with
patients grouped by sex were by χ2 or Fisher’s exact tests
(where possible) for categorical variables and Wilcoxon’s
rank-sum tests for continuous variables. All analyses were
according to intention-to-treat except for adverse events,
where patients were grouped according to actual treatment
received and events through 70 days after last dose of
randomized treatment were considered. 

Time to permanent discontinuation of randomized treat-
ment, defined as a last prescribed dose > 3 weeks prior to
death or date last known alive, was calculated for women
and men within each treatment group among patients who
received at least 1 dose and was summarized by cumulative
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
incidence functions, with comparisons by Cox proportional
hazards models. 

We assessed the effects of alirocumab or placebo on
LDL-C, apolipoprotein B, high-density lipoprotein choles-
terol (HDL-C), and non-HDL-C separately for women and
men by analysis of covariance. Because triglyceride and
lipoprotein(a) had a skewed distribution, effects of treatment
on these variables were determined by robust regression with
treatment group as a fixed effect and baseline lipid value as
a covariate. Imputation of missing values followed prespec-
ified methods. 9 

Relationships between sex and outcomes in the placebo
group were determined by Cox proportional hazards mod-
els for first MACE and individual MACE components, or
a marginal proportional hazards model in the case of to-
tal (first and subsequent) cardiovascular events, using sex
as the predictor variable. The marginal model treated non-
cardiovascular death as a competing event and accounted for
the possibility of a given patient having multiple events by
applying a robust sandwich variance estimate for the esti-
mated standard error of the log hazard ratio to account for
the dependence of event times within individual patients. 14 

We constructed unadjusted models and multivariable mod-
els adjusted for demographic variables (age, race, region),
clinical variables (history of diabetes, smoking, hyperten-
sion, cerebrovascular disease, or heart failure; myocardial
infarction prior to the index ACS; coronary artery bypass
grafting prior to the index ACS; type of index ACS (non-
ST-segment elevation myocardial infarction [NSTEMI] vs
other), revascularization for index ACS, time from index
ACS to randomization; and estimated glomerular filtration
rate ( < 60 mL/min/1.73 m2 vs other), and evidence-based
medications (high-intensity statin, aspirin, P2Y12 inhibitors,
angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers, beta-blockers). Rates of ezetimibe and hor-
mone replacement therapy use were low and not considered
in the modeling. Relative risks for women versus men are
summarized by hazard ratios (HR) with associated 95 % con-
fidence intervals (CI) and p values. 

The relative treatment effects of alirocumab versus
placebo on time to first MACE and its components were as-
sessed by Cox proportional hazards models. For analyses of
total cardiovascular events, we applied a marginal propor-
tional hazards model described above for relative treatment
effects, whereas absolute treatment effects were estimated by
a Poisson regression model with logarithm of follow-up time
included in the model as an offset. 14 All models had terms
for treatment, sex, and their interaction, with results summa-
rized by treatment HR, event rates per 100 patient-years of
follow-up in each treatment group, or treatment absolute rate
reduction (ARR) with associated 95 % CI and p values for
the interaction terms. 

In a post-hoc analysis, we assessed the interaction of base-
line lipoprotein(a), sex and treatment group on total cardio-
vascular events. Total cardiovascular events (a prespecified
trial outcome, N = 5769) was chosen as the outcome measure
in this analysis to afford greater power to detect this 3-way
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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interaction. Total cardiovascular events per 100 patients at 4
years as a function of baseline lipoprotein(a) were estimated
by natural cubic splines from Poisson regression models with
the logarithm of follow-up time as an offset variable by treat-
ment group and sex with knots at sex-specific lipoprotein(a)
quartiles. Estimated ARR with alirocumab was calculated by
sex at several levels of lipoprotein(a). 

Results 

Baseline characteristics for women and men 

Baseline characteristics are detailed in Table 1 and Suppl.
Table 1. Overall, women comprised 25.2 % of the population,
ranging from 18.6 % of participants from Western Europe
to 30.2 % of participants from North America. Median age
among women was 5 years greater than among men (62 vs
57 years) with 7.7 % of women versus 3.1 % of men above
age 75. Over 75 % of both women and men were white.
Within racial subgroups, the enrollment of women was high-
est among black patients (42.5 %) and lowest among Asian
patients (20.8 %). 

NSTEMI was the most common index ACS event in
both sexes but was proportionately higher in women than
in men. Men were proportionately more likely to be en-
rolled after STEMI and more likely to receive percuta-
neous coronary intervention for the index event (68.9 % vs
63.2 %, p < 0.0001). Time from index event to randomiza-
tion was similar in women and men. Mean LDL-C, HDL-C,
apolipoprotein B and particularly median lipoprotein(a) lev-
els (28.0 vs 19.3 mg/dL) were higher in women than men (all
p < 0.0001). Proportionately more women reported a history
of diabetes, hypertension, prior cerebrovascular disease, and
heart failure, but women were less likely to be current smok-
ers or to have had a myocardial infarction or coronary artery
bypass graft surgery prior to the index ACS (all p < 0.0001).
Use of evidence-based therapy was high in both sexes, with
small but statistically significant differences in use of high-
intensity statins and antiplatelets favoring men. 

Changes in alirocumab dose and permanent 
discontinuation of randomized treatment 

In the alirocumab group, women were more likely than
men to have blinded up-titration of the alirocumab dose from
75 to 150 mg (19.1 % vs 12.1 %; p < 0.0001) and were less
likely to have blinded substitution of placebo for alirocumab
(2.4 % vs 4.3 %; p < 0.0003), both expected because of
higher baseline LDL-C levels. Women prematurely discon-
tinued randomized treatment more often than men in the
placebo group (20.2 % vs 15.6 %; HR 1.34, 95 % CI 1.21–
1.50) but not in the alirocumab group (22.0 % vs 23.1 %;
HR 0.96, 95 % CI 0.87–1.05; pinteraction < 0.0001; Suppl. Fig.
1). Consequently, any observed differences in achieved lipid
levels over time between women and men in the alirocumab
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
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group would not appear to be due to differential discontinu-
ation of active study treatment. 

Changes in lipids and lipoproteins over time, 
stratified by treatment and sex 

Effects of alirocumab on LDL-C, apolipoprotein B, and
lipoprotein(a) over time are shown in Fig. 1 ; effects on HDL-
C, non-HDL-C and triglycerides are shown in Suppl. Fig. 2.
Achieved levels and changes between baseline and month 4
(i.e. generally prior to titration of alirocumab and/or blinded
switching to placebo in the alirocumab group) are detailed
in Suppl. Table 2. At month 4, men achieved lower levels
of LDL-C, apolipoprotein B, non-HDL-C, and triglycerides
with alirocumab than women, reflecting greater absolute de-
creases. In contrast, alirocumab lowered lipoprotein(a) to a
greater degree in women than men (9.7 mg/dL vs 8.1 mg/dL,
p < 0.0001), but men had lower achieved lipoprotein(a) lev-
els due to lower baseline levels. 

Outcomes by sex in the placebo arm 

There were 1955 first MACE events over a median follow-
up was 2.8 (2.3, 3.4) years. Event rates for women and men in
the placebo arm are shown in Fig. 2 . Outcomes by sex in the
placebo group, expressed as women:men HR unadjusted and
adjusted for demographics, clinical variables and evidence-
based medications, are shown in Table 2 . Although there
were no statistically significant differences, women were at
a numerically higher unadjusted relative risk than men, but
after adjustment for baseline characteristics the opposite was
the case, with women:men HR consistently < 1.00. 

Effect of alirocumab on time to MACE and 

all-cause death by sex 

The cumulative incidence of the primary outcome
(MACE) by sex and treatment group is shown in Fig. 2 .
Event rates for MACE, its principal component events, and
all-cause death are shown in Fig. 3 . The point estimates for
effects of alirocumab on these outcomes were similar in both
sexes, but with wider confidence intervals for women due
to the smaller sample size. Sex-by-treatment interaction was
non-significant for the HR for each outcome. 

Relative and absolute effect of alirocumab on 

total cardiovascular events by sex 

Fig. 4 shows that women and men in the placebo group
had similar rates of a first cardiovascular event (6.9 vs 6.8
per 100 patient-years). However, among patients who had at
least 1 event, the rate of subsequent events was higher for
women (5.7 vs 4.4 per 100 patient-years). Thus, the rate of
total cardiovascular events was numerically higher in women
than men (12.7 vs 11.2 per 100 patient-years). The overall
effects of alirocumab on the rates of first and total events 
( Fig. 5 ) indicate no formal evidence of heterogeneity. 
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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Table 1 Baseline characteristics, treatments and medications by sex. 

Variable Women ( n = 4762) Men ( n = 14,162) p value∗

Age, yrs 62 (55, 68) 57 (51, 64) < 0.0001 
Age > 75 yrs 365 (7.7) 437 (3.1) < 0.0001 
Race < 0.0001 

White 3744 (78.6) 11,280 (79.6) 
Asian 519 (10.9) 1979 (14.0) 
Black 201 (4.2) 272 (1.9) 
Other 298 (6.3) 628 (4.4) 

Region < 0.0001 
Western Europe 777 (16.3) 3398 (24.0) 
Eastern Europe 1572 (33.0) 3865 (27.3) 
North America 868 (18.2) 2003 (14.1) 
South America 746 (15.7) 1842 (13.0) 
Asia 474 (10.0) 1819 (12.8) 
Rest of world 325 (6.8) 1235 (8.7) 

Index event < 0.0001 
NSTEMI 2466 (51.8) 6709 (47.4) 
STEMI 1430 (30.0) 5106 (36.1) 
Unstable angina 863 (18.1) 2319 (16.4) 

Time from index event to randomization, months 2.6 (1.7, 4.4) 2.6 (1.7, 4.3) 0.83 
PCI for index event 3009 (63.2) 9759 (68.9) < 0.0001 
Laboratory measurements 

LDL-C, mg/dL 89.6 (75.3, 110.0) 85.3 (72.2, 102.0) < 0.0001 
LDL-C ≥ 100 mg/dL 873 (36.5) 3922 (27.7) < 0.0001 
HDL-C, mg/dL 47.5 (40.5, 56.0) 41.0 (35.1, 48.0) < 0.0001 
Non-HDL-C, mg/dL 118.9 (101.9,143.0) 113.9 (98.5,135.0) < 0.0001 
Apolipoprotein B, mg/dL 81 (70, 95) 79 (69, 92) < 0.0001 
Lipoprotein(a), mg/dL 28.0 (9.1, 73.0) 19.3 (6.2, 55.3) < 0.0001 

Estimated GFR < 60 mL/min/1.73 m2 1039 (21.8) 1500 (10.6) < 0.0001 
Medical history prior to index event 

Current smoker 906 (19.0) 3654 (25.8) < 0.0001 
Body mass index, kg/m2 28.3 (25.1, 32.2) 27.8 (25.3, 30.8) < 0.0001 
Diabetes 1736 (36.5) 3708 (26.2) < 0.0001 
Hypertension 3599 (75.6) 8650 (61.1) < 0.0001 
Myocardial infarction 756 (15.9) 2877 (20.3) < 0.0001 
CABG 204 (4.3) 843 (6.0) < 0.0001 
Heart failure 845 (17.7) 1969 (13.9) < 0.0001 
Stroke 199 (4.2) 412 (2.9) < 0.0001 
Cerebrovascular disease 301 (6.3) 643 (4.5) < 0.0001 
Peripheral artery disease 200 (4.2) 559 (3.9) 0.44 
Chronic obstructive pulmonary disease 222 (4.7) 502 (3.5) 0.0005 

Medications 
High-intensity statin 4163 (87.4) 12,648 (89.3) 0.0004 
Aspirin 4494 (94.4) 13,592 (96.0) < 0.0001 
P2Y12 antagonist 4059 (85.2) 12,482 (88.1) < 0.0001 
ACE inhibitor/ARB 3746 (78.7) 10,970 (77.5) 0.09 
Beta-blocker 4033 (84.7) 11,962 (84.5) 0.73 
Ezetimibe 145 (3.0) 409 (2.9) 0.58 

Legend: Values are median (quartile 1, quartile 3) or count (%). ∗Fisher’s exact or Wilcoxon tests. 
ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CABG: coronary artery bypass graft; GFR: glomerular filtration rate; HDL-C: 

high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; NSTEMI: non-ST-segment elevation myocardial infarction; PCI: percuta- 
neous coronary intervention; STEMI: ST-segment elevation myocardial infarction. 

 

 

 

 

 

 

 

Post hoc analysis of total cardiovascular events by 

sex, treatment group, and baseline lipoprotein(a) 

Fig. 6 shows spline plots of total cardiovascular events
per 100 patients at 4 years as a function of continuous base-
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
line lipoprotein(a) by sex and treatment group. In the placebo
group, lipoprotein(a) was related to the rate of total cardio-
vascular events in both sexes (spline p < 0.0001) without
interaction of sex and baseline lipoprotein(a) ( p = 0.95). In
both sexes, the absolute risk reduction (ARR) of total car-
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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Fig. 1 Impact of alirocumab on low-density lipoprotein cholesterol (LDL-C), apolipoprotein B , and lipoprotein(a). Lipid values over 
time are shown for placebo and alirocumab for LDL-C (panel A), apolipoprotein B (panel B), and lipoprotein(a) (panel C). Men achieved 
lower levels of LDL-C and apolipoprotein B with alirocumab than women, reflecting greater absolute decreases. In contrast, women had 
larger decreases in lipoprotein(a) with alirocumab compared to men, but men had lower achieved levels due to lower baseline levels. When 
comparing lipid values between women and men at month 4, all p-values were < 0.0001. 

 

 

 

 

 

 

 

 

 

 

diovascular events with alirocumab tended to be more evi-
dent at higher baseline levels of lipoprotein(a). However, the
dependence of treatment effect size on lipoprotein(a) was
more pronounced in women than in men as reflected by a 3-
way interaction of sex, lipoprotein(a) and treatment on total
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
cardiovascular events with p = 0.08. Specifically, alirocumab
reduced total cardiovascular event risk across the range of
baseline lipoprotein(a) in men, with numerically greater re-
ductions at higher lipoprotein(a) concentrations. In women,
this risk was not reduced at very low baseline lipoprotein(a),
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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Fig. 2 Cumulative incidence of the primary outcome by sex and treatment group. The cumulative incidence curves of the primary 
outcome (major adverse cardiovascular events [MACE]) by sex and treatment group are shown. Point estimates for MACE reduction are 
similar for women and men, but with wider confidence intervals for women due to smaller sample size. 
CI: confidence interval; HR: hazard ratio. 

Table 2 Outcomes by sex in the placebo group. 

Outcome Event rates 
per 100 py: 
Women 

Events 
Rates per 
100 py: Men 

Unadjusted model Model fully adjusted for demographic 
and clinical variables and 
evidence-based medications 

Primary composite (MACE) ∗ 4.4 4.1 1.09 (0.95, 1.25) 
0.22 

0.93 (0.81, 1.07) 
0.33 

CHD death or non-fatal MI 3.8 3.4 1.12 (0.96, 1.29) 
0.15 

0.97 (0.83, 1.13) 
0.66 

Fatal or non-fatal ischemic 
stroke 

0.6 0.5 1.18 (0.83, 1.68) 
0.36 

0.85 (0.59, 1.23) 
0.40 

All-cause death 1.6 1.4 1.16 (0.93, 1.45) 
0.19 

0.81 (0.65, 1.02) 
0.08 

First cardiovascular event 6.9 6.8 1.03 (0.92, 1.15) 
0.60 

0.91 (0.81, 1.02) 
0.11 

Total cardiovascular events 12.7 11.2 1.13 (0.99, 1.29) 
0.08 

0.96 (0.84, 1.09) 
0.50 

Legend: Values are women:men HR (95 % CI) and p value. 
∗Unstable angina not shown as separate component of MACE due to the low number of events in the subgroups. 
CHD: coronary heart disease; MACE: major adverse cardiovascular event; MI, myocardial infarction; py, person-years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with numerically greater ARR relative to men at higher
lipoprotein(a) concentrations. This pattern of interaction is
illustrated at several selected values of baseline lipopro-
tein(a) in Suppl. Table 3. 

Adverse events stratified by sex 

Adverse events by sex are shown in Suppl. Table 4.
Among women, adverse events and serious adverse events
did not differ between the placebo and alirocumab groups.
Among men, adverse events and serious adverse events were
less frequent in the alirocumab versus the placebo group
( p = 0.02); however, there was no statistically significant
interaction by sex ( p = 0.24). Adverse events leading to
discontinuation of study treatment were comparable in the
alirocumab and placebo groups in both sexes. 
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
Discussion 

In this prespecified subgroup analysis of the ODYSSEY
OUTCOMES trial, women and men with recent ACS on
optimized statin therapy had similar risks of MACE in
the placebo group and both sexes benefited similarly from
alirocumab therapy without safety signals. However, there
were several notable differences in risk and risk reduction
with alirocumab according to sex. Women had a smaller
absolute reduction than men in first cardiovascular events
with alirocumab. Women had a significantly higher rate of
total cardiovascular events than men in the placebo group,
and consequently the absolute reduction in total cardio-
vascular events with alirocumab was nominally greater in
women than men ( Fig. 4 ). However, there was no significant
heterogeneity by sex for the relative reduction in risk of total
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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Fig. 3 Major adverse cardiovascular events (MACE) by sex and treatment. Event rates for MACE (coronary heart disease death or 
nonfatal myocardial infarction, and fatal or nonfatal stroke) are shown. The point estimates for effects of alirocumab on MACE were similar 
in both sexes, but with wider confidence intervals for women due to smaller sample size. Sex-by-treatment interaction was nonsignificant for 
the HR. 
CHD: coronary heart disease; CI: confidence interval; HR: hazard ratio. 

Fig. 4 First, subsequent, and total cardiovascular events. Blue bars show events in the placebo group, dark blue indicating first events 
and lighter blue subsequent events. Red bars show events in the alirocumab group, dark red indicating first events and lighter red subsequent 
events. Women and men in the placebo group had similar rates of first cardiovascular event (6.9 vs 6.8 per 100 patient-years; p = 0.61). 
However, among patients who had at least 1 event, the rate of subsequent events was higher for women than for men (5.7 vs 4.4 per 100 
patient-years; p = 0.0002). Thus, the rate of total cardiovascular events was numerically higher in women than men in the placebo group 
(12.7 vs 11.2 per 100 patient-years; p = 0.0028) and in the alirocumab group (10.4 vs 9.7 per 100 patient-years; p = 0.13). 

Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcomes according to sex and lipoprotein(a) after acute coronary syndrome: 
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.04.122 
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Fig. 5 Treatment effects on first and total cardiovascular events. Overall treatment effects of alirocumab on first and total cardiovascular 
events are shown for women and men. There was no evidence of interaction by sex for treatment effect of alirocumab on first or total 
cardiovascular events. 
CI: confidence interval; CV: cardiovascular; HR: hazard ratio. 

Fig. 6 Total cardiovascular events by lipoprotein(a) concentration, sex, and treatment group. Total cardiovascular events per 100 
patients at 4 years as a function of baseline lipoprotein(a) were estimated by natural cubic splines from Poisson regression models with the 
logarithm of follow-up time as an offset variable by treatment group and sex with knots at sex-specific lipoprotein(a) quartiles. In the placebo 
group, lipoprotein(a) was related to the rate of total cardiovascular events in both sexes (splines p < 0.0001) without interaction of sex and 
baseline lipoprotein(a) ( p = 0.95). In both sexes, the effect size of alirocumab for reduction of total cardiovascular events tended to be more 
evident at higher baseline levels of lipoprotein(a). However, the dependence of treatment effect size on lipoprotein(a) was more pronounced 
in women than in men, as reflected by a 3-way interaction of sex, lipoprotein(a), and treatment on total cardiovascular events with p = 0.08. 
CI: confidence interval; CV: cardiovascular; Lp(a): lipoprotein(a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cardiovascular events with alirocumab ( Fig. 5 ). Overall,
the effect of alirocumab on total cardiovascular events was
similar across sexes. 

For both women and men assigned to placebo, the risk
of cardiovascular events increased with increasing levels
of lipoprotein(a). In both sexes, the absolute reduction in
total cardiovascular events with alirocumab tended to be
more evident at higher baseline lipoprotein(a). However, the
dependence of the alirocumab treatment effect size on
lipoprotein(a) was more pronounced in women with a 3-
way interaction of sex, lipoprotein(a), and treatment with
P = 0.08. The data suggest that women with elevated lev-
els of lipoprotein(a) and recent ACS may receive more sub-
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
stantial benefit from PCSK9 inhibitor treatment than men
with similarly elevated levels of lipoprotein(a) and recent
ACS. This hypothesis-generating observation may be sup-
ported by the fact that baseline lipoprotein(a) levels were ap-
proximately 50 % higher in women than men in this trial.
This compares with findings in contemporary observational
cohorts such as UK Biobank, Copenhagen General Study
and the Multiethnic Study of Atherosclerosis where lipopro-
tein(a) concentrations in women were approximately 30 %
higher than in men. 15-17 Thus, an index ACS event may se-
lect for women in whom lipoprotein(a) is a more important
driver of risk and potentially more important for risk modifi-
cation. Our finding warrants prospective confirmation. 
es according to sex and lipoprotein(a) after acute coronary syndrome: 
/j.jacl.2024.04.122 
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The proportion of women (25.2 %) enrolled in ODYSSEY
OUTCOMES is similar to that in other ACS and chronic
CHD trials and well below the estimated percentage of
women among post ACS and chronic CHD populations (40–
50 %). 18 , 19 Non-white women and men were underrepre-
sented. We observed regional and racial variation in propor-
tional enrollment of women, with higher enrollment in East-
ern Europe and the Americas compared with other geograph-
ical regions, and higher enrollment of women among black
patients compared with other racial groups. These data sug-
gest that under-representation of women is at least partly me-
diated by factors other than women’s older age and greater
co-morbidity and may be modifiable by intentional strategies
of trial design and implementation. A recent Call to Action
from the American Heart Association emphasizes the impor-
tance of developing approaches to increase participation of
diverse populations of women in clinical trials. 1 

As noted, women in ODYSSEY OUTCOMES were older
than men and had a greater burden of cardiovascular risk fac-
tors and comorbidities. In addition, women had higher lev-
els of atherogenic lipoproteins, were more likely to present
with NSTEMI versus STEMI and were less likely to un-
dergo acute coronary revascularization than men. These find-
ings align with those in prior observational analyses and
other randomized clinical trials in ACS 

20 , 21 and may reflect
sex differences in pathophysiology as well as processes of
care. Consistent with our enrollment criteria, use of high-
intensity statin therapy was greater in both sexes in this
study than in routine clinical practice and in other contem-
porary secondary prevention trials, with a small but statisti-
cally significant difference favoring men. 7 , 22 Consistent with
women’s higher baseline LDL-C levels, women were more
likely to have their alirocumab dose up-titrated and less likely
to have blinded substitution of placebo for alirocumab; ad-
herence to alirocumab was comparable in the two groups.
Thus, our observation of smaller reductions among women
in LDL-C, apolipoprotein B, and non-HDL-C cannot be ex-
plained by differential background statin therapy or differ-
ential adherence to alirocumab therapy. These findings are
consistent with the FOURIER trial and the LIPID REAL
Registry, which also found smaller reductions in LDL-C
in women treated with PCSK9 inhibition compared with
men (52 % vs 58 % and 47 % vs 57 %, respectively) de-
spite circulating levels of PCSK9 that are generally higher
in women. 6 , 7 This may reflect higher lipoprotein(a) concen-
trations in women and lesser reduction in cholesterol con-
tained in lipoprotein(a) particles than cholesterol in LDL par-
ticles by PCSK9 inhibition. It is unknown whether other bio-
logical mechanisms beyond differences in lipoprotein(a) and
LDL distribution in women and men also contribute to this
observation. 

Epidemiologic analyses have shown a “female advantage”
for incident CHD (i.e. lower rates of incident CHD among
women than men), but significant attenuation of this “fe-
male advantage” in secondary prevention. 23 , 24 Rates of first
MACE in the placebo group of ODYSSEY OUTCOMES
were numerically higher in women than men in unadjusted
Please cite this article as: Bittner et al, Alirocumab and cardiovascular outcom
ODYSSEY OUTCOMES, Journal of Clinical Lipidology, https://doi.org/10.1016
analysis but were lower in women after adjustment for de-
mographic and clinical covariates and use of evidence-based
therapies. The interaction was not significant, and thus there
was no apparent “female advantage” in risk of MACE after
ACS in this cohort with high rates of use of evidence-based
therapies. This extends the observations from the FOURIER
investigators who found comparable benefits of evolocumab
in women and men with chronic CHD. 7 Importantly, among
those with a first cardiovascular event in ODYSSEY OUT-
COMES, women experienced more subsequent events than
men and thus had a greater burden of total cardiovascular
events. Both first and subsequent events were reduced by
alirocumab in both sexes. While the absolute reduction in
first cardiovascular events was numerically less in women,
the absolute reduction in total cardiovascular events was nu-
merically greater. 

Alirocumab was well tolerated in both women and men.
Only local injection site reactions were more common in
alirocumab-treated patients than among those in the placebo
group without differences by sex. 

Strengths of the present analyses include a high-risk
secondary prevention population with many cardiovascular
events ( > 2000), nearly 5000 female participants, high rates
of evidence-based therapies, and the availability of lipopro-
tein(a) data at multiple time points. To our knowledge, this is
the only report of sex-specific effects of PCSK9 inhibition af-
ter ACS and according to lipoprotein(a) concentration. Lim-
itations include a small number of women who were black,
Asian, or of other ethnicities, and only 7.7 % of women and
3.1 % of men above age 75, thus limiting our ability to extrap-
olate results to older women and men. Menopausal status and
sex hormones were not assessed precluding an analysis of
alirocumab efficacy stratified by menopausal status. Lipopro-
tein(a) was measured with a mass assay, which did not allow
us to explore the impact of molar concentrations on outcomes
by sex. However, a substudy of ODYSSEY OUTCOMES
recently reported similar prognostic value of lipoprotein(a)
whether lipoprotein(a) was measured by mass assay, molar
assay or mass spectrometry. 25 

Conclusions and clinical implications 

Women with recent ACS and elevated atherogenic
lipoproteins despite maximum-tolerated statin therapy have
a higher risk of multiple cardiovascular events following an
index ACS compared with their male counterparts. Over-
all, women and men with recent ACS benefit similarly from
the addition of alirocumab to their treatment regimen, but
women with high lipoprotein(a) may be particularly suitable
for alirocumab therapy. 
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