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BACKGROUND Studies examining sex-related outcomes following percutaneous coronary intervention (PCI) have

reported conflicting results.

OBJECTIVES The purpose of this study was to examine the sex-related risk of 5-year cardiovascular outcomes

after PCI.

METHODS The authors pooled patient-level data from 21 randomized PCI trials and assessed the association between

sex and major adverse cardiac events (MACE) (cardiac death, myocardial infarction [MI], or ischemia-driven target lesion

revascularization [ID-TLR]) as well as its individual components at 5 years.

RESULTS Among 32,877 patients, 9,141 (27.8%) were women. Women were older and had higher body mass index,

more frequent hypertension and diabetes, and less frequent history of surgical or percutaneous revascularization

compared with men. By angiographic core laboratory analysis, lesions in women had smaller reference vessel diameter and

shorter lesion length. At 5 years, women had a higher unadjusted rate of MACE (18.9% vs. 17.7%; p ¼ 0.003), all-cause

death (10.4% vs. 8.7%; p¼ 0.0008), cardiac death (4.9% vs. 4.0%; p¼ 0.003) and ID-TLR (10.9% vs. 10.2%; p¼ 0.02)

compared with men. By multivariable analysis, female sex was an independent predictor of MACE (hazard ratio [HR:]: 1.14;

95% confidence interval [CI:]: 1.01 to 1.30; p ¼ 0.04) and ID-TLR (HR: 1.23; 95% CI: 1.05 to 1.44; p ¼ 0.009) but not

all-cause death (HR: 0.91; 95% CI: 0.75 to 1.09; p ¼ 0.30) or cardiac death (HR: 0.97; 95% CI: 0.73 to 1.29; p ¼ 0.85).

CONCLUSIONS In the present large-scale, individual patient data pooled analysis of contemporary PCI trials, women

had a higher risk of MACE and ID-TLR compared with men at 5 years following PCI. (J Am Coll Cardiol 2020;75:1631–40)
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TABLE 1 Baseline Characteristic

Age, yrs

Race

White

Hispanic or Latino

Asian

Black or African American

Body mass index, kg/m2

Diabetes mellitus

Insulin-treated

Current smoker, #30 days

Hypertension

Hyperlipidemia

Prior coronary artery bypass grafti

Prior PCI

Prior myocardial infarction

Left ventricular ejection fraction, %

<40%

Clinical presentation

Acute coronary syndromes

STEMI

NSTEMI

Unstable angina

Stable coronary artery disease

Stable angina

Silent ischemia

Values are mean � SD or % (n/N).

NSTEMI ¼ non–ST-segment elevatio
STEMI ¼ ST-segment elevation myocard
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SEE PAGE 1641
A dvances in percutaneous coronary
intervention (PCI), including the
introduction of drug-eluting stents

(DES), have substantially improved long-
term prognosis in patients with obstructive
coronary artery disease (CAD) (1). Neverthe-
less, despite some evidence that utilization
of DES has predominantly benefited women
(2,3), most studies have yielded conflicting
results on long-term sex-related outcomes
following PCI (4–15), likely due to small sam-
ple sizes, lack of randomization, and use of
outdated technologies. Further, whether
PCI-related outcomes between women and
men vary according to age, race, clinical
s According to Sex

Women
(n ¼ 9,141)

Men
(n ¼ 23,736) p Value

66.0 � 11.0 61.4 � 10.8 <0.0001

89.6 (5,640/6,297) 92.9 (14,945/16,083) <0.0001

2.8 (174/6,297) 1.9 (299/16,083) <0.0001

1.5 (94/6,297) 1.9 (310/16,083) 0.03

6.2 (389/6,297) 3.3 (529/16,083) <0.0001

29.4 � 6.5 28.8 � 4.9 <0.0001

30.4 (2,779/9,130) 22.3 (5,276/23,685) <0.0001

10.8 (990/9,130) 5.7 (1,353/23,685) <0.0001

24.7 (2,242/9,068) 29.5 (6,951/23,531) <0.0001

73.0 (6,666/9,128) 61.2 (14,483/23,673) <0.0001

64.1 (5,795/9,045) 62.0 (14,576/23,496) 0.0007

ng 7.2 (661/9,128) 10.2 (2,419/23,667) <0.0001

20.8 (1,893/9,085) 25.2 (5,929/23,573) <0.0001

20.3 (1,831/9,035) 26.4 (6,189/23,409) <0.0001

60.4 � 11.5 58.1 � 11.4 <0.0001

6.3 (220/3,515) 7.5 (662/8,811) 0.01

64.2 (5,547/8,646) 64.6 (14,370/22,258) 0.51

11.6 (1,060/9,139) 14.1 (3,337/23,735) <0.0001

19.5 (1,785/9,139) 21.3 (5,053/23,735) 0.0004

31.3 (2,702/8,646) 26.9 (5,980/22,258) <0.0001

35.8 (3,099/8,646) 35.4 (7,888/22,258) 0.51

33.8 (2,925/8,646) 32.2 (7,176/22,258) 0.007

2.0 (174/8,646) 3.2 (712/22,258) <0.0001

n myocardial infarction; PCI ¼ percutaneous coronary intervention;
ial infarction.
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presentation, or type of stent remains poorly under-
stood. In the present study, we sought to determine
the association between sex and 5-year cardiovascu-
lar outcomes from a large individual patient data
(IPD) pooled data analysis of contemporary PCI trials.
METHODS

STUDY DESIGN AND ENDPOINTS. The present anal-
ysis is based on data from 21 randomized trials that
enrolled patients with CAD undergoing PCI with bare-
metal stents (BMS) or first- or second-generation DES.
Patient-level data were pooled into a common data-
base at the Cardiovascular Research Foundation (New
York, New York). The individual study design, defini-
tions, and endpoints used within these studies and
trial methodology have been previously described
(16). Each component study was approved by the
institutional review board or ethics committee at each
participating center, and all patients signed written
informed consent. Adverse events were adjudicated
by a clinical events committee in each study. The
definitions and adjudicated events from each study
were used in the present analysis. The primary clinical
endpoint was defined as the composite outcome of
cardiac death, myocardial infarction (MI), or ischemia-
driven target lesion revascularization (ID-TLR) (major
adverse cardiac events [MACE]) at 5 years. ID-TLR was
defined as percutaneous or surgical revascularization
of a target lesion with a diameter stenosis $50%
(assessed at angiographic core laboratory) with a pos-
itive functional study, ischemic changes on an elec-
trocardiogram, or symptoms referable to the target
lesion, or with a diameter stenosis $70% in the
absence of documented ischemia. Additional second-
ary endpoints included MACE at 30 days and the in-
dividual components of MACE, stent thrombosis, and
ischemia-driven target-vessel revascularization (ID-
TVR) at 30 days and 5 years. Median follow-up was
1,095 days (interquartile range: 395 to 1,807 days).

STATISTICAL METHODS. For this study, outcomes
were analyzed according to sex. Categorical variables
were compared by the chi-square test or Fisher exact
test, and continuous variables were compared by the
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TABLE 2 Procedural Characteristics According to Sex

Women
(v ¼ 9,125; l ¼ 9,106)

Men
(v ¼ 23,683; l ¼ 23,609) p Value

Pre-procedure

Reference vessel diameter, mm 2.67 � 0.60 2.80 � 0.67 <0.0001

Minimum lumen diameter, mm 0.75 � 0.44 0.73 � 0.46 <0.0001

Diameter stenosis, % 72.6 � 15.8 74.9 � 15.9 <0.0001

Any occlusion 9.1 11.7 <0.0001

TIMI flow grade 0 or 1 13.1 16.8 <0.0001

Lesion length, mm 16.3 � 10.8 17.0 � 11.0 <0.0001

Tortuosity, moderate-severe 6.2 6.6 0.37

Calcification, moderate-severe 30.1 29.9 0.65

ACC class C 35.0 39.4 <0.0001

Lesion location

Left anterior descending 50.7 50.2 0.45

Right 42.3 41.3 0.12

Left circumflex 28.8 34.3 <0.0001

Left main 1.4 1.7 0.03

Post-procedure

Number of treated lesions 1.2 � 0.6 1.3 � 0.6 <0.0001

1 81.5 79.1

2 14.8 16.1

$3 3.7 4.8

Total stent length, mm 29.2 � 20.1 30.7 � 21.5 <0.0001

Minimum lumen diameter, mm 2.23 � 0.69 2.32 � 0.80 <0.0001

Diameter stenosis, % 17.1 � 10.7 17.3 � 11.4 0.17

TIMI flow grade 0 or 1 0.5 0.7 0.12

Type of stent

Bare-metal 17.6 19.6 <0.0001

Drug-eluting 79.3 76.8 <0.0001

First-generation 36.4 36.0 0.44

Sirolimus-eluting 8.5 8.2 0.53

Paclitaxel-eluting 28.0 27.7 0.65

Second-generation 42.8 40.9 0.001

Zotarolimus-eluting 10.4 10.1 0.37

Fast-release 5.6 5.1 0.058

Slow-release 4.8 5.0 0.49

Everolimus-eluting 27.3 25.0 <0.0001

Biolimus-eluting 5.1 5.7 0.03

Values are mean � SD or %.

ACC ¼ American College of Cardiology; CoCr ¼ cobalt-chromium; l ¼ number of lesions treated;
TIMI ¼ Thrombolysis In Myocardial Infarction; v¼ number of vessels treated.
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Wilcoxon rank sum test. Event rates were estimated
using the Kaplan-Meier method, with stratification by
study and comparisons made using the log-rank test.
Outcomes were also examined between 0 to 1 and 1 to
5 years. Multivariable Cox proportional hazard
regression was used to determine whether sex was an
independent predictor of adverse clinical outcomes.
Two multivariable models were assessed. The
following clinical covariates were included in the first
model: sex, age, diabetes mellitus, hypertension,
smoking, body mass index (BMI), hyperlipidemia,
previous coronary artery bypass grafting or PCI, prior
MI, left ventricular ejection fraction (LVEF), clinical
presentation, stent type (BMS vs. DES), treated lesion
in the left anterior descending artery, and number of
treated lesions. The second model (clinical and
angiographic) included the above covariates as well
as the following angiographic variables: reference
vessel diameter (RVD), minimum lumen diameter
(MLD), lesion length, pre-procedure TIMI (Throm-
bolysis In Myocardial Infarction) flow grade 0/1 (vs.
2/3), and any American College of Cardiology (ACC)
lesion class C (vs. A or B). For patients with multiple
vessels or lesions, the worst TIMI flow grade, smallest
MLD and RVD, and longest lesion length were used.
As a sensitivity analysis, multiple imputation was
used to account for missing data using the fully con-
ditional specification method (17), and 10 imputed
datasets were generated. Further analyses land-
marked at 1 and 5 years were performed following
adjustment for clinical and angiographic characteris-
tics. The relative impact of sex on MACE and ID-TLR
at 5 years following covariate adjustment was
further tested in pre-defined subgroups according to
age (>55 years vs. #55 years), race (Caucasian vs. non-
Caucasian), clinical presentation (acute coronary
syndrome vs. stable angina/silent ischemia), diabetes
mellitus, LVEF (>40% vs. #40%), BMI (<18.5, 18.5 to
24.9, 25 to 29.9, >30 kg/m2), and type of stent (BMS
vs. first-generation DES vs. second-generation DES).
All statistical models included a random effect for
study to account for between-study heterogeneity.
All p values were 2-sided, and p < 0.05 was consid-
ered statistically significant. All analyses were per-
formed with SAS version 9.4 (SAS Institute, Cary,
North Carolina).

RESULTS

BASELINE AND PROCEDURAL CHARACTERISTICS.

The design features of the 21 randomized PCI trials
included in the present analysis are shown in
Supplemental Table 1. Of 32,877 patients undergoing
PCI for obstructive CAD enrolled from 2000 to 2013,
9,141 (27.8%) were women. Baseline characteristics
according to sex are shown in Table 1. Compared with
men, women were older; were less frequently
Caucasian; had higher BMI and LVEF; had more
frequent history of hypertension, diabetes, and
hyperlipidemia; and has less frequent history of
smoking, prior MI, and prior percutaneous or surgical
revascularization. Women were more commonly
treated for stable angina, whereas men more
frequently presented with ST-segment elevation or
non–ST-segment elevation MI.

Procedural characteristics according to sex are
shown in Table 2. Compared with men, women had
smaller RVD and MLD, had shorter lesion length, and

https://doi.org/10.1016/j.jacc.2020.01.056


TABLE 3 Independent Predictors of 5-Year Clinical Outcomes Following Adjustment for

Baseline Clinical Characteristics

HR (95% CI) p Value

MACE (cardiac death, MI, or
ischemia-driven revascularization)

Female sex (per 5 yrs) 1.18 (1.05–1.34) 0.008

Diabetes mellitus 1.29 (1.13–1.47) 0.0001

Previous CABG/PCI 1.28 (1.11–1.47) 0.0006

Left ventricular ejection fraction (per 1%) 0.99 (0.98–0.99) <0.0001

Bare-metal stent 1.44 (1.26–1.65) <0.0001

LAD lesion location 1.27 (1.13–1.42) <0.0001

Number of treated lesions (per lesion) 1.34 (1.14–1.57) 0.0003

All-cause death

Female sex 0.92 (0.76–1.10) 0.36

Age (per 5 yrs) 1.07 (1.06–1.09) <0.0001

Diabetes mellitus 1.65 (1.37–1.99) <0.0001

Current smoker 1.88 (1.51–2.33) <0.0001

Hyperlipidemia 0.73 (0.60–0.88) 0.001

Left ventricular ejection fraction (per 1%) 0.97 (0.96–0.98) <0.0001

Cardiac death

Female sex 0.98 (0.74–1.29) 0.87

Age (per 5 yrs) 1.06 (1.04–1.07) <0.0001

Diabetes mellitus 1.73 (1.31–2.28) 0.0001

Current smoker 1.56 (1.12–2.16) 0.008

Body mass index (per 1 kg/m2) 1.03 (1.00–1.05) 0.02

Left ventricular ejection fraction (per 1%) 0.95 (0.94–0.96) <0.0001

Acute coronary syndrome 1.50 (1.10–2.03) 0.01

LAD lesion location 1.30 (1.00–1.69) 0.05

Ischemia-driven target lesion revascularization

Female sex 1.30 (1.11–1.52) 0.0008

Age (per 5 yrs) 0.99 (0.98–1.00) 0.01

Diabetes mellitus 1.42 (1.21–1.66) <0.0001

Prior myocardial infarction 0.80 (0.66–0.97) 0.03

Previous CABG/PCI 1.41 (1.18–1.67) 0.0001

Bare-metal stent 1.80 (1.53–2.13) <0.0001

LAD lesion location 1.26 (1.09–1.45) 0.001

Number of treated lesions (per lesion) 1.37 (1.12–1.67) 0.002

Ischemia-driven target vessel revascularization

Female sex 1.15 (1.01–1.31) 0.04

Age (per 5 yrs) 0.99 (0.99–1.00) 0.02

Diabetes mellitus 1.40 (1.23–1.60) <0.0001

Previous CABG/PCI 1.45 (1.26–1.67) <0.0001

Bare-metal stent 1.46 (1.27–1.68) <0.0001

Number of treated lesions (per lesion) 1.32 (1.10–1.58) 0.003

Myocardial infarction

Female sex 1.25 (1.02–1.54) 0.03

Current smoker 1.29 (1.04–1.60) 0.02

Prior myocardial infarction 1.37 (1.09–1.74) 0.008

Previous CABG/PCI 1.53 (1.21–1.93) 0.0004

Left ventricular ejection fraction (per 1%) 0.99 (0.98–0.99) 0.0009

LAD lesion location 1.25 (1.04–1.51) 0.02

Number of treated lesions (per lesion) 1.28 (1.02–1.60) 0.04

Continued on the next page
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less frequently had TIMI flow grade 0 or 1 in a treated
vessel. Second-generation DES were used more
frequently in women, whereas BMS deployment was
more common in men.
CLINICAL OUTCOMES. At 30 days, women had
increased unadjusted rates of MI, ID-TLR and the
composite outcome of MACE but similar rates of all-
cause and cardiac death and stent thrombosis
compared with men (Supplemental Table 2). At 5
years, the unadjusted rates of all-cause death, cardiac
death, MACE, and ID-TLR were higher in women
compared with men, whereas the rates of MI, ID-TVR,
and stent thrombosis did not differ according to sex
(Supplemental Table 2). Unadjusted landmark ana-
lyses showed that the differences in the 5-year of all-
cause death, cardiac death, MACE, and ID-TLR rates
between women and men occurred within the first
year (Supplemental Figures 1A to 1D). Conversely,
women had an increased unadjusted rate of MI within
the first year after PCI, whereas MI was more frequent
in men after 1 year (Supplemental Figure 1E).

By multivariable analysis adjusting principally for
clinical covariates, female sex was an independent
predictor of MACE, ID-TLR, ID-TVR, and MI at 5
years, but not of all-cause death, cardiac death, or
stent thrombosis (Table 3). After accounting for both
clinical and angiographic characteristics, female sex
remained an independent predictor for MACE (haz-
ard ratio [HR]: 1.14; 95% confidence interval [CI]:
1.01 to 1.30; p ¼ 0.04), ID-TLR (HR: 1.23; 95% CI:
1.05 to 1.44; p ¼ 0.009) and MI (HR: 1.24; 95% CI:
1.01 to 1.53; p ¼ 0.04) but not ID-TVR (Table 4,
Supplemental Figure 2). Imputation models
confirmed female sex as an independent predictor
of MACE (HR: 1.09; 95% CI: 1.02 to 1.16; p ¼ 0.009)
and ID-TLR (HR: 1.13; 95% CI: 1.04 to 1.24;
p ¼ 0.004). In addition, female sex was also an
independent predictor of all-cause death when
missing values were imputed (Supplemental
Table 3). Landmark analyses showed that the
adjusted differences in the risk of MACE, ID-TLR,
and MI between women and men were observed
within the first year (Supplemental Table 4) with a
statistically significant interaction between sex and
time for MACE (p interaction ¼ 0.005) and ID-TLR
(p interaction ¼ 0.04). Unadjusted and adjusted
associations between sex and MACE or ID-TLR at 5
years are shown in the Central Illustration.

SUBGROUP ANALYSES. In unadjusted analyses, the
impact of sex on ID-TLR was consistent on all sub-
groups, except for age (HR: 1.43; 95% CI: 1.22 to 1.68
vs. HR: 1.04; 95% CI: 1.04 to 1.14 for #55 years vs. >55
years; p interaction ¼ 0.009); similarly, the impact of
sex on MACE was consistent on all subgroups, except
for age (HR: 1.27; 95% CI: 1.11 to 1.45 vs. HR: 1.06;
95% CI: 0.99 to 1.14 for #55 years vs. >55 years;
p interaction ¼ 0.02). However, the impact of sex on

https://doi.org/10.1016/j.jacc.2020.01.056
https://doi.org/10.1016/j.jacc.2020.01.056
https://doi.org/10.1016/j.jacc.2020.01.056
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https://doi.org/10.1016/j.jacc.2020.01.056
https://doi.org/10.1016/j.jacc.2020.01.056
https://doi.org/10.1016/j.jacc.2020.01.056


TABLE 3 Continued

HR (95% CI) p Value

Stent thrombosis

Female sex 1.34 (0.95–1.88) 0.09

Current smoker 1.43 (1.02–2.03) 0.04

Previous CABG or PCI 1.87 (1.23–2.85) 0.003

Left ventricular ejection fraction (per 1%) 0.98 (0.97–1.00) 0.02

The full list of covariates tested in the main models appears in the Methods section. Covariates not appearing in
the table were not statistically significant in the final models.

CABG ¼ coronary artery bypass grafting; CI ¼ confidence interval; HR ¼ hazard ratio; LAD ¼ left anterior
descending; MACE ¼ major adverse cardiac events; MI ¼ myocardial infarction; PCI ¼ percutaneous coronary
intervention.
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the adjusted 5-year risk of MACE (Figure 1A) and
ID-TLR (Figure 1B) was consistent across
pre-specified groups.

DISCUSSION

The major findings from the present IPD pooled
analysis, in which the prognostic impact of sex on
clinical outcomes was examined in 32,877 patients
undergoing PCI in 23 randomized trials, are as fol-
lows: 1) compared with men, women had a higher
unadjusted rate of the composite outcome of cardiac
death, MI, or ID-TLR (MACE); all-cause death; cardiac
death; and ID-TLR at 5 years; 2) the higher risk of
adverse outcomes in women was predominantly
observed within the first year following the index PCI;
3) in adjusted analyses, female sex was an indepen-
dent predictor of MACE, ID-TLR, and MI but not
all-cause death or cardiac death; and 4) in adjusted
analyses, the impact of sex on MACE and ID-TLR was
similar across pre-specified subgroups.

Prior studies evaluating the impact of sex on PCI-
related outcomes have produced disparate results
(5,9,11,18–21), contributing to the ongoing debate as
to whether CAD management should vary according
to sex (21–23). However, few reports have examined
long-term sex-based outcomes after PCI, and those
that have were largely based on registry or observa-
tional data (12,13,24). Similarly, despite rigorous ef-
forts to increase enrollment of women in
contemporary clinical trials, women remain under-
represented, as evidenced in the present study, in
which only one-fourth of enrolled patients were
women. As such, the present IPD analysis from
contemporary randomized PCI trials, which enrolled
patients across the spectrum of CAD presentations
and which utilized a variety of stent platforms, offers
a unique opportunity for a comprehensive assess-
ment of both short- and long-term risks associated
with sex. Drawn from randomized trials, this dataset
is particularly robust given the detailed capture of
clinical, angiographic, and procedural characteristics;
adjudication of clinical outcomes; and large sample
size.

In the present study, women were older and had
more extensive comorbidities and different angio-
graphic characteristics compared with men, consis-
tent with previous reports (5,10,25). Notably, women
had a lower atherosclerotic disease burden and
reduced target lesion complexity compared with
men, other than smaller diameter epicardial vessels.
Nevertheless, we observed a persistently increased
adjusted risk for MACE, MI, as well as ID-TLR and
ID-TVR at 5 years in women compared with men.
Importantly, in the present study, event rates were
adjusted not only for well-established clinical risk
factors that frequently vary between men and
women, but also for core laboratory–assessed angio-
graphic characteristics that are typically not consid-
ered in most meta-analyses or registry-based studies.
Even after accounting for these differences, the
5-year ID-TLR and MACE rates were higher in women
than men.

Several plausible explanations that may underlie
the increased risk of adverse events in women should
be considered. First, racial and socioeconomic dis-
parities have been shown to affect clinical outcomes
following PCI (5); in the present study, we did not find
a significant interaction between race- and sex-
related outcomes, although this analysis was limited
given the Caucasian predominance of the pooled
study population. Second, younger age has been re-
ported as an important factor in sex-related out-
comes, implicating a more aggressive atherosclerotic
phenotype in young women (7,26). Consistent with
these observations and extending the period of
observation up to 5 years, we showed that younger
age was associated with a higher risk of long-term
adverse outcomes in women compared with men;
however, the interaction between age and sex was no
longer present following adjustment. Third, the low
inclusion rate of women in randomized trials (27), as
observed in the current pooled analysis, has resulted
in device-based techniques being optimized for men.
The extent to which procedural factors, such as less
rigorous lesion preparation, suboptimal treatment of
smaller vessels, or more conservative antithrombotic
therapy in women contribute to the worse prognosis
in the female population deserves further study.
Interestingly, we did not observe any significant in-
teractions on the effect of sex on MACE or ID-TLR
according to diabetic status, cardiac function,



TABLE 4 Independent Predictors of 5-Year Clinical Outcomes Following Adjustment for

Baseline Clinical and Angiographic Characteristics

HR (95% CI) p Value

MACE (cardiac death, MI, or
ischemia-driven revascularization)

Female sex 1.14 (1.01–1.30) 0.04

Diabetes mellitus 1.26 (1.10–1.43) 0.0006

Body mass index (per 1 kg/m2) 1.01 (1.00–1.02) 0.050

Previous CABG/PCI 1.24 (1.07–1.42) 0.003

Left ventricular ejection fraction (per 1%) 0.99 (0.98–0.99) <0.0001

Bare-metal stent 1.44 (1.25–1.65) <0.0001

Left anterior descending lesion location 1.23 (1.09–1.38) 0.0005

Number of treated lesions 1.27 (1.08–1.50) 0.004

Baseline reference vessel diameter (per mm) 0.74 (0.65–0.84) <0.0001

Total lesion length (per mm) 1.02 (1.01–1.02) <0.0001

All-cause death

Female sex 0.91 (0.75–1.09) 0.30

Age (per 5 yrs) 1.07 (1.06–1.09) <0.0001

Diabetes mellitus 1.64 (1.36–1.98) <0.0001

Current smoker 1.86 (1.50–2.31) <0.0001

Hyperlipidemia 0.72 (0.60–0.88) 0.0009

Left ventricular ejection fraction (per 1%) 0.97 (0.96–0.98) <0.0001

Baseline minimum lumen diameter (per mm) 1.33 (1.01–1.76) 0.05

Cardiac death

Sex (female vs. male) 0.97 (0.73–1.29) 0.85

Age (per 5 yrs) 1.06 (1.04–1.07) <0.0001

Diabetes mellitus 1.73 (1.31–2.29) 0.0001

Current smoker 1.57 (1.13–2.18) 0.007

Body mass index (per 1 kg/m2) 1.03 (1.00–1.05) 0.02

Left ventricular ejection fraction (per 1%) 0.95 (0.94–0.96) <0.0001

Acute coronary syndrome 1.50 (1.10–2.04) 0.01

Ischemia-driven target lesion revascularization

Female sex 1.23 (1.05–1.44) 0.009

Age (per 5 yrs) 0.99 (0.98–1.00) 0.02

Diabetes mellitus 1.36 (1.15–1.60) 0.0002

Prior myocardial infarction 0.80 (0.66–0.98) 0.03

Previous CABG/PCI 1.35 (1.13–1.61) 0.0008

Bare-metal stent 1.84 (1.56–2.18) <0.0001

Left anterior descending lesion location 1.20 (1.04–1.39) 0.01

Number of treated lesions 1.28 (1.04–1.58) 0.02

Baseline reference vessel diameter (per 1 mm) 0.65 (0.56–0.77) <0.0001

Total lesion length (per 1 mm) 1.02 (1.01–1.03) <0.0001

Ischemia-driven target vessel revascularization

Female sex 1.09 (0.95–1.24) 0.22

Age (per 5 yrs) 0.99 (0.99–1.00) 0.02

Diabetes mellitus 1.36 (1.19–1.55) <0.0001

Previous CABG/PCI 1.38 (1.20–1.59) <0.0001

Bare-metal stent 1.47 (1.28–1.70) <0.0001

Number of treated lesions 1.26 (1.05–1.52) 0.01

Baseline reference vessel diameter (per 1 mm) 0.70 (0.61–0.80) <0.0001

Total lesion length (per 1 mm) 1.01 (1.01–1.02) 0.001

Myocardial infarction

Female sex 1.24 (1.01–1.53) 0.04

Current smoker 1.30 (1.04–1.61) 0.02

Previous CABG/PCI 1.39 (1.10–1.75) 0.006

Left ventricular ejection fraction (per 1%) 1.50 (1.18–1.90) 0.0009

Left anterior descending lesion location 0.99 (0.98–1.00) 0.002

Total lesion length (per 1 mm) 1.01 (1.00–1.02) 0.02

Continued on the next page
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clinical presentation, or type of stent used, further
supporting the hypothesis that other confounders
adversely affect prognosis in women following PCI.

The difference in 5-year MACE was partially
driven by an increased risk of ID-TLR in women
compared with men after adjusting for clinical
characteristics, suggesting a higher rate of in-stent
restenosis and more aggressive lesion progression
within the target vessel. Prior reports have yielded
conflicting results regarding the sex-related risk of
restenosis (7,28–30); increased revascularization
rates, both TLR and TVR, have been reported pre-
dominantly in younger women compared with men,
and differences in angina prevalence resulting in
increased rates of surveillance angiography have
been suggested as potential causes (10,11). In
contrast to prior reports, we specifically assessed
ischemia-driven revascularization, minimizing the
risk that the increased rates were confounded by
oculo-stenotic treatment of nonischemic lesions.
Furthermore, the association between female sex
and ID-TLR persisted even following adjustment for
angiographic confounders, suggesting that unac-
counted factors, such as differences in acute lesion
gain (25) or intraprocedural and long-term pharma-
cotherapy, potentially contribute to the increased
risk of ID-TLR in women. In contrast, women no
longer had an increased risk of ID-TVR following
inclusion of pertinent angiographic factors, sug-
gesting that the observed unadjusted differences in
non-TLR–related ID-TVR procedures are predomi-
nantly related to anatomic variability and likely
differences in procedural and postprocedural man-
agement rather than sex-related differences in the
atherosclerotic substrate. This hypothesis is further
supported by the fact that, in the present IPD, the
sex-related risk for ID-TLR was confined within the
first year following PCI. Finally, we cannot exclude
unmeasured biological reasons that may promote
intimal hyperplasia in women. Given the correlation
between ID-TLR and long-term mortality (16),
further exploration of the factors contributing to
sex-related differences in ID-TLR is warranted.

Last, the overall unadjusted rate of MI at 5 years
did not differ between men and women; neverthe-
less, a higher risk was noted in women following
adjustment, further suggesting that women have an
increased susceptibility to ischemic events compared
with men (5). Similar to ID-TLR, the increased risk of
MI was predominantly observed within the first year
following PCI, but not thereafter.

STUDY LIMITATIONS. First, imbalances in baseline
clinical and angiographic characteristics were



TABLE 4 Continued

HR (95% CI) p Value

Stent thrombosis

Female sex 1.31 (0.92–1.85) 0.13

Current smoker 1.49 (1.05–2.11) 0.02

Previous CABG or PCI 1.86 (1.21–2.84) 0.004

Left ventricular ejection fraction (per 1%) 0.98 (0.97–1.00) 0.02

The full list of covariates tested in the main models appears in the Methods section. Covariates not appearing in
the table were not statistically significant in the final models.

Abbreviations as in Table 3.
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apparent between men and women; however, these
were accounted for in multivariable models. Ac-
counting for missing data in imputed models
confirmed the association between female sex and
MACE and, in fact, strengthened the conclusion that
female sex is a risk factor as the relationship between
sex and all-cause death became significant. Second,
immediate procedure-related complications, stroke,
and bleeding events were not consistently captured
and are thus not reported. Third, baseline laboratory
data; procedural details, such as lesion preparation
and use of intravascular imaging and physiological
lesion assessment; and data on pharmacotherapy
prescription and adherence were not routinely avail-
able from the 21 randomized trials in the present IPD.
As such, we cannot exclude a potential effect of these
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FIGURE 1 Adjusted 5-Year Risk for MACE and ID-TLR in Women Versus Men Across Pre-Specified Subgroups
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recurrent symptoms versus ischemia varied in
women versus men could not be addressed in the
present study. Fourth, definitions of periprocedural
MI varied somewhat across trials, potentially
introducing imprecision in the assessment of sex-
related MI risk. Finally, as the IPD was drawn
from randomized trial datasets, our results are not
necessarily generalizable to higher-risk patients
who are often excluded from such trials. Finally,
spontaneous coronary artery dissection (SCAD) is
more common in women than men and may
respond poorly to PCI (31,32). Although angio-
graphically evident SCAD would have been
excluded from most of the component studies of
the present IPD, absent routine imaging, the pos-
sibility that a greater frequency of SCAD may have
contributed to the higher adverse event rates in
women cannot be excluded.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: After adjustment for clinical and angiographic charac-

teristics, women face a higher risk of adverse cardiac outcomes

than men do following PCI. The heightened risk occurs mainly

during the first year post-PCI.

TRANSLATIONAL OUTLOOK: Future studies should

assess whether specific factors, such as differences in

intraprocedural or post-procedural management or adherence to

pharmacotherapy explain the increased risk of adverse

outcomes in women.

J A C C V O L . 7 5 , N O . 1 4 , 2 0 2 0 Kosmidou et al.
A P R I L 1 4 , 2 0 2 0 : 1 6 3 1 – 4 0 PCI and Sex-Related Outcomes

1639
CONCLUSIONS

In the present IPD analysis of 32,877 patients from 21
randomized trials, women had an increased 5-year
risk of MACE, ID-TLR, and MI compared with men.
Further studies are warranted to address whether
sex-specific pharmacological therapies or procedural
approaches may improve the long-term prognosis of
women undergoing PCI.

ADDRESS FOR CORRESPONDENCE: Dr. Gregg W.
Stone, Mount Sinai Medical Center, Cardiovascular
Research Foundation, 1700 Broadway, 9th Floor, New York,
New York 10019. E-mail: gregg.stone@mountsinai.org.
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