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Objective: To investigate the impact of gender on long-term outcomes after revascularization in patients with three-vessel disease
(TVD), a severe and challenging subtype of coronary artery disease.
Methods: This was a single center retrospective cohort study. A total of 3776 patients with TVD who underwent revascularization
between 2013 and 2018 were analyzed and were divided into the female group (n = 1039, 27.5%) and the male group (n = 2737,
72.5%). We performed a 1:2 propensity score matching (PSM) to balance the baseline characteristics, and a total of 1506 (504 matched
pairs) patients were created after undertaking PSM. The primary outcome was the frequency of major adverse cardiac and
cerebrovascular events (MACCE) including all-cause death, myocardial infarction, repeat revascularization, stroke, and readmission
for angina pectoris or heart failure. The secondary outcome was the incidence of all-cause death.
Results: Through 2.4-year follow-up, no significant differences in MACCE (25.8% vs 27.5%, p = 0.279) and all-cause death (2.1% vs
2.2%, p = 0.888) were observed between the two cohorts. Similar results as with the early detection were obtained in propensity-
matched patients. Multivariable analysis revealed that female gender (hazard ratio 0.99, 95% confidence interval 0.88–1.17, p = 0.820)
was not an independent predictor of MACCE but percutaneous coronary intervention (compared with coronary artery bypass graft
surgery), hypertension, diabetes mellitus, atrial fibrillation, left main trunk involvement and left ventricular ejection fraction ≤40%
were independently associated with a higher MACCE rate in these patients.
Conclusion: For patients with TVD after coronary revascularization, there were no gender-based differences in the long-term
outcomes and female gender was not an independent predictor of MACCE.
Keywords: three-vessel disease, coronary revascularization, gender, outcomes, coronary artery disease

Introduction
Coronary artery disease (CAD) is the leading cause of death in women. The literature reports variation in the
pathophysiology, clinical manifestations, and long-term prognosis of CAD between both genders. Based on multiple
studies, women with CAD have a worse prognosis than men, mainly due to differences in their baseline characteristics,
with women having a poor baseline cardiovascular risk profile.1–4
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As a special and severe type of CAD, three-vessel disease (TVD) presents in nearly 30% of CAD patients,5

characterized by significant stenosis in all three major coronary arteries,6 and it remains one of the major challenging
obstacles in coronary intervention. TVD confers an almost two-fold higher risk of mortality compared with single-vessel
disease, which is also a significant risk factor for worse outcomes. Revascularization has shown long-term benefits in
patients with TVD.7,8

However, there is a lack of evidence on the prognosis of TVD in female patients and the gender-based long-term
outcomes of TVD remain unknown. Therefore, this study aims to investigate the impact of gender on the long-term
outcomes after revascularization in TVD patients through a large cohort.

Methods
Study Population and Study Design
Coronary angiography was performed in 13,890 consecutively patients in our institution (the First Affiliated Hospital of
Dalian Medical University) between January 2013 and December 2018. Out of 13,890, 4308 (31.0%) were TVD patients.
In this study, patients receiving medical therapy alone or suffering from a malignant tumor, immune disease, severe liver,
and renal failure were excluded. Thus, a total of 3776 patients with TVD undergoing revascularization were included in
this study. The patients were divided into the female group (n = 1039, 27.5%) and the male group (n = 2737, 72.5%)
(Figure 1). In this study, patients were considered with TVD through the angiographic confirmation of stenosis ≥ 50% in
three epicardial coronary arteries, including the left anterior descending, left circumflex, and right coronary arteries, with
or without involvement in the left main artery. Revascularization includes percutaneous coronary intervention (PCI) or
coronary artery bypass graft surgery (CABG). In this study, all the stents deployed were drug-eluting stents (DES).
A review of our institution’s medical records yielded baseline demographic information. Long-term clinical outcomes
data were obtained by telephone, outpatient visits, and hospital readmissions.

Ethics
This was a single-center, retrospective observational study approved by the Ethics Committee of the First Affiliated
Hospital of Dalian Medical University. The protocol followed the ethical principles in the Declaration of Helsinki. All
patients gave their written informed consent prior to any study procedures.

Procedures
All patients were treated with aspirin before the PCI and clopidogrel, 300–600 mg, either before PCI (pretreatment) or
immediately after the procedure. Unfractionated heparin (70–100 U/kg loading) was administered before PCI and dosage
was adjusted to achieve an activated clotting time of 200–250 s during the intervention.9 All patients were prescribed
lifelong aspirin and clopidogrel for at least 12 months after the implantation of DES. CABG procedures could be done
with or without extracorporeal circulation, and use of arterial conduits was encouraged.

Endpoints
The primary endpoint of this study was major adverse cardiac and cerebrovascular events (MACCE), which was defined
a composite of all-cause death, myocardial infarction (MI), repeat revascularization, stroke, and readmission for angina
pectoris or heart failure. The secondary outcome was all-cause death.

Statistical Analysis
For nonnormally distributed continuous variables, median and interquartile ranges or mean±standard deviations were
estimated, whereas categorical variables were presented as frequencies and proportions. Chi-square tests were applied to
evaluate group differences for categorical variables, while rank sum tests were used for continuous variables. Propensity
score matching (PSM) was performed to adjust any potential confounders using the logistic regression model. All
available variables with potential relevance were tested to estimate the propensity scores in Table 1. PSM was performed
using a 1:2 matching protocol using the nearest-neighbor matching algorithm. The covariate balance achieved by
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matching was assessed by calculating the absolute standardized differences in covariates between the two groups. An
absolute standardized difference of <10 for the measured covariate suggests appropriate balance between groups. Event-
free survival was estimated by the Kaplan–Meier method, and differences among groups were assessed by means of the
Log rank test. Cox proportional hazards methods were used to estimate the independent effect of multiple independent
variables on the risk of MACCE. Covariates that were either statistically significant (with P value ≤ 0.1) on univariate
analysis or clinically relevant were included in the multivariable Cox regression models. A two tailed probability value of
P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 24.0 (SPSS,
Inc., Chicago, Illinois) and Stata 15 (StataCorp, College Station, TX).

Results
Patient Characteristics
The highest percentage of female patients was 31% in 2015, and the lowest percentage was 24% in 2016. From 2013 to
2015, the MACCE rate in female patients was nearly 30%, however, the MACCE rate had decreased to about 20% since
2016 (Figure 2). 3614 (95.7%) patients underwent PCI and 162 (4.3%) patients were treated with CABG. The baseline

Figure 1 Study flow chart.
Abbreviation: TVD, three-vessel disease.
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characteristics stratified by gender are shown in Table 1. The average age for females was significantly higher than for
males. Females were more likely to suffer from chronic diseases such as hypertension, diabetes mellitus, dyslipidemia,
chronic kidney disease (CKD), cerebrovascular disease, and left main trunk (LMT) disease. On the other hand, smoking,
previous MI, and lower left ventricular ejection fraction (LVEF) were more prevalent among men. However, no

Table 1 Baseline Characteristics of Total and Propensity-Matched Patients

Total Patients Propensity-Matched Patients

Female (n = 1039) Male (n = 2737) P value Female (n = 502) Male (n = 1004) P value SMD

Age, years 68 (62–74) 63 (57–70) <0.001 67.5 (62–74) 68 (62–75) 0.523 3.6

Smoking 36 (3.5) 1479 (54.0) <0.001 20 (4.0) 56 (5.5) 0.196 7.3

Hypertension 816 (78.5) 1676 (61.2) <0.001 396 (78.9) 760 (75.6) 0.167 −7.8

Diabetes mellitus 490 (47.2) 968 (35.4) <0.001 249 (49.6) 458 (45.6) 0.144 −8.1

Dyslipidemia 863 (83.1) 2125 (77.6) <0.001 418 (83.3) 805 (80.2) 0.148 −8

CKD 152 (14.7) 220 (8.0) <0.001 79 (15.7) 129 (12.8) 0.126 −8.5

Creatinine clearance (mL/min) 90 (71–107) 91 (77–106) 0.008 90 (71–107) 89 (74–104) 0.895 −0.8

Atrial fibrillation 79 (7.6) 196 (7.2) 0.640 37 (7.4) 89 (8.9) 0.324 4.5

Prior peripheral artery disease 38 (3.7) 107 (3.9) 0.719 18 (3.6) 36 (3.6) 1.000 0

Prior cerebrovascular disease 156 (15.0) 308 (11.3) 0.002 70 (13.9) 161 (16.0) 0.288 5.1

Prior MI 24 (2.3) 119 (4.3) 0.003 13 (2.6) 24 (2.4) 0.814 −1.6

Acute coronary syndrome 379 (36.5) 945 (34.5) 0.262 177 (35.3) 342 (34.1) 0.645 −3.1

LMT involvement 108 (10.4) 371 (13.6) 0.009 45 (9.0) 116 (11.6) 0.260 5.8

LVEF 58 (54–59) 57 (52–59) 0.017 58 (55–59) 58 (54–59) 0.351 −4.3

SYNTAX score 24.5 ± 10.9 23.7 ± 10.3 0.451 24.2 ± 10.5 24.1 ± 10.0 0.762 −2.1

Abbreviations: CKD, chronic kidney disease; LMT, left main trunk; LVEF, left ventricular ejection fraction; MI, myocardial infarction; SMD, standardized mean difference.

Figure 2 Trend in female percentage and annual MACCE percentage among females over years.
Abbreviation: MACCE, major adverse cardiac and cerebrovascular events.
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significant gender differences were observed in the case of acute coronary syndrome (ACS) and Syntax score. 715
(18.9%) patients were actually treated for three coronary vessels or/and left main and underwent complete revascular-
ization. Among the patients who underwent CABG, internal thoracic artery was used in 154 (95%) patients. 55 patients
died in-hospital during hospitalization. A total of 1506 patients were created after undertaking PSM for the entire
population. The two matched groups showed no significant differences in baseline characteristics.

Clinical Follow-Up
The median follow-up was 2.4 (1.1 to 4.1) years. When the two cohorts in MACCE (25.8% vs 27.5%, p = 0.279) and all-
cause death (2.1% vs 2.2%, p = 0.888) were compared, no significant differences were observed. Female patients had
a significantly low incidence of repeat revascularization (14.9% vs 19.1%, p = 0.003) and pectoris readmission (11.0% vs
14.6%, p = 0.004) compared to males. In contrast with male patients, female patients had a higher rate of readmission due
to heart failure (9.3% vs 6.4%, p = 0.001). In the case of MI (8.9% vs 10.0%, p = 0.297) and stroke (1.4% vs 1.0%, p =
0.232), no significant differences were found between both genders (Table 2) (Figure 3).

Table 2 Clinical Outcomes of Total and Propensity-Matched Patients

Total Patients Propensity-Matched Patients

Female (n = 1039) Male (n = 2737) P value* Female (n = 502) Male (n = 1004) P value*

All-cause death 22 (2.1) 60 (2.2) 0.889 11 (2.2) 28 (2.8) 0.634

Myocardial infarction 92 (8.9) 273 (10.0) 0.816 41 (8.2) 106 (10.6) 0.272

Repeat revascularization 155 (14.9) 523 (19.1) 0.092 81 (16.1) 180 (17.9) 0.753

Angina pectoris

readmission

114 (11.0) 399 (14.6) 0.074 66 (13.1) 129 (12.8) 0.571

Heart failure readmission 97 (9.3) 176 (6.4) 0.002 43 (8.6) 64 (6.4) 0.081

Stroke 15 (1.4) 27 (1.0) 0.135 7 (1.4) 16 (1.6) 0.848

MACCE 268 (25.8) 754 (27.5) 0.723 134 (26.7) 260 (25.9) 0.387

Note: *Log-rank tests.
Abbreviation: MACCE, major adverse cardiac and cerebrovascular events.

Figure 3 Kaplan–Meier analysis for major adverse cardiac and cerebrovascular events (MACCE) and all-cause death in total patients with TVD after revascularization.
Abbreviation: TVD, three-vessel disease.
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Patients matched to propensity did not show significant differences compared in terms of MACCE rate (26.7% vs
25.9%, p = 0.387), all-cause death (2.2% vs 2.8%, p = 0.634), MI (8.2% vs 10.6%, p = 0.272), repeat revascularization
(16.1% vs 17.9%, p = 0.753), pectoris readmission (13.1% vs 12.8%, p = 0.571), heart failure readmission (8.6% vs
6.4%, p = 0.081) and stroke (1.4% vs 1.6%, p = 0.848) (Table 2) (Figure 4).

Adjusted Cox proportional-hazard analysis reveals significant association between a higher MACCE rate of patients
underwent revascularization and PCI (hazard ratio [HR] 1.99, 95% confidence interval [CI] 1.43–2.77, p < 0.001),
hypertension (HR 1.15, 95% CI: 1.00–1.32, p = 0.042), diabetes mellitus (HR 1.23, 95% CI: 1.08–1.39, p = 0.001), atrial
fibrillation (HR 1.33, 95% CI: 1.08–1.63, p = 0.005), LMT involvement (HR 1.18, 95% CI: 1.07–1.30, p = 0.001) and
LVEF ≤ 40% (HR 1.95, 95% CI: 1.65–2.32, p < 0.001) (Table 3). Furthermore, the analysis reveals that female gender
was not an independent predictor of MACCE in patients who underwent revascularization (HR 1.02, 95% CI: 0.88–1.17,
p = 0.780).

Discussion
The principal clinical findings from this large cohort study can be summarized as follows: (1) female patients with TVD
who underwent revascularization had more unfavorable baseline risk profiles, including hypertension, diabetes mellitus,
dyslipidemia, CKD, prior cerebrovascular disease and LMT disease. (2) there were no sex-related differences in the long-
term outcome after coronary revascularization among patient with TVD. (3) PCI (compared with CABG), hypertension,
diabetes mellitus, atrial fibrillation, LMT involvement and LVEF ≤ 40% were independently associated with a higher
MACCE rate in these patients. Female gender was not an independent predictor of MACCE.

Three-vessel disease is a special and severe form of CAD associated with a high risk of adverse outcomes, and it
remains one of the major challenging obstacles in coronary intervention. We use an angiographic stenosis ≥50% as the
criterion to define a coronary stenosis to put more emphasis on this severe type of CAD, which is consistent with
previous study,7 though it is not a candidate to revascularization for non-left main arteries. Evidence shows that in
women with TVD, revascularization was superior to medical therapy for the primary composite endpoint of overall
mortality, unstable angina that required revascularization, or Q-wave MI.10 So far, there is a lack of sufficient evidence
regarding the prognosis of TVD in female patients and the impact of gender on long-term outcomes after revasculariza-
tion of TVD patients remains unclear. To the best of our knowledge, this is the first study to explore sex differences in
long-term clinical outcomes following revascularization among patients with TVD.

Indeed, despite the well-established similarity in incidence of CAD among women and men, women are medically
managed for their coronary disease more frequently. The study by Hollenbeak et al reveals that women with acute MI had

Figure 4 Kaplan–Meier analysis for major adverse cardiac and cerebrovascular events (MACCE) and all-cause death in propensity-matched patients with TVD after
revascularization.
Abbreviation: TVD, three-vessel disease.
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24% lower odds of receiving PCI after controlling for factors such as age, race/ethnicity, severity at admission, location
of the infarct, or source of admission.11 Furthermore, studies show that women tend to have a smaller body size, smaller
arterial diameter, hormonal differences, atypical and delayed presentation.12

Research shows that female patients were on average older than male patients at the time of their first invasive
cardiovascular procedure. This may presumably be due to estrogen’s potentiating protective effects against coronary
atherosclerosis until menopause, causing a delayed CAD process.3,13 Despite the high risk, females tend to have less
severe obstructive epicardial CAD at elective angiography and have an increased incidence of microvascular disease,
coronary spasm, and spontaneous coronary artery dissection than males.14,15 In our study, the number of male patients
who underwent revascularization was nearly three times higher than that of female patients. Furthermore, at the time of
coronary revascularization, women are older and have a worse cardiovascular risk profile and other comorbidities than
men.16 In this regard, our data are consistent with previous studies.

After adjusting baseline risk profiles, there is insufficient data about gender-based differences in the long-term outcomes
following coronary revascularization.17–19 Though some studies showed opposite results (sex-related differences were
observed), in more recent trials, these differences were reduced.20 The reason may lie in the utilization of more advanced
therapeutic methods, and in particular, the implantation of DES. According to previous studies, PCI may reduce or eliminate
gender differences in mortality.11,18 In a recent study examining the impact of gender on prognosis in ACS patients receiving
DES, although women had worse baseline characteristics, no difference in long-term outcomes among sexes was observed.21

In the present study, all patients who underwent PCI were implanted with DES were enrolled to prevent the confounding
effect in the association between gender and outcome caused by using bare-metal stents.22

Table 3 Univariate and Multivariate Analysis of MACCE for the Entire Cohort

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Female 1.03 (0.84–1.12) 0.729 1.02 (0.88–1.17) 0.780

PCI (compared with CABG) 1.93 (1.39–2.68) <0.001 1.99 (1.43–2.77) <0.001

Age (per-year increment) 1.00 (1.00–1.01) 0.013 1.00 (0.99–1.01) 0.235

Smoking 1.00 (0.89–1.14) 0.885

Hypertension 1.20 (1.05–1.37) 0.007 1.15 (1.00–1.32) 0.042

Diabetes mellitus 1.30 (1.15–1.48) <0.001 1.23 (1.08–1.39) 0.001

Hyperlipidemia 0.94 (0.81–1.09) 0.449

CKD 1.30 (1.07–1.58) 0.007 1.14 (0.94–1.39) 0.167

Atrial fibrillation 1.39 (1.41–1.70) 0.001 1.33 (1.08–1.63) 0.005

Prior peripheral artery disease 1.25 (0.95–1.64) 0.108

Prior cerebrovascular disease 1.25 (1.05–1.50) 0.010 1.15 (0.96–1.37) 0.118

Prior MI 0.97 (0.72–1.30) 0.874

Acute coronary syndrome 1.03 (0.90–1.17) 0.609

LMT involvement 1.16 (1.05–1.28) 0.002 1.18 (1.07–1.30) 0.001

LVEF ≤ 40% 1.99 (1.69–2.36) <0.001 1.95 (1.65–2.32) <0.001

Abbreviations: CABG, coronary artery bypass graft surgery; CI, confidence interval(s); CKD, chronic kidney disease; LMT, left main trunk;
LVEF, left ventricular ejection fraction; MACCE, major adverse cardiac and cerebrovascular events; MI myocardial infarction; PCI, percutaneous
coronary intervention.
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In the current study, we used propensity matching for available characteristics to create groups of women and men
with balanced baseline characteristics, and showed that the long-term outcomes following coronary revascularization did
not differ between the two cohorts. Furthermore, in line with former studies, we found that after adjustment for advanced
age and comorbidities, sex was no longer an independent predictor of MACCE. Additionally, when combined endpoints
including repeat revascularizations and re-hospitalizations are adopted, previous study showed different outcomes for
PCI vs CABG for patients with complex coronary disease.23 Thus, we considered the strategy of revascularization as
a relevant variable to be included within the multivariable adjustment to reduce the impact of confounding factors,24 and
we found PCI (compared with CABG) was independently associated with a higher MACCE rate in these patients,
possibly due to the incomplete revascularization of PCI, which was consistent with prior study.23 Therefore, with the
latest refinement equipment and techniques, in treating patients with TVD, revascularization should be highly preferred
as the treatment option and should not be limited by gender.

Limitations
This study is retrospective and is inherently limited by its design. Despite our efforts to adjust for all preoperative
variables, there were still unadjusted confounders. Moreover, as all patients in our cohort have undergone revascu-
larization (we excluded those treated only medically), so we have no data on the outcomes of conservative treatment
patients. Therefore, these findings may not reflect the outcomes of all treatment modalities for TVD patients. In
addition, angiographic evaluation of coronary stenosis is somewhat limiting both for percutaneous revascularization
and for CABG where physiology assessment can be associated with a reduction of anastomoses and therefore
procedural time and need for on pump surgery,25 and the use of physiology assessment in our study was relatively
low. However, we believe that this real-world registry contributes to the present understanding of TVD prognosis in
females undergoing revascularization and the imp act of invasive therapy in different subgroups of both genders.

Conclusion
The present study suggests no gender-based differences in long-term outcomes after coronary revascularization among
TVD patients through a large cohort, and the female gender was not an independent predictor of MACCE. These findings
may provide clinical insight into treatment options for unselected patients with TVD. Validating our findings requires
further randomized controlled trials with long-term follow-up.

Abbreviations
TVD, three-vessel disease; MACCE, major adverse and cerebrovascular events; CAD, coronary artery disease; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass graft surgery.
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