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A systematic review 
and meta‑analysis of differences 
between men and women 
in short‑term outcomes 
following coronary artery bypass 
graft surgery
Daniela Dumitriu LaGrange 1,2*, Elena Tessitore 2,3, Philippe Reymond 1,2, François Mach 2,3 & 
Christoph Huber 1,2

We provide an update regarding the differences between men and women in short‑term postoperative 
mortality after coronary artery bypass grafting (CABG) and highlight the differences in postoperative 
risk of stroke, myocardial infarction, and new onset atrial fibrillation. We included 23 studies, with a 
total of 3,971,267 patients (70.7% men, 29.3% women), and provided results for groups of unbalanced 
studies and propensity matched studies. For short‑term mortality, the pooled odds ratio (OR) from 
unbalanced studies was 1.71 (with 95% CI 1.69–1.74,  I2 = 0%, p = 0.7), and from propensity matched 
studies was 1.32 (95% CI 1.14–1.52,  I2 = 76%, p < 0.01). For postoperative stroke, the pooled effects 
were OR = 1.50 (95% CI 1.35–1.66,  I2 = 83%, p < 0.01) and OR = 1.31 (95% CI 1.02–1.67,  I2 = 81%, p < 0.01). 
For myocardial infarction, the pooled effects were OR = 1.09 (95% CI = 0.78–1.53,  I2 = 70%, p < 0.01) 
and OR = 1.03 (95% CI = 0.86–1.24,  I2 = 43%, p = 0.18). For postoperative atrial fibrillation, the pooled 
effect from unbalanced studies was OR = 0.89 (95% CI = 0.82–0.96,  I2 = 34%, p = 0.18). The short‑
term mortality risk after CABG is higher in women, compared to men. Women are at higher risk of 
postoperative stroke. There is no significant difference in the likelihood of postoperative myocardial 
infarction in women compared to men. Men are at higher risk of postoperative atrial fibrillation after 
CABG.

Keywords Coronary artery bypass graft, Stroke, Myocardial infarction, Atrial fibrillation, Mortality, Meta-
analysis

Coronary artery bypass grafting (CABG) is the most frequently performed cardiac surgery  worldwide1. Recent 
large-scale analyses have shown that after CABG, women are persistently at greater risk of operative  death2–5. 
Although this disparity is generally attributed to preoperative and intraoperative differences between men and 
women, as well as to differences in biology and pathophysiology between the two sexes, its root causes have 
not yet been  elucidated5. Considering women who undergo CABG are generally older, they also present higher 
comorbidities burden at the time of CABG, compared to  men2,3. The meta-analysis of Bryce Robinson et al.2 
focused on describing the differences between men and women following isolated CABG, by pooling results con-
cerning operative mortality, late mortality, long-term myocardial infarction, stroke, repeat revascularization, and 
major adverse cardiac events (MACE). The authors concluded that females undergoing isolated CABG are not 
only at higher risk for operative and late mortality when compared with males, but also at higher risk of late non-
fatal events including MACE, myocardial infarction, and stroke. Meta-regression analysis showed that the rate of 
preoperative myocardial infarction, smoking, renal failure and the number of grafts performed were associated 
with the operative mortality. In a meta-analysis which included 112 studies reporting unadjusted short-term 
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mortality odds ratios and 25 studies which adjusted for various confounders, Shi et al.3 found a higher risk for 
death within 30-day after CABG in women, compared to men. Furthermore, to evaluate whether unmeasured 
confounding explains higher mortality, the authors performed a bias analysis simulation which considered the 
prevalence of prior cerebrovascular accident, heart failure, diabetes, and peripheral vascular disease. Under the 
assumption that the confounding effects on the risk of death were the same in men and as in women, after per-
forming 10,000 simulations to correct for different degrees of association between each confounder and death, Shi 
et al. concluded that confounding is unlikely to account for the increased risk for mortality in women. Driven by 
the fact that observational studies suggest that females have poorer postoperative outcomes compared to males 
following cardiac surgery, Dixon et al.4 performed a systematic review and meta-analysis reporting short-term 
mortality (in-hospital/30 day), long-term mortality, postoperative stroke, sternal wound infection, or myocardial 
infarction in both sexes, after adjusting for baseline characteristics, following either CABG, heart valve surgery, 
or the two surgeries combined. The long-term mortality was found to be equivalent in both sexes, for all types 
of cardiac surgery. Females were found to be at a greater risk of short-term mortality and postoperative stroke 
than males following CABG or valve surgery combined with CABG, but not after isolated valve surgery. Finally, 
only a limited number of reviews summarize the published evidence regarding the risk difference between sexes 
of postoperative  outcomes4,5.

The purpose of our meta-analysis was to evaluate whether differences between men and women could be 
better established in postoperative short-term outcomes after CABG, based on the evidence published in the past 
5 years. For this, we analysed mortality after CABG, and also short-term outcomes, including the occurrence 
of stroke, myocardial infarction, and postoperative atrial fibrillation, which are all associated with significant 
morbidity and  mortality6–9.

Results
We included 23 studies, with a total of 3,971,267 patients (70.7% men, 29.3% women) (Table 1). Twenty-two of 
these studies analysed existent institutional, national, or multinational clinical registries and administrative data-
bases. Being retrospective in nature, these studies covered evidence collected over a wide time span, some starting 
as early as 1998. One study analysed pooled individual patient data from four randomized controlled  trials10, and 
one study performed a subgroup analysis of TiCAB randomized controlled  trial11. Among the selected studies, 
15 used the variable “sex” to differentiate between men and women, seven used the term “gender”, and one study 
used “sex” and “gender” interchangeably.

Postoperative mortality
We identified and pooled data from 13 studies reporting unadjusted short-term mortality (in hospital or at 30 
days) in unbalanced groups, and from six studies comparing propensity matched groups of women and men. 
Our findings indicate that women undergoing CABG are at higher risk of short-term mortality compared to 
men (Fig. 1). For the unbalanced group, OR = 1.71 (95% CI 1.69–1.74), with low heterogeneity between studies 
 (I2 = 0%, p = 0.70). In contrast with the unbalanced groups, the propensity matched groups showed significant 
heterogeneity (Fig. 1) and a pooled effect OR = 1.32 (95% CI 1.14–1.52,  I2 = 76%, p < 0.01). The mixed effects 
analysis between the two groups indicated a statistically significant effect difference (p < 0.01) (Supplementary 
material, Figs. S1–S3).

Postoperative stroke
In the analysis of postoperative stroke, reported as either within hospital stroke or within 30 days from surgery, 
we included five studies that reported effects in propensity-matched groups of women and men, and 12 studies 
that reported unadjusted effects for postoperative stroke (both haemorrhagic or ischemic) after CABG (Fig. 2). 
Studies within both groups, propensity-matched and unbalanced, suffer from significant heterogeneity. The 
pooled effect estimates indicate in each case that women are at higher risk of stroke following CABG compared 
to men: OR = 1.50 (95% CI 1.35–1.66,  I2 = 83%, p < 0.01), and OR = 1.31 (95% CI 1.02–1.67,  I2 = 81%, p < 0.01). 
There was no statistically significant difference between the effects of the two groups (p = 0.32) (Supplementary 
material, Figs. S4–S6).

Postoperative myocardial infarction
We identified postoperative myocardial infarction in seven studies of the unbalanced group and in three studies 
of the propensity matched group. We included both ST-elevation myocardial infarction (STEMI) and non-ST 
elevation myocardial infarction (NSTEMI), as some studies did not specify the type of myocardial infarction. 
Our analysis indicated no statistically significant difference between women and men regarding the risk of 
myocardial infarction (Fig. 3). The pooled effects were OR = 1.09 (95% CI = 0.78–1.53,  I2 = 70%, p < 0.01) and 
OR = 1.03 (95% CI = 0.86–1.24,  I2 = 43%, p = 0.18), respectively. The  I2 values indicate a moderate heterogene-
ity in each group. There was no statistically significant difference between the pooled effects of the two groups 
(p = 0.79) (Supplementary material, Figs. S7–S8).

Postoperative atrial fibrillation after CABG
We identified six unbalanced studies reporting postoperative atrial fibrillation after CABG (Fig. 4). The pooled 
effect estimate indicates that women are at lower odds of postoperative atrial fibrillation: OR = 0.89 (95% 
CI = 0.82–0.96,  I2 = 34%, p = 0.18).  I2 values showed low-to-moderate heterogeneity between the studies. In four 
of these studies women were significantly older than men (Vrancic et al., ter Woorst et al., Filardo et al., Gaudino 
et al.), while in two studies there was no significant difference in age between the two groups (Gurram et al., 
Matyal et al.). Sensitivity analysis revealed that the source of heterogeneity came from the study of Gaudino et al., 
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Author, year Number of participants Recruitment period Geographical region/database Intervention/patient selection

Gurram12
773

2015–2016
India

First time isolated CABG
(132 women, 641 men) Single centre, Kochi, Kerala

Johnston13
61,147

2008–2016
Canada CABG, isolated and concomitant with valve 

surgery

(13,043 women, 48,104 men) CorHealth Ontario, Administrative health regis-
tries for residents of Ontario ≥ 40 years old

ter  Woorst14
17,919

1998–2016
Netherlands Isolated CABG

(4016 women, 13,903 men) Single centre (the Catharina Hospital, Eindhoven) with or without the use of extracorporeal circula-
tion

Vrancic15
2979

2000–2017
Argentina isolated CABG

(299 women, 2680 men) Single centre (Instituto Cardiovascular De Buenos 
Aires, Buenos Aires) BITA grafts

Filardo16

9203

2002–2010

USA

Isolated CABG
(2518 women, 6685men)

Multicentre (Baylor University Medical Center 
(Dallas, Tex), The Heart Hospital at Baylor Plano 
(Plano, Tex), Emory University (Atlanta, Ga), or 
Washington University (St Louis, Mo)

Mahowald17
424,338

2003–2016
USA

CABG for AMI
(212,228 women, 212,110 men) Nationwide Inpatient Sample (NIS)

Mohamed18
2,537,767

2004–2015
USA First time CABG, isolated and with concomitant 

valve surgery(708,459 women, 1,829,308 men) National Inpatient Sample (NIS)

Eris19
141

2015–2020
Turkey

CABG with coronary endarterectomy
(46 women, 95 men) Single centre: Bursa Yuksek Ihtisas Education and 

Research Hospital, Bursa

Gaudino10

13,193

2004–2020

International CABG

(2714 women, 10,479 men) Individual patient data pooled from RCT: SYN-
TAX, EXCEL, NOBLE, FREEDOM

SYNTAX : CABG for patients with three-vessel or 
left main coronary artery disease

EXCEL : CABG left main coronary artery disease 
of low or intermediate anatomical complexity

NOBLE: left main coronary artery disease

FREEDOM: CABG in diabetic patients with 
multivessel disease

Kytö20
3214

2004–2014
Finland First time isolated CABG

(1607 women, 1607 men) Care Register for Healthcare in Finland (CRHF) adult with ACS

Matyal21
6250

2002–2020
USA

Isolated CABG
(1339 women, 4911 men) Society of Thoracic Surgeons (STS) database

Chang22
22,692

2000–2013
Taiwan

Isolated CABG, CABG concomitant with valve 
surgery(11,346women, 11,346 men) Taiwan National Health Insurance Research 

Database (NHIRD)

Dixon23

147,476

2010–2018

UK

Isolated CABG, elective or urgent
(26,157 women, 121,319 men)

National Adult Cardiac Surgery Audit (NACSA) 
data, obtained from the National Institute of Car-
diovascular Outcomes Research (NICOR)

Gerfer24
92

2006–2017
Germany Isolated CABG

(19 women, 73 men) Single centre: Hospital of Cologne, Cologne patients with PCS receiving vaECMO

Moroni25
886

2002–2015
International

CABG for ULMCA disease
(324 women, 562 men) Multicentre, DELTA and DELTA 2 registries

Ter  Woorst26
7826

1998–2015
Netherlands Isolated CABG

(3913 women, 3913 men) Single centre (the Catharina Hospital, Eindhoven) With or without the use of extracorporeal circula-
tion

Qu27
20,045

2002–2019
USA

Isolated elective CABG
(5367 women, 14,678 men) The Society of Thoracic Surgeons (STS)

Ram28
1308

2000–2016
Israel

First time elective isolated CABG for ACS
(263 women, 1045 men) ACS Israeli Survey (ACSIS)

Wang29
13,616

2009–2019
China CABG, isolated and concomitant with valve 

surgery,

(6808 women, 6808 men) Single centre: Fuwai Hospital, Beijing TXA administration

Daoulah30
916

2015–2019
Arab Gulf Countries

Isolated CABG for ULMCA disease
(132 women, 784 men) Gulf-LM registry

Gaudino31
673,977

2016–2020*
USA

Primary isolated CABG
(160,194 women, 513,783 men) The Society of Thoracic Surgeons (STS)

Continued
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Table 1.  Description of studies included in the meta-analysis. *1,297,204 patients (317,716 women, 979,488 
men), between 2011 and 2020, only the data for 2016–2020 were included in our analysis, due to potential 
overlap with Mohamed,  202018. ACS, acute coronary syndrome; AMI, acute myocardial infarction; BITA, 
bilateral internal thoracic artery; PCS, postcardiotomy cardiogenic shock; RCT, randomized control trials; 
TXA, tranexamic acid; ULMCA, unprotected left main coronary artery; vaECMO, veno-arterial extracorporeal 
membrane oxygenation.

Author, year Number of participants Recruitment period Geographical region/database Intervention/patient selection

Sajja32
3650

1999–2018
India

First time isolated CABG
(1825 women, 1825 men) Star Hospitals, Hiderabad

Sandner11

1859

2012–2018

International Isolated CABG

(280 women, 1579 men) subgroup analysis of TiCAB RCT 

patients with stable coronary artery disease or 
acute coronary syndrome undergoing CABG for 
three-vessel disease and/or left main stenosis, or 
two-vessel disease with impaired left ventricular 
function

Fig. 1.  Forest plots showing pooled odds ratios (OR) for short-term mortality for each group, unbalanced and 
propensity-matched. When within individual studies outcomes were calculated separately by procedure: “_i” 
designates isolated CABG, and “_c” designates CABG concomitant with valve repair.
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which contributed with a heavy weight to the summary of effect and had narrow uncertainty intervals (Sup-
plementary material—Figs. S9, S10). We identified one propensity matched study (Sajja et al.) which indicated 
an OR = 0.97 (95% CI 0.73–1.27, p = 0.836) for postoperative atrial fibrillation in women compared to men.

Discussion
We identified discrepancies and similarities between women and men within the short-term period following 
CABG. Considering short-term mortality, our meta-analysis indicates that women are at higher risk of short-
term mortality after CABG, and this finding is consistent with previously published  reviews2–4. It has already 
been shown that short-term mortality risk is significantly and persistently higher in women, even after adjusting 
for age and co-morbidities2–4.

Sexual dimorphism influences aging-related alterations, leading to distinct cardiac and vascular phenotypes 
and outcomes. Disparities in myocardial and vascular biology between sexes have been documented, resulting in 
varied cardiovascular risk profiles throughout life. The diversity in sex specificities extends beyond genetic codes 
and expression, to encompass differences in stress response and aging  trajectories33. In the general population, 
women are at higher risk of stroke, with more severe neurological deficits compared to  men34,35. Our analysis 
confirms that after CABG, women are also at higher risk of stroke, whereas there is no significant difference in 
risk of myocardial infarction between men and women. The aetiology of stroke following CABG is  diverse36, as 
is the aetiology of myocardial infarction—acute graft failure, technical factors related to graft manipulation, and 
concomitant valve surgery being the main contributors for the  latter37. Although it is known that differences in 
anatomical features (smaller vessels, smaller volume of blood in women) explain why procedural factors and 
inflammatory responses to surgery are different in women compared to men, currently there is still no precise 

Fig. 2.  Forest plots showing pooled odds ratios (OR) for postoperative stroke (in hospital and 30-day results 
combined) following CABG, for each group, unbalanced and propensity-matched. When within-individual 
study outcomes were calculated separately by procedure, “_i” designates isolated CABG, and “_c” designates 
CABG concomitant with valve repair.
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understanding of the degree to which these differences contribute to the different outcomes. Compared with the 
meta-analysis on the impact of sex on outcomes after cardiac surgery by Dixon et al.4, we chose to extract and 
summarize unadjusted effects of sex, and so we were able to include a larger number of, and more recent studies 
reporting on sex-specific post-operative outcomes for stroke and myocardial infarction. Interestingly, our find-
ings regarding the post-operative stroke and myocardial infarction both in the propensity matched groups and 
in the unbalanced groups are similar to the findings of Dixon et al.4 in the analysis of studies reporting adjusted 
odds ratios.

We provide a summary of the unadjusted effect of postoperative atrial fibrillation, as reported in studies 
which analysed sex-specific characteristics and outcomes. Postoperative atrial fibrillation denotes new-onset 
atrial fibrillation in the postoperative hospitalization  period38. Our results indicate that men are at higher risk 

Fig. 3.  Forest plots showing pooled odds ratios (OR) for postoperative myocardial infarction (in hospital and 
30-day results combined) following CABG, for each group, unbalanced and propensity-matched.

Fig. 4.  Forest plot showing the pooled OR for postoperative atrial fibrillation in the short term (reported as 
in-hospital or 30-day outcome) following CABG.
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of postoperative atrial fibrillation after CABG, even though women undergoing CABG are generally older and 
carry more co-morbidities. These results are consistent with previous studies. In their adjusted analysis, Filardo 
et al.16 found that the incidence of postoperative atrial fibrillation after CABG was higher in men compared to 
women, and also men had longer duration of their first atrial fibrillation episodes. Gaudino et al.10 also indi-
cated that men after CABG were at higher risk of postoperative atrial fibrillation compared to women, with an 
adjusted odds ratio (men as reference) = 0.82 (95% CI 0.73–0.94). Conversely, neither the adjusted analysis by 
Matyal et al.21 nor the propensity matched study by Sajja et al.32 reported any statistically significant difference 
regarding postoperative atrial fibrillation between men and women.

Postoperative atrial fibrillation is an important outcome to be addressed in the postoperative setting. Atrial 
fibrillation is associated with graft  failure39. Although our analysis indicates that women are not particularly 
at elevated risk of postoperative atrial fibrillation compared to men, this occurrence is still of concern because 
atrial fibrillation carries a higher risk of stroke in women compared to  men34,40,41. Numerous studies elaborate 
predictive models for postoperative atrial  fibrillation42–47 and analyse sex as co-variates. When reports do not 
consider the predictors for postoperative atrial fibrillation as being sex specific, the value of the findings can be 
offset. For example, the size of the left atrium (LA) is known to differ subtly between men and  women48. The 
LA size is often identified as an independent predictor of postoperative atrial fibrillation after  CABG49–53. Not 
analysing sex-dependent thresholds in LA size might hinder the validity and applicability of the  findings49–52. In 
contrast, when sex-specific thresholds in the postoperative enlargement of LA are taken into account, they can 
be valuable for risk  stratification53.

Given the complex differences that delineate the female patient population from the male patient population 
in the context of CABG, it is necessary to develop studies in which the baseline and intra-operative characteris-
tics are analysed separately, in a sex-specific and age-dependent manner. The post-operative outcomes could be 
associated with sex different thresholds. For example, Khalagy et al.54 indicated that the levels of preoperative 
haemoglobin associated with in hospital mortality after CABG are different in men compared to women. Devel-
oping more studies that provide a differentiated analysis for male and female patients is crucial. This approach 
will increase the chance of obtaining accurate predictive models separately for men and women, meaningful in 
clinical practice and particularly in secondary cardiovascular prevention.

Limitations of our study stem from the following: first, we included studies which combine outcomes for 
isolated CABG and CABG concomitant with valve surgery. Second, it was not possible to perform a separate 
analysis for elective and urgent CABG, nor for procedural factors (such as on pump and off pump CABG, number 
of grafts, and others). Third, the studies with a propensity matched design use different criteria for matching the 
cohorts of men with the cohorts of women. In addition, for short-term mortality and postoperative stroke, the 
propensity-matched group and the unbalanced studies might have had overlapping databases. Fourth, we could 
not make the difference between haemorrhagic or ischemic post operative stroke as in some studies that was not 
specified. Fifth, the criteria used to define myocardial infarction differed among the studies, which could have 
contributed to the observed heterogeneity, and we could not differentiate between STEMI or NSTEMI. Sixth, 
in several studies, there is no mentioned definition for postoperative atrial fibrillation in terms of duration or 
assessment method. Also, in most of the studies we selected for analysis, it was not possible to obtain information 
regarding the incidence of preoperative atrial fibrillation in men, compared to women.

Conclusion
In our meta-analysis, the summaries of effects from unbalanced groups and propensity matched groups indicate 
that the gap between women and men regarding the short-term postoperative mortality risk persists, and that 
women are at higher risk of postoperative stroke. The available evidence does not indicate that the likelihood 
of postoperative myocardial infarction is different in women compared to men. Despite women undergoing 
CABG being generally older and having more co-morbidities compared to men, men remain at higher risk of 
postoperative atrial fibrillation.

Methods
This meta-analysis was based on data extracted from previously published research and the data and study 
materials are available in the public domain. We performed a systematic literature search in PubMed database 
from January 1, 2019, to November 14, 2023. We used a combination of search terms (CABG, sex, gender, men, 
women, male, female, differences) and Boolean operators (“OR” for combining search terms for similar con-
cepts, in parentheses, and “AND” to combine different concepts). Titles and abstracts were screened against the 
inclusion and exclusion criteria. Studies were included in the meta-analysis if they were observational studies or 
randomized clinical trials; published in English; presenting data regarding the following short-term outcomes 
after CABG: 30-day mortality, in hospital mortality, postoperative stroke (cardiovascular accidents), postopera-
tive myocardial infarction (perioperative, early, in-hospital, and 30-day myocardial infarction), postoperative 
atrial fibrillation; reporting characteristics (baseline, intraoperative) and outcomes independently for males and 
females, following isolated CABG or CABG concomitant with other type of surgery; reporting effects unadjusted 
for baseline characteristics, or outcomes for propensity matched groups. Studies were excluded if they were 
protocols, reviews, case series, or referring to minimally invasive CABG. When source databases overlapped 
between the studies reporting the same category of outcomes, we selected and included in the statistical analysis 
only the study with the largest sample size. The flow chart depicting the study selection process is shown in Fig. 5.

The study was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines for abstracting data and assessing data quality and  validity55. Two independent reviewers 
(DDL and ET) selected studies by screening titles, abstracts, and full texts of articles identified in this search. 
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For eligible studies, data extraction was performed by two reviewers (DL and PR). The quality of the studies was 
assessed with the Newcastle-Ottawa  Scale56 (Supplementary file, Table S1).

The extracted data were baseline characteristics (being a man or woman, age at the time of CABG), procedural 
characteristics (elective or urgent CABG), and short-term outcomes: in hospital mortality, 30-day mortality, and 
30-day or in hospital stroke, myocardial infarction, and postoperative atrial fibrillation. Criteria used in each 
selected study for defining myocardial infarction are presented in Supplementary file, Table S2. Except for one 
study (Filardo et al.16), no explicit criteria were used for defining postoperative atrial fibrillation, Table S3. After 
extracting the number of events from the individual studies, we computed the pooled odds ratios (OR) for women 
vs. men, with 95% confidence intervals (CI), using the generic inverse variance method. Group analysis was 
performed by study design type (unbalanced groups, propensity matched groups of women compared to men). 
For investigating variance between the groups, for each outcome, we used the mixed effects model, consisting in 
analysis within the group using the random effect model, and analysis between the groups using the fixed effects 
model. Heterogeneity was considered low if  I2 < 25%, and significant if  I2 > 75%. For groups with low heterogene-
ity, we performed a separate analysis using the fixed effect model. When studies overlapped in terms of source 
database, we included in the group only the study with a larger sample size (narrower uncertainty interval). 
Statistical significance was considered for p < 0.05. We used the R ’meta’ and ‘dmetar’ packages (R version 4.3.2, 
R Foundation for Statistical Computing, Vienna, Austria)57 and ‘metabin’  function58. To assess the robustness 
of our study, we conducted sensitivity analysis by leaving out studies with too broad or too narrow selection 
criteria, or outliers (Supplementary file). Funnel plots and Egger’s test were used to identify the publication bias 
(Supplementary file—Fig. S11).

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 22 May 2024; Accepted: 27 August 2024

Fig. 5.  Flow chart describing the study selection process.
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