Open access

BM)J Open

To cite: Xi Z, QiuH, Guo T,

et al. Contemporary sex
differences in mortality among
patients with ST-segment
elevation myocardial infarction:
a systematic review and
meta-analysis. BMJ Open
2022;12:¢053379. doi:10.1136/
bmjopen-2021-053379

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2021-053379).

Received 12 May 2021
Accepted 09 February 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Hong Qiu;
giuhong6780@sina.com

Original research

Contemporary sex differences in
mortality among patients with ST-
segment elevation myocardial
infarction: a systematic review

and meta-analysis

Ziwei Xi,' Hong Qiu
Jianfeng Zheng," R Gao'

ABSTRACT

Objectives To assess the effect of sex differences on
short-term and long-term mortality among patients with
ST-segment elevation myocardial infarction (STEMI).
Design Systematic review and meta-analysis of
contemporary available evidence.

Setting PubMed, Embase and Cochrane Library were
searched for relevant studies reporting sex-specific
outcomes among patients with STEMI published
between 1 January 2010 and 1 August 2020. Risk ratios
(RRs) and 95% Cls were measured using DerSimonian
and Laird random-effects model. Sensitivity analyses
were performed and publication bias was also checked.
All statistical analyses were performed using STATA
V.15.0.

Participants Studies providing data about short-term or
long-term mortality stratified by sex in patients with STEMI
were included. Only study conducted in last 10 years were
included.

Primary and secondary outcome measures The
primary outcome was all-cause death at short-term (in-
hospital or 30 days) and long-term (at least 12 months)
follow-up.

Results A total of 15 studies involving 128 585 patients
(31 706 (24.7%) female and 96 879 (75.3%) male) were
included. In the unadjusted analyses, female were at a
higher risk of short-term mortality (RR, 1.73; 95% Cl 1.53
t0 1.96, p<0.001, [>=77%) but not long-term mortality
(R, 1.23; 95% Cl 0.89 to 1.69, p=0.206, [>=77.5%).
When adjusted effect estimates from individual studies
were used in meta-analysis, the association between
female and higher risk of short-term mortality remained
significant (RR, 1.24; 95% CI 1.11 t0 1.38, p<0.001,
[2=39.6%). And adjusted long-term mortality was also
similar between female and male (RR, 1.11; 95% Cl 0.42
t0 1.80, p=0.670, [>=74.5%).

Conclusions An increased short-term but not long-
term mortality was found in female with STEMI. After
adjustment for baseline cardiovascular risk factors and
clinical profiles, short-term mortality remains higher in
female with STEMI compared with male, indicating the
need for further improvements in management in female
patients.

,! Tingting Guo,? Yong Wang,' Jianan Li,® Yang Li,’

Strengths and limitations of this study

» We assessed the contemporary effect of sex differ-
ences on mortality among patients with ST-segment
elevation myocardial infarction by meta-analysis of
studies from the last decade.

» A greater number of potentially eligible articles were
screened and the large sample size ensures ade-
quate statistical power to detect even a small effect
of interest.

» Sensitivity analyses by excluding one study at a time
and restricting to studies with high quality or with
large sample size got consistent results.

» Substantial and non-negligible heterogeneity still
exist in our meta-analysis and might result in po-
tential bias.

» Residual confounding bias could not be totally ex-
cluded due to the observational study design of most
included studies.

INTRODUCTION
Acute myocardial infarction (MI) remains
one of leading causes of mortality in both men
and women worldwide despite improvement
of acute cardiac care.! Numerous studies
have reported that women have a higher
risk of in-hospital and long-term adverse
outcomes following ST-segment elevation
myocardial infarction (STEMI) compared
with men.? Confounders including advanced
age and more frequent comorbidities, such as
hypertension and diabetes mellitus,” * might
contribute to excess mortality in women.
Moreover, previous studies show lower rates
of guideline directed medical therapy and
revascularisation are also associated with
poorer prognosis for women with STEMI.”
Sex discrepancies in management and
outcomes after STEMI have been increasingly
reported in the literature and raised public
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awareness.” Major progress in therapy for MI and primary
and secondary preventive interventions has been made
to reduce cardiovascular mortality for women.' 7 And
there have been marked reductions in cardiovascular
disease mortality in women with acute MI in the past
two decades.' Conflicting results are noted in recent
studies on sex differences following STEMI. It is unclear
whether the sex differences still exist, in view of substan-
tial improvements in prognosis of cardiovascular disease
over the past decade.

In order to assess the contemporary effect of sex differ-
ences on shortterm and long-term mortality among
patients with STEMI, we performed a systematic review
and meta-analysis of all available evidence from last
decade reporting sex-specific outcomes after STEMI.

METHODS

The present systematic review and meta-analysis was
performed following the principle of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

statement.®

Literature search

We conducted a comprehensive search of the PubMed,
EMBASE and Cochrane Library from 1 January 2010 to
1 August 2020 to identify studies from the last decade
that described sex differences in short-term or long-term
mortality among patients with STEMI. Both observational
studies and randomised clinical trials were eligible. We
queried MeSH and the abstract text for the following
three search terms: gender part (including “gender”,
“female”, “male”, “gender differences”, “sex differ-
ences” or “sex characteristics”); outcome part (including
“death”, “mortality”, “hospital mortality”, “cardiac death”,
“sudden cardiac death”, “all-cause mortality”, “long
term mortality”, “one year mortality”, “cardiovascular
mortality” or “short term mortality”); MI part (including
“myocardial infarction”, “acute myocardial infarction”,
“myocardial necrosis”, “ST segment elevation myocardial
infarction”, “primary PCI”, “primary percutaneous coro-
nary intervention” or “primary angioplasty”) to identify
relevant studies. There was no language restriction or age
limit. The full search strategies were presented in online
supplemental eTable 1.

Study selection

According to the aim of our analyses, studies were
included in this systematic review if data about short-term
(in-hospital or 30 days) or long-term (at least 12 months)
mortality stratified by sex in patients with STEMI were
reported. Two reviewers identified studies eligible for
further review by performing an initial screen of titles
or abstracts of the search results. Subsequently, a second
screen of full texts eligibility was performed by another
two reviewers. Studies had to fulfil the following criteria to
be included in the present analyses: (i) studies reporting
data on all-cause mortality specific to STEMI population;

(ii) studies providing enough details to obtain numbers
of events or incidence rates according to sex and (iii)
enrolment starting not earlier than a decade ago. Edito-
rials, letters, conference proceedings and abstracts were
considered to be eligible only if sufficient information
was available in abstracts or associated tables or figures.
We excluded studies if they were review articles or case
reports, or if they involved pregnant participants, crit-
ically ill patients or provided insufficient data to allow
for risk estimates to be calculated. Any disagreement was
reviewed by a third reviewer and resolved by consensus.

Data extraction

Detailed data from selected studies were extracted inde-
pendently by two reviewers using a standardised form
independently. Data about study and participants’ char-
acteristics, including year of study, sample size, time of
enrolment, geographical location, endpoints of study and
follow-up duration were collected. Any discrepancies were
reviewed by a third reviewer and resolved by consensus.
The quality of included studies was evaluated by Newcastle-
Ottawa scale using prespecified items comprised patients’
selection (representativeness and selection of patients,
ascertainment of exposure), comparability of cohorts
based on design or analysis, and outcome (assessment of
outcomes, adequacy of follow-up).” A quality score (0-9
points) was generated according to a maximum of 1 point
for each item.

Patient and public involvement

Due to the nature of the systematic review and meta-
analysis, this study did not involve patients and the public
in the design, or conduct, or reporting or dissemination
plans.

Statistical analysis

The risk ratios (RRs) and 95% CIs were primarily used
to represent the effect of sex differences on mortality
after STEMI. And data were combined using random-
effects model of DerSimonian and Laird with inverse
variance weighting. Random-effect model was used
due to substantial clinical and statistical heterogeneity.
Following analyses were performed: (i) unadjusted RRs
for short-term and long-term all-cause mortality using raw
number of death and total participants at risk for death
specific to each sex, (ii) adjusted RRs for short-term and
long-term all-cause mortality using adjusted RRs if they
were described in those included studies. In terms of
short-term mortality, the RRs for in-hospital and 30-day
mortality were also calculated, respectively.

We assess heterogeneity across studies with Cochran’s
Q-test and Itest, with p<0.1 or I*>>50% considered signif-
icant. We also performed meta-regression to identify the
potential sources of heterogeneity in the included studies.
The potential sources were differences in diabetes, hyper-
tension, hyperlipidaemia, smoking, prior MI and prior
percutaneous coronary intervention (PCI). Furthermore,
stratified analysis was conducted as well by dividing the
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Records identified by literature search
PubMed: 1969
EMBASE: 1161
Cochrane Library: 224

|

Records after removal of duplicates
(N=2611)

l

Records screened by title and abstract review
(N=2611)

l

Full-text articles assessed for eligibility 101 full-text articles excluded:
(N=116) 81 enrollment earlier than a decade ago

15 insufficient data to analyze

l 5 data from the same cohorts

2495 records excluded

Studies included in the meta-analysis
(N=15)

Figure 1 Flowchart of selection of studies included in meta-

analysis.

included studies into different subgroups based on the
Newcastle-Ottawa scale scores (>7 points or <7 points) to
assess the potential sources of heterogeneity. To assess the
potential effect of publication bias, we inspected funnel
plots for asymmetry and used Egger’s regression asym-
metry test in which p<0.05 was considered to indicate
significant publication bias.

Sensitivity analyses were conducted by excluding
one study at a time and comparing the results with the
complete one. In addition, we also performed sensi-
tivity analyses by restricting to high-quality studies with a
Newcastle-Ottawa scale of 5 points or more and restricting
to studies with sample size bigger than 1000 participants.
All statistical analyses were performed using STATA
V.15.0 (Stata Corp). Differences were considered statisti-
cally significant at p<0.05 (two-sided).

RESULTS

Literature search

Study selection details were outlined in figure 1. The liter-
ature search identified 2611 potentially relevant articles.
After screening based on title and abstract review, 2495
records were excluded. A total of 116 full-text were finally
assessed for eligibility, with 96 papers excluded due to
enrolment starting earlier than a decade ago or no suffi-
cient gender-specific data to analyse. Another five papers
reviewed in detail were excluded after due to data from the
same cohorts. A total of 15 studies were finally included in
the present systematic review and meta—analysis.w_24

Study characteristics

Of the 15 included studies, 8 were multicentre studies
and 4 studies enrolled more than 10 000 patients with
STEMI (see table 1 for further information on included
studies). Baseline characteristics of participants were
missing in some included studies, but all included studies
provided sufficient data for analysis of sex differences in
clinical outcomes. Except for 1 study, which was a prespec-
ified gender analysis of randomised controlled trial, the
remaining 14 were observational studies. Among the 10

included studies which reported adjusted analyses, most
studied adjusted for age, diabetes mellitus, hypertension
and prior MI/PCI, while some adjusted for renal insuf-
ficiency, cardiogenic shock, cardiac arrest at admission
and occurrence time of symptom onset. Variables that
were adjusted in the adjusted analyses from the included
studies were presented in online supplemental eTable 2.
Results of assessment of study quality using Newcastle-
Ottawa scale were shown in online supplemental eTable
3.

Patient characteristics

A total of 128 585 patients with STEMI (31 706 (24.7%)
female and 96 879 (75.3%) male) were involved in the
15 included studies. Female tended to be older and had
higher prevalence of diabetes mellitus in all included
studies. And in most studies, other important comorbid-
ities, including hypertension and hyperlipidaemia, were
more frequent in female. Greater proportions of male
were smokers and had prior PCI or MI. Besides, some
studies reported that door-to-balloon time and symptom
onset to balloon time were longer in female than male.
Part of patient baseline characteristics were summarised
in table 2.

Short-term all-cause mortality

Thirteen studies reported sex-specific unadjusted short-
term mortality (seven studies with 30-day mortality and
six studies with in-hospital mortality) of patients with
STEMI. There were 2873 of 31 409 (9.1%) cases of all-
cause mortality in female compared with 4380 of 95 610
(4.6%) in male. Female were at a significantly higher risk
of short-term mortality (RR, 1.73; 95% CI 1.53 to 1.96,
p<0.001, I’=77%) compared with male (figure 2A). Nine
studies involving 119 379 patients reported adjusted
short-term mortality specific to sex. In adjusted analysis,
the association between female and higher risk of short-
term mortality remained significant (RR, 1.24; 95% CI
1.11 to 1.38, p<0.001, 12:39.6%) (figure 2B). However,
the strength of association calculated with adjusted RRs
from these nine studies was attenuated.

Subgroup analysis demonstrated that the results of
studies with Newcastle-Ottawa scale >7 points (RR, 1.90;
95% CI 1.73 to 2.09, p=0.018, 1’=63.4%) and studies
with <7 points (RR, 1.52; 95% CI 1.20 to 1.93, p=0.026,
’=58.1%) were consistent in unadjusted short-term
mortality (see online supplemental eFigure 1). The
impact of sex on in-hospital (RR, 1.71; 95% CI 1.27 to
2.31, p<0.001, 1’=86.4%) and 30-day mortality (RR, 1.81;
95% CI 1.62 to 2.02, p<0.001, 1’=56.6%) were consis-
tent. The meta-analysis performed in studies of patients
undergoing PCI for STEMI also showed increased unad-
justed mortality (RR, 1.45; 95% CI 1.05 to 2.00, p=0.026,
°=39.5%) in female patients.

Long-term all-cause mortality
Six studies involved 18 018 patients with STEMI (4191
female and 13 827 male) and followed up for more than
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Region Study design
Spain Prospective

Year
2020
STEMI, ST-segment elevation myocardial infarction.

Table 1 Continued
Tizén-Marcos

Author(s)
et al*

1 year, and reported all-cause mortality for female and
male. The incidence of long-term all-cause mortality was
13.9% (n=584) in female and 8.7% (n=1202) in male.
In unadjusted analysis, no significant sex difference was
found in long-term mortality (RR, 1.23; 95% CI 0.89 to
1.69, p=0.206, I’=77.5%) (figure 3A). The unadjusted
long-term mortality was also similar between female and
male patients undergoing PCI (RR, 1.28; 95% CI 0.95
to 1.73, p=0.108, 1°=0.0%). And the adjusted analysis
of the pooled results from four studies, also showed a
similar risk of mortality at long-term follow-up in female
compared with male (RR, 1.11; 95% CI 0.42 to 1.80,
p=0.670, I’=74.5%) (figure 3B).

Meta-regression analysis, sensitivity analyses and publication
bias

According to meta-regression analysis, differences in prev-
alence of diabetes (B coefficient, 0.248; p=0.337; adjusted
R*=1.31%; 1°=80.86%; 1°=0.044), hypertension (B coeffi-
cient, —0.255; p=0.538; adjusted R*=24.22%; 1°=41.04%;
7°=0.008), hyperlipidaemia (B coefficient, 0.260; p=0.415;
adjusted R=-1.84%; 1°=83.59%; 1°=0.050), smoking
(B coefficient, —0.040; p=0.255; adjusted R2:17.86%;
1°=79.41%; 1°=0.045), prior MI (B coefficient, ~2.725;
p=0.126; adjusted R*=60.30%; I1°=60.19%; 1°=0.032)
and prior PCI (B coefficient, 0.109; p=0.896; adjusted
R*=-58.31%; I’=61.73%; 1°=0.042) between sexes were
not identified as significant sources of heterogeneity for
short-term all-cause mortality. Given that not all included
study provided information on confounders stratified
by sex, the results of meta-regression analyses should be
interpreted with caution.

Sensitivity analysis by excluding one study at a time
(see online supplemental eFigure 2) or restricted to data
from studies with sample size bigger than 1000 (RR, 1.75;
95% CI 1.54 to 1.99, p<0.001, 1’=82.9%) both indicated
that none of the studies affected the results of short-term
mortality in this meta-analysis significantly. In analysis for
long-term mortality, sensitivity analysis showed a possibly
higher influence on the result attribute to the study of Tai
et al (see online supplemental eFigure 3). After removing
this study from meta-analysis, the association of female
with increased long-term mortality became significant
(RR, 1.50; 95% CI 1.23 to 1.83, p<0.001, 1’=40.9%). We
found no evidence of publication bias across studies
based on visual inspection of funnel plots (see online
supplemental eFigure 4) and the results from Egger’s
tests for short-term mortality (p=0.462) and for long-term
mortality (p=0.053).

DISCUSSION

Our systematic review and meta-analysis of contemporary
literature on sex differences among patients with STEMI
demonstrate that female have a higher risk of short-
term but not long-term mortality compared with male
with STEMI. Furthermore, after adjustment for baseline
cardiovascular risk factors and clinical profiles, the sex

Xi Z, et al. BMJ Open 2022;12:€053379. doi:10.1136/bmjopen-2021-053379

5


https://dx.doi.org/10.1136/bmjopen-2021-053379
https://dx.doi.org/10.1136/bmjopen-2021-053379
https://dx.doi.org/10.1136/bmjopen-2021-053379
https://dx.doi.org/10.1136/bmjopen-2021-053379

)
7
o
3]
3]
®©
c
[
o

©)

‘uoluaAIBlUl AIBU0IOD Snosuendlad ‘|Dd ‘Uoiiolelul [e1psedokw ‘A

('99) (5'92)
(l's1) 8. (g€l 9e VN VN ez (o) vl 7\ VYN (8'c2)6Le (G62) Lie 9Ll (e'se) 96 (08-92) 82 (18-92)8L 0202 ezl 10 1eL
(c6v)
v 22 Wyl ee (LeleL (9€l)oe 8gz (L'Iv) 88 (0'le)oLL  (6'G2) 99 (9°ee) 8LL (L'GY) LOL (S21)99 (9°21) 6E b 19 (#1)89 0202 /e 1o uewoy
(1v9) (259 (CeL
VYN VN (88 Ly €16 2sc (029 v9 (ezs)ese (G20 e8 (L'es)ere (€89)¥8 (6'81)88 (L'1€)6E  —9°08) 285  —-2'29) 229 0202 g /e tossebing
(9'89)

(8'9) 91 (€2de Wwaoe (29 s 6el (669) /6 (8'22)99 (2ee)ez (goe)esL (8'9¢)ece (0'LL) 92 (ce) 8 (e'11) 985 (eezrz19 6102 , /B9 ezohuzen

(0'g9) (e'e9) (r'g8) (6729 (tv2)  (ee) (1'8¥)
N N N VN 2/£2¢ (€8)6LLL ¥t6 0 966 L.  92r8¢ 109Gl 280¥C Lyl Ok (zh 119 (901069 6102 o,/ 19 oeH
(8722 (€22) (1'g2)
28z (982)09 (£9)e8 (8% 0L 166 (251 ee (€09)6vL (569 Sgk (€°€9) 659 (1°29) Lyt Lie  (71e) 99 (201 ¥'¥S (€6)S¥9  8L02 ¢,/B 19 Buel
N N N VN N N N VN N N N N V¥N VN 8102 ey
oleN dlewdq dle|N  olewo4 Sle|N  olewdq T alewa4 ole|N  dlewdq ole|N dewa4q oleiN olewo4 Jeap sioyny
(%) u ‘19d Joud (%) u ‘IN Joud (%) u ‘Bunjows (%) (%) u ‘uoisuspiedAy (%) u ‘sereqelq sleaf ‘(gs) uesw ‘aby

u ‘ejwaepidiadAy

Xi Z, et al. BMJ Open 2022;12:€053379. doi:10.1136/bmjopen-2021-053379



A
Author (Year) RR (95%Cl) % Weight
Venetsanos (2017) —_— 1.74(1.10,2.74) 476
Al (2018) —g—*— 223(1.15,4.33) 273
Langabeer (2018) —— ' 1.18 (1.00, 1.39) 11.14
Cenko (2019) :—o— 2.08(1.82,2.39) 11.84
Hao (2019) —- 215 (1.90, 2.43) 1222
Hannan (2019) -~ 1.83 (1.71, 1.97) 1328
Stehli (2019) — 1.46 (1.20, 1.78) 10.15
Burgess (2020) —'—0— 2.19(1.07, 4.49) 242
Dharma (2020) —_— 1,54 (1.24,1.93) 957
Kerkmanx (2020) R~ E— 1.00 (0.57, 1.75) 354
Siabani (2020) —l—o— 2.12(1.44,3.13) 578
Tai (2020) " 1.13(0.21, 5.96) 052
Tizén (2020) —_ 1.94 (1.71,2.21) 12.06
Overall (I-squared = 77.0%, p = 0.000) O 1.73 (153, 1.96) 100.00
T T
168 1 5.96
Favors women Favors men
B
Author (Year) RR (95% Cl) % Weight
i
Venetsanos (2017) s 208(1.02,420) 072
Langabeer (2018) ‘—o— 1.49(1.18,1.92) 9.71
Cenko (2019) - 1.48(1.23,1.78) 14.34
Hao (2019) - 1.20(1.01, 1.43) 19.00
Hannan (2019) - 1.15(1.04, 1.28) 27.40
Stehli (2019) 4—0— 1.67 (1.1, 2.49) 348
Kerkmanx (2020) S — 1.60 (0.90, 3.00) 159
Siabani (2020) - 0.90(0.51,1.73) 434
Tizén (2020) -~ 1.06 (0.92, 1.33) 19.42
Overall (I-squared = 39.6%, p = 0.103) 0 1.24(1.11,1.38) 100.00
;
T T

42 0 42
Favors women Favors men

Figure 2 Forest plots of relative risks of short-term all-cause
mortality among women and men with ST-segment elevation
myocardial infarction. Forest plots showing unadjusted

(A) and adjusted (B) short-term all-cause mortality of women
compared with men with ST-segment elevation myocardial
infarction using random-effects model. RR, risk ratio.

differences in short-term mortality are attenuated but
remain significant, while female have the similar long-
term mortality with male.

Our results are somewhat in accordance with several
previously published meta-analysis.”> * A considerable
number of studies have consistently suggested that women
were at a higher risk of short-term mortality after acute
coronary syndrome (ACS). However, whether risk of long-
term mortality is also higher in women with ACS remains
under debate. Some studies indicated that women with
STEMI had a higher 1-year rate of death compared with
men,” while the 1-year mortality rate was conversely lower
in women than men in some other studies.”” * In our
study, with respect to short-term mortality, the analyses of
studies with high or low quality, and big or small sample
size yielded similar results. However, in terms of long-
term mortality, caution is needed when interpreting our
finding of non-significant increased long-term mortality
in adjusted analyses, due to the results of sensitivity
analysis which showed a significant association between
female and increased long-term mortality after removing
one study from adjusted analyses.

A
Author (Year) RR (95% Cl) % Weight
Tang (2018) —a— 123 (0.81,1.86) 17.06
Maznyczka (2019) E——— 0.91(0.46,1.78)  11.62
Burgess (2020) ——o— 1.70 (1.16,2.49) 17.85
Kerkmanx (2020) ——-—~— 1.34 (0.87,2.07) 16.60
Tai (2020) —_— 052 (0.29,0.92) 13.49
Tizén (2020) —— 1.74 (156,1.93) 23.39
Overall (I-squared = 77.5%, p = 0.000) <<> 1.23 (0.89, 1.69) 100.00

.2'9 Favors women 1 Favors men 3. ’45

B
Author (Year) RR (95% Cl) % Weight
Tang (2018) _.— 1.33(052,3.38)  14.27
Burgess (2020) —._ 1.77(143,277) 2415
Kerkmanx (2020) —— 1.24(0.80,2.00)  28.67
Tai (2020) —-— 0.42(0.18,0.94)  32.91

Overall (I-squared = 74.5%, p = 0.008) 111(0.42,1.80)  100.00

>

Figure 3 Forest plots of relative risks of long-term all-cause
mortality among women and men with ST-segment elevation
myocardial infarction. Forest plots showing unadjusted

(A) and adjusted (B) long-term all-cause mortality of women
compared with men with ST-segment elevation myocardial

infarction using random-effects model. RR, risk ratio.

Favors men

It is widely accepted that there are significant differ-
ences in outcomes of women and men with acute MI. In
our study, after adjusted for participants’ baseline cardio-
vascular risk factors and clinical profiles, the strength of
association between gender and short-term mortality was
substantially attenuated, which suggested that poorer
baseline cardiovascular risk profile partially explained the
impact of sex differences on mortality. Multiple studies
have shown that women with STEMI present at older
age and have a higher burden of comorbidities, contrib-
uting to the sex differences in mortality after STEML*" All
studies included in our meta-analysis demonstrate that
female patients are older and with more diabetes mellitus
as well as hypertension. In addition, some sex-specific
studies found that certain risk factors and comorbidities
were more potent in women.”® Diabetes mellitus, hyper-
tension and smoking status are more strongly associated
with increased risk of cardiac events in women compared
with men.?” #

Notably, that these differences mentioned above still
could not completely explain the gap in mortality between
sexes. It has been proved that women with acute MI were
less likely to be treated with guideline directed medical
therapy and less likely to receive primary reperfusion
therapy including primary PCI or fibrinolysis.”’ Regarding
medical therapy, numerous studies conducted around
the world consistently demonstrate female survivors are
receiving less optimal medical therapy after acute MI
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during hospitalisation or at discharge.” ** Though there
might be no differences in treatment adherence between
men and women, some studies report significant sex
disparities in initiation of appropriate pharmacotherapy
after ML.” Results from these observational studies have
shown women are receiving less optimal medical therapy
including aspirin, statins and ACE inhibitors in all age
groups, especially young women, and suggested that clini-
cians and patients may benefit from better education and
awareness of undertreatment of younger women.””**

Lower rates of revascularisation are observed among
women with STEMI compared with men in several studies
despite proven benefit of this therapy.”® Moreover, the
sex differences might be driven by delays in presentation
to hospital and women with STEMI were more likely to
experience longer delays than men. Although a great
improvement in emergency medical services and timely
revascularisation over the past decades, recent studies
show that women with STEMI still present later and
have a longer ischaemic time than men. Previous studies
have shown consistently that women have longer door-
to-balloon times and longer door-to-needle times.*® * In
addition, women are also more likely to exhibit longer
prehospital delays in seeking medical care after the devel-
opment of symptoms suggestive of MI. Although there
have been significant reductions in patient and system
delay in the last decade, women continue to have longer
presentation and treatment times.” Sex differences also
exist in clinical presentation of STEMI. Although chest
pain was the most common ACS symptom in both sexes,
women were more likely to present without chest pain
than men.* *’ Lower rates of typical chest pain reported
among women with STEMI may also influence provider
decision-making to pursue less aggressive care including
invasive revascularisation.

Some included studies of our meta-analysis enrolled
patients with STEMI in general,'*"® while some others
enrolled patients undergoing PCI for STEML' " '® The
different prognosis of patients receiving reperfusion
therapy or no-reperfusion therapy might be a potential
source of heterogeneity of our study. Nevertheless, our
results are completely consistent with a previous meta-
analysis from Pancholy et al, which investigated sex differ-
ences in mortality among patients with STEMI treated
with primary PCL® Its results demonstrated that, when
adjusted RRs were used, the increased risk for l-year
mortality in women was no longer significant and the
risk of in-hospital mortality still significantly elevated. It
should be noted that more than 50% of patients were
treated with PCI in the most study conducted among the
general patients with STEMI and included by our anal-
ysis, even more than 90% in some included studies.'* **
The increasing rate of primary PCI in recent years might
be a reason for the consistency of our findings and
previous studies conducted specifically among patients
with STEMI undergoing PCI.

Complications including bleeding, heart failure and
mechanical complications are more likely to develop

in women with acute MI and increase the risk of
mortality."* *' #* Bleeding secondary to antithrombotic
therapies and invasive procedures is more frequent in
women.*” Three included studies reported incidence of
bleeding following STEMI and they all found that women
were at higher risk of bleeding.10 918 One study included
in our analysis examined the relationships among sex,
acute heart failure, and related outcomes after STEMIL. '
Its results demonstrate that women are at higher risk to
develop de novo heart failure after STEMI and women
with de novo heart failure have worse survival compared
with men. However, we could not compare the incidence
of these complications due to the lack of sufficient data.
Mechanical complications requiring surgical interven-
tion are also much more common in women after acute
MI and associated with high mortality rates.**

Several limitations of this meta-analysis should be
considered. First, the included studies are all obser-
vational studies except one post hoc analysis of
randomised controlled trial. Hence, there may be
residual confounding bias inherent in the observational
study design in our meta-analysis. Second, in adjusted
analysis, not all included studies adjusted for the same
confounders and not all studies reported adjusted RRs.
The confounders which were adjusted in the included
studies might differ greatly across studies. Third, there
was substantial heterogeneity in our meta-analysis, which
could partly be attributed to the wide variability in the
sample sizes, locations and treatment regimens across
included studies. Additionally, although we calculated
adjusted RRs for all-cause mortality, it needed to be noted
that relevant confounders might have differed across
studies. Fourth, the analysis of long-term mortality, espe-
cially the adjusted analysis, included far fewer studies
compared with analysis of short-term mortality. Hence,
there might be significant bias in the results about long-
term mortality.

In conclusion, our meta-analysis, pooling data from
contemporary literature, shows that women with STEMI
have a higher risk of short-term mortality but not long-
term mortality. The effect of sex differences on mortality
in patients with STEMI remain significant after adjust-
ment for baseline cardiovascular risk factors and clinical
profiles, suggesting that public awareness of increased
risk and further improvements in management in women
with STEMI are necessary.
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