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ORIGINAL RESEARCH

Sex Differences and Clinical Outcomes in 
Patients With Myocardial Infarction With 
Nonobstructive Coronary Arteries:  
A Meta-Analysis
Song P. Ang , MD; Jia E. Chia, MD; Chayakrit Krittanawong, MD; Kwan Lee , MD; Jose Iglesias , DO; 
Kanchan Misra, MD; Debabrata Mukherjee , MD

BACKGROUND: Although myocardial infarction with nonobstructive coronary arteries (MINOCA) is more common in women, it is 
unknown whether sex is a risk factor for adverse outcomes in patients with MINOCA. We aimed to investigate the relationship 
between sex differences and outcomes of patients with MINOCA.

METHODS AND RESULTS: A systematic literature search was performed in PubMed, Embase, and Cochrane databases from 
their inception until August 2023 for relevant studies. End points were pooled using the Hartung–Knapp–Sidik–Jonkman 
random-effects model as odds ratio (OR) with 95% CIs. Nine studies, involving 30 281 patients with MINOCA (comprising 
18 079 women and 12 202 men), were included in the study. Women were older and had a higher prevalence of hyperten-
sion, diabetes, and stroke compared with men. The median duration of follow-up was 3.5 years, with an interquartile range 
of 2.2 to 4.2 years. Pooled analysis revealed no statistically significant difference in the risk of all-cause mortality (OR, 1.03 
[95% CI, 0.87–1.22]), major adverse cardiovascular events (OR, 1.18 [95% CI, 0.89–1.58]), heart failure (OR, 1.32 [95% CI, 
0.57–3.03]), stroke (OR, 1.13 [95% CI, 0.56–2.26]), and myocardial infarction (OR, 1.04 [95% CI, 0.29–3.76]) between the 2 
groups. Regarding short-term outcomes, women had a significantly higher risk of in-hospital major adverse cardiovascular 
events compared with men (OR, 1.33 [95% CI, 1.16–1.53]) whereas there was no significant difference in the risk of in-hospital 
mortality (OR, 0.90 [95% CI, 0.64–1.28]) between the 2 patient groups.

CONCLUSIONS: Despite the differences in demographics and comorbidity profiles, there was no significant difference in the 
long-term outcomes for patients with MINOCA between sexes. However, it is noteworthy that women experienced a higher 
risk of in-hospital major adverse cardiovascular events compared with men.
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Cardiovascular diseases continue to be the pre-
dominant cause of mortality worldwide. In 2020 
alone, an estimated 244.1 million people globally 

were identified with ischemic heart disease, with men 
showing a notably higher prevalence than women.1 
Among those with myocardial infarction (MI), up to 
approximately 10% have no evidence of obstructive 

coronary artery disease.2 These patients with MI with 
nonobstructive coronary arteries (MINOCA) represent 
a challenge clinically because the underlying cause of 
their MI is frequently not apparent without additional 
studies.3 Common causes of MINOCA include disrup-
tion of plaque with subsequent spontaneous recanal-
ization of occluded coronary vessel, coronary artery 
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vasospasm, thromboembolism, and spontaneous 
coronary artery dissection.4–6 Importantly, it is impera-
tive to consider the nonischemic causes of myocardial 
injury in patients with MI to avoid misclassification of 
patients with true MINOCA.7 Furthermore, the clinical 
outcomes of patients with MINOCA, in comparison to 
those with MI stemming from obstructive coronary ar-
tery disease, remain a controversial topic of ongoing 
debate. Recent meta-analyses suggest a favorable 
prognosis for patients with suspected MINOCA rela-
tive to their MI-coronary artery disease counterparts.8

Sex-specific differences in the manifestations and 
outcomes of cardiovascular diseases are increas-
ingly recognized.9 MINOCA specifically is more prev-
alent among young women and is associated with 
fewer cardiovascular risk factors.10–12 The evidence 
on the impact of sex on the outcomes of patients with 
MINOCA remains limited and controversial, with some 
studies suggesting that women were at a higher risk 
of mortality or major adverse cardiovascular events 
(MACE) compared with men,12,13 whereas others sug-
gest otherwise.14,15

Given the inconclusive findings and the gaps in our 
understanding of sex differences in MINOCA outcomes, 

we conducted a systematic review and meta-analysis 
to synthesize currently available evidence on the out-
comes of patients with MINOCA stratified by sex.

METHODS
We conducted this study according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis (Table  S1). The study protocol was reg-
istered in the International Prospective Register of 
Systematic Reviews under the registration number 
CRD42023491540. This study involved analysis of pre-
viously published studies and there is no use of iden-
tified personal data. Thus, approval from institutional 
review board was not required. The authors declared 
that all data are available within the article and its sup-
plementary material.

Search Strategy
We performed a systematic literature search in online 
databases including PubMed, Embase, and Cochrane 
Library from their respective date of inception until 
August 10, 2023. Briefly, our search focused on key-
words including “myocardial infarction,” “nonobstruc-
tive,” “MINOCA,” “outcomes,” and “mortality” with the 
search terms being modified for each database. In ad-
dition, the reference lists of all potentially eligible stud-
ies were screened to identify any additional relevant 
studies. Details of the search strategy are available in 
Table S2.

Study Selection
We included 2-arm studies that compared the clinical 
outcomes between men and women with MINOCA. 
MINOCA was defined as <50% stenosis in coronary 
arteries on coronary angiography.16 Studies that eval-
uated outcomes in patients with MINOCA without 
stratification by sex were excluded. In terms of study 
design, case–control, cross-sectional, cohort studies, 
and randomized controlled trials were included. We 
excluded nonhuman studies, single-arm studies, case 
reports, case series, and review articles. No restric-
tions were applied on age, language, or geographical 
location.

Data Extraction and Quality Assessment
Screening of studies was performed independently by 
2 authors (J.E.C. and S.P.A.), with any disagreements 
being resolved by a third author (J.I.). Data on patients’ 
demographics, comorbidities, angiographic findings,  
percutaneous coronary intervention characteristics, 
medications, and relevant outcomes were also ex-
tracted. We evaluated both short- and long-term out-
comes. Short-term outcomes included in-hospital 

CLINICAL PERSPECTIVE

What Is New?
•	 We performed an updated meta-analysis by 

adding 3 large, prospective, and recently pub-
lished studies.

•	 Despite a possibly higher risk of major adverse 
cardiovascular events in women, there was no 
significant difference in the long-term all-cause 
mortality, major adverse cardiovascular events, 
heart failure, stroke, and myocardial infarction 
between sexes.

What Are the Clinical Implications?
•	 Sex alone may not be a major determinant of 

long-term prognosis in patients with myocardial 
infarction with nonobstructive coronary arteries.

•	 The observed increased risk of in-hospital 
major adverse cardiovascular events warrants 
further research to identify the underlying risk 
factors, aiming to optimize care for this patient 
population.

Nonstandard Abbreviations and Acronyms

MACE	 major adverse cardiovascular events
MINOCA	 myocardial infarction with 

nonobstructive coronary arteries
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mortality and in-hospital MACE, and long-term out-
comes included all-cause mortality, MACE, stroke, and 
MI. Two authors (J.E.C. and K.M.) independently as-
sessed the quality and risk of bias of the included stud-
ies using the Newcastle-Ottawa Scale for observational 
studies and the certainty of evidence for each outcome 
using the Grading of Recommendations Assessment, 
Development, and Evaluation approach. Any discrep-
ancies were resolved by a third author (S.P.A.).

Statistical Analysis
Patients’ demographics, comorbidities, and clinical 
characteristics were summarized using descriptive 
statistics. For binary data, frequencies or percent-
ages were used, while continuous data were pre-
sented as either median with interquartile range or 
mean±SD, where appropriate. The primary and sec-
ondary outcomes were analyzed quantitatively using 
the random-effects model with the Hartung–Knapp–
Sidik–Jonkman method, to account for variations be-
tween studies.17–19 The results were presented as odds 
ratios (OR) with a 95% CI. Outcomes with a 2-tailed 
P value <0.05 were statistically significant. Sensitivity 
analyses were conducted using 2 approaches. Initially, 
we employed the leave-one-out method, recalculating 
the pooled effect sizes by sequentially excluding each 
study. Additionally, Firth’s bias-reduced logistic regres-
sion was used for studies with zero or fewer than 5 
events in either arm. Subsequently, a conventional 
meta-analysis was performed using a fixed-effects 
model.

Subgroup analyses were conducted based on age 
(<60 versus ≥60 years), follow-up duration (<3 versus 
≥3 years), study methodology (prospective versus ret-
rospective), and data source (single center versus mul-
ticenter or registry based). The study’s heterogeneity 
was evaluated using the Higgins I2 model, with I2 val-
ues of 75% or higher indicating high heterogeneity.20 
Publication bias was assessed using funnel plots. All 
statistical analyses were done using STATA v17 soft-
ware (College Station, TX).

RESULTS
Baseline Characteristics of Studies and 
Patients
Our systematic electronic search retrieved 4751 stud-
ies, with 1249 studies electronically identified as dupli-
cates. After the initial screening of titles and abstracts, 
89 studies were selected for full-text screening. 
Finally, a total of 9 studies, involving 30 281 patients 
with MINOCA (comprising 18 079 women and 12 202 
men), were incorporated into this study.12–15,21–25 Of 
these, 6 studies13,15,21,22,24,25 adopted a prospective 

methodology, whereas 3 were retrospective in de-
sign.12,14,23 In terms of data sources, 4 studies were 
based on single-center data, and the remaining 5 used 
multicenter or registry-based data. Details of screening 
of literature are depicted in Figure S1.

In the pooled cohort of patients with MINOCA, a 
predominance of women was observed, constituting 
59.5% of the cohort. The female patients were, on av-
erage, older with a mean age of 64 years compared 
with 55 years for male patients (P<0.01). Additionally, 
women had a higher prevalence of certain comorbid-
ities, including hypertension (66% in women versus 
56% in men, P<0.01), diabetes (20% in women ver-
sus 18% in men, P<0.01), and a history of heart fail-
ure (8.3% in women versus 7.4% in men, P=0.02). 
Conversely, smoking was more prevalent among men 
(22% in women versus 36% in men, P<0.01). Clinically, 
the presentation of ST-segment–elevation MI was less 
common in women (14% in women versus 24% in men, 
P<0.01). Furthermore, aggregate data from 5 studies 
indicated that, upon discharge, women diagnosed 
with MINOCA were less frequently prescribed statins, 
angiotensin-converting enzyme inhibitors (ACEI)/an-
giotensin receptor blockers (ARB), and beta blockers 
but were more likely to receive aspirin in comparison 
to their male counterparts. Details of characteristics of 
studies and patients are summarized in Table 1.

Quality Assessment and Certainty of Evidence

The methodological quality of the studies included 
in the analysis was assessed using the Newcastle-
Ottawa Scale. The results were quantified by assigning 
stars, which were then translated into the Agency for 
Healthcare Research and Quality standards as “good,” 
“fair,” or “poor” (Table  S3). The quality scores of the 
studies ranged from 6 to 8 stars. Of these, 5 studies 
were rated as “good” and 4 as “fair.” The certainty of 
evidence for each outcome varied from moderate to 
low and is detailed in Table S4.

Meta-Analysis of Outcomes
The median duration of follow-up was 3.5 years, with 
an interquartile range of 2.2 to 4.2 years. Six studies 
reported data on all-cause mortality, with a higher 
crude rate of all-cause mortality observed in women 
compared with men (11.3% versus 9.7%, respec-
tively).12,13,15,23–25 Results of meta-analysis showed that 
there was no statistically significant difference between 
women and men in all-cause mortality (OR, 1.03 [95% 
CI, 0.87–1.22]) (Figure  1A). The CI indicates that the 
data are compatible with women having a 13% lower 
risk to a 22% higher risk of all-cause mortality com-
pared with men. The low heterogeneity (I2=12.48%) 
and overlapping CIs suggest that the differences in 



J Am Heart Assoc. 2024;13:e035329. DOI: 10.1161/JAHA.124.035329� 4

Ang et al� Microbiome and Metabolism in Atherosclerosis

Ta
b

le
. 

B
as

el
in

e 
S

tu
d

y 
C

h
a

ra
c

te
ri

st
ic

s,
 P

at
ie

n
ts

’ D
em

o
g

ra
p

h
ic

s,
 C

o
m

o
rb

id
it

ie
s,

 C
lin

ic
a

l P
re

se
n

ta
ti

o
n

, a
n

d
 D

is
c

h
a

rg
e 

M
e

d
ic

at
io

n
s

S
tu

d
y

Y
ea

r
D

es
ig

n
S

ex
S

am
p

le
 

si
ze

To
ta

l
A

g
e,

 y
H

yp
er

te
n

si
o

n
D

ia
b

et
es

H
ea

rt
 

fa
ilu

re
P

ri
o

r 
M

I

P
er

ip
h

er
al

 
ar

te
ri

al
 

d
is

ea
se

S
m

o
ki

n
g

S
tr

o
ke

S
T-


se

g
m

en
t–

el
ev

at
io

n 
M

I 
p

re
se

n
ta

ti
o

n
S

ta
ti

n

A
n

g
io

te
n

si
n

-
co

nv
er

ti
n

g
 

en
zy

m
e 

in
h

ib
it

o
rs

/
an

g
io

te
n

si
n 

re
ce

p
to

r 
b

lo
ck

er
s

B
et

a 
b

lo
ck

er
A

sp
ir

in

Ju
ng

 e
l a

l.21
20

20
P

ro
sp

ec
tiv

e
M

en
34

6
64

5
60

.1
±1

2
56

.4
19

.6
5

1.
73

5.
49

1.
16

23
.7

0
N

/A
12

.4
3

68
.2

1
41

.3
3

28
.3

2
67

.9
2

W
om

en
29

9
64

.4
±1

2
55

.5
17

.0
6

2.
68

2.
34

2.
34

19
.0

6
N

/A
5.

69
66

.2
2

35
.1

2
20

.4
0

68
.2

3

G
ao

 e
t a

l.15
20

21
P

ro
sp

ec
tiv

e
M

en
86

7
11

79
54

.1
±1

1.
7

50
.6

14
.1

9
N

/A
5.

54
N

/A
53

.2
9

N
/A

43
.7

1
95

.8
5

65
.8

6
72

.9
0

N
/A

W
om

en
31

2
58

.8
±1

0.
3

61
.2

20
.5

1
N

/A
3.

21
N

/A
6.

73
N

/A
30

.7
7

95
.8

3
60

.2
6

73
.0

8
N

/A

M
oh

am
m

ed
 

et
 a

l.22

20
22

P
ro

sp
ec

tiv
e

M
en

13
2

25
9

58
.8

±1
0.

3
43

.9
13

.6
4

3.
79

N
/A

6.
82

63
.6

4
9.

85
48

.4
8

73
.8

5
42

.3
1

50
.7

7
66

.1
5

W
om

en
12

7
67

.8
±1

1.
5

54
.3

13
.3

9
0.

79
N

/A
11

.8
1

15
.7

5
17

.3
2

31
.5

0
79

.2
0

46
.4

0
48

.0
0

50
.4

0

S
m

ilo
w

itz
 

et
 a

l.14

20
17

R
et

ro
sp

ec
tiv

e
M

en
71

55
18

 9
18

54
±1

4.
82

59
.4

18
.6

7
8.

25
6.

93
3.

20
36

.0
0

4.
93

22
.2

6
N

/A
N

/A
N

/A
N

/A

W
om

en
11

 7
63

63
.3

±1
5.

57
68

.9
21

.1
5

8.
79

7.
90

3.
79

22
.7

7
5.

42
13

.7
0

N
/A

N
/A

N
/A

N
/A

Ję
d

ry
ch

ow
sk

a 
et

 a
l.23

20
19

R
et

ro
sp

ec
tiv

e
M

en
56

13
4

66
.6

±1
3.

7
23

.2
19

.6
4

N
/A

12
.5

0
N

/A
33

.9
3

1.
79

N
/A

N
/A

N
/A

N
/A

N
/A

W
om

en
78

54
.5

±1
7.

4
42

.3
23

.0
8

N
/A

16
.6

7
N

/A
21

.7
9

8.
97

N
/A

N
/A

N
/A

N
/A

N
/A

E
gg

er
s 

et
 a

l.12
20

18
R

et
ro

sp
ec

tiv
e

M
en

26
77

72
66

O
ve

ra
ll 

66
 

(5
8

–7
4)

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

W
om

en
45

89
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A

La
w

le
ss

 e
t a

l.24
20

23
P

ro
sp

ec
tiv

e
M

en
79

5
14

39
64

±1
4.

6
38

.7
15

.4
7

2.
52

17
.9

9
6.

04
14

.7
2

3.
40

18
.3

6
51

.7
0

47
.4

2
47

.9
2

39
.7

5

W
om

en
64

4
69

±1
2.

9
38

.2
12

.8
9

2.
48

10
.4

0
4.

50
11

.3
4

1.
86

14
.1

3
48

.9
1

48
.6

0
45

.0
3

32
.9

2

C
an

to
n 

et
 a

l.13
20

23
P

ro
sp

ec
tiv

e
M

en
87

25
5

57
.7

±1
4.

6
59

.8
6.

90
N

/A
N

/A
2.

30
55

.1
7

4.
60

14
.9

4
73

.5
6

56
.3

2
72

.4
1

75
.8

6

W
om

en
16

8
69

.5
±1

2.
6

70
.2

11
.9

0
N

/A
N

/A
2.

38
34

.5
2

7.
74

11
.3

1
72

.6
2

66
.0

7
76

.1
9

75
.6

0

W
ill

ia
m

s 
et

 a
l.25

20
23

P
ro

sp
ec

tiv
e

M
en

87
18

6
58

±1
1

27
.2

14
.8

1
N

/A
8.

75
N

/A
22

.0
8

N
/A

18
.1

8
N

/A
N

/A
N

/A
N

/A

W
om

en
99

63
±1

2
27

.2
6.

59
N

/A
5.

43
N

/A
18

.6
8

N
/A

23
.8

1
N

/A
N

/A
N

/A
N

/A

S
um

m
ar

y
M

en
12

 2
02

30
 2

81
55

.2
7±

14
.6

8
56

.0
17

.8
7.

37
7.

67
3.

43
35

.7
9

4.
84

23
.8

8
73

.6
2

53
.7

0
55

.7
3

51
.7

9

W
om

en
18

 0
79

63
.5

6±
15

.2
9

66
.4

20
.4

8.
25

7.
72

3.
85

21
.8

2
5.

41
14

.1
9

66
.7

5
50

.0
6

49
.5

5
49

.0
3

P
 v

al
ue

<
0.

01
<

0.
01

<
0.

01
0.

02
0.

91
0.

11
<

0.
01

0.
07

<
0.

01
<

0.
01

<
0.

01
<

0.
01

<
0.

01

C
at

eg
or

ic
al

 v
ar

ia
b

le
s 

ar
e 

p
re

se
nt

ed
 a

s 
p

er
ce

nt
ag

es
 (%

). 
C

on
tin

uo
us

 v
ar

ia
b

le
s 

ar
e 

p
re

se
nt

ed
 a

s 
m

ea
n±

S
D

. M
I i

nd
ic

at
es

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n.
*M

uh
am

m
ad

 e
t a

l22
 r

ep
or

te
d 

m
is

si
ng

/u
na

va
ila

b
le

 d
at

a 
at

 ti
m

e 
of

 d
is

ch
ar

ge
 (2

 m
en

, 2
 w

om
en

) a
nd

 d
ur

in
g 

fo
llo

w
-u

p 
(1

0 
m

en
, 8

 w
om

en
).



J Am Heart Assoc. 2024;13:e035329. DOI: 10.1161/JAHA.124.035329� 5

Ang et al� Microbiome and Metabolism in Atherosclerosis

effect sizes are not practically relevant, and the over-
all effect is consistent across studies. The crude rate 
of MACE was higher in women compared with men 
(5.3% versus 4.0%, respectively). The pooled analysis 
of 5 studies showed that women are associated with 

an 18% excess risk of MACE compared with men (OR, 
1.18 [95% CI, 0.89–1.58]; Figure 1B).12,13,15,22,23 The CI 
indicates that the data are compatible with women 
having an 11% lower risk to a 58% higher risk of MACE 
compared with men. The moderate heterogeneity 

Figure 1.  Forest plots of long-term outcomes including (A) all-cause mortality,12,13,15,23–25 (B) major 
adverse cardiovascular events,12,13,15,22,23 and (C) heart failure.12,13,22
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(I2=53.2%) reflects variability in effect sizes, but the 
overall pooled estimate suggests no statistically signifi-
cant difference in MACE risk between sexes. Data on 
heart failure were derived from 3 studies, with women 
having a higher crude rate of heart failure compared 
with men (4.9% versus 4.7%, respectively).12,13,22 The 
pooled analysis of 3 studies suggested that women 
have a 32% higher risk of heart failure compared with 
men, but results did not reach statistically significance 
(OR, 1.32 [95% CI, 0.57–3.03]; Figure 1C). The CI indi-
cates that the data are compatible with women having 
a 43% lower risk to more than 3 times the risk of heart 
failure compared with men. Moderate heterogeneity 
(I2=43.17%) indicates variability in effect sizes, but the 
overall pooled estimate suggests no statistically signifi-
cant difference in the risk of heart failure between the 
2 sexes.

The pooled effect size for stroke and MI was de-
rived from 5 studies,  respectively.12,13,15,22,23 Women 
had a higher crude rate of stroke compared with men 
(3.6% versus 2.4%, respectively). Results of the meta-
analysis showed that female sex was associated with 

a 13% excess in risk of stroke compared with men, but 
the results did not reach statistical significance (OR, 
1.13 [95% CI, 0.56–2.26]; P=0.74) (Figure 2A). The CI 
indicates that the data are compatible with women 
having a 44% lower risk (OR, 0.56) to more than twice 
the risk (OR, 2.26) of stroke compared with men. Low 
heterogeneity is observed across studies (I2=26.95%), 
indicating variability in effect sizes. The overlapping 
CIs suggest that the differences in effect sizes are not 
practically relevant. Although women had a slightly nu-
merically higher crude rate of MI compared with men 
(5.2% versus 5.0%, respectively), we observed no sig-
nificant difference between women and men in the risk 
of MI between the 2 sexes (OR, 1.04 [95% CI, 0.29–
3.76]; P=0.96) (Figure  2B). The CI indicates that the 
data are compatible with women having a 71% lower 
risk to more than 3 times the risk of MI compared with 
men. However, the heterogeneity is high (I2=86.2%), 
indicating significant differences in the effect sizes 
between studies. Despite this high heterogeneity, the 
pooled estimate suggests no significant difference in 
MI risk between sexes.

Figure 2.  Forest plots of long-term outcomes including (A) stroke12,13,15,22,23 and (B) myocardial 
infarction.12,13,15,22,23
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Regarding short-term outcomes, 3 studies re-
ported data on in-hospital mortality14,21,24 and 2 stud-
ies reported on in-hospital MACE.14,21 Women had a 
slightly lower numerically crude rate of in-hospital mor-
tality compared with men (1.1% versus 1.2%). Results 
of meta-analysis suggested no statistically significant 
difference in the risk of in-hospital mortality between 
women and men (OR, 0.90 [95% CI, 0.64–1.28]; P=0.58; 
Figure 3A). The heterogeneity across the studies is low 
(I2=10.11%), indicating that most of the variability in the 
effect size is due to chance rather than actual differ-
ences between studies. Furthermore, the crude rate of 
in-hospital MACE was higher in women compared with 
men (5.3% versus 4.0%, respectively). Results of meta-
analysis suggested women had a 33% increased risk of 
in-hospital MACE compared with men, and the results 
are statistically significant (OR, 1.33 [95% CI, 1.16–1.53]; 
Figure 3B). The CI indicates that the increased risk of 
in-hospital MACE ranged from 16% to 53% in women 
compared with men. There is low heterogeneity across 
the studies (I2=3.25%), with both studies showing higher 
risk of in-hospital MACE in women.

Subgroup and Sensitivity Analyses
Subgroup analyses were undertaken to evaluate all-
cause mortality, MACE, and MI based on various 

criteria: age, follow-up duration, study methodology, 
and data source as specified in methods. When strati-
fied by follow-up duration, the risk of all-cause mortal-
ity, MACE, and MI were found to be consistent with 
primary analyses, with no statistically significant differ-
ence between both groups (Figures S2–S5). A similar 
consistency in risk was observed when analyses were 
stratified by study design (Figures  S6–S9) and data 
source (Figures S10–S13), indicating that both sexes 
exhibited no significant difference in the risks for all-
cause mortality, MACE, and MI, with no significant 
subgroup differences (P>0.05).

Sensitivity analyses were conducted for outcomes 
such as all-cause mortality, MACE, heart failure, MI, 
and stroke. By omitting 1 study sequentially, the out-
comes were consistent with the primary analysis, 
demonstrating no notable differences in all-cause 
mortality, MACE, heart failure, and MI between female 
and male patients (Figures S14–S18). In addition, we 
implemented Firth’s bias-reduced logistic regression 
for small studies and conducted a secondary analy-
sis using fixed effects model. The sensitivity analysis 
revealed no statistically significant difference between 
women and men regarding the risk of all-cause mor-
tality, MACE, heart failure, MI, in-hospital mortality, and 
in-hospital MACE (Figures S19–S24). However, when 
using a fixed-effects model for the meta-analysis, 

Figure 3.  Forest plots of short-term outcomes including (A) in-hospital mortality14,21,24 and (B) 
in-hospital major adverse cardiovascular events.14,21
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women had a higher risk of stroke compared with men 
(OR, 1.32 [95% CI, 1.02–1.69]) (Figure  S25). It is im-
portant to note that this effect size is predominantly 
influenced by 1 study (Eggers et al),12 which accounted 
for >90% of the weight in the analysis.

Publication Bias
Visualization of funnel plots showed that there was 
minimal asymmetry for all-cause mortality, MACE, 
heart failure, and MI, suggesting the absence of publi-
cation bias (Figures S26–S30).

DISCUSSION
In the present systematic review and meta-analysis, 
we observed that there was no significant sex differ-
ence in the long-term outcomes, including all-cause 
mortality, MACE, stroke, and MI in patients diagnosed 
with MINOCA. These results remained consistent and 
unaltered after sensitivity analysis and subgroup anal-
yses based on age, follow-up period, study design, 
and data source, confirming robustness of results. 
Lastly, there was no significant difference in terms of 
in-hospital mortality between both groups of patients.

In the contemporary era, sex-specific differences 
in the manifestations and outcomes of cardiovascu-
lar diseases are increasingly recognized, owing to in-
creased awareness. Compared with men, women with 
coronary artery disease tend to present later and with 
a much larger burden of comorbidities.26–32 They are 
also less likely to be referred or treated with guideline-
directed medical therapy.27,32–36 However, data with 
regard to mortality after acute coronary syndrome 
remain controversial, with some studies suggesting 
higher risk among women34,37 and others showing 
similar outcomes.36,38,39

The current study expanded on the findings of 
a recent meta-analysis of 7 observational studies. 
Specifically, Chaudhary et  al investigated the sex-
specific clinical outcomes in patients with MINOCA 
and observed that women had a significantly higher 
incidence of MACE and stroke compared with men 
whereas there was no significant difference in all-cause 
mortality, nonfatal MI, and cardiovascular readmission 
between women and men.40 Of note, whether these 
outcomes would differ based on time of assessment 
of outcomes or follow-up period was not examined. 
The included studies, specifically by Jung et  al and 
Smilowitz et  al, evaluated the in-hospital outcomes 
whereas the remainder of the studies evaluated the 
mid- and long-term outcomes in these patients. To fur-
ther clarify the question, we separated in-hospital and 
long-term periods and found that over the in-hospital 
period, women continued to have a significantly higher 
risk of MACE compared with men. However, over the 

follow-up period, the difference in the risk of MACE at-
tenuated and was nonsignificant between both groups 
of patients. The results of the stroke analysis also var-
ied between the 2 methodological approaches. In our 
primary analysis using a random-effects model, we 
found no statistically significant difference in stroke 
risk between sexes. Conversely, our secondary anal-
ysis using a fixed-effects model indicated a higher risk 
of stroke in women, consistent with the findings of 
Chaudhary et al. It is important to note that the fixed-
effects results were heavily influenced by a single study. 
Given the heterogeneity in patient populations and 
the variability in the inclusion criteria for patients with 
MINOCA, we believe that a random-effects model may 
be more appropriate for this analysis. To refine these 
findings, more studies with precise, longitudinal data 
will be needed to better account for variability and en-
sure robust conclusions. Consistent with prior studies 
comparing MINOCA and MI-coronary artery disease, 
we found that there was no sex difference in terms of 
mortality in patients with MINOCA either in hospital or 
long term and that the higher risk of post-MI mortality 
among women compared with men was restricted to 
the MI-coronary artery disease group.

An interesting observation was that despite the rel-
ative disparities in terms of prescription medications at 
discharge, with women receiving relatively less frequent 
statins, beta blockers, and ACEIs/ARBs compared with 
men, the long-term outcomes including all-cause mor-
tality, MACE, and MI appeared to be similar between 
both sexes. This may be related to the prevalence of 
nonatherosclerotic underlying causes of MINOCA. In a 
multicenter registry-based retrospective study, Ciliberti 
et al observed that the use of beta blockers was asso-
ciated with a significant reduction in the incidence of 
a composite outcome of all-cause mortality, acute MI, 
acute coronary syndrome, heart failure hospitalization, 
or stroke.41 However, no significant difference in the 
composite outcome was observed in those who were 
taking statins or ACEIs/ARBs. Choo et al, on the other 
hand, examined several prognostic factors and their 
association with mortality in patients with MINOCA 
using a nationwide registry and concluded that the 
use of ACEIs/ARBs and statins was related to reduced 
mortality in patients with MINOCA.42 Importantly, the 
use of cardiac magnetic resonance or other nonin-
vasive imaging techniques to evaluate the underlying 
cause of MINOCA was limited in these studies. The 
ongoing multicenter pragmatic randomized controlled 
trial, MINOCA BAT (Randomized Evaluation of β-
Blocker and ACEI/ARB Treatment in MINOCA Patients; 
Clini​calTr​ials.​gov Identifier: NCT03686696) study will 
provide additional insights on the effects of these rou-
tinely used cardioprotective medications in patients 
with MINOCA.43

http://clinicaltrials.gov/
https://clinicaltrials.gov/study/NCT03686696
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Strengths and Limitations
Our study derives its strength from being the most 
comprehensive and updated meta-analysis thus far, 
notably with the inclusion of 3 additional studies pub-
lished in 2023. Several limitations should be taken into 
consideration upon interpretation of the study. First, 
the majority of included studies were observational in 
nature, thus the risk of confounding bias could not be 
ruled out. The distribution of weight was notably un-
even in outcomes such as long-term MACE and all-
cause mortality. However, after excluding the study 
with the largest weight, these outcomes remained con-
sistent with primary analyses, proving the robustness 
of results. In addition, the definition of MINOCA varied 
slightly across included studies. Particularly, 4 stud-
ies did not include the underlying causes of MINOCA, 
hence the potential of the inclusion of nonischemic 
causes such myocarditis and Takotsubo syndrome 
could not be entirely excluded (Table S5).

CONCLUSIONS
Our study suggests that there was no significant dif-
ference in the long-term outcomes for patients with 
MINOCA across sexes, suggesting that sex by itself 
may not be associated with long-term prognosis in pa-
tients with MINOCA. The observed increased risk of in-
hospital MACE in women calls for additional research 
to identify specific risk factors contributing to this dis-
parity. Understanding these risk factors is essential for 
developing targeted strategies to improve short-term 
outcomes in these patients.
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