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AbstrACt
Objective Previous studies have reported sex differences 
in associations between diabetes mellitus (DM) and the 
risk of developing coronary heart disease (CHD) and 
stroke; however, the risk for cardiac death and all-cause 
mortality in women compared with men has not been 
reported. Therefore, this quantitative meta-analysis was 
performed to provide reliable estimates of sex differences 
in the effect of DM on major cardiovascular outcomes and 
all-cause mortality, irrespective of DM type.
Design Meta-analysis.
Data sources The PubMed, Embase and the Cochrane 
Library databases were systematically searched in April 
2018.
Eligibility criteria Investigations designed as 
prospective cohort studies that examined the association 
between DM and major cardiovascular outcomes and 
all-cause mortality stratified according to sex were 
included.
Data extraction and synthesis Data extraction and 
quality assessment were independently performed by 2 
of the authors, and the relative risk ratio (RRR) obtained 
using a random effects model was used to measure 
sex differences in the associations of DM with major 
cardiovascular outcomes and all-cause mortality.
results Thirty prospective cohort studies that reported 
data from 1 148 188 individuals were included. The 
pooled women-to-men RRR suggested that female sex 
was associated with an increased risk for CHD (RRR 
1.52(95% CI 1.32 to 1.76); p<0.001), stroke (RRR 
1.23(95% CI 1.09 to 1.39); p=0.001), cardiac death 
(RRR 1.49(95% CI 1.11 to 2.00); p=0.009) and all-cause 
mortality (RRR 1.51(95% CI 1.23 to 1.85); p<0.001). In 
addition, sex differences for the investigated outcomes 
in the comparison between DM and non-DM patients 
were variable after stratification of studies according 
to publication year, country, sample size, assessment 
of DM, follow-up duration, adjustment for important 
cardiovascular risk factors and study quality.
Conclusions Findings of the present study suggested 
that women with DM had an extremely high risk for CHD, 
stroke, cardiac death and all-cause mortality compared 
with men with DM.

IntrODuCtIOn
Cardiovascular disease (CVD) remains the 
leading cause of morbidity and mortality 
worldwide and accounts for 10.3% of the 
global disease burden, with a mortality 
rate of approximately 30% at the first CVD 
event.1 2 Numerous studies have illustrated 
the risk for CVD and related factors in various 
populations.3–7 It has been established that 
the morbidity and mortality of CVD risk 
are significantly increased in patients with 
diabetes mellitus (DM).8–11 Furthermore, 
DM is an independent risk factor for CVD, 
all-cause mortality, blindness, kidney failure, 
amputation, fracture, frailty, depression, and 
cognitive decline,12 thus emphasising the 
need to monitor high risk for CVD in patients 
with DM.

Sex differences in the effect of DM on the 
excess risk for coronary heart disease (CHD) 

strengths and limitations of this study

 ► Published studies with large sample sizes were in-
cluded in the analysis, and findings of the present 
study were more robust than those of any individual 
study.

 ► All included studies were prospectively designed 
and population based, which mitigated, if not elimi-
nated, the possibility of uncontrolled biases.

 ► Large studies with a diverse range of patient char-
acteristics support the generalisability of the results 
because the populations included were distributed 
globally.

 ► Stratified results of sex differences between DM and 
major cardiovascular outcomes and all-cause mor-
tality were calculated based on the study or patient 
characteristics.

 ► Heterogeneity of the included studies was resolved 
using multiple methods, and no publication bias was 
found, thus supporting the robustness of the pooled 
results.

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-024935 on 17 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-024935&domain=pdf&date_stamp=2019-07-17
http://bmjopen.bmj.com/


2 Wang H, et al. BMJ Open 2019;9:e024935. doi:10.1136/bmjopen-2018-024935

Open access 

and stroke have been reported and vary based on several 
other risk factors.13 14 These two large-scale quantitative 
meta-analyses reported that women with DM have a 44% 
and 27% greater risk for CHD and stroke, respectively. 
Although the mechanism of action remains unclear, the 
exposure effects may be influenced by non-DM women 
with persistently healthy lifestyles and are well controlled 
by other important cardiovascular risk factors.15 However, 
to our knowledge, several other important outcomes, 
including cardiac death and all-cause mortality, have not 
been examined in previous studies.

Although previous meta-analyses have illustrated sex 
differences in the association between DM and CHD and 
stroke risk, the current study is the first meta-analysis to 
quantify potential sex differences in cardiac death and 
all-cause mortality. Clarifying sex differences in DM and 
major cardiovascular outcomes and all-cause mortality is 
particularly important to identify high-risk populations 
for the development of major cardiovascular outcomes 
and all-cause mortality, given that it has not been defini-
tively determined. Therefore, we performed a large-scale 
examination of available prospective cohort studies that 
examined sex-specific effects of DM on the subsequent 
risk for CHD, stroke, cardiac death and all-cause mortality 
to determine sex differences in DM regarding major 
cardiovascular outcomes and all-cause mortality.

MAtErIAl AnD MEthODs
Data sources, search strategy and selection criteria
This study was conducted and is reported according to 
the meta-analysis of observational studies in epidemi-
ology protocol.16 Studies with a prospective cohort design 
that analysed the associations between DM and CHD, 
stroke, cardiac death and all-cause mortality risk and were 
published in the English language were potentially eligible 
for inclusion in this meta-analysis. There were no restric-
tions on the publication status of the studies considered. 
Three electronic databases (PubMed, Embase and the 
Cochrane Library) were searched for studies published 
from inception to April 2018 using the following search 
terms: (‘diabetes mellitus’ OR ‘diabetes’) AND (‘Coro-
nary Disease’ OR ‘Coronary Artery Disease’ OR ‘Myocar-
dial Ischemia’ OR ‘stroke’ OR ‘death’ OR ‘mortality’) 
AND (‘men’ OR ‘male’) AND (‘women’ OR ‘female’) 
AND (‘Cohort Studies’ OR ‘Prospective Studies’) AND 
‘human’ AND ‘English’. The details of the strategy used 
to search PubMed are presented in online supplemen-
tary file 1. Additional eligible studies were identified by 
manual searches of the reference lists in the relevant 
original and review articles. The study title, design, expo-
sure, control and outcomes of varying effects in men and 
women in these studies were separately considered in 
selecting relevant studies.

The literature search and study selection were 
performed independently by two reviewers; any disagree-
ment between these reviewers was resolved by including 
the corresponding author in the discussion until consensus 

was reached. The inclusion criteria were as follows: 
design: prospective cohort design; exposure and control: 
DM (irrespective of DM type) and non-DM; outcomes: 
CHD, stroke, cardiac death and all-cause mortality; and 
effect estimate: the relationship between DM and CHD, 
stroke, cardiac death, and all-cause mortality in men 
and women were reported separately. Studies examining 
single-sex populations, those with retrospective observa-
tional designs and reported with standard incidence/
mortality ratio were excluded.

Data collection and quality assessment
Two independent reviewers performed data collection 
and quality assessment, and any inconsistencies was 
adjudicated by referring to the original studies. The 
collected data included the first author or study group’s 
name, publication year, country, sample size, age range, 
percentage of women, number of DM subjects, assess-
ment of DM, follow-up duration, adjusted factors and 
investigated outcomes. The effect estimate was selected 
and maximally adjusted for confounders if the study 
reported several multivariable adjusted effect estimates. 
Quality assessment was performed using the Newcas-
tle-Ottawa Scale, which is based on selection (four items), 
comparability (one item) and outcome (three items).17 A 
‘star system’ (range: 0–9) was used to evaluate individual 
study quality.

statistical analysis
Sex differences in the relationship between DM and 
CHD, stroke, cardiac death or all-cause mortality risk 
were based on the sex-specific effect estimate and corre-
sponding 95% CI of each individual study. Given the low 
prevalence of CHD, stroke, cardiac death or all-cause 
mortality, ORs could be assumed to be accurate estimates 
of RR. Furthermore, HR was regarded to be equivalent 
to Relative Risk (RR) in studies with a cohort design. The 
summary RRs and 95% CIs for DM versus non-DM and the 
risk for CHD, stroke, cardiac death and all-cause mortality 
in men and women were calculated separately using a 
random-effects model, and the STATA commands were 
metan lnrr lnrrl lnrru, eform random xlab (0.3, 0.5, 1.0, 
2.0) effect (RR) label (namevar=study).18 19 The female-
to-male ratio of RRs (ie, relative risk ratio (RRR)) and 
95% CI in each study for CHD, stroke, cardiac death or 
all-cause mortality were then calculated based on sex-spe-
cific RRs and 95% CIs.14 15 20 Finally, the summary RRR 
and 95% CIs for sex differences in DM versus non-DM 
and CHD, stroke, cardiac death or all-cause mortality risk 
were calculated using a random-effects model.18 19

The I2 and Q statistics were used to evaluate heteroge-
neity among the included studies; those with p<0.10 were 
considered to demonstrate significant heterogeneity.21 22 
A sensitivity analysis was then conducted to evaluate the 
impact of individual studies on the overall estimates 
by excluding each study sequentially.23 Subsequently, 
subgroup analyses for sex differences in DM on CHD, 
stroke, cardiac death or all-cause mortality risk were 
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calculated based on the following: publication year (2010 
or after, and before 2010); country (Eastern or Western 
countries); sample size (≥10 000 and <10 000); assessment 
of DM (self-reported, measured or both); follow-up dura-
tion (≥10 and <10 years); adjustment for other cardiovas-
cular risk factors (yes or no); and study quality (high vs 
low). Finally, publication biases for investigated outcomes 
were assessed using funnel plots, the Egger test and the 
Begg test.24 25 Two-sided p values with a significance level 
of 0.05 were used in the pooled analyses. Statistical anal-
yses were performed using STATA software V.10.0.

Patient and public involvement
No patients were involved in the development of the 
research question, outcome measures, design, study 
implementation, dissemination of the results of the 
research to the study participants or interpretation of the 
results.

rEsults
literature search
The study selection process is shown in online supplemen-
tary file 2. A total of 13 471 articles were identified in the 
initial electronic search, of which 12 745 were excluded 
due to duplicates and irrelevant topics. The abstracts of 
the remaining 726 articles were assessed, and 633 were 
excluded due to having a design other than prospec-
tive cohort and reported cardiovascular risk factors as 
outcomes. The full text was retrieved for the remaining 93 
articles to identify potential studies that may be included. 
Thirty prospective cohort studies fulfilled the inclusion 
criteria and were ultimately included in the meta-anal-
ysis.26–55 There was no additional eligible studies after a 
manual search of the reference lists of these studies.

study characteristics
A total of 30 studies, which included 75 cohorts, 1 148 188 
individuals and 52 715 DM patients were included. Table 1 
summarises the baseline characteristics of the included 
studies. The follow-up period was 5.0–30.0 years, while 
787–436 832 individuals were included in each study. 
Forty-one cohorts were from countries in the Western 
countries, and the remaining 34 from the Eastern coun-
tries. The percentage of women ranged from 33.0% to 
63.0%. Nine studies used self-reported methods to assess 
DM, 16 studies used medical methods and the remaining 
5 used both self-reported and medical methods. Overall, 9 
studies had a Newcastle-Ottawa Scale score of 8, 12 studies 
had a score of 7 and the remaining 9 studies had a score 
of 6 (online supplementary file 3).

Coronary heart disease
Twenty studies reported sex differences in the associa-
tion between DM and subsequent CHD risk. Summaries 
of the results in men and women are shown separately 
in online supplementary file 4. The results indicated that 
DM was associated with an increased risk for CHD risk 

in both men and women. Furthermore, the pooled RRR 
(female to male) of DM versus non-DM and the risk for 
CHD was 1.52 (95% CI 1.32 to 1.76; p<0.001) (figure 1A). 
Although the difference was statistically significant, 
there was significant heterogeneity among the studies 
(I2=36.1%; p=0.044). Results of the sensitivity analysis 
were not affected after sequential exclusion of each study 
from the pooled analyses (online supplementary file 5). 
The results of subgroup analyses were consistent with the 
overall analysis in most subsets, except for follow-up dura-
tion <10.0 years (table 2).

stroke
Twenty studies reported sex differences in the association 
between DM and subsequent risk for stroke. The pooled 
results in men and women with DM were statistically 
significant (online supplementary file 4). The pooled 
RRR (female to male) suggested that women with DM had 
an increased risk for stroke compared with men with DM 
(RRR 1.23 (95% CI 1.09 to 1.39); p=0.001) (figure 1B), 
and no evidence of heterogeneity was observed (I2=0.0%; 
p=0.568). Sensitivity analysis indicated that the conclu-
sion was not affected by sequential exclusion of each 
study from the pooled analyses (online supplementary 
file 5). Subgroup analysis indicated no sex differences in 
the relationship between DM and stroke risk for pooled 
studies published in 2010 or after, conducted in the 
Eastern hemisphere, sample sizes <10 000, those that used 
both self-reported and measured parameters, duration of 
follow-up <10.0 years, no adjustments for other cardiovas-
cular risk factors and those of low quality (table 3).

Cardiac death
Ten cohort studies reported sex differences in the associ-
ation between DM and subsequent risk for cardiac death. 
DM was associated with a greater risk for cardiac death 
in men and women independently (online supplemen-
tary file 4). The pooled RRR (female to male) of DM 
versus non-DM for risk for cardiac death was 1.49 (95% 
CI 1.11 to 2.00; p=0.009) (figure 2A), which was a statisti-
cally significant difference; furthermore, non-significant 
heterogeneity was detected (I2=31.9%; p=0.153). Results 
of the sensitivity analysis were altered after excluding the 
Kuopio and North Karelia studies (online supplementary 
file 5). Subgroup analysis indicated significant sex differ-
ences in DM in cardiac death if the study was published 
before 2010, was conducted in the Western hemisphere, 
had a sample size ≥10 000, used medical measures to 
assess DM, had a follow-up duration ≥10.0 years, was 
adjusted for other cardiovascular risk factors and was of 
high quality (table 4).

All-cause mortality
Seven cohort studies reported sex differences in the asso-
ciation between DM and subsequent all-cause mortality 
risk. Results indicated that DM was associated with a 
higher risk for all-cause mortality in men and women 
independently (online supplementary file 4). The pooled 
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female-to-male RRR indicated significant sex differences 
for risk for all-cause mortality between participants with 
DM and those without DM (RRR 1.51 (95% CI 1.23 to 
1.85); p<0.001) (figure 2B), with moderate heterogeneity 
among the included studies (I2=38.2%; p=0.138). Sensi-
tivity analysis revealed that the conclusion was not affected 
by the exclusion of any specific study (online supplemen-
tary file 5). Subgroup analyses indicated no sex difference 
if the study was conducted in the Eastern hemisphere, 
with a sample size <10 000, used medical measure to assess 
DM, was not adjusted for other cardiovascular risk factors 
and was of low quality (table 5).

Publication bias
A review of the funnel plots could not rule out the poten-
tial for publication bias for CHD, stroke, cardiac death 
and all-cause mortality (online supplementary file 6). 
The Egger and Begg test results revealed no evidence of 
publication bias for CHD (Egger p=0.959; Begg p=0.245), 
stroke (Egger p=0.407; Begg p=0.398), cardiac death 
(Egger p=0.418; Begg p=0.721) and all-cause mortality 
(Egger p=0.118; Begg p=0.230).

DIsCussIOn
The current investigation was based on a collection of 
prospective cohort studies and explored all possible sex 
differences between DM and the outcomes of CHD, 
stroke, cardiac death and all-cause mortality. This large 
quantitative study included 1 148 188 individuals and 
52 715 DM patients from 30 prospective cohort studies 
investigating a broad range of populations. Findings from 
the current meta-analysis suggest that there are signif-
icant sex differences in DM versus non-DM regarding 
the incidence of CHD, stroke, cardiac death, all-cause 
mortality, with women demonstrating excessively higher 
risks than men. Furthermore, the findings of subgroup 
analyses could have been biased by publication year, 
country, sample size, assessment of DM, follow-up dura-
tion, adjustment for important cardiovascular risk factors 
and study quality.

Previous studies have suggested that women with DM 
have an increased risk for CHD or stroke compared with 
men with DM.13 14 One of these investigations reported 
that the incidence of CHD was 44% greater in women 
with DM than in men with DM.13 Moreover, women with 
DM exhibited an increased risk for stroke compared 
with men with DM.14 However, sex differences regarding 
other important outcomes (cardiac death and all-cause 
mortality) were not evident. Therefore, we conducted 
this comprehensive quantitative meta-analysis of available 
prospective cohort studies to evaluate sex differences in 
DM and possible associations with major cardiovascular 
outcomes. Similar to previous meta-analyses, a signifi-
cantly increased risk for cardiac death and all-cause 
mortality was observed in women with DM compared 
with men with DM. The excess risk for cardiac death in 
women with DM could be due to the higher risk for CHD S

tu
d

y
P

ub
lic

at
io

n 
ye

ar
C

o
un

tr
y

S
am

p
le

 
si

ze
N

um
b

er
 

o
f 

D
M

A
g

e 
ra

ng
e

P
er

ce
nt

ag
e 

o
f 

w
o

m
en

 
(%

)
A

ss
es

sm
en

t 
o

f 
D

M

Fo
llo

w
-u

p
 

d
ur

at
io

n 
(y

ea
rs

)
A

d
ju

st
ed

 f
ac

to
rs

S
tu

d
y 

q
ua

lit
y

JP
H

C
52

20
11

Tw
o 

co
ho

rt
s 

in
 J

ap
an

35
 6

57
20

34
40

–6
9

63
.0

M
ea

su
re

d
12

.0
A

ge
, S

B
P,

 A
H

T,
 s

m
ok

in
g,

 B
M

I, 
TC

, 
H

D
L,

 t
rig

ly
ce

rid
es

, a
lc

oh
ol

, f
as

tin
g 

st
at

us
 a

nd
 r

es
id

en
tia

l a
re

as
.

8

H
U

N
T 

153
20

12
N

or
w

ay
47

 9
51

19
92

>
20

52
.0

S
el

f-
re

p
or

te
d

17
.0

A
ge

, h
yp

er
te

ns
io

n,
 s

m
ok

in
g,

 B
M

I, 
C

V
D

 a
nd

 P
A

.
8

E
S

P
ro

54
20

17
G

er
m

an
y

10
5 

00
0

71
90

>
18

51
.0

S
el

f-
re

p
or

te
d

 
or

 m
ea

su
re

d
14

.0
C

al
en

d
ar

 y
ea

r 
an

d
 a

ge
.

7

JA
C

C
55

20
17

Ja
p

an
10

4 
91

0
57

29
40

–7
9

58
.0

S
el

f-
re

p
or

te
d

19
.0

A
ge

, e
d

uc
at

io
n,

 s
m

ok
in

g,
 a

lc
oh

ol
, 

PA
, B

M
I, 

hi
st

or
y 

of
 h

yp
er

te
ns

io
n 

or
 

hi
st

or
y 

of
 D

M
.

8

A
H

T,
 a

nt
ih

yp
er

te
ns

iv
e;

 A
P

C
S

C
, A

si
a 

P
ac

ifi
c 

C
oh

or
t 

S
tu

d
ie

s 
C

ol
la

b
or

at
io

n;
 A

p
oB

, a
p

ol
ip

op
ro

te
in

 B
; A

R
IC

, A
th

er
os

cl
er

os
is

 R
is

k 
in

 C
om

m
un

iti
es

; B
M

I, 
b

od
y 

m
as

s 
in

d
ex

; C
V

D
, c

ar
d

io
va

sc
ul

ar
 

d
is

ea
se

; D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 D
E

C
O

D
E

, D
ia

b
et

es
 E

p
id

em
io

lo
gy

: C
ol

la
b

or
at

iv
e 

an
al

ys
is

 o
f D

ia
gn

os
tic

 c
rit

er
ia

 in
 E

ur
op

e;
 D

M
, d

ia
b

et
es

 m
el

lit
us

; E
P

E
S

E
, E

st
ab

lis
he

d
 P

op
ul

at
io

ns
 fo

r 
E

p
id

em
io

lo
gy

 S
tu

d
ie

s 
of

 t
he

 E
ld

er
ly

; E
P

IC
, E

ur
op

ea
n 

P
ro

sp
ec

tiv
e 

In
ve

st
ig

at
io

n 
in

to
 C

an
ce

r;
 H

D
L,

 h
ig

h-
d

en
si

ty
 li

p
op

ro
te

in
; J

A
C

C
, J

ap
an

 C
ol

la
b

or
at

iv
e 

C
oh

or
t;

 L
D

L,
 lo

w
-d

en
si

ty
 li

p
op

ro
te

in
; 

LP
a,

 li
p

op
ro

te
in

 a
; L

V
H

, l
ef

t 
ve

nt
ric

le
 h

yp
er

tr
op

hy
; N

A
, n

ot
 a

va
ila

b
le

; N
H

A
N

E
S

, N
at

io
na

l H
ea

lth
 a

nd
 N

ut
rit

io
n 

E
xa

m
in

at
io

n 
S

ur
ve

y;
 P

A
, p

hy
si

ca
l a

ct
iv

ity
; S

A
LL

S
, S

w
ed

is
h 

A
nn

ua
l L

ev
el

-o
f-

Li
vi

ng
 

S
ur

ve
y;

 S
B

P,
 s

ys
to

lic
 B

P
; S

E
S

, s
oc

io
ec

on
om

ic
 s

ta
tu

s;
 S

H
H

E
C

, S
co

tt
is

h 
H

ea
rt

 H
ea

lth
 E

xt
en

d
ed

 C
oh

or
t;

 T
C

, t
ot

al
 c

ho
le

st
er

ol
.

Ta
b

le
 1

 
C

on
tin

ue
d

 

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-024935 on 17 July 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2018-024935
https://dx.doi.org/10.1136/bmjopen-2018-024935
https://dx.doi.org/10.1136/bmjopen-2018-024935
http://bmjopen.bmj.com/


7Wang H, et al. BMJ Open 2019;9:e024935. doi:10.1136/bmjopen-2018-024935

Open access

in women with DM, which may be due to the fact that 
women with DM have a greater adverse cardiovascular 
risk and are less likely to achieve recommended levels 
compared with men with DM. Cardiac death, as a part of 
CHD and the sex difference in the relationship between 
DM and CHD, was addressed in a previous meta-anal-
ysis.13 The death events were mostly caused by CVD in 
most of the included cohorts and may explain the signif-
icant sex differences in the association between DM and 

all-cause mortality. Finally, the respective control group in 
men and women with different cardiovascular risk, which 
could affect sex differences in the associations between 
DM and cardiac death and all-cause mortality.

Findings from the subgroup analysis suggested that sex 
differences in the relationship between DM and major 
cardiovascular outcomes and all-cause mortality may vary 
according to predefined factors. First, publication year 
affected sex differences in the risk for stroke, which may 

NOTE: Weights are from random effects analysis

Overall  (I−squared = 36.1%, p = 0.044)
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Figure 1 Sex differences in the associations between diabetes mellitus (DM) and the risk for coronary heart disease (CHD) (A) 
and stroke (B).

Table 2 Subgroup analyses for CHD

Variable Group
Number of 
cohorts RRR and 95% CI P value I2 (%)

P value for 
heterogeneity

P value 
for meta-
regression

Publication year Before 2010 20 1.53 (1.28 to 1.82) <0.001 39.6 0.036 0.260

2010 or after 3 1.42 (1.20 to 1.68) <0.001 0.0 0.421

Country Western 18 1.50 (1.27 to 1.77) <0.001 43.6 0.025 0.934

Eastern 5 1.58 (1.17 to 2.13) 0.003 6.7 0.368

Sample size ≥10 000 9 1.62 (1.31 to 2.00) <0.001 65.4 0.003 0.119

<10 000 14 1.34 (1.09 to 1.63) 0.004 0.0 0.780

Assessment of DM Self-reported 6 1.75 (1.29 to 2.37) <0.001 74.6 0.001 0.073

Measured 13 1.32 (1.09 to 1.61) 0.005 0.0 0.764

Both 4 1.39 (1.11 to 1.75) 0.005 0.0 0.730

Follow-up duration 
(years)

≥10 16 1.69 (1.41 to 2.04) <0.001 43.1 0.034 0.032

<10 6 1.22 (0.98 to 1.52) 0.078 0.0 0.948

Adjusted other 
CVD risk factors

Yes 19 1.45 (1.29 to 1.62) <0.001 6.6 0.375 <0.001

No 4 2.56 (1.89 to 3.46) <0.001 0.0 0.423

Study quality High 13 1.46 (1.29 to 1.66) <0.001 10.6 0.339 0.052

Low 10 1.64 (1.14 to 2.36) 0.007 47.8 0.045

CVD, cardiovascular disease.
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be due to advances in diagnostic approaches. Second, 
country (ie, hemisphere) could affect sex differences in 
DM and the risk for cardiac death and all-cause mortality, 
which could be explained by differences in the preva-
lence of cardiac death and all-cause mortality Eastern and 
Western countries. Third, sample size affected sex differ-
ences in the risk for stroke, cardiac death and all-cause 
mortality due to sample sizes being correlated with statis-
tical power, which may have affected the ability to detect 

small differences. Fourth, the methods of assessing DM 
could affect sex differences in stroke, cardiac death and 
all-cause mortality because they may affect the preva-
lence of event rates. Fifth, follow-up duration could affect 
sex differences in the risk for CHD, stroke and cardiac 
death, because there were studies with longer follow-up 
and higher proportion of patients with CHD than studies 
with shorter follow-up, which contributed to the higher 
weight in pooled results and made it easier to detect small 

Table 3 Subgroup analyses for stroke

Variable Group
Number of 
cohorts RRR and 95% CI P value I2 (%)

P value for 
heterogeneity

P value 
for meta-
regression

Publication year Before 2010 18 1.29 (1.11 to 1.50) 0.001 0.0 0.640 0.269

2010 or after 4 1.11 (0.89 to 1.40) 0.353 18.1 0.300

Country Western 15 1.23 (1.05 to 1.44) 0.011 0.0 0.587 0.998

Eastern 7 1.20 (0.97 to 1.49) 0.091 14.7 0.318

Sample size ≥10 000 14 1.25 (1.10 to 1.42) <0.001 0.0 0.531 0.341

<10 000 8 1.04 (0.72 to 1.50) 0.840 0.0 0.493

Assessment of 
DM

Self-reported 6 1.28 (1.04 to 1.58) 0.022 0.0 0.668 0.423

Measured 11 1.32 (1.08 to 1.61) 0.008 0.0 0.508

Both 5 1.09 (0.85 to 1.41) 0.484 21.3 0.279

Follow-up 
duration (years)

≥10 18 1.28 (1.11 to 1.47) 0.001 0.0 0.726 0.313

<10 4 1.09 (0.76 to 1.57) 0.627 36.0 0.196

Adjusted other 
CVD risk factors

Yes 19 1.27 (1.11 to 1.44) <0.001 0.0 0.695 0.237

No 3 1.14 (0.71 to 1.83) 0.586 40.4 0.187

Study quality High 16 1.24 (1.09 to 1.41) 0.001 0.0 0.533 0.617

Low 6 1.13 (0.79 to 1.61) 0.498 2.4 0.401

CVD, cardiovascular disease; RRR, relative risk ratio.

NOTE: Weights are from random effects analysis

Overall  (I−squared = 31.9%, p = 0.153)

Collins−Indians

Collins−Melanesians

study

Hawaii−Los Angeles−Hiroshima study (a)

Renfrew and Paisley Survey

EPESE

Advantist Health Study

San Antonio Heart Study (a)

San Antonio Heart Study (b)

Hawaii−Los Angeles−Hiroshima study (b)

Kuopio and North Karelia

1.49 (1.11, 2.00); 
P=0.009

0.84 (0.29, 2.42)

2.29 (0.68, 7.74)

rrr (95% CI)

0.75 (0.19, 2.95)

1.68 (0.93, 3.06)

2.88 (0.87, 9.61)

0.83 (0.40, 1.73)

3.54 (0.58, 21.45)

1.74 (0.51, 5.97)

1.04 (0.62, 1.75)

2.01 (1.55, 2.62)

100.00
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6.47

5.06

Weight

4.11

14.68

5.18

11.34

2.51

4.98

17.16

28.51

  
1.3 .5 1 2

A. cardiac death

NOTE: Weights are from random effects analysis

Overall  (I−squared = 38.2%, p = 0.138)

Collins−Indians

Kuopio and North Karelia

SALLS

Collins−Melanesians

study

Renfrew and Paisley Survey

Charleston Heart Study−Black

Charleston Heart Study−White

1.51 (1.23, 1.85); 
P<0.001

0.71 (0.33, 1.55)

1.74 (1.42, 2.14)

1.64 (1.34, 2.01)

1.72 (0.67, 4.43)

rrr (95% CI)

1.50 (1.03, 2.19)

0.57 (0.22, 1.47)

1.83 (0.79, 4.23)

100.00

5.96

31.22
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4.23

%
Weight

17.78

4.17
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B. all-cause mortality

Figure 2 Sex differences in the associations between diabetes mellitus (DM) and the risk for cardiac death (A) and all-cause 
mortality (B).
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differences. Finally, the other major cardiovascular risk 
factors, regardless of whether they were adjusted for, and 
study quality affected sex differences in stroke, cardiac 
death and all-cause mortality. Pooled studies with high 

quality or those that adjusted for other cardiovascular risk 
factors could have obtained more reliable results.

Several strengths of this meta-analysis should be high-
lighted. First, given the comprehensive inclusion of 

Table 4 Subgroup analyses for cardiac death

Variable Group
Number of 
cohorts RRR and 95% CI P value I2 (%)

P value for 
heterogeneity

P value 
for meta-
regression

Publication year Before 2010 10 1.49 (1.11 to 2.00) 0.009 31.9 0.153 –

2010 or after 0 – – – –

Country Western 7 1.84 (1.45 to 2.32) <0.001 3.6 0.399 0.010

Eastern 3 0.97 (0.62 to 1.51) 0.891 0.0 0.870

Sample size ≥10 000 2 1.96 (1.54 to 2.49) <0.001 0.0 0.591 0.015

<10 000 8 1.18 (0.85 to 1.64) 0.322 0.0 0.433

Assessment of 
DM

Self-reported 2 2.05 (1.59 to 2.64) <0.001 0.0 0.568 0.016

Measured 7 1.10 (0.78 to 1.54) 0.588 0.0 0.586

Both 1 1.68 (0.93 to 3.06) 0.087 – –

Follow-up 
duration (years)

≥10 8 1.57 (1.18 to 2.09) 0.002 21.8 0.256 0.257

<10 2 1.41 (0.42 to 4.68) 0.576 66.5 0.084

Adjusted other 
CVD risk factors

Yes 8 1.42 (1.02 to 1.98) 0.040 44.0 0.085 0.575

No 2 2.18 (0.79 to 6.03) 0.132 0.0 0.524

Study quality High 4 1.97 (1.56 to 2.48) <0.001 0.0 0.864 0.006

Low 6 1.10 (0.78 to 1.55) 0.593 0.0 0.417

CVD, cardiovascular disease; DM, diabetes mellitus.

Table 5 Subgroup analyses for all-cause mortality

Outcomes Variable Group
Number of 
cohorts RRR and 95% CI P value I2 (%)

P value for 
heterogeneity

P value 
for meta-
regression

All-cause 
mortality

Publication 
year

Before 2010 7 1.51 (1.23 to 1.85) <0.001 38.2 0.138 – 

2010 or after 0 – – – – 

Country Western 6 1.63 (1.41 to 1.88) <0.001 8.2 0.364 0.039

Eastern 1 0.71 (0.33 to 1.55) 0.394 – – 

Sample size ≥10 000 3 1.66 (1.46 to 1.90) <0.001 0.0 0.772 0.050

<10 000 4 1.06 (0.59 to 1.90) 0.844 43.7 0.149

Assessment 
of DM

Self-reported 2 1.69 (1.46 to 1.95) <0.001 0.0 0.669 0.123

Measured 4 1.06 (0.59 to 1.90) 0.844 43.7 0.149

Both 1 1.50 (1.03 to 2.19) 0.035 – – 

Follow-up 
duration 
(years)

≥10 7 1.51 (1.23 to 1.85) <0.001 38.2 0.138 – 

<10 0 – – – – 

Adjusted 
other CVD 
risk factors

Yes 4 1.50 (1.12 to 2.01) 0.006 39.4 0.176 0.850

No 3 1.33 (0.75 to 2.36) 0.321 57.6 0.095

Study quality High 2 1.69 (1.41 to 2.02) <0.001 0.0 0.490 0.414

Low 5 1.25 (0.80 to 1.94) 0.329 53.3 0.073

CVD, cardiovascular disease; DM, diabetes mellitus.
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published studies with large sample sizes, the findings 
of the present study were more robust than any of those 
individual studies. Second, all studies included were 
prospectively designed and population based, which 
could mitigate―if not eliminate―uncontrolled biases. 
Third, large-scale studies including patients with a broad 
range of characteristics support the generalisability of 
the results given the global distribution of the included 
populations. Fourth, stratified results of sex differences 
in DM and major cardiovascular outcomes based on study 
or patient characteristics were calculated. Finally, hetero-
geneity among the included studies was resolved using 
multiple methods, and no publication bias was found, 
which supports the robustness of the pooled results.

However, several limitations of this meta-analysis 
should also be acknowledged. First, various adjustments 
for cardiovascular risk factors across the included studies 
may have affected the development of major cardiovas-
cular outcomes, as would various DM types, DM assess-
ment methods and the duration of DM. Publication bias 
is inevitable when searching databases given the variation 
in publication languages, and the number of published 
studies with negative results. Finally, data regarding back-
ground drug use were available in few studies, which may 
have affected the absolute risk for major cardiovascular 
outcomes.

In conclusion, the results of this study indicated that 
women with DM exhibited a greater risk for CHD, stroke, 
cardiac death and all-cause mortality compared with 
men with DM. Furthermore, the true sex differences for 
the association between DM and major cardiovascular 
outcomes was variable and based on several characteris-
tics of the study or the patients involved. Sex differences 
in specific patient characteristics should be verified and 
clarified, along with other biological, behavioural or 
social factors in future larger-scale prospective studies.
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