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Abstract
Aims/hypothesis The prevalence of diabetes and heart failure is increasing, and diabetes has been associated with an
increased risk of heart failure. However, whether diabetes confers the same excess risk of heart failure in women
and men is unknown. The aim of this study was to conduct a comprehensive systematic review with meta-analysis
of possible sex differences in the excess risk of heart failure consequent to diabetes. Our null hypothesis was that
there is no such sex difference.
Methods A systematic search was conducted in PubMed for population-based cohort studies published between January 1966
and November 2018. Studies were selected if they reported sex-specific estimates of RRs for heart failure associated with
diabetes, and its associated variability, which were adjusted at least for age. Random-effects meta-analyses with inverse variance
weighting were used to obtain pooled sex-specific RRs and women-to-men ratio of RRs (RRRs) for heart failure associated with
diabetes.
Results Data from 47 cohorts, involving 12,142,998 individuals and 253,260 heart failure events, were included. The
pooled multiple-adjusted RR for heart failure associated with type 1 diabetes was 5.15 (95% CI 3.43, 7.74) in
women and 3.47 (2.57, 4.69) in men, leading to an RRR of 1.47 (1.44, 1.90). Corresponding pooled RRs for heart
failure associated with type 2 diabetes were 1.95 (1.70, 2.22) in women and 1.74 (1.55, 1.95) in men, with a pooled
RRR of 1.09 (1.05, 1.13).
Conclusions/interpretation The excess risk of heart failure associated with diabetes is significantly greater in women with
diabetes than in men with diabetes.
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Abbreviation
RRR Ratio of RR

Introduction

Diabetes and heart failure are now recognised as frequent
comorbid conditions; the prevalence of type 2 diabetes in
individuals with heart failure was reported to be 4.3–28%,
whilst that of heart failure in those with type 2 diabetes was
reported to be 12–57% [1]. Diabetes is associated with an
increased risk of heart failure [2], and also increases the risk
of premature death after diagnosis of heart failure [3, 4].
Furthermore, heart failure is the second most common initial
presentation of cardiovascular disease in people with type 2
diabetes and more common than myocardial infarction or
stroke [5]. Although heart failure appears to be a complication
of diabetes [6], this is still not fully recognised [1]. The num-
ber of people with heart failure is expected to increase contin-
uously in the future, and thus efficient earlier prevention and
treatment of heart failure is crucial.

Accumulating evidence has found that there are consider-
able sex differences in the excess risk of cardiovascular dis-
eases associated with diabetes [7]. Our previous meta-
analyses have shown that, compared with men, women have
a significantly greater excess risk of CHD [8], stroke [9], as
well as the non-cardiovascular complications of dementia
[10], and cancer [11], following diabetes. However, whether
these associations are also observed for heart failure is

unknown, as the previous meta-analysis on the diabetes–
heart failure association [2] included single-sex studies, which
may have led to unreliable results due to differences in meth-
odology, confounding factors included and background risk
between the studies of women alone and men alone. Herein,
we report the most comprehensive systematic review of the
literature with a meta-analysis of possible sex differences in
the excess risk of heart failure consequent to diabetes using
only studies that included both sexes.

Methods

Search strategy and selection criteriaWe conducted a system-
atic search in PubMed on 16 November 2018 using a combi-
nation of text words and medical subject headings (electronic
supplementary material [ESM] Table 1). The reference lists of
identified studies were also reviewed to identify other relevant
studies.

Observational cohort studies were included if they had pro-
vided sex-specific RRs, or equivalents, for the association
between diabetes and heart failure in both women and men.
Studies were excluded if they were cohorts based on individ-
uals with any underlying diseases, reported data for a single
sex only, did not adjust at least for age, or did not provide
information about the variability around the point estimate.
In cases of duplicate reports from the same study, the study
providing the longest follow-up or the highest number of
events was included. Two authors (T. Ohkuma and Y.
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Komorita) conducted the search and extracted the data inde-
pendently, and uncertainties regarding the inclusion of studies
and data extraction were discussed and resolved by mutual
consent. The meta-analysis was conducted in accordance with
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines [12].

Data extraction and statistical analysis The primary outcome
was incident heart failure (either fatal or non-fatal). The pri-
mary metrics were the pooled multiple-adjusted sex-specific
RRs and the women-to-men ratio of RRs (RRRs) for heart
failure, comparing individuals with diabetes with those with-
out diabetes. In pooling multiple-adjusted RRs, the set of ad-
justments made was allowed to vary by study, but had to
include at least one other risk factor for heart failure, in addi-
tion to age. Multiple RRs of subgroups from one study were
combined into a single RR using a fixed-effect model. The
pooled estimates of sex-specific RRs across studies were com-
puted using random-effects meta-analyses with inverse vari-
ance weighting applied on the log scale. The same method
was used to pool the RRRs. Data on type 1 and type 2 were
separately pooled, where studies which did not differentiate
type of diabetes were classified as type 2, which accounts for
about 90–95% of all individuals with diabetes [13]. The I2

statistic was used to estimate the percentage of variability
across studies due to between-study heterogeneity.
Cochran’s Q test was used to assess whether there was a sig-
nificant between-study heterogeneity.

Age-adjusted RRs were also pooled separately in second-
ary analyses. A sensitivity analysis was conducted to compare
multiple-adjusted and age-adjusted estimates, where the stud-
ies were restricted to those that reported both. The presence of
publication bias was examined using funnel plots and Egger’s
and Begg’s tests. Meta-regression analyses tested for differ-
ences between prespecified subgroups in multiple-adjusted
analyses: study region (Asia or non-Asia), year of baseline
study (pre-1985 or 1986 onwards), ascertainment of diabetes
(self-reported only or others), study outcome (fatal only or
fatal and non-fatal combined), study quality (the Newcastle-
Ottawa Scale [14] [ESM text and ESM Table 2], ≥8 or <8
points) and by absolute risk differences (greater in men or
greater in women). Since only two studies were identified
for type 1 diabetes, the analyses described in this paragraph
were only applied for type 2 diabetes.

A p value <0.05 was considered to be statistically signifi-
cant. All analyses were performed using Stata software (re-
lease 13; StataCorp, College Station, TX, USA).

Results

Of the 5991 articles identified by the systematic search, 760
articles qualified for full-text evaluation, and 14 articles provid-
ed summary data for sex differences in the association between
diabetes and the risk of heart failure [5, 15–27] (Fig. 1).

Records screened 

(n=5991)

Full-text articles assessed

for eligibility 

(n=760)

Full-text articles excluded

(n=749)

- 2 based on individuals with   

underlying diseases

- 518 did not report relevant data

- 180 did not report sex 

differences

- 1 reported one sex only

- 24 did not report RR equivalent 

with variability

- 1 no age-adjusted RR

- 13 duplicate studies

- 10 cross-sectional or case–

control studies

Records identified through 

database searching on 16 November 2018

(n=5991) 

Identified through 

hand-searching (n=3)

Records excluded 

(n=5231)

Studies included in 

quantitative analysis

(n=14)

Fig. 1 Flow chart of study
selection

Diabetologia (2019) 62:1550–15601552



Ta
bl
e
1

C
ha
ra
ct
er
is
tic
s
of

th
e
st
ud
ie
s
re
po
rt
in
g
on

th
e
as
so
ci
at
io
n
be
tw
ee
n
di
ab
et
es

an
d
he
ar
tf
ai
lu
re

C
oh
or
t

C
ou
nt
ry

B
as
el
in
e
ye
ar
s

F
ol
lo
w
-u
p

(y
ea
rs
)

S
tu
dy

po
pu
la
tio

n
N
(%

w
om

en
)

A
ge

ra
ng
e

(y
ea
rs
)

N
of

di
ab
et
es

(%
w
om

en
)

Ty
pe

of
di
ab
et
es

A
sc
er
ta
in
m
en
t

of
di
ab
et
es

N
of

ou
tc
om

e
(%

w
om

en
)

Fa
ta
lo

r
no
n-

fa
ta
l

M
ax
im

um
ad
ju
st
m
en
t

av
ai
la
bl
e

A
PC

S
C
[1
6]

a
Po

ol
of

32
co
ho
rt
s

19
66
–1
99
9

7
Po

pu
la
tio
n-
ba
se
d,

oc
cu
pa
tio
na
l

se
tti
ng
s

54
3,
69
4
(3
6)

≥2
0

N
A

B
ot
h

S
el
f-
re
po
rt
ed
,

m
ea
su
re
d

49
6
(N

A
)

F
A
ge
,S

B
P,
B
M
I,
ci
ga
re
tte

sm
ok
in
g,
re
gr
es
si
on

di
lu
tio
n
bi
as
,s
tu
dy

(s
tr
at
if
ie
d)

Po
lic
ar
do

et
al
[2
3]

b
It
al
y

20
08

5
Po

pu
la
tio
n-
ba
se
d

3,
19
2,
20
3
(N

A
)

≥1
6

15
2,
95
4
(N

A
)

B
ot
h

P
re
sc
ri
pt
io
n,

ex
em

pt
io
n
fr
om

pa
yi
ng

fo
r
di
ab
et
es
,

ho
sp
ita
lis
at
io
n

w
ith

di
ag
no
si
s
of

di
ab
et
es

26
,1
54

(5
5)

B
ot
h

A
ge
,C

C
I,
pr
ev
io
us

ho
sp
ita
lis
at
io
ns

fo
r

ot
he
r
C
V
D

K
PM

C
P
[2
6]

U
S

19
78
–1
98
4

9.
5
m
ed
ia
n

H
ea
lth

m
ai
nt
en
an
ce

or
ga
ni
sa
tio
n

64
,8
77

(5
4)

≥4
0

N
A

B
ot
h

S
el
f-
re
po
rt
ed
,

m
ea
su
re
d

13
30

(4
6)

B
ot
h

A
ge
,r
ac
e,
ed
uc
at
io
n,

H
T,

M
I,
fr
eq
ue
nt

ch
es
t

pa
in
,T

C
,B

M
I,

cr
ea
tin
in
e,
ur
ic
ac
id
,

ur
in
e
pr
ot
ei
n,
LV

H
,

sm
ok
in
g,
al
co
ho
lc

L
R
PP

[2
5]

U
S,

po
ol

of
4
co
ho
rt
s

19
48
,1
97
1,

19
87
–1
98
9,

19
67
–1
97
3

27
.1
,2
0.
3
(f
or

in
de
x
ag
ed

45
an
d
55
)

Po
pu
la
tio
n-
ba
se
d

19
,2
49

(5
0)
,2
3,
91
5

(5
3)

(f
or

in
de
x

ag
ed

45
an
d
55
)

30
–6
2,
5–
70
,

45
–6
4,
≥1

8
65
9
(4
6)
,1
79
2
(5
2)

(f
or

in
de
x
ag
ed

45
an
d
55
)

B
ot
h

M
ea
su
re
d,

tr
ea
tm

en
t

16
77

(4
7)
,2
97
6

(5
2)

(f
or

in
de
x

ag
ed

45
an
d
55
)

B
ot
h

A
ge
,r
ac
e,
ed
uc
at
io
n,

sm
ok
in
g
st
at
us
,H

T,
ob
es
ity

C
H
S
[2
4]

U
S

19
89
–1
99
0,

19
92
–1
99
3

12
.5
m
ed
ia
n

Po
pu
la
tio
n-
ba
se
d

48
17

(6
1)

≥6
5

68
1
(5
3)

B
ot
h

M
ea
su
re
d,

tr
ea
tm

en
t

13
42

(5
7)

B
ot
h

A
ge
,c
lin
ic
al
si
te
,

ed
uc
at
io
n,
sm

ok
in
g,

al
co
ho
lc
on
su
m
pt
io
n,

B
M
I,
ph
ys
ic
al
ac
tiv
ity

Sw
ed
is
h
N
D
R

(T
1)

[2
7]

Sw
ed
en

19
98
–2
01
1

T
1:

7.
9,

co
nt
ro
l:
8.
3

Po
pu
la
tio
n-
ba
se
d

(T
1
w
as

id
en
tif
ie
d

th
ro
ug
h
N
D
R
)

T
1:

33
,4
02

(4
5)
,

co
nt
ro
l:
16
6,
22
8

(4
5)

≥1
8

33
,4
02

(4
5)

T
1

N
D
R

23
87

(3
9)

B
ot
h

A
ge
,t
im

e-
up
da
te
d

di
ab
et
es

du
ra
tio
n,

bi
rt
h
in

Sw
ed
en
,

ed
uc
at
io
na
ll
ev
el
,

ba
se
lin
e
co
m
or
bi
di
tie
s

Sw
ed
is
h
N
D
R

(T
2)

[2
0]

Sw
ed
en

19
98
–2
01
2

5.
6
m
ed
ia
n

Po
pu
la
tio
n-
ba
se
d

(T
2
w
as

id
en
tif
ie
d

th
ro
ug
h
N
D
R
)

T
2:

26
6,
30
5
(4
5)
,

co
nt
ro
l:
1,
32
3,
50
4

(4
5)

T
2:
62
,c
on
tr
ol
:

62
m
ea
n

26
6,
30
5
(4
5)

T
2

N
D
R

T
2:

18
,7
15

(4
6)
,

co
nt
ro
l:
50
,1
57

(4
5)

B
ot
h

A
ge
,d
ur
at
io
n
of

di
ab
et
es
,i
nc
om

e,
ed
uc
at
io
n,
m
ar
ita
l

st
at
us
,i
m
m
ig
ra
tio
n

st
at
us
,s
tr
ok
e,
ac
ut
e

M
I,
C
H
D
,A

F,
re
na
l

di
al
ys
is
or

tr
an
sp
la
nt
at
io
n

K
ai
se
r

Pe
rm

an
en
te

G
eo
rg
ia
[1
7]

U
S

20
00
–2
00
5

2.
8

H
ea
lth

m
ai
nt
en
an
ce

or
ga
ni
sa
tio
n

35
9,
94
7
(5
3)

≥1
8

12
,3
44

(4
9)

B
ot
h

M
ed
ic
al
re
co
rd
,

ph
ar
m
ac
y
cl
ai
m

40
01

(5
0)

B
ot
h

A
ge
,H

T,
co
ro
na
ry

ar
te
ry

di
se
as
e,
A
F,

va
lv
ul
ar
he
ar
td

is
ea
se

N
H
A
N
E
S
I

E
pi
de
m
io
lo
gi
c

Fo
llo
w
-u
p
St
ud
y

[1
5]

U
S

19
71
–1
97
5

19
Po

pu
la
tio
n-
ba
se
d

13
,6
43

(5
9)

25
–7
4

52
1
(6
1)

B
ot
h

S
el
f-
re
po
rt
ed

13
82

(4
6)

B
ot
h

A
ge
,r
ac
e,
ed
uc
at
io
n,

ph
ys
ic
al
ac
tiv
ity
,

sm
ok
in
g,
al
co
ho
l

co
ns
um

pt
io
n,
ov
er
w
ei
gh
t,

H
T,

va
lv
ul
ar
he
ar
td

is
ea
se
,

C
H
D
,B

M
I,
SB

P,
T
C
,

hy
pe
rc
ho
le
st
er
ol
ae
m
ia

Ta
iw
an
’s
N
H
I

sy
st
em

[1
9]

Ta
iw
an

20
00

T
2:

7.
8,

co
nt
ro
l:
8.
0

Po
pu
la
tio
n-
ba
se
d

T
2:

34
,2
91

(4
7)
,

co
nt
ro
l:
34
,2
91

(4
7)

60
m
ea
n

34
,2
91

(4
7)

T
2

A
m
bu
la
to
ry

ca
re

cl
ai
m
s

84
20

(5
1)

B
ot
h

A
ge
,g
eo
gr
ap
hi
ca
la
re
a,

ur
ba
ni
sa
tio
n
st
at
us
,H

x
of

C
H
D
,H

x
of

co
ro
na
ry

re
va
sc
ul
ar
is
at
io
n

pr
oc
ed
ur
es
,

st
at
in
s,
β
-b
lo
ck
er
s,

di
ur
et
ic
s

Sa
sk
at
ch
ew

an
H
ea
lth

da
ta
ba
se
s

[2
2]

C
an
ad
a

19
91
–1
99
6

5.
2

Po
pu
la
tio
n-
ba
se
d

T
2
11
,8
81

(4
5)
,

co
nt
ro
l:
55
2,
76
5

(5
1)

≥3
0

11
,8
81

(4
5)

T
2

P
re
sc
ri
pt
io
n

22
63

(4
6)

B
ot
h

A
ge

Diabetologia (2019) 62:1550–1560 1553



T
ab

le
1

(c
on
tin

ue
d)

C
oh
or
t

C
ou
nt
ry

B
as
el
in
e
ye
ar
s

F
ol
lo
w
-u
p

(y
ea
rs
)

S
tu
dy

po
pu
la
tio

n
N
(%

w
om

en
)

A
ge

ra
ng
e

(y
ea
rs
)

N
of

di
ab
et
es

(%
w
om

en
)

Ty
pe

of
di
ab
et
es

A
sc
er
ta
in
m
en
t

of
di
ab
et
es

N
of

ou
tc
om

e
(%

w
om

en
)

Fa
ta
lo

r
no
n-

fa
ta
l

M
ax
im

um
ad
ju
st
m
en
t

av
ai
la
bl
e

C
A
L
IB
E
R

pr
og
ra
m
m
e
[5
]

U
K

19
98
–2
01
0

5.
5
m
ed
ia
n

Pr
im

ar
y
ca
re

pr
ac
tic
es

1,
92
1,
26
0
(5
1)

≥3
0

34
,1
98

(4
6)

T
2

M
ed
ic
al
re
co
rd

13
,9
38

(N
A
)

B
ot
h

A
ge
,B

M
I,
de
pr
iv
at
io
n,

H
D
L
-C
,T

C
,S

B
P,

sm
ok
in
g,
st
at
in

an
d

an
tih
yp
er
te
ns
iv
e
dr
ug

pr
es
cr
ip
tio
ns

B
al
lo
ta
ri
et

al
[2
1]

It
al
y

20
11

3
Po

pu
la
tio
n-
ba
se
d

35
6,
19
1
(5
1)

30
–8
4

24
,3
48

(4
4)

T
2

D
ia
be
te
s
re
gi
st
er

23
21

(4
4)

B
ot
h

A
ge
,f
or
ei
gn

st
at
us

d

N
H
S
In
fo
rm

at
io
n

Se
rv
ic
es

Sc
ot
la
nd

[1
8]

U
K

20
04
–2
01
3

10
Po

pu
la
tio
n-
ba
se
d

T
1:
18
,2
40

(4
5)
,T

2
13
6,
04
2
(4
6)
,n
o

di
ab
et
es

3,
06
6,
25
3

(5
4)

≥3
0

T
1:

18
,2
40

(4
5)
,

T
2:

13
6,
04
2
(4
6)

T
1,
T
2

D
ia
be
te
s
re
gi
st
er

T
1:

13
13

(N
A
),

T
2:

22
,9
59

(N
A
),

no
di
ab
et
es
:

91
,4
29

(N
A
)

B
ot
h

A
ge
,s
oc
io
ec
on
om

ic
st
at
us
,c
al
en
da
r
ye
ar

e

If
en
dp
oi
nt
s
w
er
e
re
po
rt
ed

as
in
ci
de
nt
,t
he
y
w
er
e
co
ns
id
er
ed

to
in
cl
ud
e
bo
th

fa
ta
la
nd

no
n-
fa
ta
le
ve
nt
s,
e.
g.
ho
sp
ita
lis
at
io
n
fo
r
he
ar
tf
ai
lu
re

a
N
of

to
ta
lp

ar
tic
ip
an
ts
in

A
PC

SC
w
as

de
ri
ve
d
fr
om

ov
er
al
lp

ar
tic
ip
an
ts
.O

ne
ou
to

f
36

co
ho
rt
s
in

A
PC

SC
(n

=
12
,2
03
/5
43
,6
94
,2
.2
%
)
co
ns
is
te
d
of

m
al
e
on
ly

b
N
of

to
ta
lp

ar
tic
ip
an
ts
in

Po
lic
ar
do

et
al
w
as

de
ri
ve
d
fr
om

ov
er
al
lp

ar
tic
ip
an
ts
(≥
16

ye
ar
s
ol
d)

c
R
R
s
fo
r
co
nt
ro
lle
d
di
ab
et
es

in
pa
rt
ic
ip
an
ts
ag
ed

<
60

w
er
e
ex
tr
ac
te
d

d
R
R
s
w
er
e
cl
as
si
fi
ed

to
be

ag
e-
ad
ju
st
ed

e
R
R
s
fo
r
20
13

(a
ge
d
≥3

0
ye
ar
s)
w
er
e
ex
tr
ac
te
d

A
F,

at
ri
al

fi
br
ill
at
io
n;

A
PC

S
C
,
A
si
a
Pa
ci
fi
c
C
oh
or
t
St
ud
ie
s
C
ol
la
bo
ra
tio

n;
C
A
L
IB
E
R
,
C
ar
di
ov
as
cu
la
r
di
se
as
e
re
se
ar
ch

us
in
g
L
In
ke
d
B
es
po
ke

st
ud
ie
s
an
d
E
le
ct
ro
ni
c
he
al
th

R
ec
or
ds
;
C
C
I,
C
ha
rl
so
n

C
om

or
bi
di
ty

In
de
x;

C
H
S,

C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud
y;

C
O
PD

,c
hr
on
ic
ob
st
ru
ct
iv
e
pu
lm

on
ar
y
di
se
as
e;
C
V
D
,c
ar
di
ov
as
cu
la
r
di
se
as
e;
F,
fa
ta
l;
H
D
L
-C
,H

D
L
-c
ho
le
st
er
ol
;H

T,
hy
pe
rt
en
si
on
;H

x,
hi
st
or
y;

K
PM

C
P,
N
or
th
er
n
C
al
if
or
ni
a
K
ai
se
rP

er
m
an
en
te
M
ed
ic
al
C
ar
e
Pr
og
ra
m
;L

R
PP
,C

ar
di
ov
as
cu
la
rD

is
ea
se

L
if
et
im

e
R
is
k
P
oo
lin

g
P
ro
je
ct
(F
ra
m
in
gh
am

H
ea
rt
,F
ra
m
in
gh
am

O
ff
sp
ri
ng
,A

th
er
os
cl
er
os
is
R
is
k
In

C
om

m
un
iti
es

[A
R
IC
],
C
hi
ca
go

H
ea
rt
A
ss
oc
ia
tio

n
D
et
ec
tio
n
Pr
oj
ec
ti
n
In
du
st
ry

St
ud
y
[C
H
A
])
;L

V
H
,l
ef
tv

en
tr
ic
ul
ar
hy
pe
rt
ro
ph
y;

M
I,
m
yo
ca
rd
ia
li
nf
ar
ct
io
n;

N
A
,n
ot

av
ai
la
bl
e;
N
D
R
,N

at
io
na
lD

ia
be
te
s

R
eg
is
tr
y;
N
H
A
N
E
S
I,
F
ir
st
N
at
io
na
lH

ea
lth

an
d
N
ut
ri
tio

n
E
xa
m
in
at
io
n
S
ur
ve
y;
N
H
I,
N
at
io
na
lH

ea
lth

In
su
ra
nc
e;
N
H
S,

N
at
io
na
lH

ea
lth

Se
rv
ic
e;
SB

P,
sy
st
ol
ic
B
P;

T
1,
ty
pe

1
di
ab
et
es
;T

2,
ty
pe

2
di
ab
et
es
;

T
C
,t
ot
al
ch
ol
es
te
ro
l

Diabetologia (2019) 62:1550–15601554



The characteristics of all 14 studies included are shown in
Table 1 and ESM Table 2. Data on type 1 diabetes and heart
failure were available from two studies, involving two co-
horts, including 3,284,123 individuals, and 95,129 events.
Data on type 2 diabetes and heart failure were available from
13 studies, involving 47 cohorts, including 11,925,128 indi-
viduals, and 249,560 events, among which two studies, in-
volving two cohorts, including 368,072 individuals, and
4584 events, reported age-adjusted RRs only. Nine studies
provided data on absolute risks (ESM Table 3).

The multiple-adjusted pooled sex-specific RRs for heart
failure associated with type 1 diabetes were 5.15 (95% CI
3.43, 7.74, p < 0.001) in women and 3.47 (2.57, 4.69,
p < 0.001) in men (Fig. 2). The pooled multiple-adjusted
RRR indicated a significantly greater excess risk for heart
failure in women with type 1 diabetes compared with men.
The women-to-men RRR was 1.47 (1.14, 1.90, p = 0.003
[Fig. 3]). The I2 statistics for heterogeneity between studies
were 0.0%.

The sex-specific RRs for heart failure associated with type
2 diabetes was 1.95 (95% CI 1.70, 2.22, p < 0.001) in women
and 1.74 (1.55, 1.95, p < 0.001) in men (Fig. 2), with the
women-to-men RRR of 1.09 (1.05, 1.13), p < 0.001, I2 =
0.0% (Fig. 3). There was no evidence of publication bias for
the association between type 2 diabetes and heart failure
(Egger’s test p = 0.27, Begg’s test p = 0.31, ESM Fig. 1). In
subgroup analyses, the pooled women-to-men multiple-
adjusted RRR did not differ significantly by study region
(p = 0.29), year of baseline study (p = 0.87), ascertainment of
diabetes (p = 0.72), study outcome (p = 0.41), quality of study
(p = 0.25), or absolute risk differences betweenmen and wom-
en (p = 0.16) (Fig. 4).

For type 2 diabetes, five studies provided age-adjusted es-
timates. The pooled age-adjusted sex-specific RRs for heart
failure associated with diabetes were 2.56 (95% CI 2.31, 2.84,
p < 0.001) in women and 2.49 (2.04, 3.04, p < 0.001) in men.
The pooled age-adjusted women-to-men RRR for heart failure
was 1.00 (0.78, 1.27, p = 0.98). The I2 statistics for heteroge-
neity between studies was 87.6%, suggesting substantial
heterogeneity.

In sensitivity analysis, restricted to studies which provided
the sex-specific RRs for both multiple-adjusted and age-
adjusted models, the pooled women-to-men RRR was 1.17
(95% CI 1.02, 1.35, p = 0.02) for multiple-adjusted analysis,
and 1.19 (1.06, 1.34, p = 0.005) for age-adjusted analysis
(ESM Fig. 2).

Discussion

The present meta-analysis, of 47 cohorts including more than
12 million individuals, showed that both type 1 and type 2
diabetes were a stronger risk factor for heart failure in women

than men. Type 1 diabetes was associated with a 47% greater
excess risk of heart failure in women compared with men, and
type 2 diabetes was associated with a 9% greater excess risk of
heart failure in women than men. The sex difference in the
association between type 2 diabetes and heart failure was con-
sistent across a range of prespecified subgroups. These find-
ings are in agreement with the previous evidence showing that
diabetes has stronger associations with diabetic complications
for women than men, and shed light on the importance of a
routine sex-specific approach both in research and clinical
practice in this field.

A previous meta-analysis reported that diabetes was asso-
ciated with the risk of heart failure in both women and men
[2]. However, this previous meta-analysis included studies
consisting of women or men only, as well as studies among
both women and men, and therefore could have introduced
bias in quantifying sex differences. Further, sex-specific RRs
were not reported for type 1 diabetes. The present meta-
analysis includes additional two-sex studies that were not in-
cluded previously, and provides evidence that both type 2
diabetes and type 1 diabetes are a risk factor for heart failure
in both sexes, with significantly stronger associations in wom-
en than men. These findings suggest that healthcare providers
and policy makers should be aware of this greater excess risk
of heart failure, as well as other diabetic complications [8–11,
28, 29], in women than men.

In our analyses of type 2 diabetes, the women-to-men RRR
was greater when multiple-adjusted RRs were pooled com-
pared with when age-adjusted RRs were pooled (multiple-ad-
justed RRR 1.09 [95% CI 1.05, 1.13] vs age-adjusted RRR
1.00 [0.78, 1.27]). A significant degree of heterogeneity be-
tween studies was observed for age-adjusted analyses (I2 =
87.6%, p < 0.001), but not for multiple-adjusted analyses
(I2 = 0.0%, p = 0.834). On the other hand, the sensitivity anal-
ysis including the studies that reported both multiple-adjusted
and age-adjusted estimates provided almost similar results,
indicating a greater excess risk of heart failure associated with
diabetes in women than men. Therefore, we speculate that the
difference observed between multiple-adjusted and age-
adjusted analyses is likely due to chance differences between
the studies included. Furthermore, we believe that multiple-
adjusted estimates, which adjust for other major cardiovascu-
lar risk factors in addition to age, are more likely to represent
true aetiology.

There are several potential explanations for the greater ex-
cess risk of heart failure associated with diabetes in women
compared with men. First, the observed sex differences could
be driven by there being a greater risk of CHD conferred by
diabetes in women than men, because CHD is a major cause
of heart failure in people with type 2 diabetes [1]. Our previ-
ous large-scale meta-analyses showed that diabetes conferred
a 44% greater excess risk of incident CHD in women than
men [8]. A significant sex difference was also observed in a
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meta-analysis which focused specifically on type 1 diabetes
and CHD [28]. Sex differences in the management of diabetes
could underpin these associations. Historically, women with
diabetes had poorer glycaemic control than men with diabetes
[30–34]. Second, in addition to CHD, undertreatment for
womenwith diabetes could also contribute to the development
of diabetic cardiomyopathy, a form of cardiac dysfunction that
occurs independently of CHD and hypertension [35, 36], and
could subsequently lead to a stronger association of diabetes
with heart failure in women than men. Third, prolonged ex-
posure to hyperglycaemia during the prediabetic state may
also be involved.Women were reported to have 2 years longer
duration of prediabetes than men [37]. Longer duration of
prediabetes has been shown to be associated with left

ventricular systolic and diastolic dysfunction [38]. Finally, it
is also possible that sex differences in other cardiovascular
risk factor profiles [30–33, 39–41] account for the greater
excess risk of heart failure associated with diabetes in women
compared with men. Deteriorations in major cardiovascular
risk factor levels in individuals with diabetes compared with
those without diabetes are reported to be greater in women
than in men [9, 42, 43].

It might be also possible that the sex differences found in
this study are a mathematical artefact caused by the relatively
low absolute risk for heart failure in women compared with
men. Suppose that the absolute risk difference following dia-
betes is the same in men as it is in women, then there would
automatically be a larger RR among women compared with
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a
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Type 1

NHS Information Services Scotland [18]

Swedish NDR [27] 
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Fig. 2 Multiple-adjusted RR for
heart failure, comparing
individuals with type 1 and type 2
diabetes with those without
diabetes for (a) women and (b)
men. APCSC, Asia Pacific
Cohort Studies Collaboration;
CALIBER, Cardiovascular
disease research using LInked
Bespoke studies and Electronic
health Records; CHS,
Cardiovascular Health Study;
KPMCP, Northern California
Kaiser Permanente Medical Care
Program; LRPP, Cardiovascular
Disease Lifetime Risk Pooling
Project (Framingham Heart,
Framingham Offspring,
Atherosclerosis Risk In
Communities [ARIC], Chicago
Heart Association Detection
Project in Industry Study [CHA]);
NDR, National Diabetes
Registry; NHANES I, First
National Health and Nutrition
Examination Survey; NHI,
National Health Insurance; NHS,
National Health Service
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men. However, RRs, rather than absolute risk differences, are
much more commonly reported in clinical studies, given their
stability across different populations. No sex differences be-
tween women and men were found in our previous meta-
analyses for risk factors and cardiovascular diseases [44,

45], which indicates that detection of a female disadvantage
based on RRs is not inevitable.

Regarding type of diabetes, the excess risk of heart failure
associated with diabetes was greater in type 1 diabetes than
type 2 diabetes. The women-to-men RRR was 1.47 (95% CI

Higher RR for men Higher RR for women
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Subtotal (I
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0.24
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3.38

0.16

100.00

Weight (%)
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Fig. 3 Multiple-adjusted women-to-men RRR for heart failure, compar-
ing individuals with type 1 and type 2 diabetes with those without diabe-
tes. APCSC, Asia Pacific Cohort Studies Collaboration; CALIBER,
Cardiovascular disease research using LInked Bespoke studies and
Electronic health Records; CHS, Cardiovascular Health Study; KPMCP,
Northern California Kaiser Permanente Medical Care Program; LRPP,

Cardiovascular Disease Lifetime Risk Pooling Project (Framingham
Heart, Framingham Offspring, Atherosclerosis Risk In Communities
[ARIC], Chicago Heart Association Detection Project in Industry Study
[CHA]); NDR, National Diabetes Registry; NHANES I, First National
Health and Nutrition Examination Survey; NHI, National Health
Insurance; NHS, National Health Service
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Absolute risk of heart failure
b
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Fig. 4 Subgroup analyses of
multiple-adjusted women-to-men
RRR for heart failure, comparing
individuals with type 2 diabetes
with those without. aYear of
baseline: two studies were
excluded because baseline year
bridged pre-1985 and 1986
onwards. bAbsolute risk of heart
failure: absolute risk was derived
using data from individuals with
and without diabetes combined.
Four studies were excluded
because absolute risk was not
available for both sexes
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1.14, 1.90) for type 1 diabetes, and 1.09 (1.05, 1.13) for
type 2 diabetes. The reason for this difference between
type 1 and type 2 diabetes is unclear, but it may be
partly explained by the above-mentioned sex differences
in the association between diabetes and CHD. In our
previous meta-analyses, type 1 diabetes showed a stron-
ger sex difference in the association with incident CHD
than type 2 diabetes, with women-to-men RRR of 2.54
(1.80, 3.60) for type 1 diabetes [28] and 1.44 (1.27,
1.63) for type 2 diabetes [8]. Future large-scale individ-
ual participant data meta-analysis and mechanistic stud-
ies might elucidate this difference.

The strengths of this meta-analysis are the large number
of study participants and exclusion of studies which pro-
vided data for only one sex, which reduced the risk of both
sampling and non-sampling error. This enabled us to pro-
vide robust evidence on the presence of sex differences in
the risk of heart failure conferred by diabetes. Furthermore,
the findings were consistent across a range of prespecified
subgroups. Some limitations of this study should be men-
tioned. First, this meta-analysis was based on published
data, with heterogeneity in study design, ascertainment of
diabetes, definition of endpoint and extent of adjustment for
confounding factors across studies. However, since we only
included studies with results for both sexes, we minimised
these issues by conducting within-study comparisons of the
sexes. Second, there may be other unmeasured confounding
factors in addition to those adjusted for in each study.
Third, information on duration of diabetes, glycaemic con-
trol, glucose-lowering drugs or phenotype of heart failure
was not available, and thus we cannot conduct detailed
assessments regarding these factors. Analyses considering
these factors would provide insight into potential explana-
tion for the observed sex differences, and will be the sub-
ject of our future research. Fourth, the competing risk of
premature death was not adjusted for in the present meta-
analysis. Men with diabetes are at an increased risk of
premature death compared with women with diabetes [46]
(as indeed is the case in general populations), and therefore
may be less likely to develop heart failure. This could
partly explain the greater excess risk of heart failure fol-
lowing diagnosis of diabetes in women than men. Finally,
we only found two studies of type 1 diabetes, which com-
promises the accuracy of our estimates in this regard.
Additional studies are needed to address this issue.

In conclusion, the excess risk of heart failure following
diagnosis of diabetes is significantly greater in women than
men, highlighting the importance of intensive prevention and
treatment of diabetes for women as well as men. Further re-
search is required to understand the mechanisms underpinning
the excess risk of heart failure conferred by diabetes (particu-
larly type 1) in women and to reduce the burden associated
with diabetes in both sexes.
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