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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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What is already known about this subject?

e Diabetes is associated with an increased risk of heart failure

e  Accumulating evidence has found that, compared with men, women have a significantly greater excess risk of
cardiovascular diseases, such as CHD and stroke, following diagnosis of diabetes

o  Whether diabetes confers the same excess risk of heart failure in women and men is unknown

What is the key question?

e Does diabetes confer a greater excess risk of heart failure in women than men?

What are the new findings?

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

e Type 1 diabetes was associated with a 47% greater excess risk of heart failure in women compared with men

e Type 2 diabetes was associated with a 9% greater excess risk of heart failure in women than men

How might this impact on clinical practice in the foreseeable future?

e This study sheds light on the importance of a routine sex-specific approach in both diabetes research and clinical

practice

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 criteria We 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 7
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).

Fig. 1 Flow chart of study

Records identified through

selection database searching on 16 November 2018
(n=5991)
v
Records screened
(n=5991)
| Records excluded
q (n=5231)
A\ 4
- Full-text articles excluded
Full-text articles assessed (n=749)
for eligibility - 2 based on individuals with
(n=760) underlying diseases
- 518 did not report relevant data
- 180 did not report sex
»| differences
Identified through . - 1 reported one sex only
hand-searching (n=3) " - 24 did not report RR equivalent
with variability
- 1 no age-adjusted RR
v - 13 duplicate studies
Studies included in - 10 cross-sectional or case—
quantitative analysis control studies
(n=14)

@ Springer



1553

1550-1560

Diabetologia (2019) 62

By

sonamip

‘S10%90]q-¢) ‘sunje)s
‘sampaooid
UONESLIE[NOSEAI
Areuo1od Jo XH ‘qQHD Jo
XH ‘snje)s uonesiueqin
‘eare [eorydei3oas 98y
BIWOL[0I)So[0Y010d Ay
DL ‘dgS ‘TAd ‘dHD
“aSBaSIp 13y JIB[NA[RA ‘| H
uSromiono ‘uondunsuod
Joyoo[e ‘Funjotus
“Kyianoe TeorsAyd
‘uoneonpa ‘9oel 98y
QSEOSIP {BAY Je[NAJEA
IV ‘oseastp Aore
AIeuo100 ‘I H 95y
uonejue|dsuen

10 sisA[erp

[eua1 1V ‘AHD ‘TN
2)NE ‘oIS ‘Snje)s
uoneISIIWI ‘Snje)s
[eILIRW ‘UO1EONPS
QuI0oUI ‘SJqRIP

Jo uopemp 03y
SOIIPIGIOW0d dUIASEq
‘[9A9] [RUOIIBONPS
‘UdpamS ul yIq
‘uoneInp SqRIP
parepdn-oum o8y
Aanoe [edrsAyd ‘TNg
‘uondunsuod joyooe
‘Sunjows ‘uoneanpa
‘s TeoIuI]O 03y
Aynsaqo

‘LH ‘smes Sunjowrs
‘uoneanpa ‘aoex O3y

, 10yoo[e ‘Fupjows
‘HAT ‘wdjoxd ourm
‘proe oLIN ‘QUIUNRAIO
TN ‘DL ‘ured

3sayd Juenbayy ‘TN ‘LH
‘uoneanps ‘aoer a8y

AAD 1oypo

10} suonesijendsoy
snoiaaid ‘7DD 08y
(paynens)

Apms ‘serq wonnyp
uorssaigar ‘Sunjows
npIesId TNG ddS 98V

pod

pog

wog

yog

yog

yog

yog

yog

yog

pog

(9p) €9tC

(19) 0zv8

(9p) T8€1

(08) 100%

(S¥)
LST°0S “Jonuod
(9%) SIL'8I :TL

(6€) L8€ET

(LS) Thel

(S pue g page
xaput 10J) (z€)
9L6T “(LY) LLIT

%) 0€€T

(S9) ¥S1°9C

(VN) 96

uondusarg

swre[o
a1ed A1oenquiy

pauodar-Jjes

wrepd Aoeuweyd
‘10931 [BIIPIN

AAN

AAN

JLUEITTEN]
‘paInsesajn

JuounEaT)
‘paInseajy

pamnseawr
‘paptodar-Jjo8
Sa10qRIp

Jo sisouSerp yim
uonesiendsoy
‘sajoqerp J1oj Surked
woly uonduaxs
‘uonduosarg

paInseawr
‘pantodar-jjos

pod

yog

pog

yog

wog

pog

yog

(Sp) 188°T1

(Ly) 16T¥€

(19) 128

(6%) vreTL

(S) S0€99T

(Sp) zov'ee

(€9) 189

(s pue

G paSe xapur 10j)
(T8) T6LT “(9%) 659

VN

(VN ¥$6°TST

VN

0€<

ueow ()9

YL—SC

81<

ueow 79
[ONU0D 79 1TL

81<

§9<

81< VY9-S5
‘0L=S ‘T9-0¢

or<

o
A

0Z<

(1s)
S9LTSS Jonuoo
(St) 18811 TL

(LY)
16T°F€ J0nU0d
‘(LY) 16T¥E TL

(69) €v9°€1

(€9) L¥6'65€

(St)
YOS ETE’T [onu0d
“(St) S0€°99C *TL

(s)
8TT991 :[onU0d
(SP) TO¥€E T TIL

(19) L18%

(SS pue g pade
xopur 10j) (€5)
S16°€T (0S) 6vT61

(¥S) LL8Y9

(VN) €0T°T61°€

(9€) ¥69°€vS

paseq-uonendog

paseq-uonendog

paseq-uonendog
uonesiuesio
QouBULIUTEW
PIESH

(JAN ySnomp
PaYnUAPI SEM 1)
paseq-uone[ndo

(4QN ysnomy
poynuAp! SEM [ 1)
paseq-uonendog

paseq-uonendo

paseq-uonendog

uonesiuesIo
JOUBUIUIBW N[

paseq-uonendo

s3umos
Teuonednaoo
‘paseq-uone[ndog

(43 9661-1661

0°8 :[OnU0d

‘§'LTL 000T

6l SL6I-IL6IT

8T $002-000C

uerpawr 9°¢ T10T-8661

€8 ;Jonuod

‘6°LIIL 11028661

€661-C661
0661-6861
€L61-L961
‘6861-L861
‘IL61 ‘8761

uerpatt ¢°Z1
(g5 pue
S pade xopur

105) €0T ‘T'LT

uelpau ¢°6

¥861-8L61

S 800C

L 666179961

epeue))

uBMIB],

SN

SN

uopamg

uopams

SN

mﬁ_OJOo 14
Jo jood ‘s

SN

Apey

SHOY0I 7€ JO [00d

[zl

Soseqeiep IS
ueMayIeYSeS

[61] wysAs
THN S.ueme],

[s1]

Apmg dn-mofjo g
or3ojoruapidyg

1 SHNVHN

[L1] e1B1000
QJUOUBULIDJ

Jostey]

[oz] (zL)

AAN Ystpams

[L2l (D
AN USIpIMS

[¥2l SHD

[sz] dda1

[9z] dOWd

Jletle e
opIedI[0d

« [911080dV

J|qe[reAe
juaumsnipe
WNWIXeJA

exey
-uou
J10 [ejeq

(uowom 9)
JW0NO JO N

SOJOQERIP JO  SIJOQRIP
JUSWIUIEMAOSY  JO odAL

(uowom 9)
S91qeIp JO N

(s189K)
o3uer
a3y

(uowom 9,) N

uonerndod
Apmg

(s180K)
dn-moqo] s1eak ouraseq

Anuno)

11040))

QIN[IEJ MBAY PUE SSOQRIP USSMIIQ UOTRIOOSSE oY) U0 Suniodar saIpmys ) JO SONSLIAJORIRY))

L 31qeL

pringer

AQs



Diabetologia (2019) 62:1550-1560

1554

[01)S3[0YD [€30} ‘DL,

‘sajeqerp 7 odA) ‘7, ‘soreqerp [ odA) ‘11 (g O10ISAS ‘ddS ‘991AIdS oY [euoneN ‘SHN ‘oourInsu] yi[ed [euoneN ‘THN ‘A9AING UOHBUIEXH UONLINN PUE I[ed [BUONEN] ISI] T SANVHN ‘Ansisoy
s9)0qeI( [euoneN “YAN 9[qe[ieAr jou ‘YN uonorejur [erpresoiw A ‘AydoniodAy remnowmuoa Yo ‘HAT «([VHD] Apmas Ansnpuj ut 300[01d Uono)d  uoneoossy Medy odeony) ‘(Oryv] sonunuuwo))
uJ sy s1so1a[osoIay)y ‘Fundsy weydurwer,] 4Ieoy weydurwel,]) 109(01J SurjooJ JSry SwnajIT aseasi(] Je[noseAolpre)) ‘Jd¥T {Weido1d a1e)) [BOIPIJA 9JUSUBULIOJ JOSIES] BILIOJITRD) WIOYHON ‘DN
{A103s1y ‘XY ‘uorsuopodAy ‘1 H [0101So[oyo-TAH O-TAH 88} ‘1 9SeasIp Je[noseAoIpIed ‘(qAD ‘oseasip Areuownd 9A1RoNNSqo SOOIy ‘qdOD ApmS YiedH Je[noseAolpie)) ‘SHD ‘Xopu] AIpIqiowo))
uospIey)) [DD) ‘SPI0OAY H[eY JIuonId[g pue saIpnys axodsog paduT SuIsn Yoreasal aseasIp Ie[noseAoIpIe) YA TV ‘UONeIOqe[[0)) SAIpmS HoY0)) diIoed BISY ‘ODSDJV ‘UONR[[LqY [ele Iy
Pa10RNXd A1oM (SIBIA (€< PASe) €107 10J S,

paisnfpe-o5e 2q 0) paYISSE]d oM S |,

PAJoRNXA d1oMm ()9> pade sjuedionted ur sajoqeIp PI[[ONUOD 10 S ,

(p1o s1eoA 9[<) spuedionted [[EIOAO WO POALIOP SeM [& 10 OpIEdIo Ul sjuedidnied [e)0) Jo A

AJUO deW JO PAISISUOD (%T°T ‘P69 EHS/COT T = U) DSDAV Ul SHOY0d 9¢ Jo 1o du() ‘syuedionied [[BISAO WOY PIALIDP sem HSHJV ul siuedionted [10) jo A/,

QInjrej ey 10j uonesie)dsoy ‘39 ‘SJUIAD [eIeJ-UOU PUE [BJB] Y)Oq SPNJOUL 0] PAISPISUOD dIdM AdY) QuapIoul se pajtodar arom syutodpus J|

(VN 62¢°'16 #9)
sajqeIp ou €5°990°€ SaRqeIp [81]
, 1K tepuoed ‘snjers (VN) 6S6°CC *TL (9%) TH0'9€1 7L ou ‘(9%) TH0'9€1 PUE[)0OS SAOIAIOS
JILIOU0AOI0S ‘3FY wog (VN €I€1 ‘1L I0)s1301 SaKqeI( TLIL (S O8I fIL 06X TL(SY) 0vT'81 t1L paseq-uonendoq 01 £102+00T 3N uoneuLopu] SHN
p STUEIS UBI010) 9Ty wpog (bh) 12€T I0)s1501 SA0qRI(T 7L (rh) 8YEYT ¥8-0€ (1) 161°95€ paseq-uonendoq € 1102 A1 [12] e 10 Leropeg
suonduosard
Snip aarsuarpdAynue
pue une)s ‘Funjows
dds ‘DL ‘O-1aH soonoeid [¢] owues3ord
‘uonetdap ‘TN 98V og (VN) 8€6°€1 PI00aI [BOIPAIN 4 (9%) 861°7¢ 0€< (1$) 09T°126°T ared Arewig UBIpaW ¢°g 01028661 p il yggrIvo
J[qe[reae [erey (s1B2K)
judunsnipe -uou  (USWIOM 9) SOJOqEIP JO  SOjOqEIp (uowom 9,) oSuer uonerndod (s189K)
wnwixepy Jo [eje] QWONNOJO N  JUSWUIRMAOSY Jo odA]  sdjoqerp Jo N A3y (uowom 9) N Apmg dn-moqjo s1eoA ourjeseq Anuno) J1070)D)

(ponumuoo) 1 d[qeL,

pringer

Ns



Diabetologia (2019) 62:1550-1560

1555

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 F* 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, P=
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 between men 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=10.98). The P 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=10.02) 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 (/* =
87.6%, p<0.001), but not for multiple-adjusted analyses
(12 =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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Fig. 2 Multiple-adjusted RR for a
heart failure, comparing Study RR (95% CI) Weight (%)
individuals with type 1 and type 2
diabetes with those without Type 1
diabetes for (a) women and (b) NHS Information Services Scotland [18] n 4.20 (3.24, 5.43) 50.80
men. APCSC, Asia Pacific Swedish NDR [27] T 6.36 (4.82, 8.40) 49.20
Cohort Studies Collaboration: Subtotal (2= 78.4%, p = 0.031) <= 515 (3.43, 7.74) 100.00
CALIBER, Cardiovascular

. . Type 2
disease research using LInked Swedish NDR [20] * 1.48 (1.40, 1.57) 11.21
Bespoke studies and Electronic Taiwan’s NHI system [19] = 1.49 (1.39, 1.58) 11.16
health Records; CHS, CALIBER programme [5] = 1.61(1.46, 1.79) 10.74
Cardiovascular Health Study; NHANES | Epidemiologic Follow-up Study [15] — 1.83 (1.38,2.41) 7.62
KPMCP, Northern California Policardo et al [23] 2 1.89(1.81,1.97) 11.32
Kaiser Permanente Medical Care CHS [24] . _:_._ 1.90 (1.56, 2.30) .24
Program; LRPP, Cardiovascular Kaiser Perma'nente G.eorgla [17] - 2.03 (1.84,2.37) 10.38

. - . . NHS Information Services Scotland [18] 2.34 (2.20, 2.50) 11.15
Disease Lifetime Risk Pooling APCSC [16] 240 (121, 4.74) 2.85
Project (Framingham Heart, LRPP [25] = 2.91 (2.54, 3.33) 10.24
Framingham Offspring, KPMCP [26] -~ 3.03 (1.79, 5.14) 4.09
Atherosclerosis Risk In Subtotal (/2= 95.1%, p <0.001) < 1.95 (1.70, 2.22) 100.00
Communities [ARIC], Chicago
Heart Association Detection 0.I5 1 '2 :‘
Project in Industry Study [CHA]); . ) .
NDR, National Diabetes Lower RR for diabetes Higher RR for diabetes
Registry; NHANES 1, First
National Health and Nutrition b
Examination Survey; NHI, Study RR (95% Cl)  Weight (%)
National Health Insurance; NHS,
National Health Service Type 1

—_—

NHS Information Services Scotland [18]

Swedish NDR [27]

3.00 (2.37, 3.78) 51.77
—T> 4.07(3.14,5.27) 4823

Subtotal (/2=66.3%, p = 0.085) = 3.47 (2.57, 4.69) 100.00
Type 2

Swedish NDR [20] = 1.38 (1.31, 1.45) 11.70
Taiwan’s NHI system [19] = 1.44 (1.35, 1.54) 11.52
APCSC [16] T 1.49 (0.84, 2.64) 3.07
CALIBER programme [5] - 1.54 (1.39, 1.71) 10.95
Kaiser Permanente Georgia [17] - 1.71(1.55, 1.89) 11.00
CHS [24] - 1.73 (1.41,2.12) 8.79
Policardo et al [23] * 1.74 (1.66, 1.82) 11.74
NHANES | Epidemiologic Follow-up Study [15] - 1.83(1.27,2.63) 5.52
NHS Information Services Scotland [18] = 2.08 (1.96, 2.21) 11.60
LRPP [25] - 2.36 (2.07,2.70) 10.31
KPMCP [26] 2.57 (1.57,4.22) 3.79
Subtotal (/2=93.9%, p <0.001) < 1.74 (1.55, 1.95) 100.00

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
women with 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
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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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NHS Information Services Scotland [18] - 1.40 (0.99, 1.98) 54.41
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CALIBER programme [5] - 1.05(0.91,1.21) 5.94
Swedish NDR [20] - 1.08 (1.00, 1.16) 21.15
Policardo et al [23] - 1.09 (1.02, 1.16) 31.52
CHS [24] e 1.10 (0.83, 1.45) 1.58
NHS Information Services Scotland [18] || 1.13(1.03, 1.23) 16.08
KPMCP [26] 1.18 (0.57,2.43) 0.24
Kaiser Permanente Georgia [17] — 1.19 (1.01, 1.39) 4.77
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Subtotal (/2=0.0%, p = 0.834) 0 1.09 (1.05,1.13) 100.00
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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,

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,

Higher RR for women

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

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

Fig. 4 Subgroup analyses of Subgroup No. of studies RRR (95% CI) Pinteraction
multiple-adjusted women-to-men
RRR for heart failure, comparing .
individuals with 2 diab Study region
individuals with type 2 diabetes Non-Asia 9 . 110 (1.06,1.14) (o0
with those without. *Year of Asia 2 do 1.04 (0.95, 1.14) :
baseline: two studies were
excluded because baseline year Year of baseline?
bridged pre-1985 and 1986 Pre-1985 2 —_—t— 1.05 (0.71, 1.54) 087
onwards. PAbsolute risk of heart 1986 onwards 7 - 1.09 (1.05, 1.13)
fa{lure: absolute rlsk was derlYed Ascertainment of diabetes
using data from individuals with Self-reported only 1 — 1.00(0.63,1.58) .,
and without diabetes combined. Other 10 - 1.09 (1.05, 1.13) :
Four studies were excluded
because absolute risk was not sFtutd?, otlxtcome ] 161 (0,66, 3.92)
- atal only . .66, 3.
available for both sexes Fatal and nonfatal combined 10 - 1.09 (1.05, 1.13) 0.41
Quality score
Lower score (<8 points) 3 — 1.20 (1.03, 1.40) 025
Higher score (=8 points) 8 - 1.09 (1.05, 1.12) '
Absolute risk of heart failure ®
Risk greater in women 3 - 1.07 (1.03, 1.12) 0.16
Risk greater in men 4 - 1.15(1.07, 1.23) '
T T — T

05 075 1 15 2 3

Higher RR in men Higher RR in women
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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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