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ABSTRACT

Previous analyses have shown that women with diabetes are at substantially increased risk of Coronary
Heart Disease (CHD) compared with men. Several larger studies have been published on the sex-specific
associations between diabetic women and men for incident CHD. We performed this study to provide the
most reliable evidence of any sex difference in the effect of diabetes on subsequent risk of CHD This
prospective population-based study was carried out at UP University of Medical Sciences, India wef 07
Apr 2006 t0 07 Apr 2017(11 yrs) years The diabetes have more than a 40% greater risk of incident CHD in
women as compared with men. Data from Single center, including 858,5 individuals and 28,2 incident
CHD events, were included. The RR for incident CHD associated with diabetes compared with no diabetes
was 2.82 (95% CI 2.35, 3.38) in women and 2.16 (95% CI 1.82, 2.56) in men. The multiple-adjusted RRR
for incident CHD was 44% greater in women with diabetes than in men with diabetes (RRR 1.44 [95% CI
1.27, 1.63]) with no significant heterogeneity between studies Coronary artery disease (CAD) is the
leading cause of cardiovascular mortality worldwide Despite a recent decline in developed countries, both
CAD mortality and the prevalence of CAD risk factors continue to rise rapidly in developing countries.
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INTRODUCTION male equivalents, even after consideration of differences
in baseline levels of other major risk factors.[t0111213.14]
Since that report, estimates from a number of large and
more contemporary cohort studies have been published,
with man?/ reporting incident as well as fatal CHD
outcomes. 15,16,17,18,19]

A lack of sex-specific data from early epidemiological
studies has typically led to the assumption that the
associations between risk factors and disease outcomes
are equivalent in women and men. But, increasingly,
evidence to support the existence of clinically
meaningful sex differences in the relationships between
certain risk factors, such as smoking and diabetes.!*#%4*]
with chronic disease is becoming apparent, often with
more detrimental effects of such risk factors in women
than in men. Sex differences in risk factor—disease
associations would not only have implications for patient
management and treatment, but would also have
repercussions on efforts to quantify the burden of disease
due to specific risk factors, as most such studies use only
a single estimate of risk that is uniformly applied to both
men and women.[”8% |n 2006, a systematic review of
37 cohort studies of the sex-specific effects of diabetes
on risk of fatal CHD suggested that women with diabetes
had a near 50% greater excess risk compared with their

METHOD: We performed this study to provide the
most reliable evidence of any sex difference in the effect
of diabetes on subsequent risk of CHD This prospective
population-based study was carried out at Medicine Dept
of UP University of Medical Sciences India wef 07 Apr
2006 t0 07 Apr 2017(11 wyrs) years Prospective
population-based studies were included if they had
provided RRs (or equivalents) for the associations
between diabetes and CHD in men and women. Studies
were excluded if they had not adjusted for at least age or
did not provide information on the variability around the
point estimate. The search strategy and items for data
extraction were defined and agreed by all authors. For
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each study, we obtained the sex-specific RRs for
individuals with diabetes vs individuals without diabetes
and 95% ClIs through extraction of RRs from the
published manuscripts or through new statistical analyses
on the available individual participant data. We
subsequently used these RRs to estimate the women-to-
men ratio of RRs (RRR) and 95% Cls.°??2 The
primary endpoint was incident CHD (either fatal or non-
fatal) and the secondary endpoint was fatal CHD, to
facilitate comparison with previous reviews. Multiple-
adjusted results were used in our primary analyses. The
set of multiple adjustments made were allowed to vary
by study, but had to include at least one other risk factor
in addition to age. After natural log transformation of
study-specific estimates, pooled estimates across studies
were obtained using random-effects meta-analysis. The
inverse of the variance of the log RR and of the log RRR
were used to weight studies according to an estimate of
statistical size.[?#%42°]

Sensitivity analyses were performed by age (<60 vs
>60 years), region and baseline year of data collection.

The statistic was used to estimate the percentage of
variability between studies[2.728.29.30]

RESULT

Overall, data including 858,5 individuals (42% women)
and 28,2 incident CHD events, were available.
Individuals were between 20 and 80 years of age at
baseline and the duration of follow-up ranged from 5 to
11 years. The average prevalence of diabetes at baseline
was 3.4% among women and 4.8% among men.The
overall summary RR for incident CHD associated with
diabetes compared with no diabetes was 2.82 (95% ClI
2.35, 3.38) in women and 2.16 (95% CI 1.82, 2.56) in
men The statistic for heterogeneity between studies was
83% in women and 86% in men indicating substantial
between-study heterogeneity. Exclusion of the four
studies with only age-adjusted results reduced the
between-study heterogeneity to 65% in women and 66%
in men and mildly attenuated the RR estimates (RR 2.63
[95% CI 2.27, 3.06] in women and 1.85 [95% CI 1.64,
2.10] in men
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Lower RR of diabetes

Multiple-adjusted RR for incident CHD, comparing
individuals with diabetes with those without diabetes.

Higher AR of diabetes

The multiple-adjusted women-to-men RRR for incident
CHD was 1.44 (95% CI 1.27, 1.63) Visual inspection of
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the funnel plot showed minimal evidence for publication
bias adjustment for which did not alter the results. There
was no evidence that the pooled RRR varied materially
by important study characteristics, namely: duration of
study follow-up (p for heterogeneity=0.16); the
proportion of CHD events within each study (p=0.76);
the women-to-men ratio of the CHD event rate
(p=0.93); the prevalence of diabetes (p=0.58); or the
women-to-men ratio of diabetes prevalence (p=10.84) In
the sensitivity analysis there was no evidence that the
multiple-adjusted RRRs for incident CHD differed
materially by age or region (p value for interaction, 0.26
and 0.78, respectively); however, there was a borderline
significant effect of year of study baseline on the RRR
(p value for interaction=0.048) Pooled estimates and
RRR for the diabetes-related risk of fatal CHD In an
analysis that included data including 7829 (91%)
individuals and at least 16,9 fatal CHD events, the
pooled multiple-adjusted RR estimates for fatal CHD
associated with diabetes were 2.83 (95% CI 2.25, 3.54)
in women and 2.04 (95% CI 1.72, 2.43) in men The
corresponding women-to-men RRR was 1.44 (95% CI
1.20, 1.73) There was variation in the confounders that
were adjusted for in the individual studies but, aside
from age, most adjusted for blood pressure, cigarette
smoking, BMI and lipids. Adjustment for major
cardiovascular risk factors had only a small effect and
attenuated the age-adjusted RR of diabetes for CHD to a
similar extent in women (12%) and men (11%).

DISCUSSION

Thi study confirms the greater excess risk of CHD in
women with diabetes compared with men with diabetes.
The current estimate of 44% greater RR for incident
CHD in women with diabetes compared with their male
counterparts is comparable with the previous estimate of
46% excess risk for fatal CHD reported in a meta-
analysis that was restricted to 37 cohorts and fatal CHD
events, with about one-third the number of events
available in the current study The sex difference in
diabetes-related risk for CHD was consistent across
subgroups defined by age and region and remained
unchanged after excluding non-fatal CHD events.
Furthermore, as the level of attenuation of the age-
adjusted summary risk estimates was both moderate and
equivalent in women and men the observed sex
difference is wunlikely to be driven by residual
confounding. Recently, we have shown that the excess
risk of stroke in individuals with diabetes is more than
25% greater in women than in men taken together with
these current data, there is convincing evidence
that 12829303132 gjahetes poses a greater relative risk for
cardiovascular diseases in women than men.

There is considerable uncertainty as to the mechanisms
responsible for the observed greater coronary hazard
conferred by diabetes in women compared with men. It
has long been speculated that there is a widespread sex
disparity in the management and treatment of

to the detriment of women. Historically, women with
diabetes were more likely to have a more adverse
cardiovascular risk profile and were less likely to achieve
the recommended levels of risk factors compared with
male counterparts; in particular, this may have affected
the sex-specific estimates from the older cohort studies
that were established when there were significant
disparities in treatment between sexes.*****! Even
though treatment has become more equitable between the
sexes, when treated similarly, diabetic women are still
less likely than men to achieve target values for
cardiovascular risk factors.®***®!  This might suggest
that it is not the higher levels of cardiovascular risk
factors or the relative under treatment in women alone
that account for all of the excess risk of CHD induced by
diabetes in women.

Alternatively, sex differences in diabetes-related changes
in the levels of cardiovascular risk factors may play an
important role. Indeed, there is accumulating evidence to
support the hypothesis that women’s metabolic and
vascular risk factor profile has to deteriorate to a greater
extent, i.e. that women have to ‘travel further’, than men
to become diabetic. Several studies have shown that the
difference in both traditional and novel cardiovascular
risk factor levels in people with and without diabetes is
significantly greater in women than in men,[¥%:323334%]
Furthermore, in the prediabetic state where glucose
tolerance may already be impaired but does not meet all
diagnostic criteria of diabetes, risk factor levels are more
elevated in women than in men.!**% Several studies have
suggested that men develop diabetes at a lower BMI
compared with women,E"®! For example, in the UK
General Practice Research Database, the BMI of
individuals at the time of diabetes diagnosis was, on
average, 1.8 kg/m?higher in women than in men,?
Similarly, data from the UK Prospective Diabetes Study
indicated that men with newly diagnosed diabetes were
significantly less obese compared with newly diagnosed
women.B**! It is conceivable, therefore, that the
diabetes-related excess risk of CHD in women is not due
to significant sex differences in the physiological effects
and complications of diabetes. Rather, we hypothesise
that the excess risk in women is due to a combination of
both a greater deterioration in cardiovascular risk factor
levels and a chronically elevated cardiovascular risk
profile in the prediabetic state, driven by greater levels of
adiposity in women compared with men. If confirmed,
the implementation of sex-specific interventions before
diabetes becomes manifest—such as increased screening
for prediabetes, especially in women, combined with
more stringent follow-up of women at high risk for
diabetes, such as women with a history of gestational
diabetes—could have a substantial impact on the
prevention of CHD. Moreover, physicians may be more
likely to recognise the early symptoms of CHD in men
than women because of men’s higher absolute risk, and
thus sex differences in medication use and risk factor
control may still exist. Greater awareness of early

cardiovascular risk factors in individuals with diabetes, Sy piomsRgo M Ch R N VIO CIEN G RSCYCSECIRIC
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therapeutic risk factor management, irrespective of the
presence of diabetes, is optimal for improving clinical
outcomes in both women and men.

CONCLUSION

Diabetes confers a significantly greater relative risk of
incident CHD in women than in men. Higher levels of
cardiovascular risk factors and relative under treatment
in women compared with men are unlikely to account for
all of the excess risk observed in women. Instead, we
propose that a greater deterioration in cardiovascular risk
profile combined with more prolonged exposure to
adverse levels of cardiovascular risk factors among
prediabetic women compared with their male
equivalents, possibly driven by greater levels of
adiposity, may be responsible for the excess risk of
diabetes-related CHD in women.

Abbreviation
APCSC
Asia Pacific Cohort Studies Collaboration.

ARIC
Atherosclerosis Risk in Communities Study.

Nhanes 111
National Health and Nutrition Examination Survey IlI.

RRR
RR ratio.

Shhec
Scottish Heart Health Extended Cohort Study.
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