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ABSTRACT

Introduction: The impact of sex and diabetes mellitus (DM) on patients with heart failure with mildly
reduced ejection fraction (HFmrEF) is not well elucidated. This study aims to evaluate sex differences
in the clinical profile and outcomes in Asian HFmrEF patients with and without DM.

Methods: Patients admitted nationally for HFmrEF (ejection fraction 40-49%) between 2008 and
2014 were included and followed up until December 2016. The primary outcome was all-cause mortality.
Secondary outcomes included cardiovascular (CV) death and/or heart failure (HF) rehospitalisations.

Results: A total of 2,272 HFmrEF patients (56% male) were included. More women had DM than
men (60% versus 55%, P=0.013). Regardless of DM status, HFmrEF females were older, less likely to
smoke, had less coronary artery disease, narrower QRS and lower haemoglobin compared to men. The
odds of having DM decreases in smokers who are women as opposed to men (P, =0.017).

interaction
In multivariate analysis, DM reached statistical analysis for all-cause mortality and combined CV
mortality or HF rehospitalisation in both men and women. However, the results suggest that there may
be sex differences in terms of outcomes. DM (vs non-DM) was less strongly associated with increased
all-cause mortality (adjusted hazards ratio [adj HR] 1.234 vs adj HR 1.290, P, . <(.001] but more

strongly associated with the combined CV death/HF rehospitalisation (adj HR 1.429 vs adj HR 1.317,
=0.027) in women (vs men).

interaction
Conclusion: Asian women with HFmrEF had a higher prevalence of DM, with differences in clinical
characteristics, compared to men. While diabetes conferred poor outcomes regardless of sex, there

were distinct sex differences. These highlight the need for sex-specific management strategies.
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INTRODUCTION

Diabetes mellitus (DM) is a common comorbidity
worldwide with global prevalence among adults above
18 years of age increasing from 4.7% in 1980 to 8.5% in
2014." DM has been shown to be a common comorbidity
in heart failure (HF) patients ranging from 4.3-28%?
and when present, portends a poorer prognosis in these
patients.>*

There have been increasing epidemiologic data
showing Asian patients with HF to be significantly

younger, leaner and with a higher predisposition for
DM compared to their Western counterparts.>® Prior
studies have also shown that Asian patients with HF with
mildly reduced ejection fraction (HFmrEF) represent
a distinct HF phenotype riddled with a high burden of
cardiovascular diseases such as DM, peripheral vascular
disease, and coronary artery disease with distinct major
adverse cardiac events outcomes.”” While research on
sex differences among patients with both DM and other
subtypes of HF has been gaining traction'® with distinct
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CLINICAL IMPACT

What is New

* In our Asian cohort with heart failure with
mildly reduced ejection fraction (HFmrEF), women
with HFmrEF were found to have a higher
prevalence of diabetes mellitus (DM), with
differences in clinical characteristics, compared
to men.

*  While diabetes conferred poor outcomes
regardless of sex, there were distinct sex
differences with women experiencing a higher
composite rate of cardiovascular mortality and
heart failure readmission than men.

* We also found that women with HFmrEF,
particularly those without DM, were less likely

to be prescribed with guideline-directed medical
therapy (GDMT) of angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers or beta-
blockers despite having comparable baseline
haemodynamics, mean left ventricular ejection
fraction and mean serum creatinine levels.

Clinical Implications

® Our findings highlight the need for sex-specific
management strategies for HFmrEF patients with
DM to improve outcomes.

® Concerted effort should be made to review the
discrepant GDMT prescribing practices by clinicians
for women with HFmrEF to further reduce morbidity
and mortality.

sex-specific differences noted, data in HFmrEF have
been scarce. This study aimed to evaluate sex differences
in the clinical profile and outcomes in Asian HFmrEF
patients with/without DM.

METHODS

Study population and setting

The Singapore Cardiac Databank Heart Failure
(SCDB-HF) registry is a nationwide prospective,
observational data collection registry for all consecutive
patients >21 years of age admitted for heart failure to
all Singapore public hospitals. Comprehensive data
collection at baseline such as demographics, clinical
signs and symptoms, characteristics, biochemistry,
treatments and discharge outcomes were captured in
this registry. Details of the registry have been previously
described with numerous publications ensuing from this
registry.!""® Trained coordinators collected data with
the use of a standardised case report form and entered

these findings into an electronic database, which
underwent internal and external validation. Registry
participation was independent of medical care
received. The study was approved by the Institutional
Ethics Review Board. Consecutive unique patients who
were admitted to the SCDB-HF registry from 1 January
2008 to 31 December 2014 were included. Only patients
with a mildly reduced ejection fraction of 40-49% at
index presentation were included in this study.

Outcomes

All patients were followed-up until 31 December 2016.
DM was defined as having a prior history of diabetes
and/or currently receiving antidiabetic therapies. The
primary outcome measured was all-cause mortality. The
secondary outcome was a composite of cardiovascular
death and/or heart failure rehospitalisation. These
outcomes were obtained from national registries.

Statistical analyses

Baseline characteristics of individual subgroups were
described using frequencies and percentages for
categorical variables, and as mean * standard
deviation (SD) or medians with interquartile range
(IQR) for continuous variables. Differences between
groups were tested using chi-square tests for categorical
variables and independent samples t-tests or one-way
analysis of variance for continuous variables. Differences
in baseline demographics, clinical profile, comorbidities
and pharmacotherapy were tested between DM and non-
DM in men and women separately; and men and women
in DM and non-DM groups separately. The significance
of correlations among the factors was applied using the
Benjamini-Hochberg procedure with a false discovery
rate of 0.05. Variables with significant P values after
correction were indicated with an asterisk.

To examine clinical correlates of DM, a multivariable
logistic regression model using DM as a dependent
variable was built with a stepwise approach, by
considering variables with significant univariable
P values (P<0.05) and a priori choice of clinically
important factors to obtain the most parsimonious model.
Male and female groups in the clinical correlates of DM
were tested with an interaction term and main effect
terms, and adjusted for other significant factors. Time-
to-event analyses were examined using a multivariable
Cox proportional hazards model in the absence of
violation of the proportion hazard assumption. The
endpoints of overall all-cause mortality, cardiovascular
mortality and first HF rehospitalisation were censored
at time of event; for those without event, the last date of
follow-up was used. To determine if DM modifies the
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relationship between sex and outcomes in HFmrEF, the
interaction between DM and sex, adjusted for age, was
examined in the Cox model. Patients with incomplete
data on adjusted clinical and demographic factors were
excluded from multivariable logistic and Cox regression
analyses. SAS version 9.4 (SAS Institute Inc, Cary, US)
was used to conduct the analyses.

RESULTS

Baseline demographics and clinical characteristics

A total of 2,272 Asian patients with HFmrEF were
included in this study. The mean age was 70.6+12.7
years, and 56.1% were men. Among these patients, the
prevalence of DM was higher in women than in men
(60.4% versus 55.0%, respectively, P=0.013). For
both DM and non-DM patients, women with HFmrEF
were more likely to be older, less likely to smoke, had
narrower QRS duration, lower mean haemoglobin on
presentation, and less likely to have coronary artery
disease compared to men (all P<0.05). Within the
DM group, women had lower mean creatinine (147.2
vs 177.1mmol/L), and were less likely to have
hyperlipidaemia (75.9 vs 82.0%) and prior myocardial
infarction (20.6 vs 26.8%) than men. In the non-DM
group, women had lower mean diastolic blood pressure
than men (78.7 vs 82.3mmHg).

With regards to guideline-directed medical therapy,
we also noted significant sex differences in the
medication uptake particularly in patients without
DM. Female patients without DM were less likely to
be prescribed with angiotensin-converting enzyme
inhibitors (ACEi) or angiotension receptor blockers
(ARBs) and beta-blockers. Comparing DM and
non-DM patients, DM patients were more likely to
be prescribed with BBs, antiplatelets and statins but
less likely to be prescribed with digoxin and warfarin
(Table 1).

Clinical correlates of DM

In both men and women, multivariate correlates of
DM included younger age, Indian ethnicity, lower
haemoglobin levels, hypertension, hyperlipidaemia,
absence of AF and peripheral vascular disease.
Among the independent correlates for DM, those
that differed between men and women were serum
potassium levels and smoking history. DM was more
strongly correlated with higher potassium levels in
men vs women (P, . =0.034), and was more
strongly inversely correlated with smoking history in
women vs men (P, =0.017) (Fig. 1).

interaction

Clinical outcomes

Follow-up data were available in all 2,272 patients with
no loss to follow-up in any groups. On multivariable
analysis, diabetes was a significant predictor of overall
mortality, CV mortality, HF rehospitalisations, and the
composite of CV mortality/HF rehospitalisations in
both men and women. However, there were distinct
sex-specific differences for the outcomes of mortality
and composite of CV mortality/HF rehospitalisations.
DM was more significantly associated with overall
mortality in men compared to women (adjusted hazards
ratio [adj HR] 1.290, 95% confidence interval [CI]
1.094-1.522 vs adj HR 1.234, 95% CI 1.032-1.476;
mteraction <0.001) and with combined CV mortality/
HF rehospitalisations in women compared to men
(adj HR 1.429; 95% CI 1.195-1.710 vs adj HR 1.317;
95% 1.137-1.526; P, . .. =0.027). There were no
sex-specific differences for the individual outcomes of
CV mortality and HF rehospitalisations. In the absence
of DM as a comorbidity, women and men have similar
outcomes for overall mortality (P=0.511), cardiovascular
mortality (P=0.825), HF hospitalisation (P=0.074),
and composite of cardiovascular mortality and HF
hospitalisation (P=0.922) (Table 2 and Supplementary
Table S1 in online Supplementary Material, and Fig. 2).

DISCUSSION

In this prospective observational cohort of 2,272 Asian
patients with HFmrEF, we demonstrated several pertinent
findings: (1) there is a higher prevalence of DM in women
with HFmrEF than in men; (2) distinct sex differences
exist in clinical characteristics in this cohort; and (3) DM
is a potent disease modifier that worsens all outcomes
of HFmrEF patients, with a differential effect of higher
overall mortality in men, and a higher composite
outcome of cardiovascular mortality and HF readmissions
in women. No sex differences in outcomes were noted
in our HFmrEF cohort in the absence of DM.

In our study, we observed an increased prevalence of
DM in women than men despite a greater representation
of men. The International Diabetes Federation reported
that the current global prevalence of DM in women
and men was 9.0% and 9.6%, respectively, with greater
affliction for men up until the age of 69 years, followed
by a reversal in trend with greater female preponderance
in adults aged 70 years and above.!® This could explain
our findings given that the mean age of our cohort was
70.6 years. Furthermore, a recent study suggests that
Asian females with HFTEF were more likely to have
DM than males, despite having a lean body mass index.'”
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Age, per 10 years :
Ethnicity (Chinese) ; Reference

Ethnicity (Malay)

P
interaction
with sex

0.741

0.522

Ethnicity (Indian)

Ethnicity (Others)

Systolic blood pressure, per 10mmHg Im 0.680
Potassium, per 1.0mmol/L .—k:._' 0.034
Haemoglobin, per 1.0g/dL |0||.‘ : 0.220
Heart Failure |—:0'_—<._‘ 0.268
Coronary artery disease »I—op_.:c 0.876
Atrial Fibrillation e ey 0.725
Hypertension : '—.v—‘ 0.546
Hyperlipidaemia : —— 0.154
Stroke —_—— 0.167
Peripheral vascular disease : < — 0.445
Smoker r—o—a'_‘l_‘ 0.017

—@— Men
—&— Women

3 4 5 6

0Odds ratio (95% Cl)
- More likely to have diabetes

Fig. 1. Association of clinical correlates and diabetes mellitus. Odds ratio adjusted for age, ethnicity, systolic blood pressure, potassium,
haemoglobin, heart failure, coronary artery disease, atrial fibrillation, hypertension, hyperlipidaemia, stroke, peripheral vascular disease

and smoker.
CI: confidence interval

In our cohort, we found that sex differences did not
alter outcomes in the absence of DM as a comorbidity.
Previous studies assessing sex-based differences in HF
prognosis have yielded conflicting results.'" In the
Swedish HF registry of 42,987 patients, Stolfo et al.
demonstrated a higher crude risk of mortality/morbidity
in female HFmrEF patients compared to their male
cohorts, although this effect was lost upon adjustment
for other variables with mortality outcomes favouring
females instead. HF admission outcomes were similar
for both males and females in this study."” In contrast,
Martines-Selles et al. and O’Meara et al. demonstrated
better survival in women than in men, irrespective of
left ventricular ejection fraction (LVEF)'™! These
differences may be explained by the complex interplay of
biological variabilities in cardiac functional remodelling,
role of sex hormones, different socioeconomic
characteristics in women across geographical locations, as
well as different adjustments used in studies worldwide.

On the contrary, our study showed that DM was
a potent disease modifier of outcomes in HFmrEF.
Distinct sex-specific differences were noted with higher

risk of overall mortality in men and a higher risk of
combined HF rehospitalisations/CV death in women.
This finding is corroborated by contemporary studies
evaluating the effects of DM on sex differences.
Malmborg et al. recently reported that the relative rate
of first-time cardiovascular complications associated
with DM such as myocardial infarction, HF, ischaemic
stroke, or cardiovascular death composite outcomes
were higher in women than in men across all ages in a
large Danish cohort.?” In a meta-analysis of 47 cohorts
totalling 12,142,998 HF patients, DM was also shown to
increase the risk of incident HF in both men and women,
with a 47% and 9% excess risk of HF in type 1 diabetes
mellitus and type 2 diabetes mellitus, respectively, for
women when compared to their male counterparts.?!

In terms of HF pharmacotherapy prescription,
the presence and severity of chronic kidney disease
(CKD) could potentially limit the initiation of
guideline-directed medical therapy such as ACEi/ARB.
In our cohort, the mean serum creatinine levels in our
study were in the range of 126.5-177.1mmol/L, which
puts the average CKD severity as stage 3. Despite this,
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Kaplan-Meier Survival — (A) All-cause mortality

‘ Logrank P <.0001

08+
0.6

0.4
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024

Non-DMWomen — ——
DM Women

Non-DM Men
DM Men

T T
0 1000 2000

3000
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Fig. 2. Relationship between diabetes mellitus (DM) and (A) all-cause mortality (B) cardiovascular mortality, (C) heart failure
(HF) rehospitalisation, and (D) cardiovascular mortality or HF rehospitalisation for men and women

DM: diabetes mellitus; HF: heart failure

the overall prescription of ACEi/ARB in our study was
67.8%, which was comparable to that of contemporary
HFmrEF studies (58.8-86%).!7:2%

We did, however, note subtle sex-specific differences
in HF pharmacotherapy prescription in our cohort.
Non-DM females were less likely to be prescribed
ACEi/ARB and BB than non-DM males although
there were no significant differences in baseline
haemodynamic (systolic/diastolic blood pressure and
heart rate) as well as mean LVEF. A possible
explanation could be the older mean age of non-DM
females compared to males in our cohort (75.2 vs 69.3
years) and thus physicians were less likely to prescribe
medications with antihypertensive effects. In terms
of CKD severity, non-DM females in our cohort had
comparable mean serum creatine to non-DM men
(126.5 vs 132.4mmol/L, P=0.421), and even lower
creatinine compared to females with DM (126.5 vs
147.2mmol/L, P=0.007), suggesting that CKD severity
is less likely to be the contributing factor for this
discrepant practice.

In addition, there were no specific guideline
recommendations on pharmacotherapy in patients
with HFmrEF until recently in 2021.% In fact, this
phenomenon of guideline-directed medical therapy
under-prescription in females is not new and has
been reported by previous studies across all types of
cardiovascular diseases.??® Specific to HF patients,
Tamargo et al. reviewed contemporary studies and
discussed potential factors leading to this phenomenon
such as sex differences in pharmacokinetics/
pharmacodynamics, as well as the paucity of data
on drug efficacy and safety, given female under-
representation in HF clinical trials. In addition, women
were found to experience adverse drug reactions either
more frequently or at greater severity despite similar
HF drug dosages compared to their male counterpart.?®
It is crucial to address this discordance in the sex-
specific prescription of HF medications since ACEi/
ARB and BB have shown some evidence of benefit
in the HFmrEF population. From the same cohort, we
recently demonstrated that ACEi/ARB and BB had a
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relative risk reduction of 16% and 18%, respectively’
on cardiovascular mortality in this group of patients.
Randomised trials on ACEi/ARB and BB have also
shown reduction in cardiovascular mortality for both, as
well as overall survival for BB.*-3°

A major challenge with analysing sex-specific data
in HF patients is the under-representation of women in
clinical trials due to low recruitment rates previously.
Women constitute 43.9% of our cohort, which is
comparatively higher than in previous studies. Since
the inception of major randomised HF trials such as the
CONSENSUS trial to the more recent PARADIGM-
HF trial, women only represent 11-40% of these
trial populations.’’ However, distinct sex differences
have been shown to exist. For example, in a post hoc
analysis of BIOlogy Study to TAilored Treatment in
Chronic Heart Failure (BIOSTAT-CHF) study followed
by a validation cohort in the ASIAN-HF registry,
Santema et al. highlighted that women derive the greatest
benefit of ACEi/ARB and BB at a lower percentage
of recommended doses, with not only no incremental
benefit but increased risk of developing adverse effects
at higher doses.? It is thus critical that future HF clinical
trials recruit an equal proportion of women such that
more robust data on sex differences can be generated to
guide sex-specific HF pharmacotherapy trials as we head
towards an era of targeted and personalised medicine.

Limitations

While the strengths of our study hinge upon an ethnically
diverse Asian HFmrEF population with an almost
proportionate sex distribution, several limitations do
exist. Inherent to any observational study, despite robust
adjustment for confounders, there may be variables not
evaluated that may influence the results. Secondly, this
study included mainly hospitalised patients. Thirdly, data
on haemoglobin Alc and diabetes control, as well as
detailed echocardiographic data, were not available
within the registry and these will be work for future studies.
Lastly, the cohort was recruited up to 2016 with the impact
of newer medications such as sodium-glucose transport
protein 2 inhibitors on sex differences not evaluated.

CONCLUSION

In our Asian HFmrEF cohort, women with HFmrEF
have a higher prevalence of DM, with differences in
clinical characteristics, compared to men. While diabetes
confers poor outcomes regardless of sex, there are
distinct differences between the sexes. These highlight
the need for sex-specific management strategies for
HFmrEF patients with DM to improve outcomes.
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