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Abstract

Background: Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous syndrome with sex-specific
pathophysiology. Estrogen deficiency is believed to be responsible for the development of HFpEF in women. How-
ever, estrogen deficiency does not seem to be completely responsible for the differences in HFpEF prevalence
between sexes. While diabetes mellitus (DM) frequently coexists with HFpEF in women and is associated with

worse outcomes, the changes in myocardial contractility among women with HFpEF and the DM phenotype is yet
unknown. Therefore, we aimed to investigate sex-related differences in left ventricular (LV) contractility dysfunction in
HFpEF comorbid with DM.

Methods: A total of 224 patients who underwent cardiac cine MRI were included in this study. Sex-specific differ-
ences in LV structure and function in the context of DM were determined. LV systolic strains (global longitudinal
strain [GLS], circumferential strain [GCS] and radial strain [GRS]) were measured using cine MRI. The determinants of
impaired myocardial strain for women and men were assessed.

Results: The prevalence of DM did not differ between sexes (p >0.05). Despite a similar LV ejection fraction, women
with DM demonstrated a greater LV mass index than women without DM (p =0.023). The prevalence of LV geometry
patterns by sex did not differ in the non-DM subgroup, but there was a trend toward a more abnormal LV geometry
in women with DM (p=0.072). The magnitudes of systolic strains were similar between sexes in the non-DM group
(p>0.05). Nevertheless, in the DM subgroup, there was significant impairment in women in systolic strains compared
with men (p <0.05). In the multivariable analysis, DM was associated with impaired systolic strains in women (GLS
[3=0.26; p=0.007], GCS [3=0.31; p<0.001], and GRS [} = —0.24; p =0.016]), whereas obesity and coronary artery
disease were associated with impaired systolic strains in men (p <0.05).

Conclusions: Women with DM demonstrated greater LV contractile dysfunction, which indicates that women with
HFpEF comorbid with DM have a high-risk phenotype of cardiac failure that may require more aggressive and person-
alized medical treatment.
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Background

Heart failure (HF) with preserved ejection fraction
(HFpEF) is presently a global health burden, and the
prevalence of HFpEF is increasing among the aging pop-
ulation. In contrast to HF with reduced ejection fraction,
the clinical outcomes of HFpEF are still poor due to the
paucity of evidence-based therapies [1]. There is a grow-
ing recognition that HFpEF is likely a heterogeneous
syndrome of multiple discrete phenotypes rather than a
disease entity alone [2—4].

HFpEF is the most common subtype of HF in women,
and HFpEF has a higher prevalence in women than in
men [5]. Studies have shown significant differences in
cardiovascular remodeling between sexes, with women
exhibiting left ventricular (LV) concentric remodeling,
impaired diastolic function, and vascular stiffening, sug-
gesting that a sex-specific phenotype exists in patients
with HFpEF [6-8]. Mounting evidence suggests that
estrogen deficiency is responsible for the development of
HFpEF in women [9, 10]. However, estrogen deficiency
does not seem to be completely responsible for the differ-
ences in HFpEF prevalence between sexes. As one of the
most common cardiovascular risk factors, diabetes melli-
tus (DM) also has significant negative impacts on HFpEF
development [11]. Data from registries and multicenter
studies demonstrated that DM frequently coexists with
HFpEF in women and is associated with worse outcomes,
regardless of ejection fraction status [3, 12, 13]. Since DM
could lead to ventricular hypertrophy, myocardial fibro-
sis, and microvascular dysfunction, it may have negative
synergistic effects on elderly women that are beyond the
effect of either sex or DM alone [14]. To date, limited
data are available on the changes in myocardial contrac-
tility among women with HFpEF and the DM pheno-
type. An understanding of the sex-related differences in
LV contractile function and its determinants may have
important implications for the development of risk strati-
fication tools and highlight potential phenotype-specific
targets.

Accordingly, the present study aimed to compare LV
contractility between women and men with HFpEF
comorbid with DM using cardiac MRI strain and to
investigate whether the diabetic phenotype played a dis-
tinctive role in the development of impaired myocardial
contractility in women with HFpEF.

Methods

Study population

This study was conducted in accordance with the ethi-
cal guidelines of the 1975 Declaration of Helsinki and
approved by the Biomedical Research Ethics Committees
of our hospital. Written informed consent was obtained
from all the patients, and the patient-sensitive data were
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protected with full confidentiality and used only for the
purposes of this study. We enrolled patients with HFpEF
between January 2018 and April 2021. HFpEF was
defined according to the guidelines of the European Soci-
ety of Cardiology (2019) [15], and patients who met the
following criteria were enrolled in the HF group: (1) New
York Heart Association class II-IV symptoms and signs
of HF; (2) elevated plasma amino-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels (>220 pg/mL
for patients in sinus rhythm or > 660 pg/mL for patients
with atrial fibrillation); and (3) echocardiographic LV
ejection fraction (LVEF) > 50% accompanied by either (a)
evidence of diastolic dysfunction (ratio of peak early dias-
tolic filling velocity (E) to early diastolic mitral annular
velocity (e’) > 15) or (b) structural alteration of the heart,
including left atrial (LA) enlargement or LV hypertrophy
(LVH). Patients were excluded if they had severe valvular
disease, chronic obstructive pulmonary disease, congeni-
tal heart disease, acute coronary syndrome, or pericardial
disease.

Cardiac MRI acquisition

Patients underwent MRI on a 3-T Siemens Scanner
(MAGNETOM Skyra). A TurboFLASH sequence with
breath-hold was performed to obtain cine images com-
prising a stack of contiguous short-axis slices covering
the entirety of both ventricles from base to apex and
one two- and four-chamber long-axis slice. The acquisi-
tion parameters were as follows: repetition time=23.42
ms; echo time=1.51 ms; slice thickness=8.0 mm;
flip angle =40° matrix=200 x 256 pixels; and field of
view =265 x 340 mm®.

Cardiac MRI postprocessing
All images were analyzed using commercially available
CVI* software (Circle Cardiovascular Imaging, Inc.,
Calgary, Alberta, Canada). We used a stack of short-axis
images for LV function parameters, including LVEF, LV
end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), and LV stroke volume (LVSV). The results
were automatically calculated after manually drawing LV
endocardial and epicardial borders at the end-diastolic
and end-systolic phases, respectively. LV mass (LVM)
was assessed by measuring the area between the endo-
cardial and epicardial borders in each of the short-axis
slices. LV papillary muscles were counted toward the
LVM but not the LV volume. LVH was defined as an LVM
index > 115 g/m? for men and > 95 g/m? for women [16).
A stack of short-axis cine images combined with two
long-axis images (one two-chamber and one four-cham-
ber view) were loaded into the feature-tracking module
for LV systolic strain analysis. During the systolic phase,
LV shortens in the longitudinal and circumferential
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directions, causing negative global longitudinal strain
(GLS) and circumferential strain (GCS), whereas thick-
ening in the radial direction causes positive global radial
strain (GRS).

The maximal LA volume (LAV) was calculated using
the biplane area-length method in two- and four-cham-
ber long-axis views at the LV end-systolic phase. LA
enlargement was defined as an LAV index>34 mL/m?
for patients with sinus rhythm or >40 mL/m? for patients
with atrial fibrillation [15].

Echocardiography

Echocardiographic data were obtained using the Philips
echocardiographic system (IE 33 or 7500). LVEF was
derived according to the modified biplane Simpson’s
method. Peak early diastolic filling velocity (E) and late
diastolic filling velocity during atrial contraction (A)
of mitral inflow were recorded by pulsed wave Dop-
pler. The E/A ratio was calculated. Mitral annular tissue
velocity during early filling (¢’) was measured by averag-
ing the values detected at the septal and lateral annulus
using tissue Doppler. E/e’ was calculated to obtain an
estimate of LV filling pressure. Pulmonary artery systolic
pressure (PASP) was estimated using Doppler tricuspid
regurgitant velocity (V,,,,) using the following equation:
PASP=4 x (V,.)* + 10 mmHg. Relative wall thick-
ness (RWT) was calculated as twice the LV posterior
wall thickness divided by the LV internal diameter at the
end-diastolic phase. Four patterns of LV geometry were
described: normal (RWT <0.42 and no LVH), concentric
remodeling (RWT >0.42 and no LVH), concentric hyper-
trophy (RWT>0.42 and LVH), and eccentric hypertro-
phy (RWT <0.42 and LVH) [15].

Statistical methods

Statistical analyses were performed using SPSS (IBM
SPSS Inc., Armonk, New York, USA) and Prism (Graph-
Pad software Inc., San Diego, California, USA) software.
The normality of data was determined using the Sha-
piro—Wilk test. Continuous variables were presented
as the means with standard deviations or medians with
interquartile ranges (IQRs). Categorical variables were
presented as counts and percentages. Differences in base-
line characteristics and echocardiographic and cardiac
MRI findings between groups were examined using Stu-
dent’s t-test, the Wilcoxon—-Mann—Whitney test, or the
chi-square test (Fisher’s exact test), as appropriate. The
determinants of impaired myocardial strain for women
and men were obtained using binary logistic regression
models with a backward selection procedure. Candidate
variables with a p-value<0.10 in the univariable analy-
sis and the absence of collinearity were included in the
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final multivariable model. Differences with a two-tailed
p-value <0.05 were considered statistically significant.

Results

Baseline characteristics of the study population by sex

A total of 224 patients with HFpEF were finally included
in this study. Women were on average 4.0 years older
than men (p=0.019) and had a higher body mass index
(BMI) (p=0.043), but heart rate, blood pressure, and HF
duration were similar between sexes (Table 1). Compared

Table 1 Baseline characteristics of the study population by sex

Women (n=108) Men (n=116) p-value
Age, yrs 633+94 593+£113 0.019
BMI, l<g/m2 231439 242433 0.043
Heart rate, beats/min 832+ 144 7924171 0.118
SBP, mmHg 1264+£21.2 121.74£219 0.181
DBP, mmHg 76.1£135 73.74£149 0.297
PP, mmHg 503+£172 480£193 0445
HF duration
<1lyr 63 (58.3) 63 (54.3) 0.786
>1and <5yrs 27 (25.0) 30(25.9)
>5yrs 18 (16.7) 23(19.8)
Cardiovascular comorbidities, n (%)
DM 47 (43.5) 43 (37.1) 0325
HT 67 (62.0) 75 (64.7) 0.684
CAD 19(17.6) 35(30.2) 0.028
Cardiovascular risk factors, n (%)
Smoking 4(3.7) 57 (49.1) <0.001
Atrial fibrillation 24(22.2) 24 (20.7) 0.780
Dyslipidemia 34 (31.5) 26 (224) 0.126
Medications, n (%)
Beta-blocker 71 (65.7) 75 (64.7) 0.865
ACEI/ARB 77 (71.3) 86 (74.1) 0.633
Diuretics 62 (57.4) 76 (65.5) 0212
CCB 15(13.9) 16 (13.8) 0.983
Anti-thrombotic 48 (44.4) 58 (50.0) 0.405

agents

Statins 29 (26.9) 46 (39.7) 0.042
Laboratory data
NT-proBNP, pg/mL 1970 (698-3967) 1696 (586-3994)  0.004
eGFR, mL/min/1.73m? 7084265 7694257 0.013
TG, mmol/L 14(09-19) 1.2(0.8-1.6) 0.042
TC, mmol/L 4.2 (34-5.1) 39 (3.2-45) 0.033
HDL-C, mmol/L 1.1(0.9-14) 1.0(0.8-1.3) 0.181

Data are presented as mean =+ SD, media (Q1-Q3) or number (percentage)

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; PP: pulse pressure; HF: heart failure; DM: diabetes mellitus; HT:
hypertension; CAD: coronary artery disease; AF: atrial fibrillation; ACEI:
angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker;
CCB: calcium-channel blocker; NT-proBNP: amino-terminal pro-B-type natriuretic
peptide; eGFR: estimated glomerular filtration rate; TG: triglycerides; TC:
cholesterol; HDL-C: high-density lipoprotein cholesterol content
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with men, women displayed a similar prevalence of car-
diovascular comorbidities, including DM, hypertension,
and atrial fibrillation. However, coronary artery disease
(CAD) was less common in women (women, 17.6%,
vs. men, 30.2%; p=0.028). Women had higher median
plasma concentrations of NT-proBNP (p=0.004), total
triglycerides (p=0.042), and cholesterol (p=0.033)
but a lower mean estimated glomerular filtration rate
(p=0.013). There were no significant differences in the
use of medications, except for statins, between sexes
(women, 26.9%, vs. men, 39.7%; p =0.042).

Among the overall cohort, 90 patients with HFpEF
(90/224, 40.2%) had DM, of whom 47 (47/90, 52.2%)
were women. No significant differences were observed in
hemoglobin Alc levels (women, 6.2 [IQR, 5.5-7.8]%, vs.
men, 6.6 [IQR, 6.2-7.8]%; p=0.283) or antidiabetic treat-
ment between sexes (data not shown, p>0.05).

Sex-related differences in cardiac structure and function

in HFpEF comorbid with DM

As shown in Table 2, although LVEF was similar in men
and women, LVEDV, LVESV, and LVSV were lower in
women regardless of DM status (all p<0.05). However,
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when corrected for body size, these indices did not
notably differ between sexes (all p>0.05). The LVM
index was lower in women than in men in the non-DM
subgroup (70.0 [IQR, 62.5-88.1] g/m? vs. 81.3 [IQR,
67.6-101.7] g/m? p=0.044; Fig. 1A), whereas the dif-
ference between sexes in the DM subgroup was not
significant (82.9 [IQR, 67.6-90.1] g/m? vs. 83.5 [IQR,
70.7-96.9] g/m? p=0.612; Fig. 1B). Moreover, the prev-
alence of LV geometry patterns by sex did not differ in
patients without DM (p=0.881; Fig. 2A, B). In contrast,
there was a trend toward more concentric remodeling
and hypertrophy in women with DM than in men with
DM (p=0.072; Fig. 2C, D). Moreover, although the
LAYV index was similar between sexes, there was a trend
toward a smaller LAV index in women with DM than in
women without DM (37.9+15.1 mL/m? vs. 44.5+22.2
mL/m?% p=0.242), as was also the case in men with and
without DM (37.3+£19.2 mL/m? vs. 43.619.8 mL/m?
p=0.215).

The E/e’ ratio was higher in women than men in both
the non-DM (19.1+3.0 vs. 17.3+2.3; p=0.025) and DM
subgroups (20.3£2.9 vs. 18.1 £ 3.1; p=0.006), suggesting
more diastolic dysfunction in women. In addition, there

Table 2 Sex-related differences of cardiac structure and function in HFpEF patients with and without DM

Nondiabetic patients (n=134) p-value Diabetic patients (n=90) p-value

Women (n=61) Men (n=73) Women (n=47) Men (n=43)
Cardiac MRI parameters
LVEDV, mL 1089+224 131.0£14.1 <0.001 11484271 1424+£394 0.019
LVEDV index, mL/m? 75241163 804+116 0.182 783+187 81.0+233 0.709
LVESV, mL 463+ 144 588499 <0.001 5054179 6734235 0.021
LVESV index, mL/m? 3194105 362176 0.097 344+£11.8 389+153 0337
LVSV, mL 62.74+150 7224103 0.010 6444198 751£228 0.141
LVSV index, mL/m? 432+£105 442+72 0.683 439+£139 421£118 0.679
LVEF, % 586+79 557149 0.123 589475 565+64 0.304
LVM, g 105.8 (95.1-129.8) 137.7 (112.3-175.1) <0.001 1195 (100.7-133.2)" 150.5 (129.7-169.9)* <0.001
LVM index, g/m? 70.0 (62.5-88.1) 813(67.6-101.7) 0.044 82.9 (67.6-90.1)" 83.5(70.7-96.9) 0612
LAV, mL 66.24+32.0 7294330 0374 5644231 533428.1* 0.705
LAV index, mL/m? 44542272 436+£198 0.857 3794151 373+£192 0.906
Echocardiographic parameters
LVEF, % 61.0+98 5914381 0319 62.6+10.1 60.2+£87 0.343
E/A ratio 1.0(0.6,1.6) 13(0.7,19 0.263 0.8(0.7,1.4) 1.3(08,1.5) 0.155
E/e"average ratio 19.1+£30 173+£23 0.025 203429 181431 0.006
RWT 0.38(0.35-0.42) 0.39(0.33-042) 0.220 040 (0.36-0.43) 040 (0.34-042) 0.540
PASP, mmHg 369449 348481 0.295 362479 370+79 0.747

Data are presented as mean = SD, or media (Q1-Q3)

HFpEF: heart failure with preserved ejection fraction; DM: diabetes mellitus; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume;
LVSV: left ventricular stroke volume; LVEF: left ventricular ejection fraction; LVM: left ventricular mass; LAV: left atrial volume; E: peak early diastolic filling velocity; A:
late diastolic filling velocity during atrial contraction; e’: mitral annular tissue velocity during early filling; RWT: relative wall thickness; PASP: pulmonary artery systolic

pressure

*p-value <0.05 vs. women without DM

#p-value <0.05 vs. men without DM
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Fig. 1 Left ventricular mass (LVM) between sexes with and without diabetes mellitus (DM). *p-value < 0.05 vs. women without DM. #p-value < 0.05
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Fig. 2 Prevalence of left ventricular geometry distribution between sexes with and without diabetes mellitus (DM)
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p =0.072
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Men (n =43)

was a trend toward a lower E/A ratio in women than in
men in both the non-DM (p =0.263) and DM subgroups
(p=0.155). No significant differences in RWT between
sexes in either the non-DM or DM subgroups were
observed (p > 0.05).

Sex-related differences in the effect of DM on LV
contractility

Figure 3 depicts strain indices derived from cardiac
MRI cine images. The magnitudes of GLS, GCS, and
GRS were similar between sexes in patients without DM
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Fig. 3 Global left ventricular systolic strain indices between sexes with and without diabetes mellitus (DM). *p-value < 0.05 vs. women without DM.
GLS: global longitudinal strain; GCS: global circumferential strain; GRS: global radial strain

(all p>0.05). However, in the DM subgroup, women
exhibited more severe impairment in the magnitude of
GLS (women, —6.6% =+ 2.2%, vs. men, —8.0% =+ 2.4%;
p=0.034), GCS (women, —11.9% =+ 2.8%, vs. men,
—14.1% + 3.9%; p=0.024) and GRS (women, 19.9% +
7.1%, vs. men, 23.7% =+ 5.4%; p =0.045) than men.

In addition, more advanced deterioration in the magni-
tude of GLS (DM, —6.6% =+ 2.2%, vs. non-DM, —10.1%
+ 2.8%; p<0.001), GCS (DM, —11.9% =+ 2.8%, vs. non-
DM, —15.8% + 4.5%; p=0.003), and GRS (DM, 19.9% +
7.1%, vs. non-DM, 25.4% £ 10.9%; p=0.039) was noted
in women with DM than in women without DM, whereas

no significant differences were observed for these systolic
strain indices in men with and without DM (all p >0.05).

Sex-related differences in determinants of impaired LV
contractility

The univariable analysis in women showed that age,
DM, NT-proBNP level, and LVM were common vari-
ables associated with impaired GLS, GCS, and GRS (all
p<0.05) (Table 3). After multivariable adjustment, DM
remained the independent determinant of impaired GLS
(B=0.26; p=0.007), GCS (3=0.31; p<0.001), and GRS
(B = —0.24; p=0.016) in women.

Table 3 Determinants of LV contractile dysfunction in women with HFpEF

GLS GCS GRS

Univariable Multivariable Univariable Multivariable Univariable Multivariable

B p-value p-value p-value B p-value B p-value B p-value
Age* yrs 0.53 <0.001 0.26  0.027 041 <0.001 0.22 0.035 —031 0.005 -0.25  0.041
Obesity& 0.23 0.039 0.08 0.490 —0.16 0.156
PP, mmHg 0.09 0421 0.06 0611 0.02 0.889
HT 0.08 0481 0.14 0.207 —0.11 0.335
DM 0.49 <0.001 0.26 0.007 0.39 <0.001 0.31 <0.001 —0.31 0.007 —0.24 0.016
CAD 0.24 0.036 0.21 0.066 —0.08 0.503
NTfproBNP*, pg/mL 0.30 0.007 0.21 0.028 0.27 0.016 0.17 0.095 —0.39 <0.001 —0.32 0.002
eGFR, mL/min/1.73m? —0.09 0423 0.01 0910 0.03 0.787
LVM, g 041 0.001 0.20 0.042 0.35 0.007 0.27 0.020 —040 0.002 —0.28 0.007

B is adjusted regression coefficient. Variables with bold font indicate statistical significance in multivariable analysis

# Changes in dependent variables per 10 units increase

& Subjects with body mass index > 25 kg/m? were classified as obese group that proposed by the World Health Organization for Asian populations

*NT-proBNP is log-transformed before being included in the regression analysis

LV: left ventricular; HFpEF: heart failure with preserved ejection fraction; GLS: global longitudinal strain; GCS: global circumferential strain; GRS: global radial strain; PP:
pulse pressure; HT: hypertension; DM: diabetes mellitus; CAD: coronary artery disease; NT-proBNP: amino-terminal pro-B-type natriuretic peptide; eGFR: estimated

glomerular filtration rate; LVM: left ventricular mass
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In men, the univariable analysis showed that age, obe-
sity, NT-proBNP level, and LVM were common varia-
bles that were associated with impaired GLS, GCS, and
GRS (all p<0.05) (Table 4). CAD was associated with
impaired GLS (p=0.002), whereas there was only a
trend toward an association between DM and impaired
GLS (p=0.060). In the multivariable analysis, age,
NT-proBNP level, and LVM were significantly associ-
ated with impaired GLS, GCS, and GRS (all p<0.05).
However, CAD was independently associated only with
impaired GLS (p=0.037). Obesity was associated with
impaired GCS and GRS, and showed a trend toward an
association with impaired GLS (p=0.058).

Discussion

The present study highlights evidence supporting sex-
related differences in LV geometry and contractility
in patients with HFpEF comorbid with DM. The main
findings were as follows: (1) Despite having similar
LVEE, women displayed an increased LVM index and a
trend toward more concentric remodeling/hypertrophy
in the context of DM than men. (2) LV contractility in
women was more likely to be affected by DM than that
in men, with worse systolic strain noted in women with
DM than in men with DM. Furthermore, the presence
of DM deteriorated LV contractility in women. In con-
trast, no significant differences in LV contractility were
observed between men with DM and men without DM.
(3) After adjustment for several factors, DM remained
the main independent determinant of impaired myo-
cardial contractility in women but not in men.
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Sex-related differences in LV remodeling in the context

of DM

Previous studies have reported sex differences in car-
diac structure and function, as demonstrated by lower
LV volumes and LVM, with more diastolic dysfunction
in women with HFpEF [7, 8]. The present study found
similar changes in cardiac structure and function in the
non-DM subgroup. To date, the underlying mechanisms
for sex differences in cardiac remodeling in HFpEF are
not well understood. However, since most patients with
HFpEF are aged >60 years, some evidence suggests that
hormonal differences and biohormonal system activity
may play a key role in cardiac remodeling and predomi-
nantly affect women’s hearts [17-19]. Moreover, comor-
bid cardiovascular risk factors, such as DM, represent
other major factors responsible for LV remodeling in
HFpEF development [20]. In recent studies compar-
ing HFpEF patients with and without DM, those with
DM seem to present with increased LVM [21-23]. Nev-
ertheless, the sex differences in LV remodeling in the
context of DM are unclear. The present study provided
further evidence to support the susceptibility of women
to develop LVH and concentric remodeling/hypertrophy
in response to DM.

Sex-related differences in the effect of DM on LV contractile
function

In terms of HFpEF, strain analysis allows the detection of
systolic dysfunction in the absence of an overt reduction
in LVEF and shows prognostic value in predicting adverse
outcomes [24, 25]. However, available data regarding the
sex-related impact of coexisting DM on LV contractility
in patients with HFpEF remain limited. To the best of our

Table 4 Determinants of LV contractile dysfunction in men with HFpEF

GLS GCS GRS

Univariable Multivariable Univariable Multivariable Univariable Multivariable

B p-value B p-value B p-value p-value p-value # p-value
Age“, yrs 042 <0.001 0.22 0.035 026 0018 0.21 0.046 —0.17  0.007 —-0.11 0.027
Obesity® 0.25 0020 018 0058 029  0.006 0.29 0.003 —028 0.009 —-0.28 0.005
PP, mmHg —0.05 0614 —0.07 0552 008 0446
HT —0.02 0.878 —0.03 0815 —0.01 0913
DM 0.20 0.060 0.18  0.102 —007 0511
CAD 033 0.002 0.20 0.037 0.17 0.111 —0.14 0189
NT-proBNP’, pg/mL 040 <0001 0.22 0.027 025 0022 0.21 0.047 —025 0021 —0.30 0.004
eGFR, mL/min/1.73m? 0.05 0.622 —-0.19 0077 —0.10 0.061 023 0.030 0.21 0.052
LVM, g 039 0001  0.22 0.032 029 0015 0.28 0.007 —025 0034 —-0.22 0.002

B is adjusted regression coefficient. Variables with bold font indicate statistical significance in multivariable analysis. . Changes in dependent variables per 10 units
increase. & Subjects with body mass index > 25 kg/m? were classified as obese group that proposed by the World Health Organization for Asian populations. *.

NT-proBNP is log-transformed before being included in the regression analysis
Abbreviations as listed in Table 3
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knowledge, the present study is the first to perform sepa-
rate analyses of myocardial contractile differences and
explanatory determinants for impaired myocardial con-
tractility between sexes. We observed that the magnitude
of global systolic strain was similar between sexes in the
non-DM subgroup, which was in line with the findings of
a previous study by Gori et al. after adjusting for the pres-
ence of DM [6]. Interestingly, when considering the DM
status in the overall cohort, women with DM exhibited
worse systolic strain than men with DM. Furthermore,
we also found that the coexistence of DM aggravates LV
contractility in women with HFpEF and DM compared to
women with HFpEF without DM.

The underlying mechanisms of the adverse effect of
DM on LV systolic function are not fully understood.
HFpEF comorbid with DM could induce a broad context
of metabolic disorder, oxidative stress, and a systemic
inflammatory state, resulting in excitation-contraction
coupling impairment, extracellular matrix fibrosis, and
microvasculature dysfunction, thereby promoting myo-
cardial contractility impairment [3, 23, 26]. Based on the
observation in our study that DM has a greater adverse
effect on LV contractility in women than in men, the
decline in the estrogen level at menopause together with
the presence of DM may be responsible for this differ-
ence [27]. During this period, metabolic syndrome and
chronic activation of the renin-angiotensin-aldosterone
system may play a key role in the exacerbation of LV con-
tractility [28].

Sex-related differences in determinants of impaired LV
contractile function

The association between age and reduced systolic strain
in both women and men could be explained by age-
dependent myocyte loss and extracellular matrix remod-
eling with interstitial fibrosis [17]. However, a previous
study by Roy et al. reported that disease-related diffused
myocardial fibrosis is another pathological characteristic
of LVH [29], which could in turn support our finding that
the degree of LVH remains associated with reduced sys-
tolic strain in both sexes after adjusting for age. Women
had higher median NT-proBNP levels than men in the
present study, despite the similar duration of HF. This
finding may be explained by the higher prevalence of DM
in women. The independent association between NT-
proBNP levels and reduced systolic strain could reveal
high LV end-diastolic wall stress in both sexes [15].

In our study, it was particularly notable to identify the
independent determinant of DM for impaired LV systolic
strain in women but not in men. This finding may reflect
the susceptibility to LV systolic dysfunction in women in
the context of DM. Supporting evidence reveals that cor-
onary microvasculature dysfunction is more frequently
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observed in women [30]. Therefore, it is conceivable that,
in the context of DM, superimposed effects could sig-
nificantly aggravate LV contractility in women with DM.
This finding highlights the importance of sex-specific
stratification and treatment strategies [31]. In addition,
the lack of association between hypertension and sys-
tolic strain may be related to the fact that the majority of
patients with hypertension were in good control of their
blood pressure.

In men, obesity remains an independent variable
related to impaired LV systolic strain. Obesity has been
increasingly recognized as a key factor contributing to
the evolution and progression of HFpEF [32]. Unlike
the data from Western patient populations from regis-
tries or community-based studies [7, 8, 33, 34], our study
reported higher BMI in men than in women, which sug-
gests that the prevalence of obesity varies by race. The
effect of sex on the obese phenotype of HFpEF needs
further investigation. Moreover, a previous large-sample
study reported that CAD is more common in men, which
is in line with the findings of the current study [35]. Our
current analysis showed that CAD was independently
associated with impaired GLS but not with GCS or GRS.
This finding highlights the prognostic value of GLS in
predicting cardiovascular events [25]. The association
between CAD and impaired GLS in our study could
provide evidence on why men appear more likely than
women to have sudden cardiac death related to CAD [7].

Implications for DM treatment in women with HFpEF

Our study emphasizes the fundamental differences
between sexes driven by cardiovascular risk factors, and
HFpEF comorbid with DM in women is a high-risk phe-
notype of cardiac failure that may require specific treat-
ment. Regardless, after medical management, women
show better LVEF improvement than men in nearly all
trajectories, with a more pronounced inverted U-shaped
pattern [36]. Moreover, following a healthy lifestyle pat-
tern is associated with lower risks of HFpEF among post-
menopausal women [37]. Therefore, early intervention
with lower thresholds may provide potential benefits.

Limitations

Our study has several limitations. First, this was a single-
center study performed with a relatively small number
of patients. The findings should be validated by future
studies with a large study sample. Second, our study indi-
cates that DM has a greater adverse effect on LV systolic
strain in women than in men, and longitudinal studies
will be needed to investigate how these differences in
systolic strain impairment affect long-term outcomes in
women and men with DM. Third, we did not perform
echocardiographic strain analysis. It would be interesting
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to compare the myocardial strain data between these
two modalities (echocardiography vs. cardiac MRI) in
the future. Finally, since echocardiographic data were
obtained from the medical records of our hospital, an
analysis of intra- and interobserver variability of echo-
cardiographic measurements was not carried out in this
study, which may have implications on the echocardio-
graphic results. Moreover, some items, such as invasive
hemodynamic analyses, that may be helpful in risk strati-
fication were not included in this study.

Conclusions

In conclusion, this study highlights the sex-related dif-
ferences in LV systolic function in patients with HFpEF
comorbid with DM, with DM exerting a greater adverse
effect on LV contractility in women than in men. The
current study indicates that lower thresholds for initiat-
ing treatment may be required in the high-risk patient
population of women with DM.
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