L))

Check for
updat

Original Article

Association of epicardial fat volume with subclinical myocardial
damage in patients with type 2 diabetes mellitus

Yurui Hu"*, Wenji Yu"**, Feifei Zhang'’, Yufeng Wang'”?, Jingwen Wang"?, Peng Wan’, Xiaoliang Shao'?,
Jianfeng Wang'?, Yonghong Sun'?, Yuetao Wang'**

'Department of Nuclear Medicine, The Third Affiliated Hospital of Soochow University, Changzhou, China; “Institute of Clinical Translation of
Nuclear Medicine and Molecular Imaging, Soochow University, Changzhou, China; ‘Department of Cardiology, The Third Affiliated Hospital of
Soochow University, Changzhou, China

Contributions: (I) Conception and design: Y Hu, W Yu, Yuetao Wang; (II) Administrative support: Yuetao Wang; (III) Provision of study materials or
patients: F Zhang, Jingwen Wang; (IV) Collection and assembly of data: Y Hu, Yufeng Wang; (V) Data analysis and interpretation: P Wan, X Shao,
Jianfeng Wang, Y Sun; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work as co-first authors.

Correspondence to: Yuetao Wang, MD. Department of Nuclear Medicine, The Third Affiliated Hospital of Soochow University, 185, Juqian Street,
Changzhou 213003, China; Institute of Clinical Translation of Nuclear Medicine and Molecular Imaging, Soochow University, Changzhou, China.
Email: yuetao-w@163.com.

Background: In type 2 diabetes mellitus (T2DM) patients, left ventricular systolic dyssynchrony (LVSD)
with normal left ventricular ejection fraction (LVEF) and normal myocardial perfusion could referred to as
subclinical myocardial damage, which is difficult to diagnose at an early stage. Epicardial adipose tissue, a
distinctive heart-specific visceral fat, is closely related to various cardiovascular diseases. The objective of
this study was to investigate the correlation between epicardial fat volume (EFV) and subclinical myocardial
damage in T2DM patients.

Methods: This retrospective cross-sectional study included 117 T2DM patients with normal myocardial
perfusion by single photon emission computed tomography-computed tomography (SPECT-CT) and
normal LVEF by echocardiography. The study was conducted from January 2018 to December 2022.
Patient data were collected through electronic medical records including basic patient information, medical
history, laboratory tests, and medication data. The EFV was quantified through a non-contrast CT scan.
Quantitative indicators of LVSD including phase standard deviation (PSD) and phase histogram bandwidth
(PBW) were obtained through phase analysis of the gated rest myocardial perfusion imaging (MPI).
Additionally, 83 healthy individuals at the same time were selected to gain the reference threshold of LVSD
indicators (13.1° for PSD and 37.6° for PBW). Univariate and multivariable logistic regression models were
performed to analyze factors influencing LVSD. A generalized additive model (GAM) was applied to explore
the relationship between EFV and LVSD. The receiver operating characteristic (ROC) curve was used to
analyze the diagnostic value of EFV for LVSD.

Results: Among all patients, 32 (27.4%) patients had LVSD. Compared with the non-LVSD group,
the body mass index (BMI) and EFV were higher in the LVSD group (25.83£2.66 vs. 23.9423.13 kg/m’;
142.41+44.17 vs. 108.01£38.24 cm’, respectively, both P<0.05). Multivariate regression analysis revealed
that EFV was independently associated with LVSD [odds ratio (OR) =1.19; 95% confidence interval (CI):
1.06-1.34; P=0.003]. Age, BMI, incidence of hypertension, and LVSD were increased with tertiles of EFV
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(all P<0.05). The GAM indicated a linear association between EFV and LVSD. The ROC curve analysis
concluded that the area under the curve (AUC) of EFV for predicting subclinical myocardial damage in
T2DM patients was 0.732 (95% CI: 0.633-0.831, P<0.001), with the optimal threshold of 122.26 cm’,

sensitivity of 71.9%, and specificity of 69.4%.

Conclusions: EFV is an independent risk factor for LVSD in T2DM patients with normal LVEF and

normal MPI, which could potentially serve as a novel imaging marker and a potential therapeutic target for

subclinical myocardial damage.
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Introduction

Based on the data provided by the International Diabetes
Federation (IDF), the worldwide occurrence of type 2
diabetes mellitus (T2DM) in individuals aged 20 to 79 years
was estimated to be 10.5% (536.6 million individuals)
in the year 2021 (1). Diabetic cardiomyopathy, a major
diabetic cardiovascular complication, is the leading cause
of morbidity in T2DM, characterized by systolic function
impairment and difficulties in early diagnosis (2). Left
ventricular ejection fraction (LVEF) is the most common
clinical parameter for quantifying global ventricular systolic
function. However, due to the compensatory mechanism,
at the initial stages of diabetic cardiomyopathy, the LVEF
could be preserved (3). A study showed that in the early
stage, diabetic cardiomyopathy patients had normal
myocardial perfusion, with alterations in mitochondrial,
myocardial, and metabolic, and function, whereas the
abnormality of myocardial perfusion and LVEF eventually
appeared in the late stage (4). Our previous study found that
left ventricular systolic dyssynchrony (LVSD) was present
among 21.1% of individuals with T2DM who exhibited
normal LVEF and normal myocardial perfusion, which is
also known as subclinical myocardial damage, and need
early intervention to improve poor prognosis. Besides,
we also found that overweight is closely correlated with
subclinical myocardial damage (5).

LVSD refers to losing synchronicity of mechanical
contraction in different segments of the left ventricle (6).
Several imaging techniques can be used to assess left
ventricle synchronization, including single photon emission
computed tomography-computed tomography (SPECT-
CT), cardiac magnetic resonance imaging (MRI), and
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echocardiography. MRI is expensive and involves intricate
operations. In addition, some patients with metal implants
are contraindicated for MRI. Echocardiography is operator
dependent and may have low accuracy in patients with a
poor acoustic window. SPECT-CT is a widely used, cost-
effective, non-invasive imaging modality that facilitates
simultaneous evaluation of myocardial perfusion and left
ventricular systolic synchrony with good repeatability. LVSD
significantly contributes to both the pathologic process
of heart failure (HF) and ventricular remodeling (7,8).
Epicardial adipose tissue (EAT) is the visceral fat depot
of the heart, mainly surrounding major epicardial coronary
arteries or the myocardium, which can be quantitatively
assessed according to epicardial fat volume (EFV) by
SPECT-CT and has been considered as a promising
risk indicator for cardiovascular disease (9). Studies have
shown a significant association between EFV and various
cardiovascular conditions, including atherosclerosis,
coronary artery disease, HEF, and atrial fibrillation (10-12).
A study on adults with uncomplicated obesity found that
visceral adipose tissue was independently associated with
left ventricular global longitudinal systolic strain (GLS), a
marker of early subclinical left ventricular dysfunction (13).
Besides, a transformation in lifestyle habits or medicinal
interventions (statins or dapaglifozin) can proficiently
mitigate the accumulation of EFV (14), which highlights
the potentiality of EAT as a therapeutic target. However,
the relationship between EAT and subclinical myocardial
impairment among T2DM patients remains uncertain.
Thus, the aim of this study was to explore the correlation
between EFV and LVSD in T2DM patients with normal
LVEF and normal myocardial perfusion, which may be a

Quant Imaging Med Surg 2024;14(3):2627-2639 | https://dx.doi.org/10.21037/qims-23-1413



Quantitative Imaging in Medicine and Surgery, Vol 14, No 3 March 2024 2629

Patients underwent stress/rest GMPI
between 2018 and 2022 (n=2,010)

Inclusion criteria:

¢ Diagnosis of type 2 diabetes according
to WHO criteria

* Complete medical history

Y

T2DM patients underwent stress/rest
GMPI between 2018 and 2022 (n=500)

Excluded patients (n=383)

® Precious CABG or PCI (n=160)

e CAD or ACS (n=122)

® Severe valvular heart disease (n=3)
® Severe arrhythmia (n=10)

e History of tumors (n=22)

Y

Patients with T2DM were included
in the final analysis (n=117)

~| o Abnormal renal or hepatic function (n=4)

¢ Hypertrophic cardiomyopathy and
other cardiomyopathies (n=4)

o LVEF <50% (n=1)

¢ Abnormal myocardial perfusion (n=53)

® Poor image quality (n=4)

Figure 1 The flowchart. GMPI, gated myocardial perfusion imaging; WHO, World Health Organization; T2DM, type 2 diabetes mellitus;

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; CAD, coronary artery disease; ACS, acute coronary

syndrome; LVEF, left ventricular ejection fraction.

new imaging marker and potential therapeutic target for
early evaluating subclinical myocardial damage. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1413/rc).

Methods
Study population

"This was a retrospective study that enrolled T2DM patients
who underwent stress-rest gated SPECT-myocardial
perfusion imaging (MPI) at The Third Affiliated Hospital
of Soochow University from January 2018 to December
2022. The exclusion criteria were as follows: (I) history
of coronary revascularization, history of acute coronary
syndrome, and coronary artery disease confirmed by
coronary angiography. (II) Severe valvular heart disease
or severe arrhythmia. (III) History of malignant tumors,
(IV) abnormal renal or hepatic function, (V) hypertrophic
cardiomyopathy and other cardiomyopathies, (VI) LVEF
<50%. (VII) Abnormal MPI by SPECT-CT, (VIII) poor
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image quality (15). Finally, 117 patients with T2DM with
normal LVEF and normal MPI were enrolled for analysis.
Additionally, to obtain the reference threshold of LVSD,
we also included 83 individuals as a control group who were
matched by age and gender and did not have diabetes or
cardiovascular disease. Figure I displays the study flowchart.
The study was approved by the Ethics Committee of The
Third Affiliated Hospital of Soochow University (No.
2023-062) and was conducted according to the Declaration
of Helsinki (as revised in 2013). The requirement for
informed consent was waived due to the retrospective
nature of the study.

Clinical data

Clinical and laboratory data were extracted retrospectively
from medical records, including age, gender, height, weight,
fasting blood glucose (FBG), glycosylated hemoglobin
(HbA1lc), triglycerides (T'G), total cholesterol (T'C), low-
density lipoprotein (LDL)-cholesterol, high-density
lipoprotein (HDL)-cholesterol, smoking status, alcohol
intake, and medications (including statin therapy and
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antidiabetic medications). Body mass index (BMI) was
calculated as weight in kilograms divided by the square
of height in meters. Hypertension was defined as blood
pressure (BP) >140/90 mmHg or the use of antihypertensive
drugs. Hyperlipidemia was defined as TC >220 mg/dL, TG
>150 mg/dL, or history of treatment for hyperlipidemia.
Active smoking was defined as the act of currently smoking
or having smoked within the past year. Active drinking
referred to drinking alcohol at least once a week and lasting
for more than 6 months. In addition, we estimated LVEF by
echocardiography. All patients underwent echocardiography
within 1 month before or after MPI, and the LVEF
was evaluated using the modified Simpson method on
2-dimensional echocardiography.

Gated SPECT-MPI acquisition and analysis

Patients underwent a stress/rest protocol using "™ Tc-
sestamibi ("™ Tc-MIBI). Stress testing included exercise
stress MPI based on the Bruce protocol, or pharmacological
stress MPI with adenosine intravenously (i.v.) infused at
0.14 mg/kg/min for 6 minutes. After being injected with
740-925 MBq of "™ Tc-MIBI, the patients were scanned
with a 2-detector 90° SPECT-CT camera (Symbia
T16; Siemens Medical Systems, Erlangen, Germany).
Electrocardiogram (ECG)-gated SPECT imaging was
performed according to standards of the American Society
of Nuclear Cardiology (16). A total of eight frames were
obtained in each cardiac cycle by an ECG R-wave trigger.
Images were acquired by using a low-energy, high-spatial-
resolution parallel hole collimator, with a 128x128 matrix
by using a magnification of 1.45, with a 20% window
centered around a 140 keV photo peak. The dual detectors
rotated 90° each, collectively covering 180°, with an angle
step of 6° and 35 seconds at each step. After reconstruction,
the horizontal long-axis, vertical long-axis, and short-axis
images were obtained. For semiquantitative assessment
of myocardial perfusion abnormality, 17-segment visual
interpretation of myocardial perfusion images was performed
by 2 experienced nuclear physicians using a standard 5-point
scoring system (0: normal to 4: absence of tracer uptake).
The summed stress score (SSS), summed rest score (SRS),
and summed difference score (SDS) were calculated. SSS >4
or SDS >2 were considered as abnormal (17).

Synchronicity assessment

Automatic phase analysis (ECTb SyncTool version 4.0;
Emory University/Syntermed, Atlanta, GA, USA) using raw
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images of rest gated-MPI was performed for the evaluation
of LVSD. Phase standard deviation (PSD; unit: degree) and
phase histogram bandwidth (PBW; unit: degree) are two
quantitative indices to assess LVSD (18). Based on previous
research, LVSD was defined as above the mean + 2 standard
deviations (2SDs) of PSD or PBW obtained (19). The
mean values of PSD and PBW in the control cohort were
8.74°+2.18° and 8.74°+2.18°, respectively. LVSD is defined
as PSD >13.1° or PBW >37.6°.

Measurement of EFV

As the “one-stop shop” examination, SPECT-CT could
quantitatively assess EFV through non-contrast CT after
performing rest MPI. The CT scan parameters included
a tube current of 100 mA, a voltage of 130 kV, and a slice
thickness of 3 mm. EFV was quantified with the volume
tool (Syngo Volume, Siemens Healthineers, Erlangen,
Germany) and was measured using a semi-automatic
segmentation technique on every axial slice from the
pulmonary artery bifurcation to the diaphragmatic surface
of heart. The CT value of -190 to -30 HU is set for adipose
tissue (20). The volume of fat (cm’) selected is automatically
calculated.

Statistical analysis

The statistical analyses were carried out through SPSS
25.0 (IBM Corp., Armonk, NY, USA) and R3.4.3 (software
packages: glmnet, pROC, rms, and dca; R Foundation for
Statistical Computing, Vienna, Austria). Data conforming
to a normal distribution were expressed as mean = SD. Data
not conforming to a normal distribution were expressed as
median and interquartile range. Normal distribution of data
in each group was tested by Shapiro-Wilk test. Continuous
variables were compared by using either independent-
sample 7-test or Mann-Whitney U test according to
normality. Categorical variables were compared using the
Pearson’s chi-square test. T2DM patients were divided
into tertiles according to their EFV levels. Generalized
additive model (GAM) and cubic spline smoothing
technique were performed to evaluate the association
between EFV and LVSD in T2DM patients. Multivariable
logistic regression models were produced to assess the
association between EFV and LVSD; three models were
generated: (I) a univariable model with EFV as a predictor;
(II) multivariable-adjusted model 1, adjusted for age and
sex; (III) multivariable-adjusted model 2 was constructed
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Table 1 Characteristics of T2DM patients with normal MPI and normal LVEF

Characteristics LVSD group (n=32) Non-LVSD group (n=85) P value

Clinical characteristics
Age (years) 57.38+7.56 56.28+9.19 0.549
Male 23 (71.8) 45 (52.9) 0.064
Body mass index (kg/m?) 25.83+2.66 23.94+3.13 0.003*
DM duration (years) 8[1.3,10.0] 6[1.5,11.0] 0.606
Hypertension 11 (34.4) 22 (25.9) 0.344
Active smoking 10 (31.3) 21 (24.7) 0.475
Active drinking 10 (31.3) 14 (16.5) 0.078
FBG (mmol/L) 8.35[6.42, 12.29] 7.79 [6.25, 11.45] 0.106
HbA1c (%) 8.7[7.1,11.3] 8.5[7,11.3] 0.326
TG (mmol/L) 2.07 [1.48, 2.87] 1.77 [1.20, 2.40] 0.059
TC (mmol/L) 4.72+1.44 4.78+1.03 0.812
HDL-cholesterol (mmol/L) 0.98 [0.86, 1.11] 0.98 [0.88, 1.25] 0.191
LDL-cholesterol (mmol/L) 2.53+0.83 2.74+0.74 0.219
Hyperlipidemia 21 (65.6) 49 (57.6) 0.433

Medications
Statin 14 (43.8) 32 (37.6) 0.547
Oral drug 25 (78.1) 62 (72.9) 0.567
Insulin 10 (31.3) 21 (24.7) 0.475
LVEF (%) 64.1£2.5 63.1+3.2 0.136
EFV (cm®) 142.41£44.17 108.01+£38.24 <0.001*

Data are given as mean + standard deviation (normal distribution), median [Q1 to Q3] (non-normal distribution), or number (%) for
categorical variables. *, P<0.05. T2DM, type 2 diabetes mellitus; MPI, myocardial perfusion imaging; LVEF, left ventricular ejection fraction;
LVSD, left ventricular systolic dyssynchrony; DM, diabetes mellitus; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; TG,
triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; EFV, epicardial fat volume.

based on our team’s interpretation of a broad review of the
literature, and adjusted for age, sex, BMI, DM duration,
presence of hypertension, active smoking, FBG, HbAlc,
and TG (19,21,22). Receiver operating characteristic (ROC)
curve analysis was performed to determine the predictive
value of EFV for LVSD. All P values were 2-sided, and
P values <0.05 were considered statistically significant.

Results

Comparison of baseline characteristics between T2DM
patients with LVSD and the non-LVSD group

Baseline characteristics of the T2DM patients (n=117) are
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shown in Table 1. A total of 32 (27.4%) T2DM patients
had LVSD. Compared with non-LVSD group, the BMI
and EFV were higher in patients with LVSD (25.83+2.66
vs. 23.9423.13 kg/m’; 142.41+44.17 vs. 108.01£38.24 cm’,
respectively, both P<0.05). There were no statistical
differences between the LVSD and non-LVSD groups in
age, gender, T2DM duration, smoking, alcohol intaking,
hypertension, hyperlipidemia history, FBG, HbAlc, lipid
profile, LVEF, and the use of statins and hypoglycemic
agents (all P>0.05).

Table 2 demonstrates the influence factors of EFV. Age,
BMI, hypertension, and proportion of LVSD increased
with tertiles of EFV (all P-trend <0.05). The proportions
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Characteristics Bottom Middle Top P for trend
EFV, min-max (cm®) 42.19-96.23 96.52-131.89 132.07-240.53 -
EFV, mean (cm®) 73.34+16.81 114.71£9.91 164.22+30.31 -
EFV, median (cm®) 78.60 [58.22, 88.20] 115.80 [105.90, 122.29] 153.53 [140.0, 179.89] -
Age (years) 55.1£10.2 54.1+6.3 60.6+8.1 0.005*
Male 20 (51.3) 24 (61.5) 24 (61.5) 0.360
Body mass index (kg/m? 23+3.3 24.7+2.5 25.7+2.9 <0.001*
DM duration (years) 8[2, 13] 51[2, 10] 5[1,12] 0.403
Hypertension 6 (15.4) 11 (28.2) 16 (41.0) 0.014*
Active smoking 9 (23.1) 11 (28.2) 10 (25.6) 0.780
Active drinking 6 (15.4) 8 (20.5) 10 (25.6) 0.265
FBG (mmol/L) 9.52 [6.47, 13.17] 7.59[6.04, 11.31] 8.48[6.6, 12.3] 0.589
HbA1c (%) 9.7 [7.6,12.0] 8.1[6.8,9.8] 8.2[7.1,11.6] 0.261
TG (mmol/L) 1.96 [1.29, 2.73] 1.81[1.22, 2.57] 1.76 [1.36, 2.15] 0.200
TC (mmol/L) 4.76 [4.21, 5.43] 4.74 [4.08, 5.21] 4.48[3.80, 5.70] 0.798
HDL-cholesterol (mmol/L) 0.96 [0.88, 1.19] 1.05[0.90, 1.26] 0.95[0.83, 1.10] 0.483
LDL-cholesterol (mmol/L) 2.82+0.76 2.69+0.77 2.55+0.78 0.126
Hyperlipidemia 25 (64.1) 19 (48.7) 22 (56.4) 0.494
Statin 17 (43.6) 15 (38.5) 14 (35.9) 0.487
Oral drug 29 (74.4) 26 (66.7) 32 (82.1) 0.438
Insulin 11 (28.2) 9(23.1) 11 (28.2) >0.999
LVSD (%) 3(7.7) 11 (28.2) 18 (46.2) <0.001*

Data are given as minimum and maximum values (min-max), mean + standard deviation (normal distribution), median [Q1 to Q3] (non-
normal distribution), or number (%) for categorical variables. *, P<0.05. EFV, epicardial fat volume; DM, diabetes mellitus; FBG, fasting
blood glucose; HbA1c, glycosylated hemoglobin; TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; LVSD, left ventricular systolic dyssynchrony.

of LVSD in the EFV of low, middle, and high were 7.7%,
28.2%, and 46.2%, respectively (P<0.001). A statistical
analysis of the comparison between the normal group
and the diabetes group is presented in Table S1. Figure 2
displays the case example.

Univariate and multivariate logistic regression analysis

In univariate logistic regression, BMI and EFV were
associated with LVSD [odds ratio (OR) =1.22, 95%
confidence interval (CI): 1.06-1.41, P=0.005; OR =1.22,
95% CI: 1.10-1.37, P<0.001, respectively]. In multivariate
logistic regression, EFV was the only independent risk
factor of LVSD (OR =1.19; 95% CI: 1.06-1.34; P=0.003)
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(Table 3). Table 4 shows the results of the multivariable
logistic regression analysis. In multivariable-adjusted model
1, the probability of LVSD increased by 24% for every 10
em’ increase in EFV. In multivariable-adjusted model 2,
the probability of LVSD increased by 20% for every 10 cm’

increase in EFV.

Smooth curve fitting

GAM (Figure 3) was performed to visually assess the
association between EFV and LVSD after adjusting for age,
sex, BMI, DM duration, presence of hypertension, active
smoking, FBG, HbAlc, and TG; it turned out that EFV
tended to be linearly associated with LVSD.
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Figure 2 Case examples. (A-D) A 38-year-old T2DM patient in the non-LVSD group with normal myocardial perfusion, normal LVEF
(LVEF =63%), and normal EFV. T2DM duration: 6 years; BMI: 26.6 kg/m’; HbAlc: 7.5%, FBG: 7.59 mmol/L. Panels (A-C) show sagittal,
coronal, and transverse sections of a non-contrast CT with EAT in pink and EFV was 79.92 cm’ (< cutoff value 122.26 cm’). Panel (D)
was the phase histogram, demonstrating synchronous LV contraction with sharp and narrow peak (systolic PSD: 8.9°, systolic PBW: 25°).
LVSD was defined as PSD >13.1° or PBW >37.6°. (E-H) A 61-year-old T2DM patient in LVSD group with normal myocardial perfusion,
normal LVEF (LVEF =65%) and increased EFV. T2DM duration: 10 years; BMI: 23.4 kg/m’; HbAlc: 6.7%, FBG: 8.35 mmol/L. Panels
(E-G) show sagittal, coronal, and transverse sections of a non-contrast CT with EAT in pink and EFV was 153.41 cm’, significantly higher
than the cut off value of 122.26 cm’. Panel (H) was the phase histogram, demonstrating LVSD with wide and asymmetry peak (systolic PSD:
19.5°, systolic PBW: 38.0°). PSD and PBW are both higher than the LVSD threshold value. T2DM, type 2 diabetes mellitus; LVSD, left
ventricular systolic dyssynchrony; LVEF, left ventricular ejection fraction; BMI, body mass index; HbAlc, glycosylated hemoglobin; FBG,
fasting blood glucose; CT, computed tomography; EAT, epicardial adipose tissue; EFV, epicardial fat volume; LV, left ventricular; PSD,
phase standard deviation; PBW, phase histogram bandwidth.
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Table 3 Univariate and multivariate logistic regression analysis for LVSD
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Univariate model

Multivariate model

Characteristics

OR 95% CI P value OR 95% ClI P value
Age 1.01 0.97-1.06 0.546 - - -
Male 2.27 0.94-5.48 0.066 - - -
DM duration 1.01 0.95-1.08 0.665 - - -
BMI 1.22 1.06-1.41 0.005* 1.14 0.98-1.33 0.085
Hypertension 1.50 0.62-3.60 0.364 - - -
Active smoking 1.48 0.60-3.63 0.395 - - -
Active drinking 2.31 0.90-5.91 0.082 - - -
FBG 1.07 0.97-1.19 0.168 - - -
HbA1c 1.06 0.90-1.24 0.491 - - -
TG 1.15 0.95-1.34 0.16 - - -
Hyperlipidemia 1.41 0.61-3.25 0.416 - - -
EFV 1.22 1.10-1.37 <0.001* 1.19 1.06-1.34 0.003*

*, P<0.05. LVSD, left ventricular systolic dyssynchrony; OR, odds ratio; Cl, confidence interval; DM, diabetes mellitus; BMI, body mass
index; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; TG, triglycerides; EFV, epicardial fat volume.

Table 4 Multivariate regression analysis for effect of EFV on LVSD

Crude model Multivariable-adjusted model 1 Multivariable-adjusted model 2
Groups OR (95% ClI) P value OR (95% Cl) P value OR (95% Cl) P value
EFV (per 10 cm®) 1.22 (1.10, 1.37) <0.001* 1.24 (1.09, 1.41) <0.001* 1.20 (1.05, 1.37) <0.001*
Tertiles
Bottom tertile (events/N =3/39) 1 - 1 - 1 -
Middle tertile (events/N =11/39) 4.71 (1.20, 18.53) 0.026* 4.51(1.13,17.93) 0.032* 4.71 (1.07, 20.67) 0.040*
Top tertile (events/N =18/39) 10.29 (2.71,39.11)  <0.001* 9.69 (2.42, 38.83) 0.001* 5.60 (1.26, 24.94) 0.024*

Multivariable model 1 was adjusted for age and sex; multivariable model 2 (confounder model) was adjusted for age, sex, BMI, DM
duration, presence of hypertension, active smoking, FBG, HbA1c and TG. *, P<0.05. EFV, epicardial fat volume; LVSD, left ventricular
systolic dyssynchrony; OR, odds ratio; Cl, confidence interval; BMI, body mass index; DM, diabetes mellitus; FBG, fasting blood glucose;

HbA1c, glycosylated hemoglobin; TG, triglycerides.

The ROC curve analysis

To assess the predictive value of EFV for LVSD, we
performed ROC curve analysis, the area under the curve
(AUC) was 0.732 (95% CI: 0.633-0.831, P<0.001) with
the optimal cut-off values of EFV (122.26 cm’) (Figure 4).
The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were 71.9%, 69.4%,
45.8%, and 85.5%, respectively.
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Discussion

In this study, we evaluated the relationship between EFV
and LVSD in T2DM patients with normal LVEF and
normal myocardial perfusion. The main findings were as
follows. Firstly, the LVSD group had significantly higher
EFV than the non-LVSD group, and multivariate logistic
regression analysis showed EFV was the independent
risk factor for LVSD. Secondly, a linear relationship
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Figure 3 The generalized additive model demonstrated the
relationship between EFV and the risk of LVSD after adjusting
for age, sex, BMI, diabetes duration, presence of hypertension,
active smoking, FBG, HbAlc, and TG. EFV, epicardial fat
volume; LVSD, left ventricular systolic dyssynchrony; BMI, body
mass index; FBG, fasting blood glucose; HbAlc, glycosylated
hemoglobin; TG, triglyceride.
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Figure 4 Receiver-operator characteristic curves for prediction of
LVSD using EFV. EFV, epicardial fat volume; AUC, area under
the curve; LVSD, left ventricular systolic dyssynchrony.
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was observed between EFV and LVSD, which remained
significant after adjusting for traditional cardiovascular
risk factors. For each 10 cm’ increased in EFV, the risk of
LVSD increased by 20.0%. Thirdly, age, BMI, incidence
of hypertension, and LVSD were closely associated with
EFV and increased with tertiles of EFV. Finally, EFV could
effectively predict LVSD at the cutoff value of 122.26 cm’,
with the sensitivity of 71.9% and NPV of 85.5%.

LVSD existed in T2DM patients with normal myocardial
perfusion and normal LVEF, which is also known as
subclinical myocardial damage and challenging to diagnose
early (23,24). Previous studies based on SPECT-MPI have
demonstrated that 23-28% of T2DM patients with normal
LVEF and normal myocardial perfusion had the presence
of LVSD (19,22), which was similar to our findings. A large
community-based cohort study found that patients with
subclinical myocardial damage have a significantly increased
risk of HF and all-cause mortality than those without
subclinical myocardial damage (25). Therefore, it is crucial
to investigate the factors contributing to early myocardial
damage, which may help in diagnostic and treatment
decisions, risk stratification, and improve poor prognosis.

Previous studies have found that overweight was
independently associated with subclinical myocardial
injury quantified by radionuclide MPI and 3-dimensional
echocardiography (5,19,26). In addition to measuring
systemic fat, we also assessed regional fat distribution
by measuring EFV, which is a special visceral adipose
tissue located between the myocardium around the heart
and the visceral pericardium, and may be a superior
marker compared to BMI. We found that LVSD tended
to be linearly associated with EFV and the probability
of LVSD increased by 20% for every 10 cm’ increase in
EFV after adjusting for confounding factors. Multiple
studies have assessed the impact of EAT on subclinical
myocardial damage in T2DM patients. Zhu et al. observed
that EFV measured by MRI was independently linked
to left ventricular global peak systolic longitudinal strain
and left ventricular peak diastolic longitudinal strain
rate (27). However, the measurement of EFV by MRI is
limited in clinical application. In another study utilizing
ultrasound, Christensen et 4/. found that the thickness of
pericardial adipose tissue was associated with impaired
global longitudinal strain (28). However, ultrasound has
the limitation of reduced objectivity and reproducibility.
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The results of our study are similar to those measured by
other imaging technologies. SPECT-CT allows for the
concurrent assessment of myocardial perfusion and left
ventricular systolic synchrony, demonstrating favorable
test-retest reliability. In addition to the limitations already
discussed, it is important to note that the SPECT-CT
utilized in this study does involve exposure to ionizing
radiation. However, it does not increase the risk of cancer
when the radiation dose is less than 100 mSv. The effective
radiation dose for a standard " Te-MIBI imaging (including
both rest and stress imaging) is 9-12 mSy, and the dose for a
non-contrast CT chest scan (voltage, 130 kV; tube current,
100 mA) to assess CACS and EFV is 1-2 mSv (29).

The pathophysiology connecting EAT to myocardial
damage may involve several mechanisms. Firstly,
accumulation of EAT may lead to disturbances in glucose
and lipid metabolism. EAT has been found to be associated
with insulin resistance and metabolic syndrome (30,31).
Hyperglycemia damages the myocardium and aggravates
mitochondrial dysfunction, and the release of inflammatory
factors and oxidative stress (32). The microenvironment of
diabetes triggers cellular senescence, leading to excessive
release of free fatty acids by adipose tissue, causing
lipotoxicity (33). Secondly, as an endocrine organ, EAT
secretes various cytokines and pro-inflammatory chemokines,
such as tumor necrosis factor-alpha (TNF-a), interleukins
(ILs), and adiponectin, directly or indirectly acting on the
myocardium and cardiac blood vessels (34). Thirdly, EAT
is closely related to coronary microcirculation. The study
by Nakanishi et a/. found the association of periventricular
EAT with impaired coronary flow reserve (CFR) and
deteriorated left ventricular diastolic function (35).
Numerous observational investigations have documented
that individuals with T2DM manifest an aberrantly
augmented and biologically altered EAT in comparison to
their non-diabetic counterparts. This enlarged EAT exerts
not only a mechanical constraint on diastolic filling but also
serves as a reservoir for pro-inflammatory mediators, which
have the potential to induce inflammation, microcirculatory
dysfunction, and fibrosis within the subjacent myocardium.
Consequently, these pathological processes impede the
relaxability of the left ventricle and escalate its filling
pressure (36).

Using a threshold value of 122.26 cm’, EFV could
effectively predict LVSD with the AUC, sensitivity, and
specificity of 0.73, 71.9%, and 69.4% respectively. Similarly,
Maimaituxun er /. found that in patients with normal
LVEF, EFV showed a significant power for predicting
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myocardial dysfunction using GLS <18 by ultrasound as
the reference with the cutoff value of 116 cm’ and the
AUC, sensitivity, and specificity were 0.60, 62.3%, and
60.6%, respectively (37). Therefore, T2DM patients with
excess EFV may need appropriate intervention to prevent
subclinical myocardial damage and further deterioration of
left ventricular function. Since EAT is a modifiable factor,
therapeutic strategies are targeted to reduce EAT. For
example, both glucagon-like-peptide-1 receptor agonists
(GLP-1) and inhibitors of sodium glucose cotransporter 2
(SGLT2i) exhibit the potential to decrease the accumulation
of EAT and provide further cardiovascular benefits (38,39).
EAT may be a potential therapeutic target for subclinical
myocardial damage and whether the LVSD could be
improved after reducing EFV accumulation needs further
verification. Besides, it has been confirmed that SGI'T2i can
significantly improve the longitudinal strain of T2DM in
the early stage (40), whether the efficacy can be ascribed to
the direct effect on EAT still requires further study.

Our study has several limitations. Firstly, it is a single-
center retrospective observational study with a small sample
size. Future detailed prospective studies with larger samples
are necessary to further investigate the potential causal
relationship between EFV and subclinical myocardial
damage in people with diabetes. Secondly, due to limitations
in laboratory conditions, various adipokines and pro-
inflammatory factors related to EAT were not detected.
Thirdly, we did not conduct oral glucose tolerance tests
or glucose clamp studies to measure insulin resistance. As
insulin resistance plays a central pathophysiological role in
the possible correlation between epicardial fat and subclinical
myocardial damage in patients with T2DM, the relationship
between the accumulation of epicardial fat, insulin resistance,
and subclinical myocardial damage deserves further research.
Fourthly, there is a lack of measurements of waist or hip
circumference. Finally, due to a lack of follow-up assessments,
the prognostic value of EFV remains unknown.

Conclusions

EFV is an independent risk factor for LVSD in T2DM
patients with normal LVEF and normal MPI, which could
serve as a novel imaging marker and a potential therapeutic
target for subclinical myocardial damage.

New knowledge gained

In the present study, we elucidated the relationship between
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EFV and LVSD in T2DM patients with normal LVEF and
normal myocardial perfusion. We concluded that EFV was
the independent risk factor for LVSD in T2DM patients
with normal LVEF and normal MPI, which might serve as a
novel imaging marker and a potential therapeutic target for
subclinical myocardial damage.
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Supplementary

Table S1 Comparison of baseline characteristics between normal group and T2DM group

Characteristics Normal group (n=83) T2DM group (n=117) P value
Age (years) 57.71+10.14 56.58+8.75 0.401
Male 42 (50.6) 68 (58.1) 0.292
BMI (kg/m?) 23.77+£3.47 24.46+3.11 0.142
Active smoking 18 (21.7) 30 (25.6) 0.519
Active drinking 5 (6.0) 24 (20.5) 0.004*
FBG (mmol/L) 5.11 [4.72, 5.53] 8.35 [6.42, 12.29] <0.001*
TG (mmol/L) 1.57 [1.16, 1.93] 1.82[1.29, 2.55] 0.025*
TC (mmol/L) 4.33+0.77 4.76+1.15 0.002*
HDL-cholesterol (mmol/L) 1.10[0.95, 1.28] 0.98[0.87, 1.18] 0.031*
LDL-cholesterol (mmol/L) 2.43+0.60 2.69+0.77 0.009*
PSD (%) 8.5[7.4,10.3] 10 8.2, 12.15] <0.001*
PBW (°) 27 [24, 30] 30 [25, 36.5] <0.001*

Data are given as mean + standard deviation (normal distribution), median [Q1 to Q3] (non-normal distribution), or number (%) for
categorical variables. *, P<0.05. T2DM, type 2 diabetes mellitus; BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides;
TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PSD, phase standard deviation; PBW, phase histogram
bandwidth.
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