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mellitus using two-dimensional speckle
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Abstract

Background: Epicardial adipose tissue is an emerging cardiovascular risk factor. The aim of this study was to evaluate right
ventricular function and investigate its association with EAT in T2DM patients.
Methods: 154 T2DM patients were divided into two groups according to EAT thickness: T2DM with EAT <5 mm and
T2DMwith EAT ≥5mm. Seventy non-T2DM patients were enrolled as control group. RV function was evaluated using both
conventional echocardiography as well as two-dimensional speckle tracking echocardiography. EAT thickness was
measured as the echo-free space between the free wall of the right ventricle and the visceral layer of pericardium at end-
systole.
Results: Compared to control group, EAT thickness was significantly higher and RV systolic function and early diastolic
function are all impaired in all T2DM patients. In T2DM with EAT ≥5 mm group, RV systolic function and early diastolic
function suffered more severe impairment when compared with T2DM with EAT <5 mm group. Multivariate linear
regression analysis revealed that EAT was associated with RV systolic and early diastolic dysfunction independent of
traditional cardiovascular risk factors.
Conclusions:Our research suggest that in T2DM patients RV systolic function and early diastolic function are all impaired
which are associated with the thickened EAT.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the most
common chronic metabolic diseases and has come to be
considered as an important cardiovascular risk factor.1

Myocardial dysfunction has already presented in diabe-
tes mellitus patients even in the absence of coronary artery
disease, hypertensive, and valvular heart disease. This is
known as diabetic cardiomyopathy which was first con-
firmed in 1972 by Rubler et al.2 The existing literatures
about the effect of diabetes on myocardial function mainly
focus on left ventricular.3–7 Due to the complex geometric
shape of the right ventricular (RV), it is difficult and

challenging in clinical practice to early and accurately
assess RV function. And studies on RV function in T2DM
patients are relatively rare.8,9
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Cardiovascular complications were the leading cause of
death in T2DM patients.10,11 Currently, about the patho-
genesis of cardiovascular complications in T2DM patients
has not been fully elucidated. EAT is an emerging car-
diovascular risk factor which is located between the
myocardium and the visceral pericardium.12–14 An meta-
analysis conducted by Li et al.15 suggests that the amount
of EAT is significantly higher in DM patients than in non-
DM patient controls. Large body of evidences indicate that
EAT in excess is associated with cardiovascular dysfunc-
tion in a variety of disease states.16–18 However, the as-
sociation between EAT and RV function in patients with
T2DM remains uncertain. The aim of this study was to
evaluate RV function using two-dimensional speckle
tracking echocardiography (2D-STE) in T2DM patients
with different EAT thicknesses and to investigate the as-
sociation between them.

Materials and methods

Study population

We included a total of 154 consecutive T2DM patients who
were admitted to our endocrinology inpatient wards be-
tween August 2020 and May 2022. Seventy age- and
gender-matched non-T2DM patients were enrolled as
control group. The diagnosis of T2DM was made ac-
cording to the 2010 guide lines of the American Diabetes
Association.19 All T2DM patients were divided into two
groups according to their EAT thickness: 79 T2DM with
EAT <5 mm and 75 T2DM with EAT ≥5 mm. Exclusion
criteria were as follows: type 1 diabetes mellitus, gesta-
tional diabetes, coronary heart disease, left ventricular
ejection fraction (LVEF) <50%, valvular heart disease,
cardiomyopathy, congenital heart disease, severe arrhyth-
mia, cerebrovascular disease, kidney disease, and acute
complications of diabetes.

Measurement of anthropometric and
biochemistry parameters

The age, sex, height, weight and blood pressure (systolic
blood pressure: SBP, diastolic blood pressure: DBP) were
obtained from all participants. And body mass index (BMI)
was calculated as weight in kilograms divided by the
square of height in meters. The levels of fasting plasma
glucose (FPG); glycosylated hemoglobinA1c (HbA1c),
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C) were measured after at least
12 h of fasting.

Conventional measurement of RV

All T2DM patients underwent transthoracic echocardiog-
raphy examination with GE Vivid E9 echocardiography
machine (Vivid E9, GE Healthcare, USA) by an experi-
enced cardiologist. Routine echocardiography parameters
of RV were measured from the apical 4-chamber view. The
basal diameter and middle diameter of RV were measured
during end-diastolic. RV end-diastolic and end-systolic
areas were measured and RV fractional area change
(RV-FAC) was calculated as the difference between end-
diastolic and end-systolic area divided by end-diastolic area
and expressed as a percentage. Tricuspid annular plane
systolic excursion (TAPSE) was measured in M-mode as
the difference between end-diastolic and end-systolic ex-
cursion of tricuspid annulus. Left ventricular ejection
fraction (LVEF) was calculated according to the bi-plane
Simpson’s rule. The early (E) and late (A) transtricuspid
inflow velocities were determined by using pulse-wave
Doppler. The peak systolic, early diastolic and late diastolic
velocities of the tricuspid annulus were measured by Tissue
Doppler imaging (TDI S, TDI E, and TDI A).

Echocardiographic measurement of EAT thickness

All patients were placed on left lateral decubitus position,
EAT was measured on free wall of right ventricle from the
parasternal long-axis views and defined as an echo-free
space between the outer wall of the myocardium and the
visceral layer of the pericardium. Its thickness was mea-
sured at end-systole in the parasternal long axis view
perpendicular to the aortic annulus and in the parasternal
short-axis view perpendicular to the ventricular septum at
mid-chordal and tip of the papillary muscles level in three
cardiac cycles (Figure 1).20 The average of three cardiac
cycles was used for statistical analysis.

Two-dimensional speckle-tracking
echocardiography analysis

Three consecutive cardiac cycles images of apical four-
chamber of RV were acquired during an end-expiratory
breath-hold and were transferred to the EchoPAC software
(EchoPAC Version: 201, GE Vingmed Ultrasound) for
offline STE analysis. The endocardial border of the RV was
traced manually in the end-systolic frame at the point in the
cardiac cycle in which the endocardial border was the
clearest. Then the software would generate a region of
interest automatically, and adjusted the region of interest to
make the myocardial included well. If it was not feasible to
track 1 or more segments, the case was excluded. The RV
free wall was automatically divided into three segments:
basal, mid, and apical. RV peak systolic longitudinal strain
(RV LS) and strain rate (RV LSR-S), RV peak early
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diastolic longitudinal strain rate (RV LSR-E), and RV peak
late diastolic longitudinal strain rate (RV LSR-A) were
calculated as the mean of the values of the three segments
of RV free wall (Figure 2). Due to RV LS is a negative
value, we took its absolute value for a simpler
interpretation.

Repeatability test

The measurements of EAT, RV LS, and RV LSR-E were
repeated in 20 randomly selected subjects by the same
physician (intra-observer variability) and another physician
(inter-observer variability) to analyze intra-observer and
inter-observer variability.

Statistical analysis

Continuous numeric variables are expressed as mean ±
standard deviation (SD) if normally distributed after
Kolmogorov-Smirnov test and were compared using an
independent Student’s t-test and one-way analysis of
variance (ANOVA). Categorical variables were expressed
as n (%) of the sample and were compared using the chi-
square test or the Fisher exact test. Correlation among
clinical risk factors with RV LS and RV LSR-E were tested
using bivariate correlation analysis with Pearson’s corre-
lations and multivariate linear regression analysis. The
intra-class correlation coefficient (ICC) was used to
evaluate intra-observer and inter-observer variability, an
ICC ≥0.75 means good reliability. All statistical analysis
were conducted using the SPSS version 23.0 software for
Windows (SPSS, Chicago, Illinois, USA). A two-tailed
p value < 0.05 was considered to indicate statistical
significance.

Results

Clinical characteristics

Clinical characteristics of all participants are shown in
Table 1. Eight out of 154 T2DM patients and four out of 70
non-T2DM control subjects were excluded from the final
analysis because of poor image qualities. Compared with
the control group, SBP, FPG, and HbA1c values were
significantly higher in two T2DM groups, and the values of
SBP and HbA1c were significantly higher in T2DM with
EAT ≥5 mm group when compared with those in T2DM
with EAT <5 mm group (all p < 0.05). There were no
significant differences in age, gender, BMI, DBP, TC, TG,
HDL-C, LDL-C, and comorbidities among the 3 groups.
There were no differences in FPG, duration and medication
treatment of T2DM between the two T2DM patient groups
(all p > 0.05).

Conventional echocardiographic characteristics and
RV functional parameters

Conventional echocardiographic characteristics and RV
functional parameters of all participants are shown in Table
2. The value of EAT thickness was significantly higher and
the value of RV LS was significantly lower in two T2DM
patient groups than those in control group (p < 0.05). While
the value of EAT thickness was significantly higher and the
value of RV LS was significantly lower in T2DMwith EAT
≥5 mm group when compared with those in T2DM with
EAT <5 mm group. (all p < 0.05). When compared with the
control group and T2DM with EAT <5 mm group, the
value of RV LSR-E was significantly lower in T2DM with
EAT ≥5 mm group (p < 0.05), while there was no sig-
nificant difference between control group and T2DM with
EAT <5 mm group. There were no significant differences
in terms of LVEF, RVd-base, RVd-mid, RVA-D, RVA-S,

Figure 1. Echocardiographic measurement of EAT thickness in the parasternal long-axis and short-axis views of left ventricle at end-
systole. LA: left atrium; LV: left ventricle; RV: right ventricle.
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RV-FAC, TAPSE, E, A, E/A, TDI S, TDI E, TDI A, E/TDI
E, RV LSR-S, and RV LSR-A among the 3 groups (all p >
0.05) (Figures 2 and 3).

Association of clinical risk factors and EAT with
RV function

Bivariate correlation analysis with Pearson’s correlations
indicated that SBP, FPG, HbA1c, and EATwere negatively
correlated with RV LS and RV LSR-E. And then a mul-
tivariate linear regression analysis showed that EAT was
still negatively correlated with RV LS and RV LSR-E
independent of SBP and HbA1c (all p < 0.05) (Figure 4,
Tables 3 and 4)

Intraobserver and interobserver variability

ICCs of intraobserver and interobserver variabilities of
EAT, RV LS, and RV LSR-E were >0.90, which means
good reliability (Table 5).

Discussion

This study demonstrates that (1) EAT thickness was sig-
nificantly higher in T2DM patients than that in non-T2DM
controls; (2) T2DM is associated with subclinical RV

systolic dysfunction and early diastolic dysfunction, which
can be detected by 2D-STE; (3) thickened EAT is asso-
ciated with subclinical RV systolic dysfunction and early
diastolic dysfunction in T2DM patients independent of
traditional cardiovascular risk factors.

Recent years, RV function has emerged as an inde-
pendent predictor of morbidity and mortality in a variety of
disease (e.g. pulmonary hypertension, heart failure, and
coronary artery disease).21,22 The clinical importance of
assessing RV function in pathological conditions is in-
creasing although it has been neglected for many years.
Due to the complex geometry of the RV, traditional
echocardiographic parameters such as RV-FAC, TAPSE,
TDI S still have limitations in early sensitive and accurate
diagnosis of RV dysfunction.23 RV muscle bands are
mostly made up of longitudinal superficial spatial muscle.
So in this study, we used 2D-STE to analyze the longi-
tudinal strain and strain rate of the RV free wall to assess
RV function. 2D-STE is a new imaging method used to
evaluate myocardial function. It is superior to many other
conventional imaging techniques in detecting subclinical
myocardial dysfunction.24 Our results showed that sub-
clinical RV systolic dysfunction and early diastolic dys-
function were present in T2DM patients.

Nelson et al.25 found that EAT ≥5 mm may identify an
individual with a higher likelihood of having detectable
carotid atherosclerosis. Then we wondered whether T2DM

Figure 2. The representative images of RV longitudinal strain and longitudinal strain rate in controls (a) T2DMwith EAT <5 mm (b) and
T2DM with EAT ≥5 mm (c).
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with EAT ≥5 mm suffer more severe myocardial impair-
ment. We divided all T2DM patients into two groups with
an EAT cut-off value of 5 mm. Our results showed that in
the T2DM with EAT ≥5 mm group, the RV function
suffered more serious impairment than that in the T2DM
with EAT <5 mm group. Moreover, the multiple linear
regression analysis indicated that EAT was significantly
associated with RV subclinical systolic dysfunction and
early diastolic dysfunction in T2DM patients independent
of those generally accepted etiologies (e.g. blood pressure
and blood glucose). To our knowledge, to date this is the
first study to explore this topic using this method.

EAT is a new cardiometabolic risk factor with endocrine
and paracrine functions located between the epicardium
and the visceral pericardium. A large body of evidence

suggest that thickened and dysfunctional EAT is associated
with left ventricular dysfunction in a variety of pathological
states.17,18 A previous study by our group has shown that
thickened EAT is associated with subclinical LV dys-
function in T2DM patients.26 In the present study, our
results showed that EAT is also associated with subclinical
RV systolic dysfunction and early diastolic dysfunction in
T2DM patients. The exact mechanism by which EAT
impairs myocardial function has not yet been fully eluci-
dated. However, a large number of studies have shown that
the inflammatory mechanism mediated by thickened EAT
due to its imbalance between anti-inflammatory factors and
pro-inflammatory factors may be involved in myocardial
damage.27,28

Table 1. Clinical characteristics of the study populations.

Variables Controls (n = 66) T2DM with EAT <5 mm (n = 77) T2DM with EAT ≥5 mm (n = 69) p-value ANOVA

Clinical characteristics
Age (years) 53.53 ± 6.00 53.48 ± 7.78 55.83 ± 6.81 0.077
Male [n (%)] 31 (46.97) 42 (54.55) 40 (57.97) 0.664
BMI (kg/m2) 23.02 ± 2.25 23.33 ± 2.31 23.43 ± 2.55 0.575
SBP (mm/Hg) 121.55 ± 9.77 124.88 ± 9.23* 128.20 ±8.76*# <0.001†

DBP (mm/Hg) 78.62 ± 5.24 79.39 ± 6.83 80.01 ± 6.71 0.443
FPG (mmol/L) 5.30 ± 0.96 10.97 ± 2.25* 11.60 ± 2.22* <0.001†

HbA1c (%) 5.39 ± 1.01 9.06 ± 1.59* 10.31 ± 1.69*# <0.001†

TC (mmol/L) 4.01 ± 0.65 4.06 ± 0.86 4.09 ± 0.82 0.841
TG (mmol/L) 1.44 ± 0.47 1.44 ± 0.69 1.49 ± 0.52 0.834
LDL-C (mmol/L) 2.34 ± 0.60 2.37 ± 0.83 2.45 ± 0.67 0.650
HDL-C (mmol/L) 1.11 ± 0.28 1.17 ± 0.26 1.10 ± 0.23 0.237
T2DM duration (years) 0 10.25 ± 3.13 11.07 ± 2.84 0.099

Comorbidities, n (%)
Hypertension 19 (28.79) 24 (31.17) 27 (39.13) 0.403
Dyslipidemia 16 (24.24) 17 (22.08) 21 (30.43) 0.493

Medications, n (%)
ACEi/ARB 11 (16.67) 18 (23.38) 15 (21.74) 0.597
CCB 7 (10.61) 8 (10.39) 10 (14.49) 0.698
Diuretics 5 (6.06) 7 (6.49) 6 (7.25) 0.946
β-blocker 8 (12.12) 8 (10.39) 11 (15.94) 0.594
Statins 7 (10.61) 14 (18.18) 18 (26.09) 0.068
Insulin 0 (0) 48 (62.34) 47 (68.12) 0.465
SGLT-2I 0 (0) 45 (58.44) 47 (68.12) 0.227
DPP-4I 0 (0) 17 (22.08) 20 (28.99) 0.338
GLP-1RA 0 (0) 21 (27.27) 25 (36.23) 0.245
Metformin 0 (0) 43 (55.84) 41 (59.42) 0.663
Sulfonylureas 0 (0) 15 (19.48) 17 (24.64) 0.452
Thiazolidine 0 (0) 12 (15.58) 10 (14.49) 0.854

T2DM: type 2 diabetes mellitus; EAT: epicardial adipose tissue; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG:
fasting plasma glucose; HbA1c: glycosylated hemoglobinA1c; TC: total cholesterol; TG: triglycerides; LDL-C: low-density lipoprotein cholesterol; HDL-C:
high-density lipoprotein cholesterol; ACEi/ARB: angiotensin converting enzyme inhibitor/angiotensin II receptor blockers; CCB: calcium channel blockers;
SGLT-2I: sodium–glucose co-transporter-2 inhibitors; DPP-4I: dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon like peptide-1receptor agonist.
*p < 0.05 vs. controls.
#p < 0.05 vs. T2DM with EAT <5 mm.
†p < 0.05 ANOVA among controls, T2DM with EAT <5 mm, and T2DM with EAT ≥5 mm.
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Table 2. Comparison of conventional echocardiographic characteristics and right ventricular functional parameters among three
groups.

Variables Controls (n = 66) T2DM with EAT <5 mm (n = 77) T2DM with EAT ≥ 5 mm (n = 69) p-value ANOVA

EAT 3.38 ± 0.65 4.03 ± 0.52* 6.53 ± 0.89*# <0.001†
LVEF (%) 62.86 ± 4.33 62.04 ± 4.60 61.81 ± 4.03 0.335
RVd-base (mm) 29.71 ± 1.98 30.13 ± 2.40 30.41 ± 2.26 0.195
RVd-mid (mm) 25.03 ± 1.88 25.22 ± 2.26 25.06± 2.24 0.845
RVA-D (cm2) 12.91 ± 2.79 12.75 ± 2.29 12.92 ± 2.43 0.896
RVA-S (cm2) 6.07 ± 1.34 6.09 ± 1.21 6.21 ± 1.19 0.768
RV-FAC (%) 52.74 ± 5.75 52.04 ± 6.15 51.55 ± 6.72 0.538
TAPSE 22.35 ± 1.98 22.26 ± 2.38 22.01 ± 2.12 0.649
E (m/s) 59.29 ± 5.51 59.04 ± 7.13 59.28 ± 6.47 0.966
A (m/s) 37.47 ± 4.94 36.52 ± 5.52 37.45 ± 5.33 0.462
E/A 1.60 ± 0.16 1.56 ± 0.11 1.60 ± 0.13 0.137
TDI S(m/s) 12.67 ± 1.91 12.53 ± 2.40 12.26 ± 2.33 0.559
TDI E(m/s) 13.20 ± 2.02 13.73 ± 2.27 13.04 ± 1.92 0.115
TDI A(m/s) 12.44 ± 2.08 12.01 ± 2.48 11.86 ± 2.74 0.362
E/TDI E 4.57 ± 0.64 4.40 ± 0.81 4.63 ± 0.76 0.147
RV LS (%) 27.77 ± 2.54 26.20 ± 2.42* 24.53 ± 2.58*# <0.001†

RV LSR-S (1/s) �1.89 ± 0.32 �1.83 ± 0.32 �1.78 ± 0.37 0.165
RV LSR-E (1/s) 1.93 ± 0.32 1.90 ± 0.38 1.75 ± 0.36*# 0.006†

RV LSR-A (1/s) 1.49 ± 0.31 1.46 ± 0.34 1.43 ± 0.33 0.513

EAT: epicardial adipose tissue; LVEF: left ventricular ejection fraction; RVd-base: right ventricle basal diameter; RVd-mid: right ventricle middle diameter;
RVA-D: right ventricular area at end-diastolic; RVA-S: right ventricular area at end-systolic, RV-FAC: right ventricular fractional area change; TAPSE:
tricuspid annular plane systolic excursion; E: peak early diastolic flow velocity of tricuspid valve; A: peak late diastolic flow velocity of tricuspid valve; TDI S:
tricuspid annular peak systolic velocity; TDI E: tricuspid annular early diastolic velocity; TDI A: tricuspid annular late diastolic velocity; RV LS: right
ventricular longitudinal strain; RV LSR-S: right ventricular systole longitudinal strain rate; RV LSR-E: right ventricular early-diastole longitudinal strain rate;
RV LSR-A: right ventricular late-diastole longitudinal strain rate.
*p < 0.05 vs. Controls.
#p < 0.05 vs. T2DM with EAT <5 mm
†p < 0.05 ANOVA among controls, T2DM with EAT <5 mm, and T2DM with EAT ≥5 mm.

Figure 3. EAT (a) RV LS (b) and RV LSR-E (c) in the controls, T2DM with EAT <5 mm group, and T2DM with EAT ≥5 mm group. *p <
0.05 vs. Controls; #p < 0.05 vs. T2DM with EAT <5 mm.
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To investigate the association between EAT and RV
function in T2DM patients has important clinical value.
The relationship of RV function impairment with EAT
suggests that EAT may be a therapeutic target for pre-
venting cardiovascular complications in patients with

T2DM. Bouchi et al.29 have confirmed that sodium–glucose
co-transporter-2 (SGLT-2) inhibitors which are novel oral
hypoglycemic drugs can significant decrease the EAT vol-
ume in T2DM patient. Moreover, SGLT-2 inhibitors have
been proven to have beneficial effects on cardiovascular

Figure 4. Scatter plot demonstrating correlation between the EAT thickness with RV LS and RV LSR-E. EAT: epicardial adipose tissue;
RV LS: right ventricular longitudinal strain; RV LSR-E: right ventricular early-diastole longitudinal strain rate.

Table 3. Independent predictors of RV LS (%) in multiple linear regression analysis.

Variables

Unstandardized
coefficients Standardized coefficients CI (95%) for B t p-value

B SE β Lower Upper

SBP �0.075 0.018 �0.257 �0.110 �0.040 �4.250 <0.001
FPG �0.064 0.067 �0.076 �0.196 0.069 �0.945 0.346
HbA1c �0.257 0.099 �0.230 �0.451 �0.062 �2.601 0.010
EAT �0.348 0.138 �0.186 �0.619 �0.077 �2.530 0.012

SBP: systolic blood pressure; FPG: fasting plasma glucose; HbA1c: glycosylated hemoglobinA1c; EAT: epicardial adipose tissue; CI: confidence interval.

Table 4. Independent predictors of RV LSR-E (1/s) in multiple linear regression analysis.

Variables
Non-standardized
coefficients Standardized coefficients CI (95%) for B t p-value

B SE β Lower Upper

SBP �0.009 0.003 �0.238 �0.014
�0.004

�3.559 <0.001

FPG 0.012 0.010 0.111 �0.007
0.031

1.244 0.215

HbA1c �0.029 0.014 �0.201 �0.057
�0.001

�2.063 0.040

EAT �0.043 0.020 �0.177 �0.082
�0.004

�2.170 0.031

SBP: systolic blood pressure; FPG: fasting plasma glucose; HbA1c: glycosylated hemoglobinA1c; EAT: epicardial adipose tissue; CI: confidence interval.
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function and can reduce the occurrence of cardiovascular
events.30 So its beneficial effect on cardiovascular function

may be achieved by targeting EAT, which needs to be

confirmed by future large-scale research.
Our study has several potential limitations. Firstly, EAT

thickness was measured from the right ventricular free wall

by echocardiography and does not reflect all sub-epicardial

adipose tissue volume, but highly correlates with magnetic

resonance imaging measurement which is considered the

gold standard for EAT quantification.20 Secondly, the

quality of strain and strain rate data is strictly dependent on

the quality of the echocardiographic images due to 2D-STE

analysis is based on 2D gray scale images. Thirdly, due to

laboratory conditions, various adipokines and pro-

inflammatory factors related to EAT in T2DM patients

were not measured.
In conclusion, subtle subclinical RV systolic dysfunc-

tion and early diastolic dysfunction were demonstrated in

T2DM patients by using 2D-STE. The impairment in RV

function was associated with excess EAT in T2DM patients

independent of other cardiovascular risk factors.
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