Li et al. Cardiovasc Diabetol (2019) 18:3
https://doi.org/10.1186/512933-019-0807-3

Cardiovascular Diabetology

ORIGINAL INVESTIGATION Open Access

Epicardial fat tissue in patients

@ CrossMark

with diabetes mellitus: a systematic review

and meta-analysis

Yingrui Li', Bin Liu, Yu Li, Xiaodong Jing, Songbai Deng, Yulin Yan and Qiang She”

Abstract

literature.

performed using Stata 12.0 and TSA software.

DM patients.

Background: Epicardial fat tissue (EFT) is the visceral fat distributed along the coronary arteries between the pericar-
dium and the myocardium. Increases in EFT are closely related to the occurrence of diabetes mellitus (DM) and cardio-
vascular disease. To further understand the link between EFT and DM, we conducted a meta-analysis of the relevant

Methods: We systematically searched electronic databases for studies on EFT performed in DM patients and pub-
lished up to 30 September 2018. We included data on EFT in a DM patient group and a non-DM control group. We
then assessed the effect of DM on EFT by meta-analysis and trial sequential analysis (TSA). All statistical analyses were

Results: A total of 13 studies (n= 1102 patients) were included in the final analysis. Compared with the control
group, DM patients had significantly higher EFT (SMD: 1.23; 95% Cl 0.98, 1.48; P =0.000; TSA-adjusted 95% Cl 0.91,
2.13; P<0.0001). The TSA indicated that the available samples were sufficient and confirmed that firm evidence was
reached. According to the regression analysis and subgroup analyses, DM typing, EFT ultrasound measurements, total
cholesterol (TC) and triglyceride (TG) levels were confounding factors that significantly affected our results.

Conclusions: Our meta-analysis suggests that the amount of EFT is significantly higher in DM patients than in non-
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Background

Diabetes mellitus (DM) is one of the most common
metabolic diseases worldwide and is characterized as a
metabolic disorder of carbohydrates, proteins and lipids
[1]. In recent years, the incidence of DM has gradually
increased, becoming a serious public health threat [2, 3].
DM can be divided into type 1 diabetes mellitus (T1DM),
type 2 diabetes mellitus (T2DM), gestational diabetes
mellitus (GDM) and other types of diabetes. Abnormally
accumulated visceral fat is a risk factor for insulin resist-
ance, which can reduce insulin sensitivity, increase the
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expression and secretion of proinflammatory cytokines
in adipose tissue and promote the development of DM
and cardiovascular diseases [4-7].

Epicardial fat tissue (EFT) is a visceral adipose tissue
that surrounds the myocardium and pericardium. It is
one of the visceral fat stores in the body. Previous studies
have suggested that measurements of EFT are a substitute
for visceral fat [8, 9] EFT can secrete inflammatory fac-
tors, such as TNF-alpha, IL-6, adipocytokines, and lep-
tin, via paracrine or endocrine activities [9, 10] to locally
regulate the myocardium and coronary artery function
and regulate lipid and energy homeostasis in vivo. EFT
has the ability to release and uptake free fatty acids and to
affect low glucose utilization, which plays an important
role in metabolic syndrome and coronary artery disease
[11-16]. EFT can be measured by echocardiography,
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cardiac magnetic resonance imaging, and computed
tomography (CT) [17]. Recent studies have confirmed
that EFT is associated with obesity, fasting blood glucose
levels, insulin resistance, and adiponectin in patients with
T2DM, and an increase in EFT was observed in patients
with T1IDM and T2DM [18-22].

In the past few years, several studies have reported that
EFT is abnormally increased in DM patients. However,
small sample sizes and potential confounders (such as
differences in EFT measurements and DM typing) can
affect the strength of previous evidence. Therefore, in this
study, we conducted a meta-analysis to evaluate the effect
of DM on EFT volume to provide a comprehensive over-
view of this issue.

Methods
We conducted this meta-analysis in strict accordance
with the PRISMA reporting specifications.

Search strategy

According to the PRISMA guidelines [23], we devel-
oped a detailed search strategy. We systematically
searched online databases (PubMed, EMBASE, Cochrane
Library, and Web of Science) up to 30 September 2018
and included all possible combinations of the following
search terms: (diabetes mellitus OR Diabetes mellitus,
type 2 OR diabetes mellitus, type 1) AND (epicardial fat
tissue OR epicardial adipose tissue OR subepicardial adi-
pose tissue OR subepicardial fat tissue). This study was
limited to human studies published in English studies.

Inclusion criteria

Identified studies were enrolled based on the following
inclusion criteria: (1) DM patients were an experimen-
tal group and non-DM subjects were a control group; (2)
quantitative measurement of EFT volume or thickness
by echocardiography, cardiac magnetic resonance imag-
ing or CT; (3) study of differences in EFT between DM
patients and non—-DM subjects; (4) the study reported a
mean, standard deviation (SD), and sample size for DM
patients and non-DM subjects; and (5) observational
studies.

Exclusion criteria

During the literature screening process, studies contain-
ing the following items were excluded: (1) experimental
animal studies, reviews, or non-English literature; (2) the
study did not provide sufficient information about the
dataset (mean, SD and sample sizes).

Data extraction and quality assessment
Two reviewers (Yingrui Li and Bin Liu) independently
extracted data and assessed the quality of each study.
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If there was disagreement on a specific study, the two
reviewers negotiated to reach a consensus. The data
extracted from each study included the sample size and
EFT of the experimental and control groups. Then, the
Newcastle Ottawa scale (NOS) was used to assess the
quality of the study. The scoring system consisted of
three parts (population selection, comparability between
groups, and exposure factors), and the results ranged
from 0 to 9, with higher scores representing better meth-
odology quality (Table 1).

Data analysis

All statistical analyses were performed using Stata 12.0
using a fixed effect model or a random effects model to
calculate the pooled standard mean difference (SMD)
or weighted mean difference (WMD) for a 95% CI. All
reported P values are two-sided with a significance
level set at P<0.05. The heterogeneity of each study was
assessed by calculating the y* and I? statistics. If P<0.1
and 12> 30%, a random effects model was applied; oth-
erwise, a fixed effects model was applied [24]. Consid-
ering the potential impact of DM confounding factors
on the results of the study, we performed a subgroup
analysis of DM typing and EFT measurements. At the
same time, we applied a sensitivity analysis to examine
the impact of individual studies on the total merged
effects to assess the reliability of the conclusions. We
analyzed the symmetry of a funnel plot to evaluate pos-
sible small sample effects, and we used Begg’s test as
well as Egger’s test to evaluate publication bias in the
included studies. Statistical significance was consid-
ered at P<0.10 [25]. If publication bias was detected,
the Duval and Tweedie’s trim and fill method was
applied using the random effects model to evaluate the
adjusted effect scale [26]. Taking into account the dif-
ferences between the studies, all our analyses used a
random effects model.

Meta-regression is often used to explore the source and
size of heterogeneity in a study and to further explain the
impact of heterogeneity in a meta-analysis. We hypoth-
esized that the included studies may have shown dif-
ferences in cardiovascular disease risk factors (BMI,
dyslipidemia, waist hip rate) in DM patients. To assess
the possible effects of these variables on the different
outcomes observed in the meta-analysis, we established
a regression model with the EFT value as the depend-
ent variable (y) and the abovementioned covariate as the
independent variable (x).

In a conventional meta-analysis, repeated significance
testing of cumulative data increases the overall risk of
type I error; however, TSA can reduce the risk of type I
error and estimate the required information size (RIS)
needed to achieve a preset power level, draw benefit
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Table 1 Characteristics of included studies

Study Country  Arms Diabetestype N  Age(year) BMI(Kg/m?) EFT Measurement tool  NOS Score

Chenetal. [27] China Diabetes I 167 437£109 226421 40£15mm  Echocardiography 7
(end-diastole par-
asternal long axis)

Non-diabetes 82  424+£102 220421 20+1.5mm

Yazici et al. [29] Turkey Diabetes I 36 308+77 247438 33+1.1mm  Echocardiography 7
(end-diastole
parasternal average
axis)

Non-diabetes 43 299449 246430 234+03mm

lacobellis et al. [20] American  Diabetes I 15 528+£120 278452 72£21mm  Echocardiography 7
(end-systole
parasternal average
axis)

Non-diabetes 15 530490 274441 4942.5mm

Cetinetal. [21] Turkey Diabetes I 139 543492 276+£3.1 6.0£15mm  Echocardiography 7
(end-diastole
parasternal average
axis)

Non-diabetes 40 52173 29.1+42 44+£1.0mm

Seker et al. [33] Turkey Diabetes I 186  625+96 286+44 6.5+0.7 mm  Echocardiography 7
(End-systole
parasternal average
axis)

Non-diabetes 268 6124109 276442 53+£1.0mm

Aslan et al. [37] Turkey Diabetes I 76 306+£103  233+27 36+05mm  Echocardiography 7
(end-diastole
parasternal average
axis)

Non-diabetes 36 324485 242427 30+£05mm

Wang et al. [32] China Diabetes I 68  595+99 269459 50£12mm  Echocardiography 7
(end-diastole par-
asternal long axis)

Non-diabetes 32 581492 23755 3.14£08 mm

Vasques et al. [30]  Brazil Diabetes I 31 45.0+6.0 360447 1.0+£03 mm  Echocardiography 7
(end-systole
parasternal average
axis)

Non-diabetes 37 360+110 279474 0.7£0.2 mm
Wang et al. [34] China Diabetes Il 49 568495 272436 166.1+£606cm® CT 8
Non-diabetes 78 541+6.5 254+34 1234+£418cm’

Keles et al. [35] Turkey Diabetes I 45 34477 241434 70+£23mm  Echocardiography 6
(end-diastole par-
asternal long axis)

Non-diabetes 35 32473 26.7£6.5 6.0+1.5mm

Akbas et al. [36] Turkey Diabetes I 156 53624933 31.21+587 47+16mm  Echocardiography 7
(end-diastole
parasternal average
axis)

Non-diabetes 50 51.06+874 32864752 39+1.6 mm
Akyurek etal. [31]  Turkey Diabetes Il 90 577+£114  289+44 1728+649cm® CT 7
Non-diabetes 62 55.6+10.7 265+29 689+37.7 cm?

Philouze et al. [28] ~ American  Diabetes I 44 560+60 269432 64=£17mm  Echocardiography 6
(end-systole
parasternal average
axis)

Non-diabetes 35 520470 242436 33+£1.1mm

BMI body mass index, EFT epicardial fat tissue, CT computed tomography, LDL low-density lipoprotein, HDL high-density lipoprotein
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boundaries and harm boundaries, and calculate futility.
An RIS used with boundaries can infer whether further
studies are needed [28]. We conducted the TSA with a
5% risk of a type I error and a power of 80% as well as
an a-spending adjusted 95% CI for repetitive significance
testing.

Availability of data and materials
All the data were extracted from public sources.

Results

Description of the studies

Our search strategy yielded a total of 969 studies. After
excluding repeated studies, there were 726 studies, of
which 511 were decided to be irrelevant to our review
topic after confirming the title or abstract. A further
196 studies lacked sufficient data, 5 were studies of ani-
mals, and 1 was excluded because it was not published in
English. Therefore, our final analysis included 13 studies
(1102 patients with DM and 813 healthy control subjects)
that measured EFT in a DM group and a control group
[20, 21, 27-37] (Fig. 1).

The main features of the studies are shown in Table 1.
The number of patients in each study ranged from 15 to
186. EFT thickness was measured by echocardiography
in 11 studies [20, 21, 27-30, 32, 33, 35—-37], and the vol-
ume of EFT was measured by CT in 2 studies [31-34].
We assessed the characteristics and quality of these stud-
ies by NOS score.

DM group versus control group

EFT was reported in all studies and was significantly
higher in 1102 patients with DM than in 813 control sub-
jects (SMD: 1.23; 95% CI 0.98, 1.48; P=0.000, Fig. 2a).
There was significant heterogeneity among the studies
(I2=280.8%, P=0.000). The TSA showed that the cumu-
lative z-curve crossed the boundary for futility (TSA-
adjusted 95% CI 0.91, 2.13; P<0.0001, Fig. 2b).

Publication bias in the included studies may have
affected the results of our meta-analysis. Therefore, we
used a funnel plot, Begg’s test and Egger’s test to assess
potential publication bias in the included studies. Less
publication bias was observed in our evaluation of the
funnel plots for the DM and control groups (Fig. 3a), and
this finding was confirmed by Egger’s test (P=0.869) and
Begg'’s test (P=0.855, Fig. 3b).

We performed a sensitivity analysis by deleting indi-
vidual studies one by one and performing an additional
meta-analysis with each study removed. We evaluated
the effect of each deletion on the pooled SMD. Based on
the sensitivity analysis results, we observed that none of
the studies affected the overall effect, indicating that our
meta-analysis is statistically stable.
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To eliminate the impact of confounding factors on the
results of this study, we conducted two subgroup analy-
ses. We divided the included studies into a T1IDM group
and a T2DM group according to the difference in DM
typing and divided the included studies into a CT meas-
urement group, an ultrasonic parasternal average axis
measurement of end systolic EFT thickness group, an
ultrasonic parasternal average axis measurement of end
diastolic EFT thickness group and an ultrasonic paraster-
nal long axis measurement of end diastolic EFT thickness
group according to the difference in EFT measurement.
The subgroup analysis indicated there was heterogeneity
in the TIDM patients (n=4) (SMD: 0.97; 95% CI 0.60,
1.35; P=0.000) (I?=54.1%, P=0.088, Fig. 4a), and ultra-
sonic parasternal average axis measurement of end sys-
tolic EFT thickness (n=4) (SMD: 1.47 mm; 95% CI 1.08,
1.85; P=0.000) (I’=61.1) %, P=0.053, Fig. 4b) showed
a significant decrease. Moreover, EFT was higher in
the DM patients in each subgroup than in the non-DM
patients, and the total effect was statistically significant.

To evaluate other factors that may have affected
the results, we conducted a regression analysis of the
included studies. Our regression analysis showed that
TC levels significantly affected EFT, suggesting that TC
is the source of heterogeneity (P=0.011, 2 =0.0665,
Adj R-squared =67.31%, I? res=55.97%, Fig. 5a). Based
on regression models studied in DM patients and con-
trol subjects, we found that TG (P=0.099, 1*=0.1771,
Adj R-squared=22.80%, I’ res=79.58%, Fig. 5b) was
a confounding factor that significantly affected EFT.
Other risk factors, including BMI (P =0.732, 1*=0.1999,
Adj R-squared=-10.57%, I-squared res=2381.70%),
low Density Lipoprotein (LDL, P=0.120, 1>=0.1886,
Adj R-squared=17.75%, I-squared res=2381.33%),
high density lipoprotein (HDL, P=0.145, t*=0.1955,
Adj R-squared=14.75%, I-squared res=81.40%) and
systolic blood pressure (P=0.963, 1°=0.2362, Adj
R-squared = —17.10%, I-squared res=85.34%), did not
affect the results.

Discussion

This meta-analysis included 13 studies that contained
1102 patients with DM and 813 healthy subjects. Our
analysis confirmed that DM is associated with an increase
in EFT. Furthermore, our TSA results indicated that the
available samples were sufficient and confirmed that firm
evidence was reached; the sensitivity analysis further
confirmed these findings. Regression analysis indicated
that TC and TG levels significantly affected our results,
and a subgroup analysis suggested that there were more
abnormal EFTs in DM patients with different DM types
and EFT measurements than in non-DM patients.
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Fig. 1 Flowchart of the study selection process used to identify studies to be included in the meta-analysis

In recent years, research on the relationship between
EFT and DM has gradually increased, but the reasons
for the increase in EFT observed in DM patients has not
been studied. Possible causes include decreased physi-
cal activity and an increased food supply, which lead to
adipose tissue deposition in T2DM patients [38]. Addi-
tionally, genes associated with lipid metabolism have
been shown to be missing, dislocated and mutated in DM

patients [39]. Finally, T2DM patients regulate the distri-
bution of sex steroids in body fat tissue (such as andro-
gen) abnormally [40]. Previous studies have shown that
EFT is closely related to insulin levels in serum in addi-
tion to Resistin mRNA levels and may be involved in the
formation of insulin resistance. A significant increase in
EFT has also been observed in chronic systemic inflam-
mation, such as obesity and hyperlipidemia. It has been
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suggested that it is also involved in abnormal lipid metab-
olism in the body [41, 42].

To better understand the relationship between EFT
and DM, a meta-analysis was conducted to explore the
amounts of EFT in DM patients and non-DM patients.
The results showed that the volume of EFT was signifi-
cantly higher in DM patients with significant heterogene-
ity. To explore the source of heterogeneity, we conducted
a subgroup analyses of different DM typing and EFT
measurement methods. The heterogeneity in T1DM
and the subgroup measuring EFT thickness during the
systolic period decreased significantly, suggesting that
different DM typing and different EFT measurement
methods may be potential sources of heterogeneity.

T1DM and T2DM have very different pathogenesis and
pathological processes, and EFT plays a specific role in
both types of DM. Under pathological conditions, EFT
can secrete a variety of bioactive adipokines and pro-
inflammatory factors, such as TNF-alpha, IL-6, resistin,
visfatin, omentin, and leptin [43—-47]. Previous studies
have suggested that abnormal increases in visceral fat
may play a major role in the development of insulin
resistance and may therefore further promote DM [48,
49]. In a study by Galletti et al. leptin inhibited insulin
synthesis and secretion and increased insulin sensitiv-
ity [50]. It has also been suggested that changes in leptin
secretion or sensitivity may be related to the pathogenesis
of T1DM, although these findings remain controversial
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Fig. 4 Subgroup analysis of SMD in EFT between patients with DM and the non-DM control group: a subgroup analysis by DM typing (T1DM or
T2DM); b subgroup analyses by different measurements of EFT (CT or ultrasonic)
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[50, 51]. The results of our subgroup analysis suggest that
EFT is increased in both T1IDM and T2DM, indicating
that in the diagnosis and treatment of DM, EFT could
be used as a new research target to promote the study of
DM and provide new ideas for the clinical treatment of
T1DM and T2DM.

EFT can be detected by ultrasound, CT and CMR,
and EFT thickness measured by ultrasound has recently
become a simple practical tool for cardiovascular risk
stratification [9]. Previous studies have suggested that
magnetic resonance imaging is the gold standard for esti-
mating systemic adipose tissue [52, 53]. CMR and CT are
not limited by the position and direction of the imaging
plane, and it is therefore more accurate to evaluate the

absolute amount of EFT compared with the ultrasound,
which uses a single point measurement of EFT to assess
the absolute amount of EFT. However, in the study by Iac-
obellis et al. EFT assessment of the right ventricular free
wall by echocardiography showed an excellent correlation
with the EFT measurements obtained by CMR [8]. The
results of our subgroup analysis showed that the volume of
EFT was higher in DM patients than in non-DM patients
regardless of the method of EFT measurement, suggesting
that there was no significant difference among ultrasound,
CT and CMR in the measurement of abnormal EFT
increases in DM patients in clinical practice.

Epicardial adipose tissue is an extremely active adipose
tissue with unique biological molecular and anatomical
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characteristics. It is not only a passive lipid storage unit
but also an active participant in lipid and energy homeo-
stasis in the myocardium. One of the biggest differences
between EFT and other visceral fat is its greater ability
to release and synthesize free fatty acids (FFA) [12, 54].
Under physiological conditions, EFT exerts a cardiopro-
tective effect through its anti-atherosclerosis/anti-inflam-
matory properties as well as its high FFA release and
uptake rates [55]. However, abnormally increased EFT
can secrete a variety of bioactive substances and exces-
sive fatty acids, which can lead to systemic inflammation,
insulin resistance, abnormal blood lipid indexes, such as
TC and TG, and ultimately lead to DM, metabolic syn-
drome and atherosclerosis [56, 57]. Therefore, a meta-
regression analysis was performed to evaluate other
factors (BMI, LDL, HDL, TC, TG, and systolic blood
pressure) that might have had an impact on the results.
The results suggested that TC and TG affected the results
of this study, while other risk factors did not.

Our study indicates that compared with non-DM
patients, in DM patients, the amount of EFT is signifi-
cantly increased, and this has considerable clinical sig-
nificance for providing new ideas for the diagnosis and
treatment of DM. In a study by Kang et al. 321 CAD
patients who received high-dose statins were retrospec-
tively studied, and the results showed that EFT thickness
during the systolic period was an independent predic-
tor of new DM in patients with coronary heart disease
treated with high-intensity statins [58]. At the same
time, Chun et al. found that there was a significant cor-
relation between left ventricular EFT thickness and the
prevalence of diabetes in Korean men [59]. In the stud-
ies by Bouchi et al. and Sato et al., the SGLT-2 inhibitors
Dapagliflozin and Luseogliflozin both improved systemic
inflammation and were used for EFT, thereby reduc-
ing the EFT volume of DM patients and thus reducing
the risk of cardiovascular disease [60, 61]. However, the
clinical efficacy of these new therapies has not yet been
confirmed, and further studies are needed [62]. Previous
research results are consistent with our meta-analysis
results, but previous studies did not consider the impact
of other confounding factors on the results. Our results
suggest that even among different types of DM or dif-
ferent EFT measurement techniques, patients with DM
always have an abnormal increase in EFT compared
with patients without DM, suggesting that the abnormal
increase of EFT can be used as an independent predictor
of new DM and a new target for DM drug therapy.

Limitations

We should consider some potential limitations of this
study. First, five studies included [20, 28-30, 35] were
small sample size. Second, there are limited studies in
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some subgroup analysis, and more studies are needed
to support these results. Finally, it is important to assess
heterogeneity among studies, and although it may not
be possible to identify all possible sources of heteroge-
neity, the stability of our outcomes was confirmed after
adjusting for potential publication bias.

Future directions

Our study indicates that DM patients have more EFT
than non-DM patients, and this provides new ideas
for the diagnosis and treatment of DM in the future
and research into DM performed in the future. EFT is
closely related to the occurrence of CHD [63, 64]. The
difference in EFT between DM patients and non-DM
patients may have an important relationship with the
incidence of cardiovascular diseases, but whether EFT
can be used to assess the risk of cardiovascular diseases
in DM patients at an early stage needs to be confirmed
by further studies.

Conclusions

In general, our meta-analysis suggests that the amount of
EFT is higher in DM patients than in non-DM patients
regardless of TIDM or T2DM status or the EFT meas-
urement method used. This suggests that an abnormal
increase in EFT can be used as an independent predictor
of new DM and a new target for DM drug therapy.
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