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Background: Leptin is an adipokine related to overweight and cardiovascular diseases. However, the leptin expression level
in epicardial adipose tissue (EAT) of humans and its association with coronary atherosclerosis has never been
investigated.

Material/Methods: Patients receiving cardiac surgery were divided into a coronary artery disease group (CAD group) and a non-CAD
group (NCAD group). Blood samples from coronary vein, biopsies of subcutaneous adipose tissue (SAT), and EAT
were acquired during the surgery. Serum leptin level and leptin level in EAT and SAT were tested with ELISA,
quantitative PCR, and immunohistochemistry and were compared between the CAD group and NCAD group,
as well as between stenosis and non-stenosis subgroups. Logistic regression analysis was performed to explore
the risk factors for coronary artery stenosis.

Results: No statistically significant differences were found in demographic and clinical data between groups (all P>0.05).
Serum leptin concentration and leptin expression in EAT and SAT of the CAD group were much higher in than
in the NCAD group (all P<0.05). In subgroup analysis, there was no difference in serum leptin and expression
in SAT of stenosis and non-stenosis patients (All P>0.05). The leptin expression level in EAT of stenosis patients
was significantly higher than in non-stenosis patients (P=0.0431). By multivariate logistic regression analysis,
we demonstrated that leptin expression level in EAT was an independent risk factor for coronary artery steno-
sis [OR=1.09, 95%Cl (1.01+1.18), P=0.031].

Conclusions: Leptin expression in EAT and SAT were both increased for CAD patients. Leptin expression in EAT was an inde-
pendent risk factor for coronary atherosclerosis in the adjacent artery, while leptin in SAT was not associated.
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Background

Coronary artery disease (CAD) has become the leading cause
of death worldwide, in which the fundamental pathophysio-
logical change is atherosclerosis [1]. Despite numerous stud-
ies performed over decades, the precise mechanism under-
lying coronary atherosclerosis remains elusive. Recent years
have witnessed the emerging recognition of the promising
role of epicardial adipose tissue (EAT) in the onset, develop-
ment, and prognosis of CAD [2]. EAT, previously thought to be
merely a structural fat protecting the heart, is considered as
an active organ with crosstalk with the myocardium and coro-
nary artery, which are connected directly without any fascia [3].
One of the studied relationships between EAT and CAD is the
paracrine function in secreting cytokines or adipokines, includ-
ing adiponectin [4], omentin-1 [5], chemerin [6], and others [7].

Produced in white adipose tissue, leptin is a plasmatic peptide
hormone involved in cardiovascular homeostasis and athero-
sclerosis [8]. It was demonstrated that circulating leptin or
serum leptin can independently predict acute cardiovascular
events, restenosis after percutaneous coronary intervention,
and cerebral stroke [9]. However, the expression of leptin in
EAT and its relationship with CAD has seldom been investi-
gated. In this study, we examined leptin expression in serum,
subcutaneous adipose tissue (SAT), and EAT of CAD patients
and control patients, then analyzed its relationship with coro-
nary stenosis.

Material and Methods

Subjects

From March 2016 to October 2018 in the Department of
Cardiovascular Diseases, Xi’an No. 1 Hospital, a total of 38 pa-
tients receiving coronary artery bypass grafts (CABG) and 40 pa-
tients receiving valve operation and ASD repair were recruited
in this study. All patients enrolled met the following criteria.
We included patients diagnosed with CAD and prepared to re-
ceive CABG and those diagnosed with valve disease or atrium
septal defect (ASD). We excluded patients with CAD on coro-
nary angiography and prepared to receive a valve operation or
ASD repair, patients over 80 years old, and patients with severe
organ dysfunction, metabolism disorder, infectious disease, or
tumors. According to their primary disease, enrolled patients
were assigned to the CAD group or the NCAD group. Within
the CAD group, we divided patients into the stenosis group or
the non-stenosis group depending on whether there was lo-
cal coronary stenosis near the right coronary artery ostium.

We collected demographic data, laboratory results, and clin-
ical data from the electronic record system of the hospital.
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The Committee on Biomedical Ethics of Xi’an No. 1 Hospital
approved this study, which conformed to the Declaration of
Helsinki. Signed informed consent was were also acquired
from all patients enrolled in this study.

Definition

In the present study, CAD was defined as a stenosis diameter
of >250% in the left main coronary artery (LMCA) and >70% in
vessels other than the LMCA (10), while local coronary stenosis
near the right coronary artery ostium was defined as diameter
stenosis of >70% (5). Type 2 diabetes mellitus (T2DM) diag-
nosis was made based on the American Diabetes Association
criteria (11).

Sample acquisition

We collected venous blood samples from all patients in so-
dium heparin Vacutainers (Becton-Dickinson) at admission
for routine laboratory tests. Blood samples were centrifuged
(15 min, 3000xg) to obtain serum, which was then stored at
-80°C. The blood samples were acquired before breakfast af-
ter fasting for more than 12 h.

Different types of adipose tissue were acquired during the sur-
gery at different time points. As soon as the skin was incised,
the SAT sample (average 0.5 g each) was acquired at the chest
incision. Before the cardiopulmonary bypass, EAT was acquired
near the right coronary artery ostium. The 2 portions of each
biopsy sample were handled differently — the part used for RNA
isolation was stored at -80°C and the part used for immunohis-
tochemistry was kept in neutralized formalin. After the heart
was opened, the blood sample from the coronary vein was ac-
quired and handled as described above, which was used for
leptin examination.

Serum leptin test

Human leptin ELISA kits (ab179884, Abcam, USA) were used
to examine the serum leptin level of all patients, following the
manufacturer’s instructions. The intra-assay and inter-assay
coefficients of variation were both <5%. We measured all sam-
ples twice.

RNA expression measurement

As previously described, we measured the RNA expression
level with quantitative real-time PCR (5). The primer se-
quences were forward 5’-CCTGTGCGGATTCTTGTGG-3’, reverse
5’-GGTGACTTTCTGTTTGGAGGA-3’ We calculated the relative
gene expression via the threshold cycle value (CT) and the
formula 2-CT.
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Histology

Immunohistochemistry for all adipose samples was conducted
according to a previously described method [6]. Primary anti-
body of leptin was purchased from Abcam (ab3583, 1: 200 di-
lution, Abcam, USA). With Image J software, we calculated the
integrated optical density (I0D) of each section from 8 differ-
ent 400xmagnified fields.

Statistical analysis

We used IBM SPSS Statistics, version 19.0 (SPSS, Inc,
Armonk, NY) for statistical analysis. We conducted the nor-
mality distribution test of the variables at first to check the
distribution condition. Normally distributed continuous vari-
ables are presented as meantstandard deviations, and con-
tinuous variables that were not normally distributed are ex-
pressed as median (lower quartile, upper quartile). Categorical
variables are presented as proportions.

CLINICAL RESEARCH

We used the independent samples t test for comparison of nor-
mally distributed continuous variables, while the Mann-Whitney
test was used for the statistical analysis of continuous vari-
ables that were not normally distributed. The chi-square test
was performed in different evaluations of categorical variables.
Multivariate logistic regression was used to analyze the risk
factors for local artery stenosis. Statistical significance was
confirmed when the p-value was less than 0.05.

Results

Patient characteristics

Demographic data, laboratory results, and clinical data of the
CAD group and NCAD group are shown in Table 1. For demo-
graphic data, there was no statistical difference between the 2
groups in age, sex, BMI, or smoking status (All P>0.05). Cardiac
function (NYHA grade, LVEF) and comorbidities were simi-
lar between the 2 groups (all P>0.05). Among the laboratory

Table 1. Baseline characteristics and clinical data of CAD group and NCAD group.

Variables CAD group (n=38) NCAD group (n=40)
Demographics
 Agebears  exsssg  elur7 1531 o010
”””” Sex(omale 24 (&32%) 20 (00% 1372 0241
”””” BMIkg/m) 242126 23643 0688 0493
Csmoking . os»s o075
”””” Non-smoker 26 (84%) 29 (25%
”””” Current smoker 10 (63% & @oo%
”””” Formersmoker 2 (3% 3 @se
NYHAfunctonalclass 733 ooe1
”””” s euw 7 oasw
”””” . 18 @aw 10 @sew
”””” w7 asaw 8 @o%
”””” v s @ 1 oersw
Cwe®) 0 sazes 523162 1354 0180
CComorbidities
”””” Hypertension 7 (184% 5 (25% 055 0541
B 17 @ 1o@rsw 2516 o113
”””” Stoke 2 (3% 4 (0% 0616 0433
”””” o a4 @s% 4 (100% 0006 0939
”””” Dyslipidemia 18 (474%) 12 (300% 248 0115
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Table 1 continued. Baseline characteristics and clinical data of CAD group and NCAD group.

Variables

CAD group (n=38)

NCAD group (n=40)

Laboratory examination

FBG (mmol/L) 6.18+2.15
”””” HoAle %)  sssel3
"""" hs-CRP (mg/)  196sl15
BN Qgm) 177.241168.46
"""" i@t 0051003
"""" Serum creatinine (umol/l)  75.8925.67
 Trigycerides nmol) 1552024
© Totalcholesterol (mmol/l)  445:121
"""" HDLC (mmoll) 0941021
"""" IDLC mol) 3194104
Medications
oAspiin®®) 20 (526%)
o Statinss) 14 (68%)
 Nitrtes(e) 35 (021%)
ACEUARB(R) 7 (84%)
 Bblockers®) 5 (132%)
 Major heart disease
"""" ww
 Valedisease o
"""" Congenital heart disease 0

5.81+1.63 0.845 0.401
"""""""""" 568123 0425 0672
205412 036 o745
o asasos3s 180 0076
0062003 0864 0390
""""""""" 729542582 0505 0615
"""""""""" 144:036 1579 o118
45536 0344 0733
"""""""""" 105:032 1785 0078
"""""""""" 301121 0703 o484
1 e 24892 w0001
8 @oow 2730 009
"""""""""" 4 (00% 52547 <0001
s @25% 0525 0469
3 @sw 0556 0456
"""""""""""""""""""""""""""" N NA
,,,,,,,,,,,,,,,,,,,,,,,, A
,,,,,,,,,,,,,,,,,,,,,,, e
,,,,,,,,,,,,,,,,,,,,,,, i

BMI — body mass index; NYHA — New York Heart Association; LVEF — left ventricular ejection fraction; T2DM — type 2 diabetes mellitus;
COPD - chronic obstructive pulmonary disease; FBG — fasting blood glucose; HbAlc — glycated hemoglobin; hs-CRP — hypersensitive
C-reactive protein; BNP — brain natriuretic peptide; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; ACEI/ARB — angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers; CAD — coronary artery disease.

test results, the BNP of the NCAD group was higher than in
the CAD group, but the difference was not statistically signifi-
cant (P=0.076). Other indicators were also similar between 2
groups, including FBG, HbAlc, hs-CRP, cTnl, serum creatinine,
triglycerides, total cholesterol, HDL-C, and LDL-C (all P>0.05).
We also compared medication use between the 2 groups, which
showed that the CAD group had more use of aspirin and ni-
trates (both P<0.001), while there was no significant differ-
ence in usage of statins, ACEI/ARB, or B-blockers (all P>0.05).

Table 2 shows the same characteristics of subgroups of CAD
patients, who were divided into a stenosis group and a non-
stenosis group depending on the stenosis status of the coronary
artery near the right coronary artery ostium, where EAT samples
were collected. Comparisons of demographic data showed that

stenosis patients were significantly older (P=0.003) and more
likely to be obese (P=0.002), while there was no difference in
sex or smoking status (all P>0.05). As in between-group anal-
ysis, there was also no significant difference between stenosis
patients and non-stenosis patients in cardiac function, comor-
bidities, laboratory test results, or medications (all P>0.05).

Serum leptin level

Serum leptin level was examined by ELISA, and the results are
shown in Figure 1. The mean serum leptin level in the CAD
group was 10.92+4.32 ng/mL, while the that of the NCAD
group was 5.64+3.30 ng/mL, which was much lower than in
the CAD group (P<0.001). In subgroup analysis, no statistically
significant difference was found in serum leptin level between
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Table 2. Baseline characteristics and clinical data of stenosis and non-stenosis patients.

Variables Stenosis (n=20) Non-stenosis (n=18)

Demographics
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Table 2 continued. Baseline characteristics and clinical data of stenosis and non-stenosis patients.

Variables Stenosis (n=20) Non-stenosis (n=18)
Coronary atherosclerosis with stenosis >50% 3.541 0.170
"""" Onevessel 4 @oo%w 4 @2%
 Twovessels 14 @oo% 8 @4
 Threevessels 2 (100% 6 (33%)

BMI — body mass index; NYHA — New York Heart Association; LVEF — left ventricular ejection fraction; T2DM — type 2 diabetes mellitus;
COPD - chronic obstructive pulmonary disease; FBG — fasting blood glucose; HbAlc — glycated hemoglobin; hs-CRP — hypersensitive
C-reactive protein; BNP — brain natriuretic peptide; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; ACEI/ARB — angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers; CAD — coronary artery disease.

*XX¥

Serum leptin level (ng/mL)
=

CAD group
(n=38)

NCAD group
(n=40)

Serum leptin level (ng/mL)
2

Stenosis
(n=20)

Non-stenosis
(n=18)

Figure 1. Serum leptin level. (A) Serum leptin level of CAD and NCAD groups; (B) Serum leptin level of stenosis and non-stenosis

patients. ** P<0.001; ns — not significant.

stenosis patients and non-stenosis patients [(11.93+3.84) vs.
(9.80+4.64) ng/mL, P=0.136].

Leptin expression in adipose tissue

We used gPCR to test the mRNA expression level and used
immunohistochemistry to examine the protein expression level
of leptin in SAT and EAT, which is shown in Figures 2—4. SAT
leptin mRNA level was significantly higher in the CAD group
than in the NCAD group [38.8 (22.1, 80.2) vs. 19.5 (6.9, 48.1),
P=0.002], as shown in Figure 2A. However, there was no sta-
tistically significant difference between stenosis patients and
non-stenosis patients [41.3 (19.9, 87.9) vs. 38.7 (24.5, 78.6),
P=0.983], as shown in Figure 2B. For EAT leptin mRNA level,
there was a significant difference between the CAD group
and the NCAD group [98.5 (57.1, 145.1) vs. 43.3 (32.4, 79.7),
P<0.001] and between stenosis and non-stenosis patients
[126.1 (103.6, 181.2) vs. 75.3 (43.9, 97.0), P=0.002], as shown
in Figure 2C and 2D.

Immunohistochemistry presented similar trends as qPCR re-
sults. Figure 3 shows representative sections of the SAT and
EAT of CAD and NCAD groups, which demonstrates that the

This work is licensed under Creative Common Attribution-
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IOD values of the CAD group were significantly higher than in
the NCAD group in both SAT [(8793+5158) vs. (5557+3803),
P=0.002] and EAT [(11035+6136) vs. (5683+3737), P<0.001].
The SAT and EAT sections of stenosis and non-stenosis patients
are shown in Figure 4. There was no difference between ste-
nosis and non-stenosis patients in 10D value for leptin of SAT
[(8984+5245) vs. (8621+5209), P=0.832]. However, the 10D
value for leptin of EAT was significantly higher in stenosis
patients than in non-stenosis patients [(13141+6990) vs.
(9140+4649), P=0.043].

Multivariate logistic regression analysis

In Table 2, univariate linear analysis was conducted to find the
potential risk factors for coronary stenosis, showing that only
age and BMI were significant (P<0.05), with sex, LVED, serum
leptin, SAT leptin mRNA expression, and EAT leptin mRNA ex-
pression included in the final regression model. As demon-
strated in Table 3, we found that age [OR 1.88 (1.02+3.47),
P=0.042] and EAT leptin mRNA expression [OR 1.09 (1.01+1.18),
P=0.031] were independent risk factors for local coronary ar-
tery stenosis.
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Figure 2. Leptin mRNA expression level. (A) SAT mRNA expression level of CAD and NCAD groups; (B) SAT mRNA expression level of
stenosis and non-stenosis patients; (C) EAT mRNA expression level of CAD and NCAD groups; (D) EAT mRNA expression level
of stenosis and non-stenosis patients. **** P<0.001; ** P=0.002; ns — not significant.
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Figure 3. Immunohistochemistry results of CAD and NCAD groups. (A) representative sections; (B) 10D value of leptin in SATs;
(€) 10D value of leptin in EAT. **** P<0.001; ** P=0.002; ns — not significant.
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Figure 4. Immunohistochemistry results of stenosis and non-stenosis patients. (A) representative sections; (B) 10D value of leptin in
SAT; (C) 10D value of leptin in EAT. * P=0.043; ns — not significant.

Discussion

By examining the leptin expression in serum, SAT, and EAT of
CAD patients, as well as controls, we found that: (1) Compared
with controls, leptin expression levels were increased systemati-
cally in serum, SAT, and EAT; (2) CAD patients with stenosis
near the right coronary artery ostium, where the EAT samples
were collected, had even higher leptin expression levels; and
(3) The leptin expression level in EAT was an independent risk
factor for local coronary stenosis.

Leptin is a critical cytokine and biomarker for obesity, T2DM,
chronic kidney disease, and cardiovascular disorders [12].
The IARS cohort results showed that high leptin level was as-
sociated with obesity-related metabolic disturbances and in-
cident CAD in Asian Indians [13]. Khafaji et al. examined the
links between serial serum leptin level and the degree of coro-
nary atherosclerosis, coronary reperfusion, echocardiographic
findings, and clinical outcome in patients with acute myocar-
dial infarction (AMI) receiving thrombolysis [14]. They found
that serum leptin levels significantly increased after AMI, and
serum leptin level can indicate the left ventricular ejection frac-
tion and the degree of atherosclerosis but not the degree of
coronary reperfusion [14]. However, not all studies confirmed
positive results. Although higher serum leptin levels have
been associated with a modestly higher incidence of cardio-
vascular disease, a prospective cohort study in the USA found
that leptin levels are not associated with incident cardiovas-
cular events [15]. Previous studies focusing on the underlying

mechanism of leptin indicates that it exerts various atherogenic
effects such as increasing endothelial dysfunction; facilitation
of inflammatory reaction; induction of oxidative stress; mitiga-
tion of paraoxonase activity; platelet aggregation, migration,
and hypertrophy; and proliferation of vascular smooth mus-
cle cells [12]. They also found that leptin-deficient and leptin
receptor-deficient mice are protected from arterial thrombo-
sis and neointimal hyperplasia in response to arterial wall in-
jury [9]. In the present study, we also demonstrated that se-
rum leptin level was elevated in CAD patients and the leptin
expression levels in SAT and EAT were also clearly increased.

Leptin is produced by adipocytes and is usually considered to
be a circulating hormone [16]. It is now believed that adipose
tissue acts as an endocrine organ, which secrets many active
cytokines and adipokines and participates in the pathogene-
sis of metabolism and cardiovascular disorders [17]. EAT, also
known as pericardial adipose tissue, or epicardial fat, has re-
ceived attention due to its significant relationship with sev-
eral cardiovascular diseases, including atrial fibrillation [18],
heart failure [19], and atherosclerosis [20]. We compared
leptin expression levels in serum, SAT, and EAT in CAD pa-
tients with controls, showing that all 3 indicators were sig-
nificantly higher in CAD patients, which also validated previ-
ous studies and further confirmed that EAT and is a reservoir
for adipokines. Gruzdeva also explored the leptin expression
level in EAT and found that it is much more highly expressed
in CAD patients [21]. Considering the paracrine effects of
EAT reported before [22], we decided to conduct a subgroup
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Table 3. Multivariate logistic regression analysis of risk factors for coronary stenosis.

Variables B S.E.

Wald Exp(B) P

4.134 1.88  (1.02+3.47

o
o
g
N

Constant

Gender: male to female

analysis between patients with stenosis and those without,
which demonstrated that patients with stenosis had higher
leptin expression levels. Further logistic regression analysis also
proved that leptin expression level was an independent risk
factor for local stenosis, but there was no significant differ-
ence in SAT or serum leptin. In AF patients, Qing et al. demon-
strated that leptin was less expressed in EAT compared with
paracardial adipose tissue [23], but they did not assess the
leptin levels of CAD patients.

We must note several limitations of this study. First, all pa-
tients included in this study were complicated with heart dis-
ease, especially in the NCAD group, which might have led to
systematic errors. However, these errors cannot be eliminated
because of the ethical considerations in acquiring EAT samples.
Second, all patients were enrolled non-randomly. Although no
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statistically significant difference was found, it still might have
affected our conclusions. Last, the sample size and investi-
gating methods also limit the findings of the study.

Conclusions

Leptin expression levels in EAT and SAT were both higher in
CAD patients. Leptin expression in EAT, but not in SAT, was
an independent risk factor for coronary atherosclerosis in the
adjacent artery.
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