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Abstract. – OBJECTIVE: The female popu-
lation with gestational diabetes mellitus (GDM) 
has a postpartum profile with increased cardio-
vascular (CV) risk factors and heightened pro-
spective CV risk. Epicardial fat tissue was re-
ported to be related to cardiometabolic diseases 
as metabolically active adipose tissue and natri-
uretic peptides (NPs) have been shown to have 
metabolic effects. This study’s aim was to de-
termine the relationship between epicardial fat 
thickness (EFT) and NPs in the female popula-
tion diagnosed with GDM. 

PATIENTS AND METHODS: The study in-
volved 161 pregnant women: 96 with GDM, and 65 
healthy controls. GDM was diagnosed following 
the American Diabetes Association (2013) norms 
for diagnosing diabetes. All patients underwent 
echocardiography to measure EFT. N-terminal 
pro-brain natriuretic peptide (NT-proBNP) and 
other parameters were quantified in blood sam-
ples. The Independent Samples t-test, Pearson’s 
correlation test, and a multivariable logistic re-
gression analysis (LRA) were performed for sta-
tistical evaluation. A p-value <0.05 was consid-
ered statistically significant. 

RESULTS: Fasting (91.46±14.29 mg/dl vs. 
82.18±8.21 mg/dl) (p<0.001), first-hour (202.30± 
21.60 mg/dl vs. 161.57±16.21 mg/dl) (p<0.001), 
and second-hour (176.95±20.43 mg/dl vs. 
130.93±16.95 mg/dl) glucose levels (p<0.001), 
fasting insulin level (14.54±3.50 mUL/mL vs. 
11.51±2.04 mUL/mL; p<0.001), and Homeostatic 
Model Assessment for Insulin Resistance (HO-
MA-IR) value (3.28±0.99 vs. 2.31±0.45; p<0.0001) 
in GDM Group were significantly higher than 
Control Group. The GDM Group also had sig-
nificantly increased EFT values compared to the 
Control Group (4.74±0.65 mm vs. 3.77±0.66 mm; 
p<0.0001), whereas NT-proBNP levels of diabet-
ic women were considerably lower compared to 
controls (21.59±19.86 pg/ml vs. 39.74±33.96 pg/
ml; p<0.0001). In addition, EFT thickness and the 
NT-proBNP level were determined to be signifi-
cantly negatively correlated (r=-32, p<0.0001).  

CONCLUSIONS: EFT evaluation might play 
a prognostic role in detecting cardiometabol-
ic risk associated with potential disorders such 
as GDM. This study showed a potential interplay 
between epicardial adipose tissue and NPs se-
creted by cardiomyocytes and practical effects 
on fat metabolism in GDM subjects. 
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Introduction

Gestational diabetes mellitus (GDM) is de-
scribed as impaired glucose tolerance in preg-
nancy, naturally improving after delivery or by 
the end of the postpartum period. GDM’s prev-
alence is approximately 4% in all pregnancies. 
Mothers who have GDM encounter an elevated 
risk of pregnancy-related complications and a 
higher risk for various medical conditions much 
later than its termination. For example, GDM 
considerably elevates a mother’s risk for Type-2 
diabetes mellitus (DM) and cardiovascular (CV) 
disorders in the puerperium1. 

The epicardial adipose tissue (EAT) is the fatty 
tissue encircling the coronary arteries and is basi-
cally visceral fat deposition between the pericar-
dium and myocardium2. Contemporary evidence 
has implied that EAT might energetically con-
tribute to the pathogenesis of athero-thrombotic 
disorders in coronary arteries3,4. Known to have a 
shared embryologic origination with intraabdom-
inal fat tissue, EAT is physiologically active5,6. A 
study conducted in Turkey by Nar et al7 reported 
significantly higher EAT measurements in pa-
tients with GDM, suggesting a strong correlation 
between EAT and postprandial glucose levels. 
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Natriuretic peptides (NPs) secreted from the 
cardiac ventricle as a reaction against hemo-
dynamic changes, especially in systolic heart 
failure conditions, are used as solitary or com-
bined with other biomarkers8-10. These peptides 
are also determined to exert various metabolic 
effects, as their increased amounts are related 
to preventing insulin resistance (IR). Converse-
ly, their low levels are associated with IR, 
diabetes mellitus (DM), and high low-density 
lipoprotein cholesterol levels11-13. Several recent 
studies14,15 have reported that the N-terminal 
pro-brain natriuretic peptide (NT-proBNP) lev-
el was significantly lower in GDM cases than 
in controls.

Our working hypothesis was that EAT, an 
index for heart adiposis measured with echocar-
diography, is associated with NT-proBNP level in 
circulation and other metabolic parameters in the 
presence of GDM. The study was conducted to 
investigate the hypothesis’ validity. 

Patients and Methods

This prospective cross-sectional study com-
prised 96 non-obese pregnant women with GDM, 
aged between 22 years and 44 years, as the GDM 
group, together with 65 pregnant women with 
no GDM, aged between 19 years and 38 years, 
as the Control group, who presented to the Out-
patient Clinic of Endocrinology and Metabolism 
Department at the Aydin State Hospital in Turkey 
from September 2012 to March 2013. The study 
fully complied with ethical rules mentioned in 
the Declaration of Helsinki announced by the 
World Medical Association and revised in 2013. 
The Ethics Committee of Ege University Medical 
Faculty approved the study’s protocol (Protocol 
#13-2/9). Then, the study protocol was explained 
to every subject before the study, and written 
informed consent was obtained from participants 
prior to enrollment.

Information related to maternal age, parity, ges-
tational age, height, pre-pregnancy body weight, 
reproductive medical history, and pre-pregnancy 
BMI was obtained from medical records. Stan-
dard methods were used for measuring maternal 
height and weight. 

Inclusion criteria consisted of the follow-
ing: GDM diagnosed in the gestation’s sec-
ond or third trimester, following the National 
Diabetes Data Group’s standards, no history 
of pre-pregnancy diabetes, no family history 

implying monogenic diabetes, a body mass in-
dex (BMI)<40 kg/m2, and no accompanying 
chronic, acute, or infectious systemic disorder. 
In addition, GDM was diagnosed following the 
American Diabetes Association (2013) norms 
for diagnosing diabetes16. Plasma glucose levels 
were measured while fasting, and one and two 
hours later to perform a 75-gr oral glucose tol-
erance test (OGTT). These measurements were 
made at 24 to 28 weeks of pregnancy in women 
with no previous diagnosis of overt diabetes. A 
diagnosis of GDM was made founded on only a 
single blood glucose level over the determined 
cut-off values (fasting: ≥92 mg/dl [5.1 mmol/l], 
one hour: ≥180 mg/dl [10.0 mmol/l], two hours: 
≥153 mg/dl [8.5 mmol/l]). The control group 
involved pregnant women with similar clinical 
features, such as gestational age, except that a 
normal OGTT result was obtained between 24 
and 26 weeks. 

On the other hand, self-reporting was used 
to identify smoking status; active smokers and 
those with pre-pregnancy smoking history were 
excluded. 

All patients underwent echocardiography to 
measure EFT. Fasting, first-hour, and second-hour 
blood glucose levels, Homeostatic Model Assess-
ment for Insulin Resistance (HOMA-IR) val-
ues, and N-terminal pro-brain natriuretic peptide 
(NT-proBNP) levels were quantified in blood 
samples. 

Blood Collection/Measurements
For biochemical analysis, venous samples were 

obtained at the time of participation in the study. 
First, the blood was centrifuged and distributed 
into aliquots. Then, they were maintained at 4°C 
until measured. NT-proBNP’s plasma level was 
assessed with electrochemiluminescence immu-
noassay (ECLIA) with a Roche Elecsys 2010 and 
commercial kits (Roche Diagnostics, Mannheim, 
Germany). 

The insulin sensitivity index was determined 
from the OGTT result using the Homeostatic 
Model Assessment for Insulin Resistance (HO-
MA-IR) equation. HOMA is obtained by multi-
plying the fasting plasma glucose (FPG) and the 
fasting plasma insulin (FPI) and then dividing the 
product by the constant of 22.5 [HOMA= (FPG 
x FPI)/22.5]17. Results for HOMA index <3 were 
regarded as normal, while results ≥3 suggested 
grave insulin resistance. 

Managing GDM has been based on a protocol 
suggested by the American Diabetes Associa-
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tion16, meaning the initiation of medical nutrition 
treatment with a sanative goal as a capillary 
glucose level below 95 mg/dL for fasting and 
below 140 mg/dL for the one-hour postprandial 
timepoint. If these goals were not reached after 
repetitive measurements, a treatment with Neu-
tral Protamine Hagedorn (NPH) insulin or regu-
lar insulin was started. 

Echocardiographic Investigation
2-D Doppler echocardiography was per-

formed in all cases. Echocardiography was 
made with an iE33 cardiac ultrasound system 
(Philips Healthcare, Best, The Netherlands) and 
2.5-MHz to 5-MHz probes. The cases’ examina-
tions proceeded while they were placed in the 
left lateral decubitus position after a rest of five 
minutes, as advised by the American Society 
of Echocardiography. Echocardiographically, 
EAT is typically described as the comparably 
echo-free space between the myocardium’s out-
er border and the pericardium’s visceral level. 
Through three cardiac cycles, its broadness was 
quantified vertically on the right ventricle’s free 
wall during end-systole. Since EAT undergoes 
compression during the diastole, its broadness 
is optimally assessed during end-systole; the 
ultrasound beam is orientated perpendicularly 
at an area on the right ventricle’s free wall, get-
ting help from the aortic annulus as an anatomic 
landmark. The mean value of 3 cardiac cycles 
obtained from every echocardiographic stand-
point was calculated18. 

Statistical Analysis
Continuous data were presented as mean±SD. 

The Independent Samples t-test analyzed and 
compared the differences between the two 
groups. In addition, associations among variables 
were assessed with Pearson’s correlation test. 

Then, a multivariable logistic regression analy-
sis (LRA) was performed to identify independent 
predictors of GDM and the variables’ contribu-
tions to the thickness of EAT using the forward 
selection method and starting with the univari-
able evaluation. 

Furthermore, the helpfulness of EFT in pre-
dicting the presence of GDM was analyzed thor-
oughly using receiver operating characteristics 
(ROC) curve analysis. The sensitivity and spec-
ificity values were presented when a significant 
cut-off value was observed. A p-value <0.05 was 
considered statistically significant. 

Results

The average maternal age of diabetic women 
(31.96±4.71 years) was significantly higher com-
pared to controls (28.84±4.26 years, p<0.001). 
The two groups were similar regarding blood 
pressure. Lipid profiles of both groups (TC, 
HDL-C, LDL-C, and TG levels) were also sim-
ilar. On the other hand, those with GDM had a 
significantly higher BMI than the controls [(GDM 
Group - 27.56±4.65) vs. (Controls - 21.80±2.26); 
p<0.0001]. Fasting (p<0.0001), first-, second-, and 
third-hour glucose levels (p<0.0001), fasting in-
sulin level (p<0.0001), and HOMA-IR (p<0.0001) 
were significantly elevated in diabetic women 
compared to controls. The epicardial fat thickness 
(EFT) of females who were diagnosed with GDM 
was significantly increased when compared to 
those without GDM [(GDM Group - 4.74±0.65 
mm) vs. (Controls - 3.77±0.66); p>0.001]. In ad-
dition, the serum NT-proBNP concentration of 
the group with GDM was significantly lower than 
that of Controls [(GDM Group - 21.59±19.86 pg/
ml) vs. (Controls - 39.74±33.96 pg/ml); p<0.001] 
(Table I).

Correlations
Positive significant correlations were present 

between EFT and age (r=24, p<0.002), 1-hour 
(r=46, p<0.0001), 2-hour (r=47, p<0.0001), 3-hour 
(r=17, p<0.01) glucose levels, fasting insulin level 
(r=21, p<0.006), and HOMA-IR (r=24, p<0.002). 
EFT was also correlated with BMI (r=30, 
p<0.0001). A significant negative correlation was 
present between EFT and the NT-proBNP level 
(r=-32, p<0.0001). 

The results of the multivariable LRA revealed 
that 1-hour glucose, 2-hour glucose, HOMA-IR, 
and EFT variables were involved significantly 
in the model constructed. It was determined 
that a 1-unit increase in 1-hour glucose value 
increased the risk of GDM by 1.05 times (i.e., 
increased it by 5%) [OR (95% CI) = 1.05 (1.002, 
1.1), p=0.042], a 1-unit increase in 2-hour glu-
cose value increased the risk of GDM by 1.119 
times (i.e., increased by 11.9%) [OR (95% CI) = 
1.119 (1.051, 1.191), p<0.001], whereas a 1-unit 
increase in the HOMA-IR value increased the 
risk of GDM 6.648 times (i.e., 554.8%) [OR 
(95% CI) = 6.648 (1.377, 32,089), p=0.018], and 
a 1-unit increase in the EFT value increased 
the risk of GDM 9.323 times (i.e., increased by 
832.3%) [OR (95% CI) = 9.323 (2.561, 33,943), 
p=0.001] (Table II). 
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In the ROC curve analysis, a cut-off value of 
4.05 mm for EFT was determined for GDM pre-
diction with a sensitivity of 88% and a specificity 
of 73% (ROC AUC: 0.89; 95% CI: 0.798-0.916; 
p<0.001) (Figure 1). 

Discussion

To our knowledge, this study was the first to 
determine NT-proBNP levels and EFT simul-
taneously at around 26 weeks of gestation. In 
addition, for the first time, both parameters were 

shown to be negatively associated with GDM. 
Previously, NT-proBNP level was reported to be 
significantly lower in insulin-dependent GDM 
cases, and EFT was shown to be more in pregnant 
women previously diagnosed with GDM than 
healthy pregnants7,15,19.

Recent studies7,19-23 determined that EFT in-
creased in Types 1 and 2 DM and GDM cases, 
in whom metabolic syndrome and central obe-
sity correlated with even more enhanced EAT. 
The study population with GDM had increased 
EFT compared to the healthy control subjects. 
This result might be the consequence of insulin 

Table I. Distribution of demographic characteristics and variable measurements in the study groups (Mean ± SD).

	 GDM (n = 96)	 Controls (n = 65)	 p

Age (years)	 31.96 ± 4.71	 28.84 ± 4.26	 < 0.001*
BMI (kg/m2)	 27.56 ± 4.65	 21.80 ± 2.26	 < 0.001*
Blood Pressure (mmHg)	 116.06 ± 11.34	 116.53 ± 9.25	 0.791
OGTT-Blood Glucose (mg/dl)
Fasting	 91.46 ± 14.29	 82.18 ± 8.21	 < 0.001*
1-hour	 202.30 ± 21.60	 161.57 ± 16.21	 < 0.001*
2-hour	 176.95 ± 20.43	 130.93 ± 16.95	 < 0.001*
3-hour	 112.40 ± 34.22	 89.68 ± 18.07	 < 0.001*
Fasting Insulin (mUL/mL)	 14.54 ± 3.50	 11.51 ± 2.04	 < 0.001*
HOMA-IR	 3.28 ± 0.99	 2.31 ± 0.45	 < 0.001*
EFT (mm)	 4.74 ± 0.65	 3.77 ± 0.66	 < 0.001*
NT-proBNP (pg/ml)	 21.59 ± 19.86	 39.74 ± 33.96	 < 0.001*

*p < 0.05 (Independent samples t-test); GDM: Gestational diabetes mellitus; BMI: Body mass index; OGTT: Oral glucose 
tolerance test; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; EFT: Epicardial fat thickness; NT-proBNP: 
N-terminal pro-brain natriuretic peptide.

Table II. The results of multivariable logistic regression analysis performed to identify independent predictors of GDM and 
the variables’ contributions to EFT.

	                           Univariable analysis		                       Multivariable analysis

	 OR (95% CI)	 p	 OR (95% CI)	 p

Age (years)	 1.166 (1.08, 1.259)	 < 0.001*	 -	 -
BMI (kg/m2)	 1.787 (1.491, 2.142)	 < 0.001*	 -	 -
Blood pressure (mmHg)	 0.996 (0.963, 1.029)	 0.801	 -	 -
OGTT-Blood Glucose (mg/dl)
Fasting	 1.098 (1.056, 1.142)	 < 0.001*	 -	 -
1-hour	 1.143 (1.097, 1.19)	 < 0.001*	 1.05 (1.002, 1.1)	 0.042*
2-hour	 1.161 (1.108, 1.217)	 < 0.001*	 1.119 (1.051, 1.191)	 < 0.001*
3-hour	 1.03 (1.017, 1.044)	 < 0.001*	 -	 -
Fasting insulin (mUL/mL)	 1.453 (1.262, 1.673)	 < 0.001*	 -	 -
HOMA-IR	 6.836 (3.544, 13.185)	 < 0.001*	 6.648 (1.377, 32.089)	 0.018*
EFT (mm)	 16.458 (6.487, 41.753)	 < 0.001*	 9.323 (2.561, 33.943)	 0.001*
NT-proBNP (pg/ml)	 0.974 (0.961, 0.988)	 < 0.001*	 -	 -

*p < 0.05 (Multivariable logistic regression analysis by the forward elimination method); GDM: Gestational diabetes mellitus; 
BMI: Body mass index; OGTT: Oral glucose tolerance test; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; 
EFT: Epicardial fat thickness; NT-proBNP: N-terminal pro-brain natriuretic peptide; OR: Odds Ratio; CI: Confidence Interval.
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resistance, which the HOMA-IR index indicated. 
Our observations are consistent with previous re-
ports7,24,25 on childhood obesity and GDM patients. 

NPs have been reported11,12,26 to have novel 
physiological functions and various metabolic 
effects. For example, a connection between the 
NP system and plasma glucose and insulin lev-
els has been observed in several studies11,12,26. In 
addition, low NP values were reported to be con-
nected with IR and Type-2 DM, and elevated NP 
levels appear to protect against IR11,12. A study26 
on women’s health indicated that persons with 
an NT-proBNP level close to the normal range’s 
upper limit have a significantly lower diabetes 
prevalence. The cause of the relatively low NP 
levels of obesity is uncertain; various pathophys-
iological processes have been suggested27-29, such 
as decreased cardiac production and release and 
enhanced peripheral breakdown. Our results sup-
port the hypothesis that pregnant women, even 
those with GDM having a higher prevalence of 
subclinical CV disease and left ventricular dys-
function which would increase NP levels, have 
low values compared with healthy controls14,27-29. 
Women’s NP levels were lower than non-diabetic 
individuals in only a few studies14,15.

Glucose metabolism participates in atheroscle-
rosis’s progression, and its association with EAT 
has been newly introduced to the medical litera-

ture. FPG and EAT, assessed with echocardiog-
raphy and CT, have been reported to be strongly 
correlated30; thus, EAT appears to participate in 
the development of IR. Furthermore, Iacobellis et 
al31 reported that EFT’s cut-off point was 9.5 mm 
when IR was considered individually, and EFT’s 
top values were determined in cases with excep-
tionally high amounts of intra-abdominal fat and 
IR. Our study’s optimal cut-off point of 4.05 mm 
gave high sensitivity and specificity to discrimi-
nate the cases with GDM. A recently published 
study by Versteylen et al32 has reported that EAT 
volume and coronary artery disease progression 
were correlated in patients with and without DM. 
Our results have confirmed the results of past 
studies30-32.

Furthermore, we have also shown a relation-
ship between the NP level and epicardial adipos-
ity for the first time. Diabetic subjects with a de-
creased level of NP had increased EFT compared 
to healthy individuals. The effects of NP on lipid 
distribution were observed33 in depots of body fat 
tissue irrespective of the inherent clinical state. 
The major lipolytic effect is minor in the glu-
teofemoral and abdominal subcutaneous fat re-
gions and maximum in visceral adipose tissues34. 
In addition, since epicardial fat is suggested to 
be the actual cardiac visceral fat depository and 
originates from visceral fat, our results confirmed 
the effect of NPs on body fat distribution in pa-
tients with GDM. Fat accretion in the vicinity of 
abdominal visceral organs and the heart was re-
lated to the progression of clinical features in DM 
and multiple CV risk factors35-39. The interaction 
between epicardial fat and NP levels may be bi-
directional. It has been considered that increased 
body mass causes decreased NP levels; however, 
weight loss has been reported to increase NP 
levels40-44. Past studies30,45-47 have shown that EFT 
is related to BMI and visceral obesity, i.e., waist 
circumference, BMI, and visceral fat. The devel-
opment of epicardial adiposity may be due to the 
lack of an inhibitory effect regarding NP-medi-
ated lipolysis. The maintenance of visceral fat 
may result in detrimental obesity and metabolic 
disorders. It has been reported11,48 that obese indi-
viduals with no cardiac failure might be suscep-
tible to a relative NP scarcity, probably due to the 
ectopic fatty tissue’s lipotoxic/cytokine effect on 
heart tissue, causing flawed NP production and 
secretion. Epicardial fat tissue was also reported 
as a resource for various bioactive molecules and 
is considered to interoperate locally with the cor-
onary arterial system and myocardium through 

Figure 1. The Receiver Operated Characteristics (ROC) 
curve analysis results. The cut-off value for prediction of 
GDM: 4.05 mm [Sensitivity: 88%; Specificity: 73% (ROC 
AUC: 0.89; 95% CI: 0.798-0.916; p < 0.001)].
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paracrine and vasocrine releases. When patholog-
ically increased in amount and with the addition 
of various concurrent metabolic or hemodynamic 
conditions, it acts as a proinflammatory organ 
with adverse lipotoxic and prothrombic effects6. 
A comprehensive study49 showed that a GDM 
history seemed to act as an independent risk fac-
tor for premature atherosclerosis in females who 
had never been diagnosed with Type-2 DM or 
metabolic syndrome, irrespective of obesity be-
fore pregnancy. Increased EFT is another finding 
of subclinical atherosclerosis in GDM patients 
and might represent a potential marker of this 
condition50.

Limitations 
Evaluating epicardial adipose tissue is an en-

couraging method in clinical and investigative 
practice. Echocardiographic assessment is an af-
fordable and practical process to measure EFT. 
However, it has various limitations, i.e., it cannot 
measure total EAT volume, and its utilization 
in obese individuals is limited51. On the other 
hand, several methods to measure the epicardial 
adipose tissue’s volume have been reported, with 
CT scanning being the most precise; however, 
they are costly, complicated, and cumbersome, 
limiting their utilization routinely in diagnostic 
algorithms52. 

Conclusions

Our observations support the potential inter-
play between EAT and NPs secreted by car-
diomyocytes and their practical effects on fat 
metabolism in GDM subjects. Our findings also 
provide evidence that an easy-to-perform EFT 
measurement might have a predictive role in de-
tecting the initiation of cardiometabolic diseases. 

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethics Approval
The approval of the Ethics Committee of Ege University, Fac-
ulty of Medicine, was obtained with Protocol #13-2/9 when 
the study’s project was submitted to Ege University, Faculty 
of Medicine, Scientific Research Projects Committee.

Funding
None. 

Informed Consent
The study protocol was explained to every subject before 
the study. In addition, written informed consent was ob-
tained from participants prior to enrollment.

Availability of Data and Materials
Data are available upon request from the corresponding au-
thor. 

Acknowledgements
None. 

ORCID ID
B.F. Ozturk Ceyhan: 0000-0002-7779-0456

References

  1)	 Sullivan SD, Umans JG, Ratner R. Gestational 
diabetes: implications for cardiovascular health. 
Curr Diab Rep 2012; 12: 43-52.

  2)	 Iacobellis G, Corradi D, Sharma AM. Epicardial 
adipose tissue: anatomic, biomolecular and clin-
ical relationships with the heart. Nat Clin Pract 
Cardiovasc Med 2005; 2: 536-543.

  3)	 Vela D, Buja LM, Madjid M, Burke A, Naghavi 
M, Willerson JT, Casscells SW, Litovsky S. The 
role of periadventitial fat in atherosclerosis. Arch 
Pathol Lab Med 2007; 131: 481-487.

  4)	 Sacks HS, Fain JN. Human epicardial adipose 
tissue: a review. Am Heart J 2007; 153: 907-917.

  5)	 Marchington JM, Mattacks CA, Pond CM. Adi-
pose tissue in the mammalian heart and pericar-
dium: structure, foetal development and biochem-
ical properties. Comp Biochem Physiol B 1989; 
94: 225-232.

  6)	 Iacobellis G, Bianco AC. Epicardial adipose tis-
sue: emerging physiological, pathophysiological 
and clinical features. Trends Endocrinol Metab 
2011; 22: 450-457.

  7)	 Nar G, Inci S, Aksan G, Unal OK, Nar R, Soylu K. 
The relationship between epicardial fat thickness 
and gestational diabetes mellitus. Diabetol Metab 
Syndr 2014; 6: 120.

  8)	 Mukoyama M, Nakao K, Hosoda K, Suga S, Saito 
Y, Ogawa Y, Shirakami G, Jougasaki M, Obata K, 
Yasue H, Kambayashi Y, Inouye K, Imura H. Brain 
natriuretic peptide as a novel cardiac hormone in 
humans. Evidence for an exquisite dual natriuret-
ic peptide system, atrial natriuretic peptide and 
brain natriuretic peptide. J Clin Invest 1991; 87: 
1402-1412.

  9)	 Mueller C, Breidthardt T, Laule-Kilian K, Christ 
M, Perruchoud AP. The integration of BNP and 
NT-proBNP into clinical medicine. Swiss Med Wk-
ly 2007; 137: 4-12.



B.F. Ozturk Ceyhan

1050

10)	 Berezin AA, Fushtey IM, Berezin AE. Discrimi-
native Utility of Apelin-to-NT-Pro-Brain Natriuret-
ic Peptide Ratio for Heart Failure with Preserved 
Ejection Fraction among Type 2 Diabetes Mellitus 
Patients. J Cardiovasc Dev Dis 2022; 9: 23.

11)	 Neeland IJ, Winders BR, Ayers CR, Das SR, 
Chang AY, Berry JD, Khera A, McGuire DK, Ve-
ga GL, de Lemos JA, Turer AT. Higher natriuretic 
peptide levels associate with a favorable adipose 
tissue distribution profile. J Am Coll Cardiol 2013; 
62: 752-760.

12)	 Kroon MH, van den Hurk K, Alssema M, Kamp O, 
Stehouwer CD, Henry RM, Diamant M, Booms-
ma F, Nijpels G, Paulus WJ, Dekker JM. Prospec-
tive associations of B-type natriuretic peptide with 
markers of left ventricular function in individuals 
with and without type 2 diabetes: an 8-year fol-
low-up of the Hoorn Study. Diabetes Care 2012; 
35: 2510-2514.

13)	 Johansen ML, Schou M, Rasmussen J, Rossig-
nol P, Holm MR, Chabanova E, Dela F, Faber J, 
Kistorp C. Low N-terminal pro-brain natriuretic 
peptide levels are associated with non-alcoholic 
fatty liver disease in patients with type 2 diabe-
tes. Diabetes Metab 2019; 45: 429-435.

14)	 Yuksel MA, Alici Davutoglu E, Temel Yuksel I, 
Kucur M, Ekmekci H, Balci Ekmekci O, Uludag S, 
Uludag S, Madazli R. Maternal serum atrial na-
triuretic peptide (ANP) and brain-type natriuretic 
peptide (BNP) levels in gestational diabetes melli-
tus. J Matern Fetal Neonatal Med 2016; 29: 2527-
2530.

15)	 Andreas M, Zeisler H, Handisurya A, Franz MB, 
Gottsauner-Wolf M, Wolzt M, Kautzky-Willer A. 
N-terminal-pro-brain natriuretic peptide is de-
creased in insulin-dependent gestational diabe-
tes mellitus: a prospective cohort trial. Cardiovasc 
Diabetol 2011; 10: 28.

16)	 American Diabetes A. Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care 2012; 35 
Suppl 1: S64-71.

17)	 Matthews DR, Hosker JP, Rudenski AS, Naylor 
BA, Treacher DF, Turner RC. Homeostasis mod-
el assessment: insulin resistance and beta-cell 
function from fasting plasma glucose and insu-
lin concentrations in man. Diabetologia 1985; 28: 
412-419.

18)	 Iacobellis G, Ribaudo MC, Assael F, Vecci E, Tib-
erti C, Zappaterreno A, Di Mario U, Leonetti F. 
Echocardiographic epicardial adipose tissue is 
related to anthropometric and clinical parameters 
of metabolic syndrome: a new indicator of cardio-
vascular risk. J Clin Endocrinol Metab 2003; 88: 
5163-5168.

19)	 Caliskan M, Caklili OT, Caliskan Z, Duran C, Cift-
ci FC, Avci E, Gullu H, Kulaksizoglu M, Koca H, 
Muderrisoglu H. Does gestational diabetes histo-
ry increase epicardial fat and carotid intima me-
dia thickness? Echocardiography 2014; 31: 1182-
1187.

20)	 Yazici D, Ozben B, Yavuz D, Deyneli O, Aydin 
H, Tarcin O, Akalin S. Epicardial adipose tissue 

thickness in type 1 diabetic patients. Endocrine 
2011; 40: 250-255.

21)	 Nadas J, Putz Z, Fovenyi J, Gaal Z, Gyimesi A, 
Hidvegi T, Hosszufalusi N, Neuwirth G, Oroszlan 
T, Panczel P, Szeles G, Vandorfi G, Winkler G, 
Wittmann I, Jermendy G. Cardiovascular risk fac-
tors characteristic for the metabolic syndrome in 
adult patients with type 1 diabetes. Exp Clin En-
docrinol Diabetes 2009; 117: 107-112.

22)	 Wang CP, Hsu HL, Hung WC, Yu TH, Chen YH, 
Chiu CA, Lu LF, Chung FM, Shin SJ, Lee YJ. In-
creased epicardial adipose tissue (EAT) volume in 
type 2 diabetes mellitus and association with met-
abolic syndrome and severity of coronary athero-
sclerosis. Clin Endocrinol (Oxf) 2009; 70: 876-882.

23)	 Momesso DP, Bussade I, Epifanio MA, Schetti-
no CD, Russo LA, Kupfer R. Increased epicardi-
al adipose tissue in type 1 diabetes is associated 
with central obesity and metabolic syndrome. Di-
abetes Res Clin Pract 2011; 91: 47-53.

24)	 Manco M, Morandi A, Marigliano M, Rigotti F, 
Manfredi R, Maffeis C. Epicardial fat, abdominal 
adiposity and insulin resistance in obese pre-pu-
bertal and early pubertal children. Atherosclero-
sis 2013; 226: 490-495.

25)	 Abaci A, Tascilar ME, Saritas T, Yozgat Y, Yesil-
kaya E, Kilic A, Okutan V, Lenk MK. Threshold 
value of subepicardial adipose tissue to detect 
insulin resistance in obese children. Int J Obes 
(Lond) 2009; 33: 440-446.

26)	 Everett BM, Cook NR, Chasman DI, Magnone 
MC, Bobadilla M, Rifai N, Ridker PM, Pradhan 
AD. Prospective evaluation of B-type natriuretic 
peptide concentrations and the risk of type 2 dia-
betes in women. Clin Chem 2013; 59: 557-565.

27)	 Clerico A, Giannoni A, Vittorini S, Emdin M. The 
paradox of low BNP levels in obesity. Heart Fail 
Rev 2012; 17: 81-96.

28)	 Ricci MA, De Vuono S, Pucci G, Di Filippo F, Ber-
isha S, Gentili A, Daviddi G, Ministrini S, Rondel-
li F, Boni M, Lupattelli G. Determinants of low lev-
els of brain natriuretic peptide in morbid obesity. 
Clin Nutr 2017; 36: 1075-1081.

29)	 Lavie CJ, Sharma A, Alpert MA, De Schutter A, 
Lopez-Jimenez F, Milani RV, Ventura HO. Update 
on Obesity and Obesity Paradox in Heart Failure. 
Prog Cardiovasc Dis 2016; 58: 393-400.

30)	 Wang TD, Lee WJ, Shih FY, Huang CH, Chang 
YC, Chen WJ, Lee YT, Chen MF. Relations of epi-
cardial adipose tissue measured by multidetector 
computed tomography to components of the met-
abolic syndrome are region-specific and indepen-
dent of anthropometric indexes and intraabdomi-
nal visceral fat. J Clin Endocrinol Metab 2009; 94: 
662-669.

31)	 Iacobellis G, Willens HJ, Barbaro G, Sharma AM. 
Threshold values of high-risk echocardiograph-
ic epicardial fat thickness. Obesity (Silver Spring) 
2008; 16: 887-892.

32)	 Versteylen MO, Takx RA, Joosen IA, Nelemans 
PJ, Das M, Crijns HJ, Hofstra L, Leiner T. Epicar-
dial adipose tissue volume as a predictor for cor-



Epicardial fat thickness in patients with gestational diabetes mellitus

1051

onary artery disease in diabetic, impaired fast-
ing glucose, and non-diabetic patients presenting 
with chest pain. Eur Heart J Cardiovasc Imaging 
2012; 13: 517-523.

33)	 Sengenes C, Stich V, Berlan M, Hejnova J, Lafon-
tan M, Pariskova Z, Galitzky J. Increased lipoly-
sis in adipose tissue and lipid mobilization to na-
triuretic peptides during low-calorie diet in obese 
women. Int J Obes Relat Metab Disord 2002; 26: 
24-32.

34)	 Arner P. Differences in lipolysis between human 
subcutaneous and omental adipose tissues. Ann 
Med 1995; 27: 435-438.

35)	 Neeland IJ, Turer AT, Ayers CR, Powell-Wiley TM, 
Vega GL, Farzaneh-Far R, Grundy SM, Khera A, 
McGuire DK, de Lemos JA. Dysfunctional adipos-
ity and the risk of prediabetes and type 2 diabetes 
in obese adults. JAMA 2012; 308: 1150-1159.

36)	 Fox CS, Massaro JM, Hoffmann U, Pou KM, 
Maurovich-Horvat P, Liu CY, Vasan RS, Mura-
bito JM, Meigs JB, Cupples LA, D’Agostino RB, 
Sr., O’Donnell CJ. Abdominal visceral and sub-
cutaneous adipose tissue compartments: asso-
ciation with metabolic risk factors in the Framing-
ham Heart Study. Circulation 2007; 116: 39-48.

37)	 Iacobellis G, Sharma AM. Epicardial adipose tis-
sue as new cardio-metabolic risk marker and po-
tential therapeutic target in the metabolic syn-
drome. Curr Pharm Des 2007; 13: 2180-2184.

38)	 de Vos AM, Prokop M, Roos CJ, Meijs MF, van 
der Schouw YT, Rutten A, Gorter PM, Cramer 
MJ, Doevendans PA, Rensing BJ, Bartelink ML, 
Velthuis BK, Mosterd A, Bots ML. Peri-coronary 
epicardial adipose tissue is related to cardiovas-
cular risk factors and coronary artery calcification 
in post-menopausal women. Eur Heart J 2008; 
29: 777-783.

39)	 Iacobellis G, Barbaro G. The double role of epi-
cardial adipose tissue as pro- and anti-inflamma-
tory organ. Horm Metab Res 2008; 40: 442-445.

40)	 Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip 
EP, Wilson PW, Vasan RS. Impact of obesity 
on plasma natriuretic peptide levels. Circulation 
2004; 109: 594-600.

41)	 McCord J, Mundy BJ, Hudson MP, Maisel AS, Hol-
lander JE, Abraham WT, Steg PG, Omland T, Knud-
sen CW, Sandberg KR, McCullough PA, Breathing 
Not Properly Multinational Study I. Relationship be-
tween obesity and B-type natriuretic peptide levels. 
Arch Intern Med 2004; 164: 2247-2252.

42)	 Das SR, Drazner MH, Dries DL, Vega GL, Stanek 
HG, Abdullah SM, Canham RM, Chung AK, Leon-
ard D, Wians FH, Jr., de Lemos JA. Impact of body 
mass and body composition on circulating levels of 
natriuretic peptides: results from the Dallas Heart 
Study. Circulation  2005; 112: 2163-2168.

43)	 Changchien EM, Ahmed S, Betti F, Higa J, Kiely 
K, Hernandez-Boussard T, Morton J. B-type na-
triuretic peptide increases after gastric bypass 
surgery and correlates with weight loss. Surg En-
dosc 2011; 25: 2338-2343.

44)	 Chen-Tournoux A, Khan AM, Baggish AL, Cas-
tro VM, Semigran MJ, McCabe EL, Moukarbel G, 
Reingold J, Durrani S, Lewis GD, Newton-Cheh 
C, Scherrer-Crosbie M, Kaplan LM, Wang TJ. Ef-
fect of weight loss after weight loss surgery on 
plasma N-terminal pro-B-type natriuretic peptide 
levels. Am J Cardiol 2010; 106: 1450-1455.

45)	 Cikim AS, Topal E, Harputluoglu M, Keskin L, Ze-
ngin Z, Cikim K, Ozdemir R, Aladag M, Yologlu S. 
Epicardial adipose tissue, hepatic steatosis and 
obesity. J Endocrinol Invest 2007; 30: 459-464.

46)	 Kankaanpaa M, Lehto HR, Parkka JP, Komu M, Vil-
janen A, Ferrannini E, Knuuti J, Nuutila P, Parkkola 
R, Iozzo P. Myocardial triglyceride content and epi-
cardial fat mass in human obesity: relationship to left 
ventricular function and serum free fatty acid levels. 
J Clin Endocrinol Metab 2006; 91: 4689-4695.

47)	 Gorter PM, van Lindert AS, de Vos AM, Mei-
js MF, van der Graaf Y, Doevendans PA, Prokop 
M, Visseren FL. Quantification of epicardial and 
peri-coronary fat using cardiac computed tomog-
raphy; reproducibility and relation with obesity 
and metabolic syndrome in patients suspected of 
coronary artery disease. Atherosclerosis 2008; 
197: 896-903.

48)	 Iozzo P. Myocardial, perivascular, and epicardial 
fat. Diabetes Care 2011; 34 Suppl 2: S371-379.

49)	 Gunderson EP, Chiang V, Pletcher MJ, Jacobs 
DR, Quesenberry CP, Sidney S, Lewis CE. Histo-
ry of gestational diabetes mellitus and future risk 
of atherosclerosis in mid-life: the Coronary Artery 
Risk Development in Young Adults study. J Am 
Heart Assoc 2014; 3: e000490.

50)	 Natale F, Tedesco MA, Mocerino R, de Simone V, 
Di Marco GM, Aronne L, Credendino M, Siniscal-
chi C, Calabro P, Cotrufo M, Calabro R. Visceral 
adiposity and arterial stiffness: echocardiograph-
ic epicardial fat thickness reflects, better than 
waist circumference, carotid arterial stiffness in a 
large population of hypertensives. Eur J Echocar-
diogr 2009; 10: 549-555.

51)	 Iacobellis G, Assael F, Ribaudo MC, Zappaterre-
no A, Alessi G, Di Mario U, Leonetti F. Epicardial 
fat from echocardiography: a new method for vis-
ceral adipose tissue prediction. Obes Res 2003; 
11: 304-310.

52)	 Abbara S, Desai JC, Cury RC, Butler J, Nieman 
K, Reddy V. Mapping epicardial fat with multi-de-
tector computed tomography to facilitate percuta-
neous transepicardial arrhythmia ablation. Eur J 
Radiol 2006; 57: 417-422.


