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ABSTRACT

Aim: The aim of the study was to evaluate the correlation between renal function and heart 

function/echocardiographic parameters and epicardial adipose tissue thickness (EATT), re-

spectively. Material and methods: Fifty patients with type 2 diabetes (T2D) were included 

in this study. Several laboratory parameters were obtained (HbA1c, fasting blood glucose, 

LDL-cholesterol, creatinine) and eGFR was calculated. Anthropometric measurements were 

performed (weight, waist and hip circumferences, 4 skinfolds, based on which % body fat 

was calculated). Patients underwent echocardiographic assessment to evaluate structural 

and functional parameters, including EATT. Left ventricular mass (LVM) was calculated and 

the geometric changes of the left ventricle were evaluated. Results: Forty-six per cent of the 

patients had a LV ejection fraction (EF) <55% and 34% had diastolic dysfunction. There were 

no significant differences between the three eGFR groups with regards to metabolic para-

meters, but LVEF was lower (53.0 ± 0.8%, 54.4 ± 2.4%, and 55.2 ± 1.5%, respectively) and EATT 

was higher (11.0 ± 1.0 mm, 8.58 ± 2.2 mm, and 7.63 ± 2.6 mm, respectively) with a lower eGFR  

(p = 0.04). More patients with eGFR <90 mL/min/1.73 m2 had cardiac hypertrophy compared with 

those with eGFR ≥90 mL/min/1.73 m2 (p = 0.04). EATT correlated positively with several anthro-

pometric parameters, e.g. weight (r = 0.309, 95% CI: 0.022 to 0.549, p = 0.03), BMI (r = 0.398,  

95% CI: 0.123 to 0.616, p = 0.004), and negatively with LVEF (r = −0.496, 95% CI: −0.687 to 

−0.242, p = 0.0003) and eGFR (r = −0.293, 95% CI: −0.531 to −0.013, p = 0.04). In patients with 

LVEF <55% vs. ≥55%, the EATT was significantly higher (9.5 ± 1.99 mm vs. 7.33 ± 2.37 mm,  

p = 0.013). Conclusion: In patients with T2D decreased renal function was associated with 

lower LVEF and higher EATT. EATT was also higher in patients with reduced LVEF. 

Keywords: type 2 diabetes, renal function, epicardial adipose tissue thickness, left ventricular 
ejection fraction, cardiac hypertrophy
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INtROduCtION

The heart and the kidneys interact in a complex manner. 
There is a reciprocal link between heart failure (HF) and 
chronic kidney disease (CKD) that comprises common 
risk factors, bidirectional pathophysiological mechanisms, 
and mutual clinical consequences of one disease on the 
other.1 This interaction is aggravated when diabetes su-
perimposes, and it complicates the progression and the 
therapeutic management of the diseases.1 Hyperglycemia/
glucotoxicity contributes through both direct and indirect 
mechanisms (e.g. oxidative stress, advanced glycation end-
products, inflammation etc.), which finally cause cellular 
injury and apoptosis.1–3

Altered fat distribution has emerged as an important 
factor associated with HF and CKD and is now the focus 
of considerable research. The epicardial adipose tissue 
(EAT) is a metabolically active visceral fat deposit sur-
rounding the heart, associated with detrimental or car-
dioprotective effects.4 In patients with type 2 diabetes 
(T2D), EAT volume was shown to be higher and EAT 
thickness (EATT) to correlate with fasting glucose.5,6 A 
recent paper suggested that higher EAT volume is also 
associated with CKD, showing a good correlation be-
tween EAT and the estimated glomerular filtration rate 
(eGFR).7 In another study on the other hand, the EAT 
mass was shown to be reduced in patients with conges-
tive HF and severely decreased left ventricular ejection 
fraction (LVEF).8 Although some patients had T2D, nei-
ther of the two studies reported separately the results en-
countered in this subgroup.

We conducted a preliminary study in patients with T2D 
aimed at evaluating the correlation between renal function 
and heart function/echocardiographic parameters and 
EATT, respectively. 

MAtERIAL ANd MEtHOdS

This was a cross-sectional study that included patients with 
T2D regularly seen in the Diabetes, Nutrition and Meta-
bolic Diseases Outpatient Unit of the County Emergency 
Clinical Hospital of Tîrgu Mureş. The study was approved 
by the Ethics Committee of the County Emergency Clini-
cal Hospital of Tîrgu Mureş and patients signed an in-
formed consent before participating.

The subjects were included in the study if they were  
≥18 years old, had a previous diagnosis of T2D, and re-
cently performed a small set of laboratory analysis during 
routine clinical visits. Exclusion criteria were type 1 diabe-
tes, secondary diabetes, or gestational diabetes. Diagnosis 

of diabetes was established according to the American Dia-
betes Association criteria.9 

The set of laboratory analysis included LDL cholesterol, 
HbA1c, and creatinine, with calculated eGFR. These were 
performed through a program developed throughout the 
country with the support of AstraZeneca Romania, aimed 
to evaluate the level of metabolic control in patients with 
diabetes. During regular visits to the clinic, patients were of-
fered free coupons, based on which blood was drawn in an 
external laboratory in Tîrgu Mureş in a subsequent day. The 
HbA1c analysis was done by immunoturbidimetric method 
(Diabetes Control and Complications Trial [DCCT] stan-
dardized and National Glycohemoglobin Standardization 
Program [NGSP] certified).10 LDL cholesterol and serum 
creatinine were determined by enzymatic colorimetric 
methods.11,12 eGFR was estimated using the CKD-EPI 
(Chronic Kidney Disease Epidemiology Collaboration) 
equation and directly provided by the laboratory.13 The 
reason why the patients were selected from those having 
analysis done through the program was that all blood tests 
were performed in a single laboratory in a unitary manner, 
and thus inter-method variability was excluded.

After the laboratory results were received, patients 
were invited to participate in the study. Those who agreed 
to take part had their blood pressure (BP) measured in a 
subsequent day, along with several anthropometric mea-
surements, performed by standard methods: weight (to 
the nearest 0.1 kg using a balance beam scale), waist and 
hip circumferences (by using an inelastic plastic tape), and 
4 skinfolds: biceps, triceps, subscapular, and suprailiac 
(on the subject’s right side, by using a lipocaliper). The 
BP and the skinfolds were measured twice, and the mean 
of the two measurements was calculated. Total body fat 
was calculated using the Durnin & Womersley equation.14 
Additional data were collected from the patients’ medi-
cal records (last height measurement, mean fasting blood 
glucose [BG] at last visit, current therapy for diabetes, 
medical history). Body mass index (BMI) was calculated 
based on weight and height. 

The echocardiographic assessment was done using a 
Vivid E90 equipment (General Electric Healthcare, Chi-
cago, USA), by an independent cardiologist unaware 
of other aspects of the study. LVEF was evaluated using 
Simpson’s rule, by dividing the stroke volume by the end-
diastolic volume, after calculation of left ventricular (LV) 
end-diastolic and end-systolic volumes in apical 4 chamber 
view. Velocity time integral (VTI) at the level of the LV 
outflow tract (LVOT) was determined in apical 5 chamber 
view, using pulsed-wave Doppler technique with the Dop-
pler sample placed at the level of the LVOT, followed by 
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manual tracing of the Doppler curve recorded. LV diastolic 
function was assessed according to the recommendation 
of the ASE/ESC Guidelines for evaluation of diastolic dys-
function (DD), using conventional 2D echocardiography, 
pulsed-wave Doppler, and tissue Doppler imaging.15 Left 
atrial volume was calculated using 2D imaging, by measur-
ing the mediolateral and supero-inferior diameters of the 
left atrium in apical 4 chamber view. Transmitral diastolic 
flow was assessed using pulsed-wave Doppler, in apical 4 
chamber view. The following parameters were determined 
on the Doppler curve: maximum velocity of E wave, maxi-
mum velocity of A wave, and the E/A ratio. Tissue Dop-
pler imaging was used for measuring the amplitude of e' 
wave and for calculating the E/e' ratio. Systolic pressure in 
the pulmonary artery (PAP) was estimated using continu-
ous wave Doppler, by adding the right atrial pressure (es-
timated at 10 mm Hg) to the pressure difference between 
the right ventricle and right atrium, which was calculated 
using the formula ΔP = 4v2 (v = maximum velocity of the 
regurgitating tricuspid flow). EATT was measured in para-
sternal long axis view (one measurement was missing).

Left ventricular mass (LVM) was thereafter calculat-
ed using the following validated formula recommended 
by the European Association of Cardiovascular Imaging 
(EACVI)/ASE: LVM = 0.80 [1.04 × (PW + VS + LVDd)3 
− (LVDd)3] + 0.6 (PW: posterior wall diastole; VS: inter-
ventricular septum diastole, LVDd: LV internal dimen-
sion diastole).16 The LVM index (LVMi) was calculated 
as the LVM divided by the body surface area.16 The geo-
metric changes of the LV were evaluated based on LVMi 
and relative wall thickness (RWT). A RWT ≤0.42, a LVMi 
(male) <115 g/m2, and a LVMi (female) <95 g/m2 were re-
garded as normal. Four different categories were defined: 
concentric hypertrophy (increased RWT with increased 
LVMi), concentric remodeling (increased RWT with nor-
mal LVMi), eccentric remodeling (normal RWT with in-
creased LVMi), and normal geometry (normal RWT and 
normal LVMi).16

Descriptive statistics was performed for all variables 
and expressed as mean (± SD) or median (min–max) for 
continuous variables with normal or non-normal distribu-
tion, respectively, and frequency (%) for categorical vari-
ables. Normality of data was tested using the Kolmogorov-
Smirnov test. Student’s t test, the Mann-Whitney test, 
ANOVA, and the Kruskal-Wallis test were employed, 
respectively, to compare means and medians between 
groups. Fisher’s exact test was used for analysis of categori-
cal variables. Spearman’s and Pearson’s correlation coeffi-
cients were calculated to evaluate the relationship between 
the variables of interest. Multiple regression analysis was 

done to evaluate the impact of EATT on renal function. 
All test were two-tailed, and the statistical significance 
was set at p <0.05. Statistical analysis was performed using 
GraphPad InStat 3 (GraphPad Software, Inc., San Diego, 
CA, USA).

RESuLtS

From 82 patients who had laboratory analysis performed 
through the program between October and December 2016, 
we have evaluated 50 patients with T2D in this study. Main 
demographic characteristics and medical data are shown 
in Table 1. There was an equal gender proportion (male/
female = 25/25), and the mean age was 64.7 ± 8.8 years  
in this group. With regards to specific therapy for T2D, 
2/50 patients (4%) were on diet alone, 27/50 patients 
(54%) were on monotherapy with metformin, 7/50 pa-
tients (14%) were on dual therapy (with metformin plus a 
sulphonyurea or a dipeptidyl peptidase 4 inhibitor), 6/50 
patients (12%) were on triple therapy with oral/injectable 
antihyperglycemic agents, and 8/50 patients (16%) were 
on insulin therapy (with/without metformin).

TABLE 1. Demographic and medical characteristics of study 

patients

Characteristics

Gender (M/F) (no) 25/25 

Age (years) 64.7 ± 8.8

Diabetes duration (years) 5.0 (0.5–26)

Systolic BP (mmHg) 131.5 ± 14.7

Diastolic BP (mmHg) 79.5 ± 10.3

History of hypertension (no/%) 46/88

History of MI (no/%) 2/4

History of ischemic heart disease (no/%) 28/56

History of stroke (no/%) 6/12

History of peripheral arterial disease (no/%) 7/14

Smoking status

Current (no/%) 12/24

Former (no/%) 19/38

Never (no/%) 19/38

Fasting blood glucose (mg/dL) 122.4 ± 18.1

HbA1c (%) 6.6 ± 0.9

LDL cholesterol (mg/dL) 119.5 ± 36.6

Creatinine (mg/dL) 0.8 ± 0.2

eGFR (mL/min/1.73 m2) 84.7 ± 15.5

Patients with eGFR:

≥90 mL/min/1.73 m2 (no) 22

60–89 mL/min/1.73 m2 (no) 24

30–59 mL/min/1.73 m2 (no) 4

15–29 mL/min/1.73 m2 (no) 0

<15 mL/min/1.73 m2 (no) 0
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The anthropometric parameters of study participants 
are summarized in Table 2. Female subjects had higher 
biceps and triceps skinfolds and higher % calculated total 
body fat, although there was no significant difference be-
tween their BMIs (Table 2).

Since the only renal evaluation was eGFR, we could 
not actually stage CKD. However, 8% of patients had an 
eGFR <60 mL/min/1.73 m2 (mean eGFR: 51.2 ± 5.1 mL/
min/1.73 m2), 48% had an eGFR of 60–89 mL/min/1.73 m2  

(mean eGFR: 77.9 ± 7.7 mL/min/1.73 m2), and 44% had 
an eGFR >60 mL/min/1.73 m2 (mean eGFR: 98.1 ± 5.8 
mL/min/1.73 m2). There were no significant differences 
between the three groups with regards to glycemic control 
(fasting BG: 118 ± 10.8 mg/dL vs. 120 ± 17.8 mg/dL vs. 
125.9 ± 19.5 mg/dL, and HbA1c: 6.6 ± 0.8% vs. 6.5 ± 0.8%  
vs. 6.8 ± 1%, respectively) or LDL cholesterol levels  
(102.2 ± 17.5 mg/dL vs. 129.3 ± 37.0 mg/dL vs. 111.9 ± 
36.8 mg/dL, respectively) (p >0.05 for all).

TABLE 2. Anthropometric characteristics of T2D patients included in the study

Anthropometric data All M (n = 25) F (n = 25) p

Weight (kg) 85.0 (51.5–150.5) 91.5 (54.5–150.5) 77.4 ± 11.2 0.0012

BMI (kg/m2) 30.6 (20.8–47.5) 30.0 (20.8–47.5) 31.6 ± 3.7 NS

Waist circumference (cm) 106.9 ± 11.0 110.3 ± 11.6 103.5 ± 9.5 0.028

Hip circumference (cm) 107.6 ± 10.1 107.4 ± 11.7 107.7 ± 8.4 NS

Waist to hip ratio (WHR) 0.99 ± 0.06 1.03 ± 0.04 0.96 ± 0.06 <0.0001

Biceps skinfold (mm) 17.1 ± 6.3 14.2 ± 6.7 20.0 ± 4.4 0.0009

Triceps skinfold (mm) 21.2 ± 8.0 17.1 ± 9.0 25.3 ± 3.7 0.0002

Subscapular skinfold (mm) 29.4 ± 7.6 27.7 ± 8.1 30.9 ± 6.7 NS

Suprailiac skinfold (mm) 22.3 ± 7.2 21.7 ± 8.9 22.9 ± 4.9 NS

Total body fat (%) 40.7 (25.3–45.7) 32.1 (25.2–44.7) 42.1 (36.0–45.7) <0.0001

TABLE 3. Main echocardiographic structural and functional parameters in subjects with T2D

Echocardiographic 
parameters

eGFR <60 mL/min/1.73 m2 
(group 1)

eGFR: 60–89 mL/min/1.73 m2 
(group 2)

eGFR ≥90 mL/min/1.73 m2 
(group 3)

p

Structural parameters

LVMi (g/m2) 108.3 ± 11.8 120.5 ± 20.4 123.4 ± 22.3 NS

LVM (g) 198.5 ± 38.5 225.1 ± 34.7 242.6 ± 52.3 NS

Septum (mm) 12.5 ± 1.3 12.4 ± 1.3 12.9 ± 1.7 NS

Posterior wall (mm) 10.0 ± 1.2 10.5 ± 1.0 11.1 ± 1.3 NS

LAD transversal (mm) 40.5 ± 2.6 36.3 ± 6.2 37.7 ± 6.5 NS

LAD lateral (mm) 55.7 ± 4.0 53.6 ± 5.8 55.7 ± 7.0 NS

LV end-diastolic volume (ml) 88.5 ± 14.3 100.8 ± 16.4 97 ± 19.5 NS

LV end-systolic volume (ml) 35.2 ± 10.9 45.9 ± 11.3 44.2 ± 12.6 NS

Ao (mm) 30.5 ± 3.4 33.9 ± 3.9 31.8 ± 2.8 NS

RWT (mm) 0.42 ± 0.04 0.42 ± 0.05 0.44 ± 0.05 NS

EATT (mm) 11.0 ± 1.0 8.58 ± 2.2 7.63 ± 2.6 0.04

Functional parameters

LVEF (%) 53.0 ± 0.8 54.4 ± 2.4 55.2 ± 1.5 0.04

E/A 1.2 ± 0.43 0.92 ± 0.36 1.06 ± 0.41 NS

DcT (msec) 222.5 ± 25.7 204.0 ± 30.2 207.9 ± 22.4 NS

e’ lateral (cm/sec) 13.2 ± 1.2 15.4 ± 2.7 14.3 ± 2.7 NS

e’ septal (cm/sec) 9.7 ± 1.5 11.0 ± 3.0 9.7 ± 3.3 NS

PAP (mmHg) 20.5 ±8.3 22.5 ±9.8 17.6 ±8.5 NS

Parameters of LV preload

E/e’ lateral 7.1 ± 3.2 5.9 ± 1.7 6.6 ± 2.0 NS

E/e’ septal 9.7 ± 1.5 11.0 ± 3.0 9.7 ± 3.3 NS
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Echocardiographic structural and 
functional parameters

In the study group, 23 (46%) patients had LVEF <55%  
(2 of them had LVEF <50%), and 17 (34%) had DD as de-
termined by the cardiologist, according to previously de-
fined criteria.15 The main echocardiographic parameters 
according to eGFR stages are presented in Table 3. 

When cardiac geometry changes were evaluated, 20 out 
of 50 (40%) patients had cardiac hypertrophy, 19 (38%) 
had eccentric hypertrophy, 3 (6%) had cardiac remodel-
ing, and only 8 (16%) had normal cardiac geometry. In pa-
tients with or without cardiac (concentric and eccentric) 
hypertrophy, respectively, there were no statistically sig-
nificant differences between anthropometric parameters 
such as BMI (32.0 ± 5.29 kg/m2 vs. 29.9 ± 3.97 kg/m2,  
p >0.05), waist circumference (107.6 ± 11.5 cm vs. 104.7 ± 
9.6 cm, p >0.05), total body fat (38.2 ± 6.2% vs. 35.6 ± 5.8%, 
p >0.05), or metabolic parameters (HbA1c: 6.52 ± 0.69% 
vs. 6.99 ± 1.25%, LDL cholesterol: 120.2 ± 36.6 mg/dL  
vs. 117.1 ± 37.8 mg/dL, p >0.05 for both). However, T2D 
patients with cardiac hypertrophy were significantly older 
(66.4 ± 7.7 years vs. 58.0 ± 9.2 years, p = 0.003).

LVM correlated with body weight (r = 0.356, 95% CI: 
0.075 to 0.585, p = 0.01) and waist circumference (r = 0.359,  
95% CI: 0.090 to 0.579, p = 0.01), but not with BMI or total 
body fat, while LVMi did not correlate with any anthropo-
metric parameters.

Renal function

In this study group, the eGFR correlated negatively with 
age (r = −0.656, 95% CI: −0.790 to −0.462; p <0.0001) and 
positively with diastolic BP (r = 0.319, 95% CI: 0.036 to 
0.555, p = 0.02), diastolic LV diameter (r = 0.303, 95% CI: 
0.018 to 0.542, p = 0.03), right ventricle diameter (r = 0.283, 
95% CI: 0.005 to 0.520, p = 0.04), LVM (r = 0.304, 95% CI: 
0.028 to 0.537, p = 0.031), but the correlation with LVMi 
was not significant (r = 0.208, 95% CI: −0.082 to 0.467,  
p >0.05). However, the eGFR did not correlate with dia-
betes duration, metabolic parameters (HbA1c, LDL cho-
lesterol, BG), other ultrasound measurements (although 
there was a borderline negative correlation with PAPs —  
r = −0.278, 95% CI: −0.522 to 0.008, p = 0.0506) or anthro-
pometric measurements (body weight, BMI, total body 
fat, waist or hip circumferences, p >0.05 for all). 

There was no significant difference in eGFR values be-
tween patients with or without DD (85.3 ± 12.6 vs. 84.4 ± 
16.9, p >0.05). However, the LVEF was significantly lower 
with decreasing eGFR categories (Table 3).

Changes in cardiac geometry were further analyzed 
according to eGFR. Due to the small number of subjects 
in the lower eGFR category, we decided to evaluate the 
presence/absence of cardiac hypertrophy in patients with 
eGFR > or <90 mL/min/1.73 m2 and found that more pa-
tients with eGFR <90 mL/min/1.73 m2 had cardiac hyper-
trophy (p = 0.04) (Table 4). 

Epicardial fat thickness

The EATT was analyzed in relation with anthropometric 
measurements, and we found that in our study popula-
tion EATT correlated positively with weight (r = 0.309, 
95% CI: 0.022 to 0.549, p = 0.03), BMI (r = 0.398, 95% CI: 
0.123 to 0.616, p = 0.004), % body fat (r = 0.338, 95% CI: 
0.054 to 0.571, p = 0.01), waist circumference (r = 0.314,  
95% CI: 0.036 to 0.547, p = 0.02), but not hip circumfer-
ence or waist to hip ratio (p >0.05). In addition, EATT 
positively correlated with biceps skinfold (r = 0.298, 95% 
CI: 0.018 to 0.534, p = 0.037), triceps skinfold (r = 0.413, 
95% CI: 0.149 to 0.622, p = 0.003), subscapular skinfold  
(r = 0.350, 95% CI: 0.076 to 0.574, p = 0.013), and suprail-
iac skinfold (r = 0.389, 95% CI: 0.121 to 0.604, p = 0.005). 

There was no significant correlation between EATT 
and metabolic parameters (HbA1c, fasting BG, or LDL-
cholesterol) (p >0.05 for all). EATT did not significantly 
differ between the T2D patients with or without DD  
(8.94 ± 2.01 mm vs. 7.96 ± 2.0 mm, p >0.05) or between pa-
tients with or without cardiac (concentric and eccentric) 
hypertrophy (8.39 ± 2.18 mm vs. 8.0 ± 3.28 mm, p >0.05). 
However, the EATT negatively correlated with LVEF  
(r = −0.496, 95% CI: −0.687 to −0.242, p = 0.0003). In pa-
tients with LVEF <55%, the EATT was significantly higher  
(9.5 ± 1.99 mm) than in those with LVEF ≥55% (7.33 ± 
2.37 mm) (p = 0.013).

We further analyzed the EATT correlation with re-
nal function and found that it negatively correlated with 
eGFR (r = −0.293, 95% CI: −0.531 to −0.013, p = 0.04). 
Moreover, the eGFR correlated to EATT indexed to BMI  
(r = −0.299, 95% CI: −0.535 to −0.019, p = 0.03) and EATT 
to body weight (r = −0.319, 95% CI: −0.551 to −0.042,  

TABLE 4. eGFR categories and presence of cardiac hypertrophic 

changes in patients with T2D

eGFR category No cardiac 
hypertrophy  

(no)

Cardiac 
hypertrophy  

(no) 

<90 mL/min/1.73 m2 3 25 

≥90 mL/min/1.73 m2 8 14



317Journal of Interdisciplinary Medicine 2017;2(4):312-319

p = 0.02) (Figure 1A), but also with EATT indexed to LVM 
(r = −0.408, 95% CI: −0.618 to −0.143, p = 0.003) and to 
LVMi (r = −0.338, 95% CI: −0.566 to −0.063, p = 0.01) 
(Figure 1B). 

On multivariate analysis, the correlation of EATT with 
eGFR remained significant when eGFR, BG, HbA1c, LDL 
cholesterol, LVM, and BMI were used as variables (p = 
0.003) (eGFR: −0.048, 95% CI: −0.090 to −0.006, p = 0.02; 
BG: −0.047, 95% CI: −0.088 to −0.006, p = 0.02; and BMI: 
0.231, 95% CI: 0.103 to 0.360, p = 0.0007 had a significant 
contribution on EATT).

dISCuSSION

This was a preliminary study conducted in patients with 
T2D in whom we evaluated the eGFR and several echo-
cardiographic parameters, including EATT, in order to 
assess the cardio-renal correlation in this group. Firstly, 
our data showed that one third of patients with T2D with 
a relatively short duration of diabetes (median 5 years) 
had diastolic dysfunction, and a high proportion of pa-
tients had an EF <55%. A previous study in 605 T2D pa-
tients older than 60 years and with a similar duration of 
diabetes (median 5.5 [3.0 to 15.2]) reported similar results 
(25.1%)17 An earlier study reported a prevalence of 47% 
of diastolic dysfunction in 289 patients with T2D.18 Dia-
stolic dysfunction is considered an early manifestation of 
diabetic cardiomyopathy and given its high prevalence in 
patients with T2D, quite early in the disease course, per-
haps a more structured screening program would be ad-
visable for them.19 

Additionally, about three quarters of the evaluated 
T2D patients presented changes in cardiac geometry, 

mostly concentric and eccentric hypertrophy. A study in 
a T2D population of different ethnicity indicated a higher 
percentage of T2D patients with normal cardiac geom-
etry (49.2%).20 However, these subjects were younger 
(mean age 55.0 ± 8.5 years), and age is a factor influenc-
ing changes in cardiac geometry, as observed in our data 
as well. A more recent study in 353 Caucasian patients 
with/without obesity, hypertension and T2D demon-
strated that the percentage of T2D with normal cardiac 
geometry varies according to the presence of the two 
comorbidities (52% in normotensive T2D, 29% in hyper-
tensive T2D, 20% in normotensive obese T2D, and 4% in 
hypertensive obese T2D).21 

Renal function, as evaluated by eGFR, did not differ 
in patients with or without diastolic dysfunction. In con-
trast, eGFR correlated with LVM, and we noticed that 
lower eGFR was associated with hypertrophic changes 
in T2D hearts. However, the low number of patients in-
cluded in the study did not allow definite conclusions to 
be drawn, and certainly more investigation is needed. A 
Japanese study in 309 patients with cardiovascular risk 
factors (of whom 28% had diabetes) indicated that LV 
hypertrophy predicts low eGFR better than diastolic dys-
function by using echocardiography.22 In our study, only 
DBP correlated with eGFR, while the other cardiovascu-
lar risk factors did not. Hypertension is acknowledged as 
a strong risk factor for both heart and renal dysfunction. 
Somewhat surprising was the lack of correlation of eGFR 
with parameters of glycemic control, but this could be ex-
plained perhaps by the number of patients included and 
the fact that diabetes was well controlled in this group 
— mean HbA1c was 6.6%, and most patients reached the 
glycemic targets. 

FIGURE 1. Correlation between A – eGFR and EATT indexed to body weight and B – eGFR and EATT indexed to LVMi in 

patients with T2D

A B
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An important finding of this preliminary study was 
that eGFR correlated negatively with EATT in patients 
with T2D. This correlation remained significant even af-
ter EATT was indexed to body fat and LVM. It has be-
come apparent that ectopic (epicardial) fat accumulation 
contributes to cardiovascular disease/HF and CKD. This 
could be explained by the fact that the visceral adipose tis-
sue depot around the heart is metabolically active and can 
influence cardiac function/homeostasis, partly through 
metabolic (e.g. hyperglycemia/insulin resistance, fatty 
acid overload with increased β oxidation and OS), en-
docrine/paracrine, and inflammatory pathways.4,23 This 
could also be true for CKD, as our data, as well as data 
from another recent paper in patients with/without CKD, 
indicated correlation between EAT accumulation and 
eGFR (r = −0.34, p <0.01).7 Additional putative factors/
pathological mechanisms suggested to correlate EAT with 
heart disease and/or CKD were microangiopathy/endo-
thelial dysfunction, pro-atherogenic mediators, and adi-
pokines (increased leptin, resistin, decreased adiponec-
tin).24–26 Mainly leptin and adiponectin were suggested 
to play a role in both heart and kidney pathophysiology, 
although the exact mechanisms and if they may represent 
the link between HF and CKD in T2D patients is not en-
tirely elucidated.27–29

It is interesting to notice that only epicardial fat accu-
mulation was negatively correlated with eGFR, while to-
tal body fat was not. The correlation of eGFR with EATT 
was seen despite the fact that eGFR did not correlate with 
any anthropometric parameters. This could suggest that 
some factors predominantly secreted in the EAT may be 
more deleterious for renal function. Also, EATT corre-
lated with waist circumference, BMI, and all four upper-
body skinfolds, but not hip circumference, which might 
suggest that EAT accumulates in concordance with fat ac-
cumulation in the upper part of the body. On the other 
hand, studies have shown that weight loss is associated 
with reduction of EAT, suggesting that ectopic fat accu-
mulation is modifiable.30 However, its impact on heart 
function in T2D patients with kidney dysfunction has not 
been evaluated.

In contrast to previous reports, our data indicated that 
EATT was higher in patients with reduced EF. In patients 
with congestive HF, due to ischemic or dilated cardiomy-
opathy and with severely reduced EF (<35%), indexed 
EAT mass was found to be reduced.8 However, EATT has 
been shown to increase in patients with ischemic heart dis-
ease, as a marker of augmented inflammation in coronary 
artery disease.4,31 Similarly, in our study on T2D patients, 
including a significant proportion of cases with a history 

of coronary artery disease, EATT was significantly associ-
ated with a reduction in EF, showing that in diseases asso-
ciated with an expressed inflammation, increased EATT is 
associated with alteration of ventricular function. Another 
recent study performed in metabolically healthy morbidly 
obese subjects has also reported a negative correlation be-
tween LVEF and EATT.32 

Study limitations 

There are several limitations to our study, the most impor-
tant being the low number of patients, mainly in the low 
eGFR category, which precluded the evaluation of concen-
tric or eccentric cardiac hypertrophy according to eGFR 
category. Secondly, due to lack of albuminuria data, renal 
function was not completely evaluated, thus LV changes 
could not be fully assessed in relation to CKD stages. And 
finally, EAT was evaluated by measuring its thickness by 
ultrasound, and nowadays the gold standard is represented 
by the assessment of EAT volume by computed tomogra-
phy. However, we consider that these data are relevant and 
represent a consistent basis for further development of re-
search in this direction.

CONCLuSIONS

In patients with T2D, decreased renal function was as-
sociated with lower LVEF and higher EATT. Diabetic 
patients with reduced EF showed higher values of EATT 
as compared to those with normal EF, indicating that an 
increased EATT can serve as a risk marker for both renal 
injury and deterioration of ventricular function in patients 
with T2D.
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