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ABSTRACT
Objective: This study aimed to investigate the associa-
tions between albuminuria and visceral adiposity in 
patients with type 2 diabetes (T2D).
Materials and methods: This single-center cross-
sectional study included patients with T2D. Anthro-
pometric measurements, urine analyses, and fasting 
blood tests, were conducted. Patients diagnosed with 
hepatosteatosis within the past 3 months were invited 
to undergo transthoracic echocardiography to measure 
epicardial fat thickness (EFT). The clinical, laboratory, 
and imaging findings of patients with microalbumi-
nuria (> 30 mg/day) were compared with those of 
patients without microalbuminuria using chi-square 
tests and t-tests.
Results: The study included 702 patients with a mean 
age of 58.9±10.9 years and a male predominance 
(57.8%). Microalbuminuria was present in 253 patients 
(36%). In the group with microalbuminuria, age, levels 
of glucose, triglycerides, HbA1c, FIB-4, and visceral adi-

posity index (VAI) scores were higher, while glomerular 
filtration rate (GFR), high-density lipoprotein (HDL) 
cholesterol levels, and the frequency of hypertension 
were lower compared to the patients without microal-
buminuria (p < 0.05 for all). Out of 169 patients who 
underwent liver ultrasonography, hepatosteatosis was 
observed in 138 individuals (81.7%). Among the 59 pa-
tients who underwent echocardiography, an increased 
EFT was found in 25 (42.4%) patients. No significant 
differences were observed in EFT, hepatic steatosis 
presence, or stage between the microalbuminuria and 
non-microalbuminuria groups (p = 0.807, 0.834, and 
0.351, respectively). 
Conclusions: While no associations were found be-
tween microalbuminuria and hepatosteatosis or EFT, 
patients with microalbuminuria showed higher VAI and 
FIB-4 scores. The findings underscore the potential of 
these scores in predicting microalbuminuria in patients 
with T2D. (Clin Diabetol 2024; 13, 4: 216–223)

Keywords: diabetic nephropathy, albuminuria, 
epicardial adipose tissue, visceral adiposity

Introduction 
Obesity is a global epidemic, and it is widely rec-

ognized that increased visceral adipose tissue is closely 
associated with metabolic disorders. Renal lipid ac-
cumulation is a manifestation of increased visceral 
adiposity. The presence of albuminuria in individuals 

Address for correspondence: 
Cundulah Torun, MD
Istanbul Medeniyet University, Department of Internal Medicine, 
Istanbul, Türkiye
Fahrettin Kerim Gokay Street, 34722 Kadikoy/Istanbul 
Phone: + 905497949993
E-mail: cundullaht@gmail.com
Clinical Diabetology 2024, 13; 4: 216–223
DOI: 10.5603/cd.100161
Received: 15.04.2024    Accepted: 24.06.2024
Early publication date: 13.08.2024

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

ISSN 2450–7458 
e-ISSN 2450–8187

https://orcid.org/0000-0002-8475-6918
https://orcid.org/0000-0003-4863-9666
https://orcid.org/0000-0002-8005-1793
https://orcid.org/0000-0001-8211-8253
https://orcid.org/0000-0003-4933-7635
https://orcid.org/0000-0002-1529-1790
https://orcid.org/0000-0002-2595-5167
https://doi.org/10.5603/cd.100161


Ümmügülsüm Durak et al., Albuminuria and Visceral Adiposity in Diabetes

217

with obesity is explained by renal injury associated with 
renal lipid accumulation [1].

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD), one of the most well-established condi-
tions associated with increased visceral adiposity, stands 
as a prominent cause of liver-related morbidity and 
mortality [2, 3]. There are also studies indicating an as-
sociation between microalbuminuria and MASLD [4, 5]. 

The association between epicardial fat thickness, 
a manifestation of increased visceral adipose tissue, 
and cardiometabolic diseases has recently been inves-
tigated.  Epicardial fat is a visceral deposit of adipose 
tissue located between the myocardium and the visceral 
pericardium. Adipose tissue is involved in the produc-
tion of proinflammatory cytokines such as tumor ne-
crosis factor-alpha (TNF-α) and interleukin-6 (IL-6). These 
adipose tissue inflammation mediators may promote 
endothelial dysfunction [6]. Although there are many 
studies that demonstrate a link between abdominal 
adiposity and cardiometabolic risk factors, studies on 
the association between epicardial fat tissue and car-
diometabolic risk factors are limited. 

The aim of this study was to investigate whether 
indicators of increased visceral adiposity, such as epi-
cardial fat thickness (EFT), visceral adiposity index (VAI), 
and hepatosteatosis, are associated with microalbumi-
nuria in patients with type 2 diabetes (T2D).

Materials and methods
Study design

This single-center observational study included 
patients with T2D, who were regularly attending our 
hospital’s internal medicine outpatient clinics. Between 
November 2021 and June 2022, the medical records of 
patients with T2D were reviewed every 2 weeks using 
the hospital’s electronic database.  

Study participants
Patients diagnosed with malignancies, chronic 

inflammatory or autoimmune diseases, advanced 
chronic kidney disease (stages 4 and 5), chronic liver 
disease, congestive heart failure, and those who were 
pregnant or lactating were excluded from the study. 
Eligible patients were contacted by phone and invited 
to participate in the study. Patients who experienced 
a weight change equivalent to 5% of their body weight 
within the last 3 months were also excluded from the 
study. The study workflow, incorporating inclusion and 
exclusion criteria, is shown in Figure 1. 

Ethical approval
The study was approved by the Istanbul Medeniyet 

University Clinical Research Ethics Committee (Decision 

No. 2022/0636). Informed consent was obtained from 
the patients, and the study adhered to the principles 
of the Helsinki Declaration throughout its duration.

Data collection
Patients who signed the informed consent form 

underwent a series of anthropometric measurements, 
including height, weight, and waist circumference 
(WC). The body mass index (BMI) was then calculated 
by dividing the patient’s weight by the square of their 
height in meters (kg/m²). After an 8–12-hour fast, blood 
samples were collected for analysis, which included 
measurements of glucose, insulin, glycated hemoglobin 
(HbA1c), creatinine, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C). 

Urine analyses were performed, and based on their 
spot urine microalbumin/creatinine ratio, patients were 
categorized into 2 groups: those with values above 30 
mg/day were placed in the microalbuminuria group, 
while those with values below this threshold were clas-
sified as the normoalbuminuria group. 

The fibrosis-4 (FIB-4) score was calculated using 
the following formula:

(Age [years] × AST [IU/L])/(Platelet count [109/L] 
× √ALT [IU/L]) [7]

The visceral adiposity index (VAI) score was calcu-
lated using gender-specific equations as follows:

VAI in male = WC (cm)/(39.68 + (1.88 × BMI) × 
(TG (mmol/L)/1.03) × (1.31/HDL-C (mmol/L))

VAI in female = WC (cm)/(36.58 + (1.89 × BMI) × 
(TG (mmol/l)/0.81) × (1.52/HDL-C (mmol/l)) [8]

MASLD diagnosis and evaluation
Two radiologists evaluated patients who under-

went abdominal ultrasonography for different reasons, 
adhering to the guidelines established by Saverymuttu 
et al. [9]. This evaluation considered the presence of 
variations in echo amplitude between the liver and 
kidney, the extent of echo penetration into the deeper 
areas of the liver, and the clarity of the liver’s blood 
vessel structure. Based on these criteria, patients with 
MASLD were classified into grades 1 (mild), 2 (moder-
ate), and 3 (severe).

Epicardial fat thickness measurement
Patients who had undergone abdominal ultra-

sound for any reason in the last 3 months and were 
found to have hepatosteatosis underwent transthoracic 
echocardiography (TTE).

Epicardial fat thickness was measured by a cardi-
ologist with 7 years of professional experience. Patients 
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 Figure 1. Flow Diagram of the Study Participants

underwent a minimum of 15 minutes of rest in a supine 
position, and EFT measurements were carried out using 
a 2.5-MHz probe on an echocardiography device (Gen-
eral Electric — Vivid S60 Echocardiography Device, Nor-
way). EFT was defined as the echo-free space between 
the visceral and parietal pericardium along the anterior 

wall of the right ventricle. EFT was measured at end-
diastole from the parasternal long-axis view of patients 
lying on their left side. The mean value covering 3 con-
secutive cardiac cycles was utilized for statistical analysis, 
and EFT was categorized into 2 groups: those with EFT 
below 7 mm and those with EFT 7 mm or greater [10].
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Table 1. Baseline Clinical Characteristics of the Patients

Variable n (%), median (min–max)

Gender (male) 406 (57.8)

Age [year] 59 (25–87)

Body mass index [kg/m2] 31 (17.5–66.5)

Height [cm] 162 (138–196)

Weight [kg] 82 (43–181)

Waist circumference [cm] 101 (68–173)

Smoking 160 (22.8)

Alcohol consumption 10 (1.42)

Diabetes duration [year] 11 (1–42)

Hypertension 412 (58.7)

Hyperlipidemia 421 (60)

Leukocyte [mm3] 8000 (4000–21,000)

Hemoglobin [gr/dL] 14 (8.9–18)

Platelet count [× 109/L] 269 (13–707)

ALT [U/L] 18 (4–128)

AST [U/L] 16 (5–223)

Glucose [mg/dL] 152 (61–558)

Uric acid [mg/dL] 4.4 (1.39–7.7)

Creatinine [mg/dL] 0.75 (0.38–1.7)

GFR [ml/min/1.73 m2] 95.6 (40–152)

Triglycerides [mg/dL] 149 (39–1607)

HDL-C [mg/dL] 47 (12–133)

LDL-C [mg/dL] 104 (16–271)

HbA1c [mmol/mol]; [%] 65 (33–163); 8.1(5.2–17)

C-peptide [ng/mL] 2.5 (0.02–8.17)

Albuminuria [mg]
Microalbuminuria [n, %]

19.9 (0.2–940)
253 (36)

The results were presented in the form of nouns and percentages, or median values and minimum and maximum values

ALT — alanine aminotransferase, AST — aspartate aminotransferase, GFR — glomerular filtration rate, HDL-C — high-density lipoprotein cholesterol,  
LDL-C — low-density lipoprotein cholesterol, HbA1c — glycated hemoglobin

Statistical analysis
Descriptive statistics were presented as counts and 

percentages for categorical variables, and as mean ±  
± standard deviation or median (minimum-maximum) 
for continuous variables. The presence of normal dis-
tribution was assessed through histograms, Q-Q plots, 
and normal distribution tests (Kolmogorov-Smirnov 
or Shapiro-Wilk). For categorical variables, Pearson’s 
chi-square test was used, or in cases where assump-
tions were not met, Fisher’s exact test was employed. 
In tables larger than 2 × 2, the Fisher-Freeman-Halton 
test was utilized when the number of observed values 
with expected values < 5 was substantial. In compar-
ing continuous variables between 2 groups, either the 
independent samples t-test or Mann-Whitney U test 
was employed based on the normality of the distri-
bution. Spearman or Kendall correlation analysis was 
conducted for assessing linear relationships between 

continuous variables. Situations in which the 2-sided 
p-value was < 0.05 were considered statistically signifi-
cant. Data analysis was performed using SPSS (Statisti-
cal Package for the Social Sciences) version 20.

Results
The study included 702 patients with T2D with 

a mean age of 58.9 ± 10.9 years and a male predo
minance (57.8%). The mean body mass index was  
1.8 ± 6.3 kg/m2, and the mean duration of T2D  
was 11.8 ± 8.1 years. A total of 253 patients (36%) 
had microalbuminuria. The frequency of microalbumi-
nuria was significantly lower in the metformin group 
(p = 0.019). No significant relationship was found be-
tween other antidiabetic drugs and microalbuminuria. 

The clinical and laboratory characteristics of the pa-
tients are presented in Table 1. Metformin was used by 
78.9% (n = 551), dipeptidyl peptidase-4 (DPP-4) inhibi-
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Table 2. Comparison of Clinical Characteristics Between Patients With and Without Microalbuminuria

Characteristic Microalbuminuria (–) (n = 449) Microalbuminuria (+) (n = 253) p-value

Gender (Male) 261 (64.3) 145 (35.7) 0.896

Age (year) 58.1±11.0 60.3 ± 10.7 0.009

Body mass index (kg/m2) 31.2 (19.7–56.1) 30.9 (17.5–66.5) 0.599

Waist circumference (cm) 101 (68–160) 101 (70.0–173) 0.199

Smoking 100 (62.5) 60 (37.5) 0.731

Alcohol use 5 (50) 5 (50) 0.508

Diabetes duration 11 (1–41) 12.0 (1–42) 0.350

Hypertension 244 (59.2) 168 (40.8) 0.002

Hyperlipidemia 267 (63.4) 154 (36.6) 0.776

FIB-4 0.83 (0.24–19.4) 0.87 (0.26–7.29) 0.008

VAI 5.03 (0.51–50.1) 6.30 (0.11–49.7) 0.001

Leukocyte (mm3) 8000 (4000–15,000) 8000 (4000–21,000) 0.559

Hemoglobin (gr/dL) 14 (8.9–18) 14 (9–18) 0.396

Platelet count (× 109/L) 270 (13.0–707) 268 (96–520) 0.669

ALT (U/L) 17 (5–113) 19 (4–128) 0.360

AST (U/L) 16 (5–98) 17 (6–223) 0.055

Glucose (mg/dL) 144 (61–452) 170 (70–558) <0.001

Uric acid (mg/dL) 4.3 (1.39–7.7) 4.4 (1.7–7.5) 0.319

GFR (mL/min) 96.4 (40–131) 93.4 (42.4–152) 0.022

Triglycerides (mg/dL) 144 (39–930) 167 (46–1607) 0.002

HDL-C (mg/dL) 47 (12–133) 45.0 (22–94) 0.043

LDL-C (mg/dL) 102 (16–254) 109 (31–271) 0.146

HbA1c (mmol/mol); (%) 62 (37–163); 
7.80 (5.5–17.0)

74 (33–162); 
8.90 (5.2–16.9)

<0.001

C-peptide (ng/mL) 2.5 (0.02–8.17) 2.50 (0.21–8.11) 0.179

The results were presented in the form of nouns and percentages, or median values and minimum and maximum values.

ALT — alanine aminotransferase; AST — aspartate aminotransferase; FIB-4 — the fibrosis-4 score; GFR — glomerular filtration rate; HbA1c — glycated 
hemoglobin; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; VAI — visceral adiposity index

tor by 55.3% (n: 388), sodium glucose co-transporter-2 
(SGLT-2) inhibitor by 66.1% (n: 464), pioglitazone by 
19.2% (n: 135), glucagon-like peptide-1 (GLP-1) analog 
by 7.69% (n: 54), and insulin by 51.4% (n: 361).

A total of 169 patients underwent liver ultrasonog-
raphy. Hepatosteatosis was not detected in 31 individu-
als (18.3%). Among the 138 patients with hepatostea-
tosis, 55 had grade 1 hepatosteatosis (39.9%), 67 had 
grade 2 hepatosteatosis (48.5%), and 16 had grade 3 
hepatosteatosis (11.6%). A total of 59 patients under-
went transthoracic echocardiography, and the median 
ejection fraction was 60%. Among them, 40 patients 
had stage 1 diastolic dysfunction (67.8%), 18 patients 
had stage 2 dysfunction (30.5%), and one patient had 
stage 3 diastolic dysfunction (1.7%). The median EFT 
was 6 mm (ranging from 3 to 14). Of the 59 patients, 
34 had an EFT less than 7 mm (57.6%), while 25 had 
an EFT equal to or greater than 7 mm (42.4%). The EFT 

was ≥ 7 mm in 34.7% of the group using metformin 
and ≥ 7 mm in 80% of the group not using metformin. 
The difference was statistically significant (p = 0.013). 
There was no statistical significance between other 
drugs and EFT.

In the group with microalbuminuria, age, levels 
of glucose, urea, triglycerides, HbA1c, FIB-4, and VAI 
scores were higher, while HDL levels and the frequency 
of hypertension were lower compared to the patients 
without microalbuminuria (p < 0.05 for all). A compari-
son of clinical and laboratory characteristics between 
the 2 groups is presented in Table 2. 

There were no significant differences in EFT and the 
frequency of hepatosteatosis between the group with 
microalbuminuria and the group without microalbumi-
nuria (p = 0.807 and 0.834, respectively). A compara-
tive presentation of the liver ultrasound and TTE results 
for these 2 groups is provided in Table 3.
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Table 3. Comparison of Liver Ultrasonography and Transthoracic Echocardiography Between Patients With and Without 
Microalbuminuria

Characteristic Microalbuminuria (–) Microalbuminuria (+) P-value

Hepatosteatosis (n = 138) 88 (63.8) 50 (36.2) 0.834

Hepatosteatosis Grade 
Grade 1
Grade 2
Grade 3

34 (61.8)
46 (68.7)

8 (50)

21 (38.2)
21 (31.3)

8 (50)
0.351

Ejection fraction 60 (60–60) 60 (40–60) 0.074

Diastolic dysfunction
Stage 1
Stage 2
Stage 3

24 (60)
12 (66.7)

0 (0)

16 (40)
6 (33.3)
1 (100)

0.536

Epicardial fat thickness [mm] 6 (3–14) 6 (3–10) 0.807

Epicardial fat thickness
< 7 mm
≥ 7 mm

20 (58.8)
16 (64)

14 (41.2)
9 (36)

0.894

The results were presented in the form of nouns and percentages, or median values and minimum and maximum values

In the correlation analysis between EFT and albumi-
nuria levels in patients who underwent echocardiogra-
phy, no significant correlation between the 2 variables 
was observed. (Spearman r = 0.1, p = 0.447).

Discussion
This study investigated the association between al-

buminuria and visceral adiposity surrogates in patients 
with T2D. The finding of a 36% frequency of microal-
buminuria is a noteworthy result of the study. There 
were no differences in EFT, the presence of hepatic 
steatosis, and its stage between the microalbuminuria 
and non-microalbuminuria groups. The group with mi-
croalbuminuria had higher FIB-4 scores and VAI values 
compared to the group without microalbuminuria.

Studies have shown an association between mi-
croalbuminuria and the presence of MASLD in both 
patients with and without T2D. In a study with patients 
with pre-diabetes and newly diagnosed T2D, Kasapoglu 
et al. found a significant relationship between MASLD 
and microalbuminuria, independent of BMI [5]. In 
a study conducted by Li et al. [11] involving elderly indi-
viduals without T2D they also found a higher frequency 
of microalbuminuria in the MASLD group compared to 
the group without MASLD.

In our study, although the frequency of microalbu-
minuria was higher in patients with hepatic steatosis 
(36.2%) compared to those without hepatic steatosis 
(32.3%), this difference did not reach statistical signifi-
cance (p = 0.834). The primary reason for this situation 
could be the relatively small sample size of patients 
who underwent abdominal ultrasound (n = 138). Ad-
ditionally, in our study, it is notable that the level of 

microalbuminuria in patients without hepatic steatosis 
was considerably higher compared to control groups 
in other studies. For instance, in Kasapoglu’s study, the 
frequency of microalbuminuria in the control group 
was found to be 2%. In our study, all patients had T2D, 
the duration of which was longer compared to other 
studies (11 years), with a higher median age (59 years). 
These factors appear to account for this discrepancy. It 
is believed that conducting this study with individuals 
without T2D or those with a shorter duration of T2D 
may reveal a significant relationship between hepatic 
steatosis and microalbuminuria.

In this study, no relationship was observed between 
the stage of hepatic steatosis and microalbuminuria. 
Among those with grade 3 hepatic steatosis, 50% had 
microalbuminuria, whereas in the group with grade 
1 hepatic steatosis, 38.2% had microalbuminuria 
(p = 0.351). Upon reviewing the literature, no sig-
nificant relationship was found between the degree of 
hepatosteatosis and microalbuminuria. Although not 
statistically significant, a higher frequency of microal-
buminuria was observed in patients with grade 3 hepa-
tosteatosis, which requires further clarification through 
comprehensive studies with larger sample sizes.

The relationship between EFT and microalbuminu-
ria has been investigated in studies involving patients 
with hypertension and diabetes. Ozturk et al. [12] found 
a significant relationship between EFT and microalbu-
minuria in their study of 75 hypertensive patients. In 
a study with patients with T2D, Akbaş et al. [13] found 
that EFT was higher in patients with microalbuminuria 
compared to those with normoalbuminuria. However, 
in our study, no significant correlation was found 
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between EFT and microalbuminuria. This can be ex-
plained, in part, by the significantly higher prevalence 
of hypertension in patients without microalbuminuria 
in our study, compared to those with microalbuminuria.

In our study, the group with microalbuminuria had 
a higher FIB-4 score compared to the group without 
microalbuminuria. The FIB-4 score is a non-invasive 
alternative to liver biopsy for diagnosing and manag-
ing liver disease, serving as a liver fibrosis biomarker. 
In a study by Xu et al. [14] investigating the associa-
tion between microalbuminuria and the FIB-4 score in 
patients with T2D, they found that in individuals with 
MASLD, a FIB-4 score below 1.1 is a highly specific 
predictor for CKD, allowing for the exclusion of CKD. 
Similarly, Saito et al. [15] demonstrated that an FIB-4 
score > 1.3 has a prognostic impact on the develop-
ment of CKD and proteinuria in patients with T2D. In 
a recent study, Kuma et al. [16] found that the FIB-4 
score was independently associated with eGFR decline 
in metabolically healthy men during a 5-year follow-
up. When the results of these studies are considered 
together with our findings, it becomes apparent that 
the FIB-4 score is a useful method for predicting the 
development of both microalbuminuria and CKD in 
individuals with and without T2D.

There is a strong relationship between visceral 
adiposity and T2D. The visceral adiposity index (VAI) is 
commonly used to predict the magnitude of visceral ad-
ipose tissue. In 1982, Moorhead delineated the concept 
of lipid nephrotoxicity, and later, studies examining the 
role of visceral adiposity in the development of chronic 
kidney disease shed light on the underlying mechanisms 
[17, 18]. It is known that increased visceral fat and insu-
lin resistance exist in individuals with T2D years before 
the development of microvascular complications like 
microalbuminuria [19]. Therefore, the finding of high 
VAI values in the group with microalbuminuria in our 
study is an important result. In a study conducted by 
Qi et al., the relationship between VAI values and mi-
croalbuminuria in newly diagnosed diabetes patients 
was examined, and it was found that VAI successfully 
predicted microalbuminuria in newly diagnosed T2D 
patients [20]. In a study conducted by Sun et al., it was 
determined that visceral fat accumulation evaluated by 
VAI is independently associated with increased urinary 
albumin excretion in middle-aged and elderly Chinese 
individuals. Considering these findings together, VAI ap-
pears to be an easy and reliable method for evaluating 
kidney damage in both metabolically healthy individu-
als and patients with T2D.

The relationship between the progression of dia-
betic kidney disease and poorly controlled diabetes is 
well-established. Previous studies have demonstrated 

an association between elevated HbA1c levels and 
albuminuria [21]. In our study, the elevated HbA1c 
levels in patients with microalbuminuria corroborate 
this data. Similarly, the higher mean age within the 
microalbuminuria group in our study reinforces the 
concept of an association between microvascular 
complications and the duration of T2D [22, 23]. In 
our study, the fact that both microalbuminuria and 
EFT were less in patients using metformin may be ex-
plained by the first-line therapy of metformin in T2D 
for many years and thus the short duration of T2D in 
the group using metformin. 

The study’s retrospective design, a limited number 
of patients evaluated with TTE, and the unequal distri-
bution of age and hypertension frequency among the 
groups are some of the limitations of the study.

In conclusion, in individuals with T2D, the presence 
of microalbuminuria was associated with high VAI and 
FIB-4 scores, while no significant association was found 
with hepatic steatosis or EFT. To validate the study’s 
findings, prospective and randomized trials are needed.
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