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ABSTRACT
Objective: We assessed plasma adiponectin and its correlation with carotid intima-media-thickness 
(CIMT), as a marker of atherosclerosis, and urine albumin/creatinine ratio (ACR) in patients with non-
alcoholic fatty liver disease (NAFLD). Subjects and methods: The study included 100 Egyptian 
subjects (50 patients with NAFLD with no history of diabetes or hypertension and 50 age and sex-
matched normal healthy control subjects). Urine albumin/creatinine ratio (ACR) was assessed in all 
participants and fasting plasma adiponectin was measured using ELISA technique. Ultrasonography 
was used to diagnose NAFLD. CIMT was assessed using high-resolution Doppler ultrasonography. 
Results: Mild albuminuria was detected in patients with NAFLD (mean urine ACR = 42 ± 30 mg/g). 
Plasma adiponectin was significantly lower and urine ACR and CIMT significantly higher in patients 
with NAFLD as compared with the control group (P < 0.001 for all). A significant negative correlation 
was found between plasma adiponectin and both urine ACR and CIMT in patients with NAFLD  
(P < 0.001 and < 0.05 respectively). A significant positive correlation was also found between CIMT and urine 
ACR in those patients (P < 0.05). Plasma adiponectin and urine ACR were independent determinants of 
CIMT in patients with NAFLD (P < 0.01 and < 0.05 respectively). Conclusion: Patients with NAFLD, without 
diabetes, have an increased risk of atherosclerosis and cardiovascular disease. Hypoadiponectinemia and 
low-grade albuminuria are important markers of that risk. Arch Endocrinol Metab. 2021;65(1):93-7
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is 
a chronic liver disease characterized by fat 

accumulation without history of viral hepatitis or 
heavy alcohol intake (1). Albuminuria is a well-
known risk factor of both cardiovascular and chronic 
kidney disease (2). The relationship between NAFLD 
and albuminuria has been reported in many studies, 
but the results were inconsistent (3). Adiponectin 
is an adipokine abundantly produced and secreted 

by adipose tissues. It is widely recognized for its 
antidiabetic, anti-inflammatory, antiatherogenic, and 
cardio-protective effects (4). Adiponectin expression 
and its plasma levels are decreased in obese patients 
(5,6). It has also been reported that plasma levels of 
adiponectin are decreased in patients with NAFLD 
(7). Negative correlation between plasma adiponectin 
level and carotid intima-media thickness (CIMT), as a 
marker of atherosclerosis, was also reported in patients 
with type 2 diabetes (8). 
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In our study, we assessed plasma adiponectin and its 
correlation with CIMT, as a marker of atherosclerosis, 
and urine albumin/creatinine ratio (ACR) in patients 
with NAFLD.

SUBJECTS AND METHODS 

The study included 100 Egyptian subjects (55 females) 
aged 44-63 years (50 patients with NAFLD with no 
history of diabetes or hypertension and 50 age and 
sex-matched normal healthy control subjects). They 
were recruited from the internal medicine clinic at 
Cairo University hospital. All patients had negative 
hepatitis B and C viral markers. Patients with history of 
alcohol intake or hepatitis, high BP > 130/85 mmHg, 
diabetes mellitus, atherosclerotic cardiovascular disease, 
impaired renal function (serum creatinine higher than 
normal limits for age and sex), primary hyperlipidemia 
as well as pregnant women and smokers were excluded 
from the study. Primary hyperlipidemia was defined as 
total cholesterol > 300 mg/dL or LDL cholesterol > 
190 mg/dL or triglycerides > 300 mg/dL with history 
of xanthomas or family history of myocardial infarction 
before 55 years of age (9,10). The study was approved 
by Cairo University ethical committee and review 
board. All participants provided written informed 
consents. 

All participants were subjected to complete physical 
examination including blood pressure (BP) and body 
mass index (BMI) assessment. Laboratory investigations 
included serum fasting and post prandial blood glucose 
(FBG and PPBG), glycated hemoglobin (HbA1c), lipid 
profile, liver and kidney function tests and urine ACR. 
Fasting plasma adiponectin level was measured using a 
commercially available ELISA kit. 

Liver ultrasound was done by conventional Bmode 
with a convex 3.5 MHz probe (ALT HDI ultramark 
machine). All participants were examined by the same 
operator and the same ultrasound device. NAFLD 
was defined as the presence of four ultrasonographic 
criteria: hepatorenal echo contrast, liver brightness, 
deep attenuation, and vascular blurring in the absence 
of seropositivity for hepatitis B surface antigen or 
antibody to hepatitis C virus, alcohol consumption, 
history of other causes of liver disease or medications 
known to produce fatty liver disease during the last six 
months prior to the study (11).

Measurement of CIMT was performed using high 
resolution color-coded Doppler ultrasonography (ALT 

HDI, Ultramark) using a 12 MHz linear array. All the 
study subjects were examined in the supine position, 
with the head turned 45° from the side during scanning. 
The reference point for the measurement of CIMT was 
the beginning of the dilatation of the carotid bulb, with 
loss of the parallel configuration of the near and far walls 
of the common carotid artery. The sonographer located 
the leading edges corresponding to the transition zones 
between lumen-intima and media-adventitia over a 
length of one cm proximal to the reference point at 
its thickest point, not including plaques. Plaque was 
identified as a localized thickened lesion (≥ 1.1 mm). All 
the results were the mean of the two sides. The mean 
CIMT of four measurements determined by B-mode 
ultrasound using a linear transducer (7.5-10 MHz) 
was calculated in each patient. Doppler examination 
for all participants was performed by the same skilled 
sonographer.

Data was transferred to the Statistical Package of 
Social Science Software program, version 23 (IBM 
SPSS Statistics for Windows, Version 23.0. Armonk, 
NY: IBM Corp.) to be statistically analyzed. Data were 
presented as mean ± standard deviation (SD. Spearman 
correlation coefficients (r values) were calculated to 
signify the association between different quantitative 
variables. Multivariate regression analysis was used to 
evaluate the independent association of risk factors. P < 
0.05 was considered statistically significant.

RESULTS

Urine ACR was significantly higher in patients with 
NAFLD as compared with the control group (42 ± 
30 vs 21 ± 8 mg/g, P < 0.001). Plasma adiponectin 
was significantly lower in patients with NAFLD as 
compared with the control group (37.6 ± 20.5 vs 48 ± 
10.5 µg/dL, P < 0.001). CIMT was significantly higher 
in patients with NAFLD as compared with the control 
group (0.10 ± 0.02 vs 0.08 ± 0.02 mg/g, P < 0.001). 
A significant negative correlation was found between 
plasma adiponectin and both urine ACR and CIMT 
(P < 0.001 and < 0.05 respectively) in patients with 
NAFLD. A significant positive correlation was found 
between CIMT and urine ACR (P < 0.05) in those 
patients. No significant correlation could be established 
between CIMT and either systolic or diastolic BPs. No 
significant difference was found between males and 
females in any of the studied parameters. Multivariate 
regression analysis revealed that the determinants of 
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CIMT in patients with NAFLD were age, systolic BP, 
urine ACR (P < 0.05 for all) and plasma adiponectin  
(P < 0.01). Results of the study are summarized in 
Tables 1 and 2.

DISCUSSION

NAFLD is associated with dysregulation of metabolic 
and inflammatory pathways which can lead to 
extrahepatic manifestations involving the kidney (12). 
The results of the previous research work on the 
relationship between NAFLD and albuminuria have 
been inconsistent (3). Adiponectin plays a pivotal role 
in energy metabolism. Its plasma level is decreased in 
obesity and increases after weight loss (5,13). 

We assessed plasma adiponectin and urine ACR 
and their correlation with CIMT, as a marker of 
atherosclerosis, in patients with NAFLD without 
diabetes mellitus. Our results revealed low level 
albuminuria in patients with NAFLD. Urine ACR 
was significantly higher in patients with NAFLD as 
compared with the control group. Kang and cols. also 
reported that patients with NAFLD, without diabetes, 
had low-grade albuminuria, but they included only 
men in their study (12). Lin and cols. also found that 
NAFLD was significantly associated with an increased 
risk of low-grade albuminuria in middle-aged and 
elderly Chinese men (14).

Our study showed that plasma adiponectin was 
significantly lower in patients with NAFLD as compared 
with control subjects. These results agree with those of 
Bugianesi and cols. who reported significantly lower 
plasma adiponectin levels in patients with NAFLD as 
compared with healthy control subjects in Italy, but 
their study participants were mainly males (7). Fadaei 
and cols. also reported a lower adiponectin level in 
Iranian patients with NAFLD as compared with a 
control group (15). 

A significant negative correlation was found between 
plasma adiponectin and urine ACR in our study 
group. Atta and cols. found an association between 
microalbuminuria and adiponectin in obese non-diabetic 
individuals (16). Ahima also reported that Obese African 
Americans had reduced  adiponectin  levels associated 
with albuminuria (17). Kacso and cols. reported that 
lower plasma adiponectin levels seem to be predictive 
of increased urine ACR in patients with type 2 diabetes 
(18). Serum adiponectin was found to inversely correlate 
with albuminuria in men with essential hypertension (19). 

Table 1. Clinical and laboratory data of the NAFLD patients and control 
group

Variable
NAFLD

 (n = 50)
Mean ± SD

Control
(n = 50)

Mean ± SD
P value

Age (years) 53 ± 6.1 54 ± 6.8 NS

SBP (mmHg) 125 ± 4.6 125 ± 4.5 NS

DBP (mmHg) 78 ± 4.7 77 ± 5.4 NS

BMI (kg/m2) 37.1 ± 6.6 35.4 ± 4.4 NS

FBS (mg/dL) 84 ± 10 83 ± 5 NS

PPBG (mg/dL) 131 ± 19 128 ± 10 NS

HbA1c (%) 5.6 ± 0.5 5.4 ± 0.7 NS

ALT (IU/L) 36 ± 19 26 ± 6 <0.01

AST (IU/L) 31 ± 18 22 ± 6 <0.01

Creatinine (mg/dL) 0.78 ± 0.16 0.76 ± 0.14 NS

Urine ACR (mg/g) 42 ± 30 21 ± 8 <0.001

Cholesterol (mg/dL) 188 ± 33 165 ± 17 <0.01

TG (mg/dL) 149 ± 76 110 ± 18 <0.001

LDL (mg/dL) 111 ± 35 99 ± 12 <0.001

HDL (mg/dL) 48 ± 10 47 ± 8 NS

Adiponectin (µg/dL) 37.6 ± 20.5 48 ± 10.5 <0.001

CIMT (mm) 0.10 ± 0.02 0.08 ± 0.02 <0.001

NAFLD: non-alcoholic fatty liver disease; T2DM: type 2 diabetes mellitus; NA: not applicable; 
SBP:, systolic blood pressure; DSP: diastolic blood pressure; BMI: body mass index;  
FBG: fasting blood glucose; PPBG: postprandial blood glucose; HbA1c: glycated hemoglobin; 
ALT: alanine transferase; AST: aspartate transferase; UAC: urinary albumin creatinine ratio;  
TG: triglycerides; LDL: low-density lipoprotein; HDL: high density lipoprotein; CIMT: carotid 
intima-media thickness; SD: standard deviation; NS: non-significant. P < 0.05 is statistically 
significant. 

Table 2. Determinants of CIMT in patients with NAFLD (multivariate 
regression analysis) 

Variable P value

Age <0.05

SBP <0.05

DBP NS

BMI NS

FBS NS

PPBG NS

HbA1c NS

ALT NS

AST NS

Creatinine NS

Urine ACR <0.05

Cholesterol NS

TG NS

LDL NS

HDL NS

Adiponectin < 0.01

CIMT: carotid intima-media thickness; NAFLD: non-alcoholic fatty liver disease; SBP: systolic 
blood pressure; DSP: diastolic blood pressure; BMI: body mass index; FBG: fasting blood 
glucose; PPBG: postprandial blood glucose; HbA1c: glycated hemoglobin; ALT: alanine 
transferase; AST: aspartate transferase; UAC: urinary albumin creatinine ratio; TG: triglycerides; 
LDL: low-density lipoprotein; HDL: high density lipoprotein; NS: non-significant. P < 0.05 is 
statistically significant. 
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The association between plasma adiponectin and kidney 
disease is rather complex. The inverse correlation between 
adiponectin and low-grade albuminuria may suggest that 
adiponectin deficiency has a causative role in abnormal 
glomerular function (20,21). 

CIMT has been reported to be a representative of 
subclinical and asymptomatic atherosclerotic vascular 
diseases. It correlates with the extent of atherosclerotic 
lesions elsewhere in the body (22-24). In our study, 
CIMT was significantly higher in patients with NAFLD 
as compared with the control group. Our results agree 
with those of Fracanzani and cols. who reported a 
significant increase in CIMT in patients with NAFLD 
as compared with normal control subjects (25).

No significant correlation could be established, in 
our study between, CIMT and either systolic or diastolic 
BPs. But multivariate regression analysis showed that 
age and systolic BP were independent determinants of 
CIMT in patients NAFLD. Alizargar and Bai reported 
that age, waist circumference, systolic BP and HbA1C 
were determinants of CIMT in 331 subjects from a 
community-based prospective cohort study (26). 

Our study also revealed a significant positive 
correlation between CIMT and urine ACR in patients 
with NAFLD. Urine ACR was a strong determinant 
of CIMT in our study group. In an Iranian study, 
Shahrokh and cols. found a significant relationship 
between CIMT and renal parameters including 
albuminuria and estimated glomerular filtration rate in 
patients with type 2 diabetes (27). Similar results were 
reported in India by Gayathri and cols. (28).

Our results showed a significant negative 
correlation between plasma adiponectin and CIMT in 
the study group. Our study also revealed that plasma 
adiponectin was a strong determinant of CIMT in 
patients with NAFLD. Fadaei and cols. reported a 
negative a correlation between plasma adiponectin and 
CIMT in 49 Iranian patients with NAFLD (15). de 
Almeida-Pititto and cols. reported a significant inverse 
correlation between plasma adiponectin and CIMT 
in non-diabetic individuals with no cardiovascular 
disease in Brazil. (29). Shargorodsky and cols. reported 
an inverse relation between plasma adiponectin and 
CIMT in 47 obese non-diabetic Israeli individuals (30). 
However, the last two studies did not include patients 
with NAFLD.

Despite the important results of the study, we are 
aware of its limitations. The rather small number of the 
study group and the effect of dyslipidemia on CIMT 

are major ones. A larger study to assess the correlation 
of plasma adiponectin and urine ACR with CIMT 
in dyslipidemic and non-dyslipidemic patients with 
NAFLD will help to explore the antiatherogenic role 
of adiponectin and the value of albuminuria as a risk 
indicator in those patients.

In conclusion, low level albuminuria is detected 
in patients with NAFLD without diabetes. There is a 
negative correlation between plasma adiponectin and 
both urine ACR and CIMT in patients with NAFLD. 
There is also a significant positive correlation between 
CIMT and urine ACR in those patients. Urine ACR 
and Plasma adiponectin are independent determinants 
of CIMT in patients with NAFLD. Patients with 
NAFLD, without diabetes, have an increased risk of 
atherosclerosis. Hypoadiponectinemia and low-grade 
albuminuria are important indicators of that risk. 
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