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Abstract
Background and Aim: Owing to their adverse outcomes, Association between non-alcoholic fatty liver disease (NAFLD) and renal
dysfunction has a great appealing awareness. We aimed to assess renal changes and their association with liver fibrosis among non-hypertensive
and non-diabetic patients with NAFLD.

Patients and Methods: This case-control study evaluated urine albumin-creatinine ratio (ACR) and estimated glomerular filtration rate
(eGFR) using chronic kidney disease epidemiology collaboration (CKD-EPI) and modification of diet in renal disease (MDRD) in 100 NAFLD
patients and 30 controls. Liver fibrosis was assessed using fibroscan and NAFLD Fibrosis Score (NFS). Renal insufficiency was defined as eGFR
<90 mL/min/1.73m2.
Results: Total 41(41%) NAFLD patients had renal insufficiency where, 87.8% (36/41) of them had mild renal insufficiency (eGFR ≥60 and
<90 mL/min/1.73m2). NAFLD had significantly more microalbuminuria and higher ACR and lower eGFR than controls and those with significant
liver fibrosis exhibited the highest impairment. In partial correlation analysis, NFS associated with microalbuminuria and lower eGFR. Those with
renal insufficiency were significantly associated with higher body mass index (BMI) and impaired lipid profile. Multivariate logistic regression
analysis demonstrated independent association of NAFLD with significant fibrosis with renal insufficiency (OR=2.364, 95%CI=0.783-7.136) after
adjusting for confounders (age, gender and BMI).
Conclusion: Renal changes are common in NAFLD. Severity of NAFLD is negatively associated with the kidney function. Obesity and
dyslipidemia may explain this association. Monitoring of eGFR and albuminuria in those patients particularly with significant liver fibrosis would
be beneficial for early recognition of mild renal insufficiency to prevent or delay adverse outcomes.
Keywords: Chronic kidney disease; Estimated glomerular filtration rate; Liver fibrosis; Non-alcoholic fatty liver disease; Renal insufficiency

Abbreviations: NAFLD: Non-Alcoholic Fatty Liver Disease; ACR: Albumin-Creatinine Ratio; eGFR: Estimated Glomerular Filtration Rate; MDRD:
Modification of Diet in Renal Disease; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CVD: Cardiovascular Disease; CKD: Chronic
Kidney Disease; CAP: controlled Attenuation Parameter; BMI: Body Mass Index; DM: Diabetes Mellitus; TG: Triglycerides; HDL: High Density
Lipoprotein; ACR: Albumin to Creatinine Ratio; pSWE: Point Shear Wave Elastography; TE: Transient Elastography; SD: STANDARD DEVIATION;
RAAS: Renin-Angiotensin-Aldosterone System

Introduction
Non-alcoholic fatty liver disease (NAFLD) is a rising public
health concern worldwide, where it is now believed to be a hepatic
manifestation of metabolic syndrome besides the concomitance
of significant co-morbidities as hypertension, obesity, diabetes,
Adv Res Gastroentero Hepatol 17(2): ARGH.MS.ID.555958 (2021)

and atherogenic dyslipidemia [1]. However, there is a greater risk
and increasing proof of its association with serious extrahepatic
complications as cardiovascular disease (CVD) and chronic kidney
disease (CKD) and hence liver-related morbidity and mortality [2].
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CKD is considered a major threat of end-stage renal disease,
with prolonged reduction in the glomerular filtration rate (GFR),
structural or functional renal anomalies and results in high
morbidity, mortality [3]. Proper identification and management of
early stages with mild renal insufficiency could prevent or delay
the adverse outcomes [4].

There is a great appealing awareness of an impending
association between NAFLD and CKD. There is an evidence of
persistence even after liver transplantation, where 35% of NAFLDrelated cirrhosis progressed to stage 3-4 CKD within two years
after transplantation compared to 10% of patients transplanted
for other etiologies [5].
Several studies displayed the association between NAFLD and
CKD [6-9] however, to our knowledge, studies regarding renal
changes especially early stages with mild renal insufficiency in
NAFLD patients are lacking especially in our region. Therefore, this
work aimed to assess these renal changes and their association
with liver fibrosis among non-hypertensive and non-diabetic
patients with NAFLD.

Patients and Methods
Study design

This case-control study was carried out at Assiut University
Hospitals, Egypt from January 2019 to January 2020. The Local
Ethics Committee of Faculty of Medicine, Assiut University, Egypt
approved the study (IRB No 17100479) in accordance with the
previsions of the Declaration of Helsinki. The study was registered
on clinical trials. gov with ID. NCT03487068. Written informed
consent was obtained from all participants.

Study population

This study consecutively included 100 adult patients with
NAFLD recruited from outpatient clinics and inpatient wards of
the Gastroenterology and Tropical Medicine Department, AlRajhi Liver Center, Assiut University Hospitals, and Assiut Liver
Center, ministry of Health, Assiut, Egypt from January 2019
to January 2020. Diagnosis of NAFLD was based on i) clinical
findings with special stress on manifestations of chronic liver
disease e.g., malaise, right upper quadrant abdominal pain, and/
or hepatomegaly, ii) biochemical findings including chronically
elevated serum liver enzymes, iii) ultrasonographic hepatic
steatosis findings including liver hyperechogenicity relative to
kidneys, poor visualization of intrahepatic vessel borders and
diaphragm and ultrasound beam attenuation [10]. iv) controlled
attenuation parameter (CAP) determination using transient
elastography (TE; Fibroscan®, Echosens, Paris, France) where,
NAFLD was defined by CAP values ≥238 dB/m [11].
Thirty controls had normal ultrasonographic liver and kidney
findings and were sex, age and body mass index (BMI) matched
with patients. They were selected randomly from relatives of
the patients. Patients with evidence of diabetes mellitus (DM),
hypertension, advanced kidney disease, cardiovascular events,
cirrhosis, liver disease rather than NAFLD (e.g., viral hepatitis,
hepatocellular carcinoma, autoimmune hepatitis, Wilson’s disease
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and hemochromatosis), receiving any nephrotoxic drugs or
alcohol consumption (>20 g/day) were excluded.

Methods

At study entry, a thorough medical history and physical
examination were taken for information collection; for example
age, gender, smoking, comorbidities like diabetes, medication
use, abdominal pain, BMI, waist circumference and signs of
chronic liver disease were noted. Venous blood samples were
collected in the morning after an overnight fast for laboratory
investigations including complete blood picture, liver function
(serum bilirubin, albumin, enzymes and INR), fasting blood
glucose, lipid profile [serum cholesterol, triglycerides (TG), high
density lipoprotein (HDL)], and kidney function (serum creatinine
and blood urea). All laboratory tests were carried out in Core LAb
Unit, Clinical Pathology, Assiut University Hospital, Egypt by using
full automated system of ADVIA 2120i (Hematology system)
according to their manufacturer’s instruction. In addition, early
morning urine samples were collected for measuring urinary
micro-albumin and urine albumin to creatinine ratio (ACR).
All patients underwent point shear wave elastography (pSWE)
using the Philips iU 22 Ultrasonic Diagnostic Apparatus (Bothell,
WA; ElastPQ) with a diagnostic probe frequency of 3.5~5.0 MHz
and Transient elastography (TE) (Fibroscan®) for assessment of
liver fibrosis.

By data collection, the estimated glomerular filtration
rate (eGFR) and hepatic fibrosis scores were calculated as the
following

a) eGFR by Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI)= 141 x min(SCr/κ, 1)α x max(SCr /κ, 1)1.209
x 0.993Age x 1.018 [if female] x 1.159 [if Black]. eGFR (estimated
glomerular filtration rate) = mL/min/1.73 m2, SCr (standardized
serum creatinine) = mg/dl, κ= 0.7 (females) or 0.9 (males), α=
-0.329 (females) or -0.411 (males), min= indicates the minimum
of SCr/κ or 1, max= indicates the maximum of SCr/κ or 1, age=
years [12].
b) eGFR by Modification of Diet in Renal Disease (MDRD)=
175 x (SCr)-1.154 x (age)-0.203 x 0.742 [if female] x 1.212 [if Black].
eGFR= mL/min/1.73 m2, Scr= mg/dl, age= years [13].

c)
According to the categorization of the National Kidney
Foundation Practice Guidelines [13], normal kidney function, and
renal insufficiency were defined as eGFR ≥ 90, and < 90 ml/ml/
min/1.73m2 respectively where, mild, moderate and severe renal
insufficiency were defined as eGFR ≥60 and <90, and ≥30 and <
60, and < 30 ml/min/1.73m2 respectively.
d) Urine albumin-creatinine ratio (ACR): normal value was
approximately 10 mg/g, < 30 mg/g was mildly increased; 30-300
mg/g was moderately increased and > 300 mg/g was severely
increased [14].

e) NAFLD Fibrosis Score (NFS)= -1.675 + 0.037 × age (year)
+ 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes= 1, no= 0) +
0.99 × AST/ALT ratio - 0.013 × platelet count (×109/L) - 0.66 ×
albumin (g/dL). NFS < -1.5 for low, NFS ≥ -1.5 to NFS < 0.67 for

How to cite this article: Elham A H, Maiada M I, Abeer S A, Mohamed-Eltaher A A I, Nahed A M, et al. Assessment of Renal Insufficiency among NonHypertensive and Non-Diabetic Adults with Non-Alcoholic Fatty Liver Disease. Adv Res Gastroentero Hepatol, 2021; 17(2): 555958.
DOI: 10.19080/ARGH.2021.17.555958

Advanced Research in Gastroenterology & Hepatology
intermediate and NFS ≥ 0.67 for high probability of fibrosis at
baseline [15].

Statistical analysis

Statistical analyses were conducted using SPSS for windows
version 16 (IBM Corp., Armonk, NY, USA) and Microsoft Excel
2010. The Shapiro-Wilk test of Normality was used to test the
normality of data. Continuous data was expressed as means ±
standard deviation (SD) or median and range and was compared
using Student’s t test or Mann-Whitney U test. Categorical
variables were expressed as a percentage and compared using
chi-squared (χ2) or Fisher’s exact probability test. Spearman
partial correlation was used to find correlation between renal
and NAFLD-related parameters after adjusting for age and sex.
Multivariate logistic regression analysis to adjust for confounding
variables was conducted to estimate the odds ratio (OR) and 95%

Table 1: Demographic and laboratory data of the study population.

Age (years)

Sex (Male/Female)

confidence intervals (95% CIs) of renal changes including mild
renal insufficiency according to the presence of NAFLD. All tests
were two-tailed and statistical significance was assessed at < 0.05.

Results

Characteristics of the study population
This study compromised 100 NAFLD patients; 55 females
and 45 males with a mean age of 42.8 ± 10.9 years. The control
group was formed of 14 females and 16 males with a mean age of
40 ± 13.4 (19 – 65) years. Based on liver stiffness measurement,
mild, moderate and severe liver fibrosis were found in 55 (55%),
41 (41%) and four (4%) patients, respectively. For the purpose
of analysis, cases of moderate liver fibrosis and those with severe
fibrosis were grouped together in a group of significant fibrosis
(n= 45). Demographic and laboratory characteristics of the study
population were summarized in Table 1.

NAFLD Patients (n= 100)

Controls (n= 30)

42.8±10.9 (19 - 63)

40±13.4 (19 - 65)

27.6±2.3

26.1±5.2

45/55 (45/55)

BMI (kg/m )
2

Waist circumference (cm)

88.6±14.4

Diastolic blood pressure (mmHg)

74.4±5.1

Systolic blood pressure (mmHg)

118.7±2.1

Fasting blood glucose (mg/dL)

86.4±9

Serum albumin (g/dL)

4.1±0.5

14/11 (56/44)
70±12.2

115.3±4.2
75.1±4.3
88.2±9

4.7±0.3

Serum bilirubin (mg/dL)

1.8 (0.3 - 32)

0.65 (0.3 - 5.3)

ALT (IU/L)

21 (9 - 254)

22 (19 - 34)

AST (IU/L)

18 (8 - 111)

Platelet count (x109/L)

295±64

INR

0.95±0.2

Serum triglyceride (mg/dL)
Serum cholesterol (mg/dL)

46.5±14.4

57.6±5.3

55/45 (55/45)

Blood urea (mg/dL)

11.2±3.4

-0.9 (-2.5 - 2)

Serum creatinine (mg/dL)

0.95±0.1

124.2±18.6

Liver fibrosis stage (Mild/Significant) *
NAFLD fibrosis score

299.3±30.3

128.5±50.5
172.3±41.5

Serum HDL (mg/dL)

21 (14 - 28)

0.77±0.19

166.5±15.3
-

16.8±3.1

0.85±0.17

Microalbuminuria (mg)

16 (5 - 54)

eGFRCKD-EPI (ml/min/1.73m2)

94.6±20.4

112.6±21.3

41 (41)

2 (6.7)

Urine albumin to creatinine ratio (mg/g)
eGFRMDRD (ml/min/1.73m2)

22.1±4.3

Renal insufficiency (eGFR < 90 ml/min/1.73m )
2

Mild (eGFR ≥60 & <90 ml/min/1.73m )
2

Moderate (< 60 ml/min/1.73m2)

95.4±29.3
36 (87.8)
5 (12.2)

14.6±4

14±4.4

117.1±31.1
2 (100)
0

Data are expressed as mean±standard deviation (range) for parametric data, median (range) for non-parametric data, or n (%) for qualitative data.
*Significant liver fibrosis included moderate (n= 41) and severe (n= 4) liver fibrosis stages
AST: Aspartate Transaminase; ALT: Alanine Transaminase; BMI: Body Mass Index; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration;
eGFR: Estimated Glomerular Filtration Rate; HDL: High Density Lipoprotein; INR: International Normalized Ratio; NAFLD: Non-Alcoholic Fatty
Liver Disease; MDRD: Modification of Diet in Renal Disease Study
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Comparison of renal changes between subjects with
and without NAFLD
In this study, NAFLD group had significantly more
microalbuminuria and higher mean ACR (P < 0.001 for both) and
significantly lower mean eGFR level measured by CKD-EPI and

MDRD equations (P = 0.001 and 0.004 respectively) compared
with normal liver subjects, and those with significant liver fibrosis
exhibited the highest impairment, as shown in Table 2. In addition,
two NAFLD cases had moderate increased albuminuria (ACR
between 30 - 300 mg/g) where; their ACR levels were 32 and 33
mg/g respectively.

Table 2: Comparison of renal changes between subjects with and without NAFLD.

Blood urea (mg/dL)

Normal Liver Subjects
(n= 30)

NAFLD patients with Mild
Liver Fibrosis (n= 55)

NAFLD Patients with
Significant Liver
Fibrosis* (n= 45)

P1

P2

16.8±3.1

11.2±3.1

11.8±4.5

0.692

0.492

24.1±11

< 0.001

< 0.001

97.1±21.2

85.5±14.8

0.001

20 (36.3)

21 (51.2)

Serum creatinine (mg/dL)

0.85±0.17

0.83±0.19

0.95±0.18

Urine albumin to creatinine
ratio (mg/g)

14±4.4

18.2±5.3

22.4±5.3

Microalbuminuria (mg)

14.6±4

eGFRCKD-EPI (ml/min/1.73m2)

112.6±21.3

Renal insufficiency (eGFR <90
ml/min/1.73m2)

2 (6.7)

eGFRMDRD (ml/min/1.73m2)

Mild renal insufficiency (eGFR
≥60 and <90 ml/min/1.73m2)

15.1±7.2

117.1±31.1

98.4±31.6

2 (6.7)

18 (32.7)

84.1±14.8
18 (40)

0.218

< 0.001

0.082
0.003
0.05

0.005

0.048

0.014

0.049

0.004

0.037

Data are expressed as mean±standard deviation (range) for parametric data, median (range) for non-parametric data, or n (%) for qualitative data.
P < 0.05 = significant.
*Significant liver fibrosis included moderate (n= 41) and severe (n=4) liver fibrosis stages
P1: P- value for differences between three groups
P2: P-value for differences between NAFLD patients with significant liver fibrosis and those with mild liver fibrosis
CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; eGFR: Estimated Glomerular Filtration Rate; MDRD: Modification of Diet in Renal
Disease Study Equation; NAFLD: Nonalcoholic Fatty Liver Disease

Out of 100 NAFLD patients, 41 (41%) patients had renal
insufficiency (eGFR < 90 mL/min/1.73 m2). Moreover, according
to the categorization of the National Kidney Foundation Practice
Guidelines [13], the majority of NAFLD cases (59/100, 59%)
had normal kidney function (eGFR ≥90 ml/min/1.73m2), 36
(36%) and five (5%) NAFLD cases had mild and moderate renal
insufficiency respectively. However, no cases had severe renal
insufficiency.
We found that subjects with NAFLD had a higher proportion of
renal insufficiency compared to those without (41% vs. 6.7%, P =
0.004) with the highest proportion was observed among patients
with significant fibrosis. Besides, the proportion of mild renal
insufficiency rose with the increase of liver fibrosis staging (P =
0.014) as shown in Table 2. The proportion of renal insufficiency
among subjects with and without NAFLD was shown in Figure1.

Partial correlations between renal and NAFLD-related
parameters

Correlations between renal and NAFLD-related parameters
after adjusting for age and sex among NAFLD patients revealed
significant correlations between serum creatinine and BMI (r =
0.306; P = 0.025) and microalbuminuria and NFS (r = 0.405; P =
0.005) and HDL (r = 0.343; P = 0.018) and negative correlation
004

between microalbuminuria and AST (r = -0.301; P = 0.042) and
platelets (r = -0.423; P = 0.003). In addition, eGFRCKD-EPI and eGFRMDRD
were negatively correlated with BMI (r = -0.337, P = 0.009 and r =
-0.421, P = 0.003 respectively) and serum cholesterol (r = -295, P =
0.046 and r = -0.288, P = 0.05 respectively). In addition, eGFRCKD-EPI
was negatively correlated with NFS (r = -0.315; P = 0.031).

Comparison between NAFLD regarding the presence of
renal insufficiency

In this study, NAFLD patients with renal insufficiency had
higher BMI (P = 0.013) and serum cholesterol levels (P = 0.028)
than those with normal kidney function. Also, there was a tendency
towards impaired levels of other lipid parameters in patients with
renal insufficiency but without statistical significance as shown in
Table 3. Furthermore, renal insufficiency was observed in about
half of NAFLD cases with significant fibrosis (51.2%).

Multivariable logistic regression analysis for renal
insufficiency as a dependent variable regarding the
presence of NAFLD

By using adjusted model of multivariate logistic regression
analysis for age, gender and BMI, subjects with NAFLD was
significantly associated with the increased risk of renal
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insufficiency and mild renal insufficiency compared to those
without NAFLD (OR= 1.357, 95% CI= 0.521-3.533 and OR= 1.913,
95% CI= 0.734-4.987; P < 0.001 respectively). Furthermore,
renal insufficiency and mild renal insufficiency were positively

associated with enhancing fibrosis of NAFLD (OR= 2.364, 95% CI=
0.783-7.136; P = 0.002 and OR= 2.095, 95% CI= 0.967-2.508; P =
0.001) for NAFLD patients with significant fibrosis vs. normal liver
subjects (Table 4).

Figure 1: Proportion of renal insufficiency among subjects with and without non-alcoholic fatty liver disease.
*Significant liver fibrosis included moderate (n= 41) and severe (n= 4) liver fibrosis stages
Categorization of kidney function using eGFR (mL/min/1.73m2) according to the National Kidney Foundation Practice Guidelines
Table 3: Comparison between subjects with NAFLD regarding the presence of renal insufficiency.

Variable

Patients with Normal Kidney
Function (n= 59)

Patients with Renal Insufficiency
b (n= 41)

P

Age (years)

40.6±11.6

46±9.1

0.099

28.6±2.3

0.013

Sex (Male/Female)

29/30 (49.2/50.8)

15/26 (36.6/63.4)

Waist Circumference (cm)

86.8±15.1

91.1±13.4

Diastolic blood pressure (mmHg)

73.3±5.1

76.3±4.3

BMI (kg/m2)

Systolic blood pressure (mmHg)
Fasting blood glucose (mg/dL)
Serum albumin (g/dL)

Serum bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)

Platelet count (x10 /l)
INR

9

117.2±2.3
85.8±8.4
4.1±0.5

119.3±1.2
87.9±10
4.2±0.4

2 (0.4 - 13.2)

1.8 (0.3 - 32)

20 (8.9 - 80)

22 (11 - 254)

17.5 (8 - 111)
298.7±72.8
0.96±0.2

18 (12-76)

290.3±50.9
0.94±0.1

Serum triglyceride (mg/dL)

123.4±51.3

136.1±49.6

Serum HDL (mg/dL)

47.6±16.7

44.9±10.6

Serum cholesterol (mg/dL)

005

26.9±2.1

163.5±41.1

190.3±37.8

0.373
0.324
0.217
0.313
0.751
0.325
0.745
0.786
0.212
0.631
0.655
0.403
0.028
0.537
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NAFLD fibrosis score

Hepatic fibrosis stage (Mild/Significant)c

-3.8 (-5.8 - -0.1)

-3.5 (-5.4 - -0.9)

35/24 (59.3/40.7)

0.159

20/21 (48.8/51.2)

0.05

Data are expressed as mean±standard deviation (range) for parametric data, median (range) for non-parametric data, or n (%) for qualitative data.
P < 0.05 = significant.
a

Normal kidney function= eGFR ≥ 90 ml/min/1.73m2

b

Renal insufficiency = eGFR < 90 ml/min/1.73m2

Significant liver fibrosis included moderate (n= 41) and severe (n= 4) liver fibrosis stages

c

ALP: Alkaline Phosphatase; AST: Aspartate Transaminase; ALT: Alanine Transaminase; BMI: Body Mass Index; HDL: High-Density Lipoprotein;
INR, International Normalized Ratio; NAFLD: Nonalcoholic Fatty Liver Disease
Table 4: Multivariate-regression analysis for renal insufficiency as a dependent variable regarding the presence of NAFLD.
Model 1*
OR (95% CI)

P

OR (95% CI)

P

NAFLD (+) vs. NAFLD (-)

2.087 (0.807 - 5.399)

< 0.001

1.357 (0.521 - 3.533)

< 0.001

NAFLD (+) vs. NAFLD (-)

4.3 (1.793 - 5.399)

< 0.001

1.913 (0.734 - 4.987)

< 0.001

NAFLD with mild fibrosis vs. NAFLD (-)

NAFLD with significant fibrosis vs. NAFLD (-)

2.727 (0.920 - 8.087)

5.909 (1.521 - 22.954)

0.001
0.01

1.131 (0.131 - 1.988)

4.375 (0.759 - 25.204)

0.049

NAFLD with mild fibrosis vs. NAFLD (-)

4 (2.709 - 14.361)

0.002

2.364 (0.783 - 7.136)

0.002

Renal insufficiency

Mild renal insufficiency
Renal insufficiency

Mild renal insufficiency

*

Model 2**

NAFLD with significant fibrosis vs. NAFLD (-)

6.5 (2.269 - 18.624)

< 0.001

Model 1 was unadjusted. Model 2 was adjusted for age, sex, BMI. P < 0.05 = significant.
**

2.095 (0.967 - 2.508)

0.023
0.001

CI: Confidence Interval; NAFLD: Nonalcoholic Fatty Liver Disease; OR: Odds Ratio; vs: Versus

Discussion
This study aimed to highlight the renal dysfunction in nondiabetic, non-hypertensive NAFLD patients, where, both share
some common comorbidities [1]. Similar to previous studies
[8,16,17], the present study demonstrated that NAFLD patients
had significant increased risk of renal insufficiency even after
adjusting the potential confounders as age, gender and BMI (OR=
1.357, 95% CI = 0.521 - 3.533, p < 0.001).

This work identified that 41% of NAFLD patients had renal
insufficiency which was within the range of the previous estimates
(20-55%) [6,7,18,19]. In addition, the majority of them (87.8%)
had mild renal insufficiency (eGFR; ≥60 and <90 ml/min/1.73m2)
that was supported by the previous studies that may afford further
evidence of the associations between NAFLD and the early stage of
renal insufficiency [8,20].
In this study, the observed significant lower eGFR and higher
albuminuria among NAFLD patients goes with what has been
reported previously where the highest impairment seen with
increasing severity of NAFLD (mainly liver fibrosis) supporting
a role for NAFLD in the pathogenesis and/or progression of CKD
[21-23]. Qin et al. [24] reported that a higher value of liver stiffness
006

was a potential risk of CKD. In addition, eGFR levels in NAFLD
patients were negatively correlated with the NFS; the higher the
score, the lower the eGFR levels. Additionally, microalbuminuria
was significantly related with NFS and negatively related with AST
and platelets. These results were compatible with previous studies
that reported a close correlation between renal dysfunction and
the amount of liver damage caused by fatty infiltration [21,24,25].

Former studies demonstrated that the stage of fibrosis in
NAFLD patients determines the risk of extrahepatic diseases
including CVD and CKD, a positive association between NFS and
CKD, and a positive correlation between microalbuminuria as
a marker of kidney damage and liver fibrosis in non-diabetic
patients with NAFLD [21,26,27]. In contrast, Akahane et al. [28]
showed that NAFLD itself is not an independent risk factor for CKD
but comorbidities as obesity, hypertension and hyperuricemia
were independently associated with CKD.
Similar to previous studies [29-31], we found that renal
insufficiency in NAFLD patients had significantly higher BMI and
impaired lipid profile than those with normal renal function.
Akahane et al. [28] revealed that the prevalence of CKD in NAFLD
patients was significantly high in obese subjects. Moreover,
Mahaling et al. [32] stated that in NAFLD, serum total cholesterol,
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TG, and LDL cholesterol showed a stepwise increase from simple
steatosis to NASH, while lowest levels of HDL and cholesterol were
seen in NASH patients.

Steatotic and inflamed liver may play a direct role in the
development or progression of CKD through release of pathogenic
mediators, exacerbation of insulin resistance, VLDL lipoprotein
over-secretion and induction of atherogenic dyslipidemia that
promote glomerular injury and mesangial cell proliferation
[17,23]. In addition, NAFLD and CKD seem to share common
metabolic risk factors and pathologic processes. Different obesityassociated mechanisms including lipotoxicity, oxidative stress,
enhanced pro-inflammatory cytokine and renin-angiotensinaldosterone system (RAAS) axis activation are associated with
the development of proteinuria and pathologic renal findings
even mild renal or subclinical insufficiency in the absence of
diabetes and hypertension suggesting that NAFLD may promote
CKD independently of coexisting risk factors [17]. Recently,
Byrne and Targher documented that NAFLD may promote kidney
injury mostly through accelerated atherothrombosis by releasing
inflammatory and procoagulant factors from steatotic liver [16].

Some limitations were addressed in this study. It was small
sample-sized, hospital-based study so the results may not
represent the general population. Despite different non-invasive
modalities were used to diagnose NAFLD (ultrasonography and
fibroscan-CAP), they may not be accurate for measuring mild
hepatic steatosis. On the other hand, liver biopsy, which is the
gold standard for the diagnosis of NAFLD, is not feasible. Similar
to previous studies, eGFR was used to define renal dysfunction
rather than more precise measures of kidney function like directly
measured GFR and renal biopsy. Large-scale cohort samples
are needed to confirm these findings, to identify the pathogenic
pathways of CKD in patients with NAFLD and to study the effect of
therapeutic interventions and their outcome.

Conclusion

Our findings suggest that renal dysfunction is highly prevalent
in NAFLD patients. The severity of NAFLD is negatively correlated
with the kidney function. Assessment of eGFR and albuminuria
seems to be currently the most relevant methods for this purpose.
Common metabolic risk factors for both diseases e.g., obesity
and dyslipidemia can explain this association. Screening NAFLD
patients particularly with significant liver fibrosis is recommended
for early recognition and proper management of impaired kidney
function to prevent disease progression.
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