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Abstract

Background: Studies on the association between visfatin and nonalcoholic fatty liver disease (NAFLD) have contradictory results
and the role of this adipokine in NAFLD pathogenesis has remained unclear. In vitro studies indicate that visfatin expression could be
regulated by sex hormones. Testosterone down-regulates visfatin expression in pre-adipocytes and estrogen increases its expression
in adipocytes.
Objectives: This study aimed at exploring whether the association between serum visfatin and markers of hepatic injury is the same
for both genders in patients with NAFLD.
Methods: In this cross-sectional study, 62 consecutive patients (32 males and 30 females) with NAFLD were recruited. Fasting serum
visfatin, caspase-cleaved cytokeratin 18 (cCK18), total soluble cytokeratin 18 (CK18), liver enzymes (AST and ALT), insulin, and lipid-
glucose profile was measured. Anthropometric measurements, fibroscan and assessment of dietary intake and physical activity
level, were performed for each participant. Two independent sample t tests, chi-square test, univariate, and multiple linear regres-
sion (to adjust for confounding factors) were used to analyze the data.
Results: In males, serum visfatin had a significant positive association with serum Aspartate Aminotransferase (AST) (B = 0.47, P =
0.009), alanine aminotransferase (ALT) (B = 0.40, P = 0.035), CK18 (B = 0.50, P = 0.008), and cCK18 (B = 0.47, P = 0.012). In females,
serum visfatin only had a weak association with CK18 (B = 0.37, P = 0.045). Instead, higher body mass index (BMI) was significantly
associated with increased serum CK18 (B = 0.44, P = 0.02), cCK18 (B = 0.42, P = 0.02), controlled attenuation parameter (CAP) (B =
0.39, P = 0.049), and liver stiffness measurement (LSM) (B = 0.40, P = 0.03) in females. Higher waist to hip ratio was also significantly
related to serum AST (B = 0.37, P = 0.04), ALT (B = 0.50, P = 0.02), CK18 (B = 0.41, P = 0.03), cCK18 (B = 0.37, P = 0.04), and CAP (B = 0.39,
P = 0.04) in this group. In this study, females were significantly older (47.83 ± 81.10 vs 39.84 ± 12.10, P = 0.008) and had higher BMI
(32.31 ± 4.56 vs 29.42 ± 4.89, P = 0.02) compared to males, thus the associations were adjusted for age, BMI, and other confounders.
Conclusions: Interpretation of serum visfatin level in relation to hepatic injury was probably gender-dependent in NAFLD. While
its increased serum level could be an indicator for more hepatic injury in males, this was not the case in females. Body Mass Index
and waist to hip ratio were stronger predictors for hepatic injury in females.
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1. Background

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common liver diseases around the world (1, 2) and its
prevalance has grown due to unhealthy life styles (3). The
disease has a wide spectrum from simple steatosis to non-
alcoholic steatohepatitis (NASH), which is hepatic steato-
sis accompanied by inflammation or liver cell injury with
or without fibrosis (4). Furthermore, NASH could lead to
fibrosis and cirrhosis (5) and ultimately to hepatocellular
carcinoma (6).

Many studies have explored the association between

adipose tissue derived cytokines and the progress of
NAFLD (7, 8). Visfatin is a novel adipocytokine, known for
its cytokine function (9) and enzymatic role in the produc-
tion of Nicotinamide Adenine Dinucleotide (NAD). Both of
these functions could play an important role in the pro-
gression of NAFLD. Its cytokine function could effect the
hepatic inflammatory state and its enzymatic role could
regulate NAD-consuming enzymes on different metabolic
pathways, including hepatic De Novo Lipogenesis (DNL)
(10, 11).

Studies on the association between visfatin and
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NAFLD have had contradictory results and the role of this
adipokine in NAFLD pathogenesis has remained unclear
(12-14). For instance, Aller et al. indicated that serum
visfatin level was associated with portal inflammation
in patients with NAFLD, yet had no relationship with
steatosis or fibrosis (15). Dahl et al. reported that serum
visfatin level in obese patients with NAFLD, was markedly
decreased compared with healthy controls, with no dif-
ference between simple steatosis and NASH (16). Jarrar et
al. (17) and Younossi et al. (18) showed significantly lower
serum visfatin levels in patients with NASH compared to
simple steatosis and another study reported no significant
association between visfatin and liver histology (8).

Many factors could result in this controversy, for ex-
ample visfatin expression and function could be regulated
by hormones (19), including sex hormones. Studies indi-
cate that testosterone down-regulates visfatin expression
by more than 2 folds than that of progesterone in pre-
adipocytes (19), and estrogen increases visfatin expression
in adipocytes (20).

2. Objectives

The current study aimed at exploring whether the as-
sociation between serum visfatin and markers of hepatic
injury is the same for both genders in patients with NAFLD.

3. Methods

3.1. Design and Sample

In this cross-sectional study, 62 patients with NAFLD,
who referred to the liver disease clinic of Firoozgar hospi-
tal in Tehran, Iran, were recruited, consecutively. A related
cross-sectional formula was used to calculate the sample
size with a power of 80%. The inclusion criteria were age of
18 years old or more with a diagnosis of steatosis based on
ultrasonographic findings and controlled attenuation pa-
rameter (CAP) on fibroscan (21), and a stable body weight
(± 2%) and physical activity for at least 3 months before the
study.

The exclusion criteria were a liver stiffness measure-
ment (LSM) above 10 in the fibroscan (LSM is a marker
of liver fibrosis, and advanced liver fibrosis may effect
markers of hepatic fat infiltration and inflammation) (22),
having diabetes (fasting blood sugar ≥ 126 mg/dL or use
of blood glucose lowering drugs), drug abuse, exposure
to chemical pollutants, use of steatogenic or hepatotoxic
drugs (perhexiline maleate, amiodarone, calcium chan-
nel blockers, chloroquine, tamoxifen, methotrexate, syn-
thetic estrogens, corticosteroids), use of drugs that effect

weight (antipsychotics, antidepressants or hormone ther-
apy), use of lipid lowering drugs, antioxidants and polyun-
saturated fatty acid supplements in the 6 months prior to
the study, endocrine disease, which effects weight (such as
Cushing’s syndrome, hyperprolactinemia, thyroid disor-
ders, and congenital adrenal hyperplasia), kidney or heart
disease, other acute or chronic liver diseases such as viral
hepatitis or cirrhosis or a history of alcohol intake (> 20
g/day).

This study was approved by the ethics committee of
the medical university of Iran and was carried out in accor-
dance with the Helsinki declaration (1975). All participants
gave their written informed consent.

3.2. Diagnosis of Fatty Liver in Sonography

A fatty liver was diagnosed using sonography, which
indicated an increase in hepatic echogenicity using renal
echogenicity as a reference, enlargement of the liver and a
lack of differentiation of the periportal and bile duct wall
reinforcement because of advanced hyperechogenicity of
the parenchyma (23).

3.3. FibroScan

FibroScan (Echosens; France) is an ultrasound-based
vibration-controlled transient elastography device used to
assess liver stiffness (kPa correlated to fibrosis) as a non-
invasive method. Ten measurements of stiffness (kPa) were
performed by pressing a probe between the ribs. The me-
dian of the 10 measurements was compared with the des-
ignated values from the fibroscan scoring card. It quanti-
fies steatosis at the same time using the controlled atten-
uation parameter (CAP), a measurement of ultrasound at-
tenuation correlated to the decrease in amplitude of ultra-
sound waves as they spread through the liver. Fat effects
ultrasound broadcasts, therefore, an increase in steatosis
will result in a higher CAP value. The final CAP value was
the median of individual measurements and ranged from
100 to 400 decibels per meter (dB/m) (22).

3.4. Medical History, Dietary and Alcohol Intake

Each participant was given a medical history question-
naire to complete. The habitual dietary intake of the par-
ticipants was assessed using the semi-quantitative food fre-
quency questionnaire consisting of 168 items that has been
validated on a sample of a healthy population (24). Physi-
cal activity level was assessed using the long form of the in-
ternational physical activity questionnaire (IPAQ) (25). Al-
cohol intake was estimated by recording the type of alco-
hol consumed, its volume and the frequency of consump-
tion. A fatty liver was considered non-alcoholic if the pa-
tient consumed less than 20 g of alcohol per day.
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3.5. Anthropometric Measurements

Weight, height, waist, and hip circumferences were
measured according to standard protocols (26). Body mass
index (BMI) was calculated as body weight (kg) divided by
the square of height (m) as kg/m2.

3.6. Biochemical Measurements

A 12-hour fasting venous blood sample was taken
from each participant to measure biochemical parame-
ters. Serum aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), triglyceride (TG), total cholesterol,
low density lipoprotein (LDL)-cholesterol, high density
lipoprotein (HDL)-cholesterol and fasting blood glucose
(FBS) were determined by auto analyzer alpha classic
(Tehran, Iran) and Pars Azmoon reagent kits (Tehran, Iran).
Insulin resistance was assessed using the homeostasis
model assessment (HOMA) index as follows:

HOMA index = [serum glucose (mg/dL) × serum in-
sulin (mU/L)] / 405.

Serum insulin (Diaplus; Canada), visfatin (BioVendor;
Czech Republic), Caspase-cleaved cytokeratin 18 (cCK18,
marker of hepatic apoptosis) (M30 kit, PEVIVA, Sweden)
and total soluble Cytokeratin 18 (CK18, marker of hepatic
apoptosis and necrosis) (M65 kit, PEVIVA, Sweden) (27)
were measured by the enzyme linked immunosorbent as-
say (ELISA) method. Hepatitis B surface antigens (HbsAg),
hepatitis B surface antibodies (HbsAb), hepatitis B core an-
tibodies (HBcAb), hepatitis C virus antibodies (HCVAb), and
antinuclear antibodies (ANA) were evaluated using third-
generation ELISA kits (Acon; USA).

3.7. Statistical Analysis

The Shapiro-Wilks test was used to check the normal-
ity of the continuous variables and arithmetic transforma-
tions were performed if necessary. Two independent sam-
ple t tests and chi-square test were used to compare con-
tinuous and categorical variables between genders, respec-
tively.

Univariate linear regression was used to evaluate the
relationship between serum visfatin as an independent
variable and markers of hepatic injury (serum AST, ALT,
CK18, cCK18, CAP, and LSM) as dependent variables in each
gender, separately. Variables with P < 0.2 in univariate lin-
ear regression, were entered in the multiple-linear regres-
sion. In multiple-linear regression (backward method), all
these relationships were adjusted for different factors (in-
cluding dietary intake of energy and macronutrients, BMI,
waist to hip ratio, HOMA index, age, blood lipid profile, and
physical activity level), which had P < 0.2 in univariate lin-
ear regression. The P < 0.05 in multiple-linear regression
was considered statistically significant. The SPSS software
version 23 was used to analyze the data.

4. Results

The baseline characteristics of the participants are
shown in Table 1. This study included 62 patients with
NAFLD, of which 32 were male and 30 were female. The
participants were between 18 and 67 years of age. Females
were significantly older (47.83 ± 81.10 vs 39.84 ± 12.10, P
= 0.008), had higher BMI (32.31 ± 4.56 vs 29.42 ± 4.89, P
= 0.02), serum HDL level (50.31 ± 11.05 vs 43.03 ± 7.41, P =
0.004), CAP (321.93± 36.19 vs 286.37±54.85, P = 0.004), and
dietary fat intake (39.38± 6.96 vs 35.2± 6.13, P = 0.024), yet
lower waist to hip (W/H) ratio (0.87 ± 0.05 vs 0.9 ± 0.06, P
= 0.022) and serum ALT level (36.44± 24.87 vs 53.54± 33.83,
P = 0.03) (Table 1).

Serum visfatin, dietary energy, protein and carbohy-
drate intake, physical activity level, serum total choles-
terol, LDL, triglyceride, FBS, insulin, and HOMA index were
not significantly different between males and females.

4.1. UnivariateandMultiple LinearRegressionof SerumVisfatin
with Biomarkers of Hepatic Injury and Fibroscan in Males with
NAFLD

In univariate linear regression, serum visfatin had a
significant positive association with serum AST (B = 0.44,
P = 0.02), ALT (B = 0.40, P = 0.03), CK18 (B = 0.43, P = 0.02)
and cCK18 (B = 0.41, P = 0.03), yet, it had no significant asso-
ciations with CAP or LSM.

Body mass index (B = 0.40, P = 0.02), HOMA index (B =
0.74, P < 0.001) and serum triglyceride (B = 0.73, P < 0.001)
had a significant positive association with LSM (Table 2).

In multiple linear regression (after adjustment for con-
founding factors) serum visfatin still had its significant
positive associations with serum AST (B = 0.47 and P =
0.009), ALT (B = 0.40 and P = 0.035), CK18 (B = 0.50 and P
= 0.008), and cCK18 (B = 0.47 and P = 0.012).

Serum triglyceride also had a significant positive asso-
ciation with serum AST (B = 0.35 and P = 0.047) and LSM (B
= 0.40 and P = 0.01), HOMA index had a significant positive
association with CAP (B = 0.49 and P = 0.04) and LSM (B =
0.49, P = 0.002), and waist to hip ratio had a significant pos-
itive association only with CAP (B = 0.46 and P = 0.02) (Table
3).

4.2. Univariate and Multiple Linear Regression of Serum Vis-
fatin with Biomarkers of Hepatic Injury and Fibroscan in Fe-
males with NAFLD

In univariate linear regression, serum visfatin had no
significant associations with markers of hepatic injury
(serum AST, ALT, CK18, cCK18, LSM, and CAP).

Body Mass Index had a significant positive association
with serum ALT (B = 0.41 and P = 0.03), CK18 (B = 0.46 and P
= 0.01), and LSM (B = 0.43 and P = 0.02). Waist to hip ratio
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Table 1. Baseline Characteristics of the Participantsa , b

Variables Males, n = 32 Females, n = 30 P Value

Age, year 39.84 ± 12.10 47.83 ± 10.62 0.008b

BMI (kg/m2) 29.42 ± 4.89 32.31 ± 4.56 0.02c

W/H ratio 0.9 ± 0.06 0.87 ± 0.05 0.022c

FBS (mg/dL) 105.37 ± 22.37 112.86 ± 25.94 0.23

Serum insulin (micIU/mL) 12.77 ± 9.47 11.95 ± 5.22 0.70

HOMA index 3.44 ± 2.76 3.31 ± 1.62 0.84

Serum total cholesterol (mg/dL) 186.58 ± 41.31 196.91 ± 37.92 0.31

Serum LDL-cholesterol (mg/dL) 115.90 ± 41.20 112.20 ± 34.13 0.71

SerumHDL-cholesterol (mg/dL) 43.03 ± 7.41 50.31 ± 11.05 0.004b

Serum triglyceride (mg/dL) 137.35 ± 74.13 173.06 ± 94.11 0.11

Serumvisfatin (ng/mL) 2.44 ± 1.07 2.45 ± 1.17 0.98

SerumAST (U/L) 43.32 ± 19.38 37.89 ± 21.66 0.31

SerumALT (U/L) 53.54 ± 33.83 36.44 ± 24.87 0.03c

SerumCK18 (U/L) 505.97 ± 345.60 485.91 ± 299.43 0.81

Serum cCK18(U/L) 227.53 ± 235.13 182.17 ± 156.72 0.39

CAP (db/m) 286.37 ± 54.85 321.93 ± 36.19 0.004b

LSM (kpa) 7.05 ± 3.52 7.73 ± 2.96 0.41

Daily energy intake (kcal/d) 2367.19 ± 521.60 2311.37 ± 434.01 0.68

Daily carbohydrate intake (%) 53.16 ± 5.02 50.31 ± 6.05 0.065

Daily protein intake (%) 13.51 ± 2.04 12.45 ± 2.16 0.07

Daily fat intake (%) 35.2 ± 6.13 39.38 ± 6.96 0.024c

Physical activity (METs-min/w) 4419.54 ± 7018.28 1723.97 ± 2841.17 0.067

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body Mass Index; CAP, controlled attenuation parameter; cCK18, caspase-cleaved
cytokeratin-18, CK 18, Cytokeratin 18, FBS, fasting blood sugar, HOMA, homeostasis model assessment, LSM, liver stiffness measurement, MET, metabolic equivalent of
task, W/H ratio: waist to hip ratio.
aData are presented as Mean ± SD.
bP < 0.01.
cP < 0.05.

also had a significant positive association with serum AST
(B = 0.37 and P = 0.048) and ALT (B = 0.41 and P = 0.03) (Table
4).

In multiple linear regression (after adjustment for con-
founding factors) serum visfatin only had a significant
positive association with CK18 (B = 0.37 and P = 0.045).
Body mass index had a significant positive association with
serum CK18 (B = 0.44, P = 0.02), cCK18 (B = 0.42, P = 0.02),
CAP (B = 0.39, P = 0.049), and LSM (B = 0.40, P = 0.03).
Waist to hip ratio had a significant positive association
with serum AST (B = 0.37, P = 0.04), ALT (B = 0.50, P = 0.02),
CK18 (B = 0.41, P = 0.03), cCK18 (B = 0.37, P = 0.04), and CAP
(B = 0.39, P = 0.04). Serum triglyceride had a significant
positive association only with serum cCK18 (B = 0.36 and P
= 0.043), and age had this significant positive association
only with CAP (B = 0.46 and P = 0.02) (Table 5).

5. Discussion

According to the findings of this study, the associa-
tion of serum visfatin level with hepatic injury differed be-
tween males and females. In males, serum visfatin had
a significant positive association with markers of hepatic
inflammation, apoptosis, and total cell death, while in fe-
males it only had a weak association with the marker of to-
tal cell death. In females, waist to hip ratio and BMI were
more associated with markers of hepatic inflammation,
apoptosis, and total cell death.

According to previous studies, hepatic and adipose tis-
sue were amongst the 2 main sources of visfatin (28). Fe-
males had a higher body fat content compared to males,
thus adipose tissue in females could have had a greater ef-
fect on serum visfatin level compared to males. In fact it
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Table 2. Univariate Linear Regression of Hepatic Injury Biomarkers and Fibroscan Report with Serum Visfatin Level in Males with Nonalcoholic Fatty Liver Disease

SerumAST SerumALT SerumCK18 Serum cCK18 CAP LSM

B P.V B P.V B P.V B P.V B P.V B P.V

Serumvisfatin 0.44 0.02a 0.40 0.03a 0.43 0.02a 0.41 0.03a 0.28 0.14a -0.13 0.51

Age -0.05 0.77 -0.26 0.15a -0.16 0.38 -0.13 0.47 0.15 0.41 -0.11 0.56

BMI 0.21 0.26 0.21 0.25 0.072 0.70 0.21 0.25 0.22 0.22 0.40 0.02a

W/H ratio 0.22 0.22 0.20 0.28 0.19 0.31 0.29 0.11a 0.30 0.10a 0.33 0.06a

HOMA 0.19 0.31 0.05 0.78 -0.03 0.88 0.16 0.41 0.35 0.06a 0.74 0.000a

Serum total cholesterol 0.17 0.36 0.13 0.47 -0.18 0.34 0.03 0.88 -0.01 0.94 -0.16 0.38

Serum LDL-cholesterol 0.07 0.72 0.06 0.74 0.18 0.33 -0.02 0.92 -0.14 0.46 -0.38 0.034

Serum triglyceride 0.32 0.08a 0.19 0.31 0.10 0.59 0.21 0.25 0.21 0.24 0.73 0.000a

Daily energy intake 0.01 0.98 -0.16 0.40 0.01 0.94 -0.03 0.86 0.053 0.78 -0.09 0.61

Daily carbohydrate intake 0.04 0.83 0.07 0.71 0.24 0.20 0.11 0.57 -0.07 0.68 -0.22 0.24

Daily protein intake -0.06 0.76 0.14 0.47 0.12 0.53 0.06 0.76 -0.13 0.47 -0.13 0.47

Daily fat intake -0.02 0.92 -0.15 0.44 -0.27 0.15a 0.12 0.51 0.12 0.53 0.26 0.15a

Physical activity -0.06 0.74 -0.12 0.54 0.26 0.17a 0.20 0.28 -0.03 0.86 -0.10 0.58

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; cCK18, caspase-cleaved cytokeratin-18; CK 18, cytokeratin 18; HOMA, homeostasis model
assessment; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; W/H ratio, waist to hip ratio.
a P < 0.2.

Table 3. Multiple Linear Regression of Hepatic Injury Biomarkers and Fibroscan Report with Serum Visfatin Level in Males with Nonalcoholic Fatty Liver Disease

SerumAST SerumALT SerumCK18 Serum cCK 18 CAP LSM

B P.V B P.V B P.V B P.V B P.V B P.V

Serumvisfatin 0.47 0.009a 0.40 0.035b 0.50 0.008a 0.47 0.012b - - - -

W/H ratio - - - - - - - - 0.46 0.02b - -

HOMA - - - - - - - - 0.49 0.04b 0.49 0.002a

Serum triglyceride 0.35 0.047b - - - - - - - - 0.40 0.01b

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; cCK18, caspase-cleaved cytokeratin-18; CK 18, cytokeratin 18; HOMA, homeostasis model assessment; LSM, liver
stiffness measurement; NAFLD, nonalcoholic fatty liver disease; W/H ratio: waist to hip ratio.
a P < 0.01.
b P < 0.05.

Table 4. Univariate Linear Regression of Hepatic Injury Biomarkers and Fibroscan Report with Serum Visfatin Level in Females with Nonalcoholic Fatty Liver Disease

SerumAST SerumALT SerumCK18 Serum cCK18 CAP LSM

B P.V B P.V B P.V B P.V B P.V B P.V

Serumvisfatin 0.15 0.43 0.05 0.79 0.27 0.16a 0.10 0.63 -0.12 0.54 -0.36 0.06a

Age -0.05 0.80 -0.17 0.38 -0.19 0.31 -0.18 0.35 0.35 0.06a 0.06 0.75

BMI 0.32 0.09a 0.41 0.03a 0.46 0.01a 0.26 0.18a 0.27 0.15a 0.43 0.02a

W/H ratio 0.37 0.048a 0.41 0.03a 0.29 0.12a 0.31 0.11a 0.24 0.20 -0.001 0.99

HOMA -0.05 0.79 0.05 0.80 0.09 0.65 0.31 0.13a -0.09 0.64 0.19 0.32

Serum total cholesterol -0.03 0.86 0.09 0.66 -0.01 0.95 -0.10 0.60 0.30 0.10a 0.03 0.88

Serum LDL-cholesterol -0.10 0.61 0.04 0.84 -0.07 0.72 -0.21 0.29 0.13 0.49 0.12 0.53

Serum triglyceride 0.22 0.24 0.18 0.36 0.29 0.14a 0.38 0.05a 0.27 0.15a -0.17 0.37

Daily energy intake 0.15 0.50 0.23 0.29 -0.06 0.79 -0.005 0.98 0.08 0.73 -0.17 0.44

Daily carbohydrate intake -0.06 0.78 -0.28 0.21 0.14 0.52 -0.05 0.82 0.18 0.41 0.07 0.74

Daily protein intake -0.10 0.67 -0.04 0.85 -0.14 0.54 -0.09 0.67 -0.28 0.19a -0.09 0.68

Daily fat intake 0.13 0.58 0.29 0.19a -0.06 0.80 0.10 0.64 -0.05 0.82 0.006 0.98

Physical activity 0.14 0.51 0.16 0.43 0.26 0.20 0.05 0.80 0.21 0.29 0.19 0.35

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; cCK18, caspase-cleaved cytokeratin-18; CK 18, cytokeratin 18; HOMA, homeostasis model
assessment; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; W/H ratio, waist to hip ratio.
a P < 0.2.

may be that serum visfatin level in females is more related
to its adipose tissue level, yet in males serum visfatin level

is more related to its hepatic level. This could be the reason
for the strong association between serum visfatin level and
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Table 5. Multiple Linear Regression of Hepatic Injury Biomarkers and Fibroscan Report With Serum Visfatin Level in Females With Nonalcoholic Fatty Liver Disease

SerumAST SerumALT SerumCK18 Serum cCK18 CAP LSM

B P.V B P.V B P.V B P.V B P.V B P.V

Serumvisfatin - - - - 0.37 0.045a - - - - - -

Age - - - - - - - 0.46 0.02a - -

BMI - - - - 0.44 0.02a 0.42 0.02a 0.39 0.049a 0.40 0.03a

W/H ratio 0.37 0.04a 0.50 0.02a 0.41 0.03a 0.37 0.04a 0.39 0.04a - -

Serum triglyceride - - - - - - 0.36 0.043a - - - -

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; cCK18, caspase-cleaved cytokeratin-18; CK 18, cytokeratin 18; LSM, liver stiffness measurement;
NAFLD, nonalcoholic fatty liver disease; W/H ratio, waist to hip ratio.
a P < 0.05.

markers of hepatic injury in males but not in females.

On the other hand, studies have shown that testos-
terone down regulates visfatin expression in pre-
adipocytes and estrogen induces visfatin expression
in adipocytes (19). These findings also support the greater
impact of adipose tissue on serum visfatin level in females
than males and this is in accordance with our findings.

Previous studies also indicate that visfatin has an im-
portant enzymatic role in De Novo Lipogenesis (DNL) (11,
27), which is known to be increased in NAFLD (29, 30), yet
hepatic and adipose tissue DNL have opposing effects on
the prognosis of NAFLD. Hepatic DNL is positively corre-
lated yet adipose tissue DNL is negatively correlated with
fatty liver (31, 32). Based on this knowledge, it is logical that
serum visfatin level and markers of hepatic injury have no
significant associations, where serum visfatin level is more
associated with its level in adipose tissue. This is exactly
what was observed in the current study. No significant as-
sociations were found between serum visfatin level and
markers of hepatic injury in females whose higher body fat
content could have a greater effect on serum visfatin level.

According to these findings, serum visfatin level may
have different prognosis for each gender in NAFLD, and the
contrary findings for the association between serum vis-
fatin and pathologic findings of NAFLD (14) could be partly
due to different gender distribution in various studies.

Another finding of this study was that, after visfatin,
HOMA index had the most significant positive association
with markers of hepatic injury (hepatic fat infiltration and
fibrosis). However, in females, HOMA index was not signif-
icantly associated with markers of hepatic injury. Instead,
BMI and waist to hip ratio had the most significant posi-
tive associations with markers of hepatic injury (hepatic
inflammation, apoptosis, necrosis, fat infiltration, and fi-
brosis) in females.

This may indicate that males could be more susceptible
to peripheral insulin resistance compared to females. Dif-
ferent adiposity distribution between males and females
may explain this finding. According to previous stud-

ies, fat accumulation in females is more in the gluteal-
femoral region, while in males it is more in visceral (ab-
dominal) depot, and there are distinct differences in fatty
acid metabolism between these 2 regions (33). Lipolytic ac-
tivity and response to insulin, adrenergic and angiotensin
stimulation, and sex hormones are completely different
between visceral and peripheral adipocytes. Visceral fat is
a major source of circulating free fatty acids and cytokines,
which are directly transported via the portal vein to the
liver inducing hepatic insulin resistance and an athero-
genic lipid profile (34). Therefore, increased peripheral in-
sulin resistance results in more hepatic injury in males,
who have higher visceral adipose tissue compared to fe-
males.

To the best of our knowledge, this is the first study
directing gender influence on the association between
serum visfatin and hepatic injuries in NAFLD. The associ-
ations were adjusted for other variables that could influ-
ence hepatic injuries including age, BMI, waist to hip ratio,
HOMA index, blood lipid profile, dietary energy, macronu-
trient intake, and physical activity level, so that the inde-
pendence of the associations could be confirmed.

This study also had some limitations. More detailed
studies with larger sample sizes are needed to completely
understand the association between serum visfatin level
and hepatic injuries in patients with NAFLD and the in-
fluence of gender on this association. For example, direct
measurement of visfatin level in hepatic and adipose tis-
sue of each gender separately, and investigating biopsy-
proven pathologic findings, may further clarify these as-
sociations in NAFLD. Although all the associations in this
study were adjusted for confounding variables (including
age, BMI and…) that could influence hepatic injuries, yet
it is suggested to perform further studies on males and fe-
males to more carefully adjust for these confounders.

5.1. Conclusion

Serum visfatin level may have different prognosis for
each gender in NAFLD. While its increased serum level
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could be an indicator for more hepatic injury in males, this
is not the case in females. Body Mass Index and waist to
hip ratio were stronger predictors for hepatic injury in fe-
males. Based on these results, the contrary findings for the
association between serum visfatin and pathologic find-
ings of NAFLD (14) could be partly due to different gender
distribution in various studies.
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