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Abstract

Background: De novo lipogenesis (DNL) increases in NAFLD and nicotinamide phosphoribosyltransferase (NAMPT) up regulates
two essential enzymes in this pathway. On the other hand, NAMPT function could be affected by the promoter region polymorphism
and sex hormones.
Objectives: This study explored the association of -4689 G/T polymorphism in the promoter region of NAMPT gene with markers of
hepatic injury and DNL in patients with NAFLD in order to see whether or not these associations are the same for both sexes.
Methods: In this cross-sectional study, 62 consecutive patients (32 men and 30 women) with NAFLD were recruited. Polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to identify -4689 G/T polymorphism. DNL index of
erythrocyte membrane as the marker of hepatic DNL was analyzed by gas chromatography. Fasting serum NAMPT, Caspase-cleaved
cytokeratin 18 (cCK18), total soluble cytokeratin 18 (CK18), liver enzymes (AST, ALT, ALKP, GGT), and lipid-glucose profile were mea-
sured. Anthropometric measurements, Fibroscan, assessment of dietary intake and physical activity were also performed. Two-
independent sample t test, chi-square test, one-way analysis of variance, and multiple linear regression were used to analyze the
data.
Results: Serum NAMPT and erythrocyte membrane DNL index were not significantly different among the three genotypes in both
sexes. In men, serum AST (P = 0.04) and ALT (P = 0.03) were significantly higher in GT genotype than GG genotype. Serum CK18, cCK18,
and CAP also had the highest levels in GT genotype but not statistically significant. In women, the markers of hepatic injury were not
significantly different between GG and GT genotypes. Serum AST (P = 0.01), ALT (P = 0.01) and cCK18 (P = 0.001) levels were significantly
higher in TT genotype. Serum GGT, CK18, and CAP also had the highest level in TT genotype but not statistically significant. These
associations remained significant even after adjustment for confounding variables in multiple linear regression.
Conclusions: -4689 G/T polymorphism was not associated with hepatic DNL index but T allele in this polymorphism was associated
with increased biomarkers of hepatic inflammation, apoptosis and necrosis in patients with NAFLD especially in men, as one T allele
(GT genotype) was enough for increased biomarkers of hepatic injury in men but not in women.
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1. Background

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common liver diseases worldwide (1) and increased
unhealthy life styles have resulted in the increased preva-
lence of the disease (2, 3). The disease may progress from
simple steatosis to non-alcoholic steatohepatitis (NASH)
(4), hepatic fibrosis, cirrhosis (5), and ultimately to hepa-
tocellular carcinoma (6).

De novo lipogenesis (DNL), which contributes to 26% of
liver lipids, increases in patients with NAFLD (7, 8). In this
metabolic pathway, fatty acid synthase (FAS) catalyzes the
synthesis of palmitic acid from malonyl-CoA and acetyl-
CoA (9). Acetyl-CoA (the precursor of palmitic acid) is syn-
thesized by Acetyl-coenzyme a synthetase (ACS) (10).

Previous studies have shown that both of these en-
zymes are up regulated by nicotinamide phosphoribosyl-
transferase (NAMPT). In 1994, NAMPT was first described as
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a molecule with cytokine functions (11) but later it was re-
vealed that this molecule has an important enzymatic role
in the production of nicotinamide adenine dinucleotide
(NAD) and is a regulatory factor for NAD-consuming en-
zymes such as sirtuins (SIRT) (11, 12). NAMPT contributes
to the formation of acetyl coenzyme A by providing NAD
for SIRT3 which activates ACS (9). Incubation of differenti-
ated adipocytes with NAMPT has resulted in FAS up regu-
lation (12) and NAMPT inhibition has significantly reduced
the level of de novo synthesized myristic and palmitic acid
in prostate cancer cells (12, 13).

As hepatocytes are among the main sources of NAMPT
in the body (12), it can be suggested that in patients with
NAFLD, NAMPT may have an important role in hepatic DNL
and the progress of the disease.

The studies on the association between NAMPT and
NAFLD have reported contradictory results (13) and the role
of this adipokine in NAFLD pathogenesis has remained un-
clear but NAMPT function could be affected by many fac-
tors. Previous studies have shown that the presence of
polymorphism in the promoter region of the gene has
an important effect on its expression (14). -4689 G/T or
rs2110385 is a common single nucleotide polymorphism
(SNP) in the promoter region of NAMPT gene (15). Previ-
ous studies indicate that serum NAMPT level is different
between the three genotypes of this SNP (GG, GT, and TT)
and is significantly increased TT genotype (16). This SNP
is also in association with serum lipid profile and insulin
resistance in patients with type 2 diabetes (17) which is a
metabolic disorder just like NAFLD. But as far as we know,
there is no study on the association of this SNP with hepatic
injury and DNL in NAFLD.

Another factor which has an important effect on
NAMPT expression is sex hormones. Studies indicate that
testosterone down regulates NAMPT expression more than
two folds than progesterone in pre-adipocytes (18) and es-
trogen increases NAMPT expression in adipocytes (19).

2. Objectives

The aim of this study was to explore the association be-
tween -4689 G/T polymorphism in the promoter region of
NAMPT gene and markers of hepatic injury and DNL in pa-
tients with NAFLD in order to see whether or not these as-
sociations are the same for both sexes.

3. Methods

3.1. Design and Sample

In this cross-sectional study, 62 patients with NAFLD,
who referred to the liver disease clinic at Firoozgar hospi-
tal in Tehran, Iran, were recruited consecutively. A related

cross-sectional formula was used to calculate sample size
with a power of 80%. The inclusion criteria were: 18 years
of age or older with a diagnosis of steatosis based on ultra-
sonographic findings and controlled attenuation parame-
ter (CAP) on fibroscan (20), a stable body weight (±2%), and
physical activity for at least 3 months.

The exclusion criteria were: liver stiffness measure-
ment (LSM) above 10 in the fibroscan (LSM is a marker of
liver fibrosis, and advanced liver fibrosis may affect mark-
ers of hepatic fat infiltration and inflammation) (21), hav-
ing diabetes (fasting blood sugar ≥ 126 mg/dL or use of
blood glucose lowering drugs), drug abuse, exposure to
chemical pollutants, use of lipid lowering drugs, use of
steatogenic or hepatotoxic drugs (amiodarone, calcium
channel blockers, perhexiline maleate, tamoxifen, chloro-
quine, methotrexate, corticosteroids, synthetic estrogens),
use of drugs that affect weight (antidepressants, antipsy-
chotics or hormone therapy), antioxidants and polyunsat-
urated fatty acid supplements in the 6 months prior to the
study, endocrine disease which affects weight (such as hy-
perprolactinemia, Cushing’s syndrome, thyroid disorders,
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
Iran University of Medical Sciences and carried out in ac-
cordance with the Helsinki declaration (1975). All partici-
pants gave written informed consent.

3.2. Diagnosis of Fatty Liver in Sonography

Fatty liver was diagnosed using sonography as an in-
crease 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 rein-
forcement because of advanced hyper echogenicity of the
parenchyma (22).

3.3. Fibroscan

Fibroscan (Echosens; France) is an ultrasound-based
vibration-controlled transient elastography device used
to assess liver stiffness (correlated to fibrosis) as a non-
invasive method. 10 measurements of stiffness were per-
formed by pressing a probe between the ribs. The median
of the 10 measurements (in kPa) was compared with the
designated values from the fibroscan scoring card. It quan-
tifies 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 affects
ultrasound broadcasts; therefore, an increase in steatosis
will result in a higher CAP value. The final CAP value was
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the median of individual measurements and ranged from
100 to 400 decibels per meter (dB/m) (21).

3.4. Medical History, Dietary and Alcohol Intake

Each participant was given a medical history question-
naire to complete. As dietary macronutrient composition
affects DNL (23), the habitual dietary intake of the partic-
ipants was assessed using the semi-quantitative food fre-
quency questionnaire consisting of 168 items that has been
validated on a sample of healthy population (24). Physical
activity level was assessed using the long form of interna-
tional physical activity questionnaire (IPAQ) (25). Alcohol
intake was estimated by recording the type of alcohol con-
sumed, its volume and the frequency of consumption. A
fatty liver was considered non-alcoholic if the patient con-
sumed less than 20 g of alcohol per day.

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 hours fasting venous blood sample was taken from
each participant to measure biochemical parameters.
Liver enzymes as aspartate aminotransferase (AST), alanine
aminotransferase (ALT), Alkaline phosphatase (ALKP) and
Gamma-glutamyl transpeptidase (GGT), fasting blood glu-
cose (FBS), triglyceride (TG) and cholesterol levels were
determined by auto analyzer alpha classic (Tehran, Iran)
and Pars Azmoon reagent kits (Tehran, Iran). Insulin re-
sistance was assessed using the Homeostasis model assess-
ment (HOMA) index as follows:

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

Serum insulin (Diaplus; Canada), NAMPT (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 ELIZA method. Hepatitis B surface anti-
gens (HbsAg), hepatitis B surface antibodies (HbsAb) hep-
atitis B core antibodies (HBcAb), hepatitis C virus antibod-
ies (HCVAb), and antinuclear antibodies (ANA) were evalu-
ated using third-generation ELISA kits (Acon; USA).

3.7. DNL Index and Fatty Acid Measurement in Erythrocyte
Membrane

Palmitic to linoleic acid ratio (DNL index) of erythro-
cyte membranes was used as the marker of hepatic DNL

(28). To measure erythrocyte membrane fatty acids, venous
blood samples were centrifuged at 3000 g for 10 min at
4°C and the erythrocytes were then separated. An equal
volume of physiological saline (sodium chloride 0.9%) was
added to the erythrocytes, shaken and then centrifuged at
3000 g for 10 minutes at 4°C. The erythrocytes were washed
three times using this procedure.

The washed erythrocytes were aliquoted and stored at
-80°C. 200 µL of washed erythrocytes were evaporated to
dryness under nitrogen gas. Boron trifluoride-methanol
solution 14% (2 cc) and methanol (1 cc) were added to the
dried erythrocytes and heated in bain-marie for 10 min-
utes at 60°C. Next, 2 cc of n-hexane was added to each tube
and shaken for 2 minutes. After settling, the n-hexane layer
containing methylated fatty acids was transferred into an-
other tube and the solvent was removed by evaporation.
The residue was redissolved in 50µL n-hexane, mixed thor-
oughly and then, 1µL of this solution was injected into the
gas chromatograph. A gas chromatograph (YL6500; Young
Lin; Korea) equipped with a 60 m × 0.25 mm (film thick-
ness = 0.2 µm) capillary column (TR-CN100; Teknokroma)
and a flame ionization detector were used to measure
the erythrocyte membrane fatty acid profiles. The YL Au-
tochro3000 chromatograph data system version 2.0.15 was
used for quantification and identification of peaks.

3.8. Genotyping -4689 G/T Polymorphism

Total genomic DNA was extracted from the Buffy coat
using a DNA extraction kit (high pure PCR template prepa-
ration Kit, Roche, Switzerland), according to the pro-
ducer’s protocol. Polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method was
used to identify the polymorphism. The primers (Macro-
gen Inc., Korea) used for amplification were as follows:

The forward primer: 5’- GGTGGGCACTCAGACTGGT -3’
The reverse primer: 5’- CAAGAAGTTTCCTCAGACCTGC -3’
The amplification was performed in a volume of 40µL,

containing 8 µL genomic DNA, 20 µL PCR Master Mix (2X)
(Thermo Inc., USA), 2µL of each prepared primers, and 8µL
distilled water.

The PCR initial denaturation was done at 94°C for 5
minutes. 35 cycles of 94°C for 45 s, 60°C for 1 minutes,
72°C for 1 minutes and a final elongation step at 72°C for
10 minutes. 26 µL of the PCR products was digested with
RapidDigest Alu1 (Cinnagen Co., Iran) for 1 huour at 37°C.
The digestion products were analyzed by electrophoresis
on 3.5% agarose gels stained with DNA safe stain (Cinnagen
Co., Iran).

3.9. Statistical Analysis

The Shapiro-Wilks test was used to check the normal-
ity of the continuous variables and arithmetic transforma-
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tions were performed if necessary. Two independent sam-
ple t-test and chi-square test were used to compare contin-
uous and categorical variables between sexes, respectively.

One-way analysis of variance (one-way ANOVA) was
used to compare hepatic injury and DNL markers (Serum
AST, ALT, ALKP, GGT, CK18, cCK18, CAP, LSM and RBC mem-
brane DNL Index) between the three genotypes of -4689
G/T SNP. Baseline characteristics that could affect hepatic
injury and DNL marker [25] (age, BMI, HOMA index, waist
to hip ratio, blood lipid and glucose profile, serum insulin,
dietary energy, carbohydrate and protein intake and phys-
ical activity level) were also analyzed between the three
genotypes by one-way ANOVA. Each baseline characteris-
tic with P < 0.2 in one-way ANOVA was entered into mul-
tiple linear regression analysis (backward method) to con-
firm the independent association between -4689 G/T SNP
and markers of hepatic injury. P value less than 0.05 was
considered statistically significant. 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 men and 30 were women. The
participants were between 18 and 67 years of age. Women
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) and serum HDL levels (50.31 ± 11.05 vs. 43.03 ± 7.41, P
= 0.004) but lower waist to hip (W/H) ratio (0.87 ± 0.05 vs.
0.9 ± 0.06, P = 0.022) (Table 1).

Serum NAMPT, -4689 G/T genotype distribution, dietary
protein, and carbohydrate intake, physical activity level,
serum total cholesterol, LDL, triglyceride, FBS, insulin and
HOMA index were not significantly different between men
and women (Table 1).

4.1. Baseline Characteristics, Hepatic Injury, and DNL Markers
Among the Three Genotypes of -4689 G/T Polymorphism in Men
with NAFLD

Age, anthropometric parameters, serum lipid and glu-
cose profile, dietary energy, carbohydrate and protein in-
takes and physical activity level were not significantly dif-
ferent between the three genotypes in men. Serum NAMPT
level was not significantly different among the three geno-
types either (Table 2).

Serum AST level was significantly higher in GT geno-
type than GG genotype (53.33 ± 26.07 vs. 38.81 ± 9.98, P =
0.04) and TT (53.33 ± 26.07 vs. 27.33 ± 2.08, P = 0.03) but
it was not significantly different between GG and TT geno-
types.

Serum ALT level was also significantly higher in GT
genotype compared to GG (71.17 ± 40.84 vs. 44.18 ± 25.17,
P = 0.03) but it was not significantly different between GT
and TT genotypes.

CAP level was significantly higher in GT genotype com-
pared to TT (302.75 ± 44.31 vs. 210.33 ± 9.50, P = 0.02) but
it was not significantly different between GG and GT geno-
types.

Serum CK18 and cCK18 also had the highest levels in GT
genotype compared to GG and TT genotypes but not statis-
tically significant.

Serum ALKP, GGT, LSM, and hepatic DNL index were not
significantly different between the three genotypes (Table
3).

4.2. Baseline Characteristics, Hepatic Injury, and DNL Mark-
ers Among the Three Genotypes of -4689 G/T Polymorphism in
Women with NAFLD

Age, anthropometric parameters, serum lipid and glu-
cose profile, dietary energy, carbohydrate and protein in-
takes, and physical activity level were not significantly
different among the three genotypes in women. Serum
NAMPT level was not significantly different among the
three genotypes either (Table 4).

Serum AST level was significantly higher in TT genotype
compared to GG (73 ± 35.35 vs. 31.81 ± 10.48, P = 0.01) and
GT (73 ± 35.35 vs. 40.36 ± 26.68, P = 0.04) but it was not
significantly different between GG and GT genotypes.

Serum ALT level was also significantly higher in TT
genotype compared to GG (76 ± 11.31 vs. 28.93 ± 15.88, P
= 0.01) and GT (76 ± 11.31 vs. 40.18 ± 30.38, P = 0.048) but
it was not significantly different between GG and GT geno-
types.

Serum cCK18 level was also significantly higher in TT
genotype compared to GG (526.62 ± 442.04 vs. 154.38 ±
83.82, P = 0.001) and GT (526.62± 442.04 vs. 157.75± 108.91,
P = 0.001) but it was not significantly different between GG
and GT genotypes.

Serum GGT, CK18, and CAP also had the highest level in
TT genotype and the lowest level in GG genotype although
the differences were not statistically significant.

Serum ALKP, LSM, and hepatic DNL index were not sig-
nificantly different between the three genotypes (Table 5).

4.3. Multiple Linear Regression Analysis of -4689 G/T Polymor-
phismwith Markers of Hepatic Injury in Patients with NAFLD

After adjustment for confounding variables (baseline
characteristics with P < 0.2 in one-way ANOVA) in multiple
linear regression, GT genotype still had its significant asso-
ciations with serum AST (β = 0.40, P = 0.04) and ALT (β =
0.41, P = 0.02) in men. Besides, GT genotype also showed a
significant association with serum CK18 (β = 0.48, P = 0.01).
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Table 1. Baseline Characteristics of Participantsa

Variables Male Female P Value

Age, y 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

SerumNAMPT, ng/mL 2.44 ±1.07 2.45 ±1.17 0.98

-4689 G/T genotype (GG/GT/TT), % 53.1 - 37.5 - 9.4 56.7 – 36.7 – 6.7 0.91

Dietary energy intake, kcal/d 2367.19 ± 521.60 2311.37 ± 434.01 0.68

Dietary carbohydrate, % 53.16 ± 5.02 50.31 ± 6.05 0.065

Dietary protein, % 13.51 ± 2.04 12.45 ± 2.16 0.07

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

Abbreviations: BMI, Body Mass Index; FBS, Fasting Blood Sugar; HOMA, Homeostasis Model Assessment; MET, Metabolic Equivalent of Task; NAMPT, Nicotinamide Phos-
phoribosyltransferase; W/H ratio, Waist to Hip Ratio.
aData presented as Mean ± SD.
bSignificant difference with P value < 0.05.
cSignificant difference with P value < 0.01.

In women, TT genotype still had its significant associa-
tions with serum AST (β = 0.45, P = 0.01), ALT (β = 0.44, P =
0.01), and cCK18 (β = 0.55, P < 0.001).

5. Discussion

According to our results there was not any significant
association between -4689 G/T polymorphism and hep-
atic DNL index (palmitic to linoleic acid of erythrocyte
membrane) in patients with NAFLD. This polymorphism
had no association with serum NAMPT either. These re-
sults were the same in both sexes. A previous study on a
group of healthy sedentary individuals also reported that
there were no significant differences in serum NAMT level
among the genotypes of this polymorphism (29). But an-
other study reported higher serum NAMPT level in TT geno-
type in a group of patients with type 2 diabetes (16). Per-
haps, the measurement of hepatic tissue visfatin level and
its interpretation according to sex would help better un-
derstand the relationship between this polymorphism and
visfatin gene expression. We could not find any study re-
garding the association between -4689 G/T polymorphism
and hepatic DNL in NAFLD or any metabolic disorder to
compare the results.

In our study, there was a significant association be-
tween the presence of T allele in -4689 G/T polymorphism
and increased serum level of hepatic injury biomarkers.
In men, GT genotype was significantly associated with in-
creased serum AST, ALT, and CAP levels. Serum CK18 and
cCK18 also had the highest levels in GT genotype but not
statistically significant. In women, TT genotype was signifi-
cantly associated with increased serum AST, ALT, and cCK18
compared to GT and GG genotypes while these markers
had no significant differences between GG and GT. Serum
CK18 and CAP also had the highest level in TT genotype and
the lowest level in GG genotype although the differences
were near significant but not reached the level. These as-
sociations remained significant even after adjustment for
confounding variables in multiple linear regression.

The results indicate that the presence of T allele in
-4689 G/T polymorphism is associated with increased
biomarkers of hepatic inflammation, cell apoptosis, and
necrosis in both sexes and these associations are indepen-
dent of serum glucose, lipid profile, insulin resistance, di-
etary intake or physical activity level. A previous study
on patients with type 2 diabetes also showed that the fre-
quency of T allele in this polymorphism was higher in pa-
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Table 2. Comparison of Baseline Characteristics Among Three Genotypes of -4689 G/T Polymorphism in Men with NAFLDa

Variables GG GT TT

Age, y 40.18 ± 13.01 40.25 ± 11.14 36.33 ± 14.64

BMI, kg/m2 30.26 ± 4.63b 29.30 ± 5.44 25.28 ± 2.20

W/H ratio 0.90 ± 0.06b 0.90 ± 0.06b 0.84 ± 0.05

FBS,mg/dL 112.29 ± 27.97c 98.16 ± 10.55 95 ± 3

Serum Insulin,micIU/mL 14.84 ± 12.02b 11.97 ± 5.62 5.57 ± 1.23

HOMA Index 4.26 ± 3.45b 2.94 ± 1.56 1.30 ± 0.27

Serum total cholesterol,mg/dL 185.45 ± 28.20 186.92 ± 57.76 191.67 ± 41.20

Serum LDL-cholesterol,mg/dL 114 ± 32.22 113.67 ± 52.46 135 ± 37.59

SerumHDL-cholesterol,mg/dL 41.37 ± 4.97c 46 ± 9.30 40 ± 8.72

Serum triglyceride,mg/dL 148.18 ± 85.7 136.33 ± 61.88b 83.67 ± 30.43

SerumNAMPT, ng/mL 2.45 ± 0.80 2.45 ± 1.35 2.34 ± 1.04

Dietary energy intake, kcal/d 2223.52 ± 589.70c 2532.03 ± 440.73 2388.78 ± 332.48

Dietary carbohydrate, % 53.85 ± 5.27 51.84 ± 4.94 54.71 ± 4.22

Dietary protein, % 13.60 ± 1.80 13.25 ± 2.33 13.88 ± 2.46

Physical activity, METs-min/w 5045.21 ± 8563.03 3240.28 ± 4249.60 6177.00 ± 8735.59

Abbreviations: BMI, Body Mass Index; FBS, Fasting Blood Sugar; HOMA, Homeostasis Model Assessment; MET, Metabolic Equivalent of Task; NAMPT, Nicotinamide Phos-
phoribosyltransferase; W/H ratio, Waist to Hip Ratio.
aData presented as Mean ± SD.
bDifference with P < 0.2 compared to TT genotype.
cDifference with P < 0.2 compared to GT genotype.

Table 3. Comparison of Hepatic Injury and DNL Marker Among Three Genotypes of -4689 G/T Polymorphism in Men with NAFLD

Variables GG GT TT P Value, GG vs. GT P Value, GG vs. TT P Value, GT vs. TT

SerumAST , IU/L 38.81 ± 9.98 53.33 ± 26.07 27.33 ± 2.08 0.04a 0.31 0.03a

SerumALT , IU/L 44.18 ± 25.17 71.17 ± 40.84 33± 6.56 0.03a 0.57 0.07

SerumALKP , IU/L 213.56 ± 67.78 185.08 ± 43.88 168.33 ± 62.52 0.21 0.23 0.66

SerumGGT , IU/L 36.31 ± 16.20 43.67 ± 21.59 41.33 ± 18.04 0.31 0.67 0.84

SerumCK 18 , U/L 421.44 ± 256.55 659.69 ± 428.98 341.89 ± 215.73 0.07 0.70 0.15

Serum cCK18 , U/L 189.45 ± 182.02 313.90 ± 299.36 85.18 ± 34.50 0.16 0.47 0.13

CAP , dB/m 288.23 ± 56.40 302.75 ± 44.31 210.33 ± 9.50 0.44 0.02a 0.008b

LSM , kpa 7.63 ± 4.06 6.82 ± 2.98 4.67 ± 0.57 0.54 0.19 0.35

RBCmembrane DNL Index 3.25 ± 0.99 3.25 ± 0.85 2.77 ± 0.72 0.99 0.42 0.43

Abbreviations: ALKP, Alkaline Phosphatase; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; CAP, Controlled Attenuation Parameter,; cCK18, Caspase-
Cleaved Cytokeratin-18; CK 18, Cytokeratin 18; GGT, Gamma-Glutamyl Transpeptidase; LSM, Liver Stiffness Measurement; DNL Index, De Novo Lipogenesis Index.
aSignificant difference with P value < 0.05.
bSignificant difference with P value < 0.01.

tients with type 2 diabetes compared to the control group
(30). In contrast to these findings, McKenzie reported that
GG genotype was associated with a significantly higher in-
sulin AUC value than TT and GT genotypes. However, it
must be considered that in this research, the study pop-
ulation consisted of individuals with sedentary lifestyles,

without diabetes, cardiovascular, or hepatic diseases (29).

Another finding of this study was that men were more
susceptible to T allele. In men, one T-allele (GT genotype)
was enough for increased serum level of hepatic injury
biomarkers; but in women two T-alleles (TT genotype) were
required to have this outcome. This is in accordance with
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Table 4. Comparison of Baseline Characteristics Among Three Genotypes of -4689 G/T Polymorphism in Women with NAFLDa

Variables GG GT TT

Age, y 47.12 ± 13.40 49.82 ± 6.44 44 ± 4.24

BMI, kg/m2 31.55 ± 5.15 33.07 ± 3.84 34.07 ± 1.42

W/H ratio 0.87 ± 0.05 0.86 ± 0.04 0.89 ± 0.00

FBS,mg/dL 104.94 ± 16.99b 122.09 ± 32.57 129.50 ± 41.72

Serum Insulin,micIU/mL 13.22 ± 5.47b 9.99 ± 4.66 12.50 ± 0.09

HOMA Index 3.44 ± 1.50 3.15 ± 1.86 3.97 ± 1.25

Serum total cholesterol,mg/dL 199.21 ± 37.56 194.18 ± 39.34 192.50 ± 58.69

Serum LDL-cholesterol,mg/dL 116.87 ± 33.35 107.18 ± 34.41 102.50 ± 57.27

SerumHDL-cholesterol,mg/dL 49.68 ± 7.81 52.36 ± 15.09 44 ± 9.90

Serum triglyceride,mg/dL 165.93 ± 96.51 173 ± 99.45 230.50 ± 44.54

SerumNAMPT, ng/mL 2.14 ± 1.25 2.93 ± 1.04 2.48 ± 0.36

Dietary energy intake, kcal/d 2249.28 ± 445.90 2385.35 ± 478.52 2487.07 ± 176.72

Dietary carbohydrate, % 50.29 ± 6.90 51.64 ± 4.43 45.81 ± 3.80

Dietary protein, % 12.69 ± 2.26 11.89 ± 2.27 12.66 ± 1.39

Physical activity, METs-min/w 1364.81 ± 1573.70 2532.25 ± 4500.28 960.0 ± 1264.30

Abbreviations: BMI, Body Mass Index; FBS, Fasting Blood Sugar; HOMA, Homeostasis Model Assessment; MET, Metabolic Equivalent of Task; NAMPT, Nicotinamide Phos-
phoribosyltransferase; W/H ratio, Waist to Hip Ratio.
aData presented as Mean ± SD.
bDifference with P < 0.2 compared to GT genotype.

Table 5. Comparison of Hepatic Injury and DNL Marker Among Three Genotypes of -4689 G/T Polymorphism in Women with NAFLD

Variables GG GT TT P Value, GG vs. GT P Value, GG vs. TT P Value, GT vs. TT

SerumAST, IU/L 31.81 ± 10.48 40.36 ± 26.68 73 ± 35.35 0.27 0.01a 0.04a

SerumALT, IU/L 28.93 ± 15.88 40.18 ± 30.38 76 ± 11.31 0.21 0.01a 0.048a

SerumALKP, IU/L 231.93 ± 93.81 220.36 ± 65.85 190.50 ± 105.36 0.73 0.52 0.65

SerumGGT, IU/L 23.75 ± 10.81 34.45 ± 21.70 37 ± 5.65 0.09 0.27 0.83

SerumCK 18, U/L 424.75 ± 183.69 514.31 ± 363.83 819.01 ± 624.50 0.44 0.08 0.18

Serum cCK18, U/L 154.38 ± 83.82 157.75 ± 108.91 526.62 ± 442.04 0.94 0.001b 0.001b

CAP, dB/m 310.41 ± 39.31 333.27 ± 22.22 357.50 ± 45.96 0.09 0.07 0.36

LSM, kpa 8.34 ± 3.60 6.92 ± 1.55 6.30 ± 1.70 0.19 0.34 0.78

RBCmembrane DNL Index 3.33 ± 1.38 3.19 ± 1.19 2.88 ± 0.41 0.80 0.64 0.75

Abbreviations: ALKP, Alkaline Phosphatase; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; CAP, Controlled Attenuation Parameter; cCK18, Caspase-
Cleaved Cytokeratin-18; CK 18, Cytokeratin 18; GGT, Gamma-Glutamyl Transpeptidase; LSM, Liver Stiffness Measurement; DNL index, De Novo Lipogenesis Index.
aSignificant difference with P value < 0.05.
bSignificant difference with P value < 0.01.

a previous study which showed that TT genotype is asso-
ciated with higher lipid profile and there is a stronger as-
sociation between serum hs-CRP and serum NAMPT level
in TT genotype of -4689 G/T polymorphism among type 2
diabetic patients. It must be considered that 83.9% of the
participants in this study were women (31). McKenzie also
reported that there was a significant gender-genotype in-

teraction for the association between -4689 G/T polymor-
phism and markers of insulin sensitivity (29). These find-
ings may explain the higher prevalence of NAFLD in men
which has been reported in recent studies (32, 33). Because,
according to our findings, GT genotype is more prevalent
than TT genotype in both sexes (Table 1) and this genotype
(GT) is associated with increased markers of hepatic injury
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in men not in women (including CAP, the marker of hep-
atic fat infiltration), therefore it may end up in a higher
prevalence of NAFLD in men.

On the other hand, if we accept the negative effect of T
allele (in -4689 G/T polymorphism) on NAFLD, we expect a
higher level of hepatic injury in TT genotype compared to
GT genotype in men. But on the contrary, CAP and serum
AST level were significantly lower in TT genotype compared
to GT genotype. Although, this finding should be viewed
with caution because of the low sample size in TT genotype,
but two possible interpretations of this issue can be raised.
According to previous studies, increased hepatic injury
might be associated with reduced steatosis and serum in-
flammatory markers (34, 35). Thus, the significantly lower
CAP and serum AST in TT genotype compared to GT geno-
type in men could be due to higher hepatic injury in TT
genotype. Another interpretation is that, GT genotype in
men is located in a haplotype with significant impact on
hepatic injury while in women TT genotype is located in
such a haplotype.

The human NAMPT gene is located on the long arm of
chromosome from 7q22.1 to 7q31.33 and according to previ-
ous reports this region is in association with metabolic syn-
drome, BMI, and lipid profile (36, 37). -4689 G/T polymor-
phism is located in the promoter region of NAMPT gene so
it can affect its transcriptional activity, but to our knowl-
edge, no study has investigated the functional effect of this
polymorphism.

The present study is the first investigation on the asso-
ciation of -4689 G/T polymorphism with hepatic DNL and
biomarkers of hepatic injury with a focus on sex-genotype
interaction for these associations. In this study other vari-
ables that could stimulate DNL (38) (age, BMI, HOMA index,
waist to hip ratio, blood lipid and glucose profile, serum in-
sulin, dietary energy, carbohydrate and protein intake and
physical activity level) were all evaluated and the associa-
tions between -4689 G/T polymorphism and the markers
of hepatic injury were all adjusted for these variables, so
that the independence of these associations could be con-
firmed.

This study also had some limitations. The low sam-
ple size in TT genotype prevents confirmation of a definite
relationship for this genotype; therefore, this study can
be considered as a hypothesis-generating study. More de-
tailed studies with larger sample sizes are needed to com-
pletely understand the association between -4689 poly-
morphism, hepatic DNL, and hepatic injuries in patients
with NAFLD and the influence of sex-genotype interaction
on these associations. For instance, direct measurement
of DNL activity in hepatic tissue and investigating biopsy-
proven pathologic findings may further clarify these asso-
ciations in NAFLD. Although baseline characteristics of par-

ticipants in this study were not statistically significant be-
tween the genotypes in both sexes, we also suggest that
men and women to be carefully matched for confounding
variables in future studies.

5.1. Conclusion

-4689 G/T polymorphism in NAMPT gene was not as-
sociated with hepatic DNL index but the presence of T al-
lele in this polymorphism was associated with increased
biomarkers of hepatic inflammation, apoptosis and necro-
sis in patients with NAFLD especially in men, as one T al-
lele (GT genotype) was enough for increased biomarkers of
hepatic injury in men but not in women.
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