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Abstract 
    Background: Nonalcoholic fatty liver disease (NAFLD) pathogenesis is caused by an imbalance in the biochemistry and immunology 
of the liver. The aim of the present study was to evaluate the role of oxidative stress and inflammatory factors in the serum concerning 
leptin concentration.  
   Methods: This study was carried out on 67 females, including 20 healthy and 47 patients diagnosed by liver scan. Anthropometric 
analysis and routine biochemical tests, including alanine and aspartate transaminase, triglycerides, cholesterol, fasting blood sugar, low-
density lipoprotein, high-density lipoprotein, and their ratio, were carried out. Also, the concentration of malondialdehyde and total 
antioxidant capacity concentration as well as the activity of catalase, superoxide dismutase, and glutathione peroxidase, were estimated. 
In addition, the concentration of leptin, interleukin-6, and tumor necrosis factor-α was analyzed. Data were analyzed using one-way 
ANOVA followed by Tukey’s post-hoc test, with P<0.05 considered statistically significant.  
   Results: Patients with NAFLD had significantly higher BMI (33.63±6.37 kg/m² vs. 25.33±2.53 kg/m²), waist circumference 
(90.6±9.85 cm vs. 81.38±5.44 cm), and hip circumference (93.43±10.06 cm vs. 86.14±5.57 cm) compared with controls (P<0.05). Their 
lipid profile showed elevated triglycerides (209.12±73.41 mg/dl vs. 121.19±38.51 mg/dl) and cholesterol (229.73±43.42 mg/dl vs. 
171.19±22.91 mg/dl), as well as a higher prevalence of diabetes mellitus (30%). Although total antioxidant capacity did not differ 
(P>0.05), MDA levels were significantly increased from controls (1.01±0.22 nmol/L) to Grade 1 (1.24±0.41 nmol/L), Grade 2 
(1.33±0.32 nmol/L), and Grade 3 NAFLD (1.43±0.44 nmol/L), while SOD, CAT, and GPx activities were reduced (all P<0.05). IL 6, 
TNF α, and leptin concentrations were markedly elevated from grade 1 to 3, with the highest at Grade 3 (17.63±10.19 pg/mL, 104.63 ± 
14.43 ng/mL, and 2.23±0.92 μg/mL, respectively, for each one; P<0.05). 
   Conclusion: Although leptin controls fat metabolism via satiety, results revealed that the overproduction of leptin might be a 
consequence of oxidative stress and inflammatory response to fat accumulation in the liver. Therefore, measuring leptin along with IL-
6 and TNF-α might help to diagnose liver injury. 
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Key Messages: 
↑What is “already known” in this topic: 
NAFLD is a common metabolic liver disorder marked by elevated 
oxidative stress and reduced antioxidant defenses, leading to 
hepatocellular injury and activation of inflammatory pathway. 
Oxidative stress contributes to immune dysregulation, promoting 
hepatic inflammation and fibrosis. Leptin, a key adipokine, further 
modudlates metabolic imbalance and immune mediated 
inflammation.  
 
→What this article adds: 

This study identifies a significant correlation between oxidative stress 
markers and immunological mediators, particularly IL 6 and leptin, in 
NAFLD. The integrated biochemical-immunological highlights how 
oxidative injury aligns with cytokine activation and adipokine 
disturbance, revealing combined oxidative immune mechanisms that 
may support early detection or therapeutic targeting.  
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Introduction 
In today’s world, Non-alcoholic fatty liver disease 

(NAFLD) as a common liver disease can be seen in 25% 
and 80% of the general and obese population (1). NAFLD 
is a metabolic syndrome, 

 where its strong links to obesity, insulin resistance, in-
creased systemic inflammation, and advanced atheroscle-
rosis (2) have been well documented. The pathogenesis of 
NAFLD is usually explained by lipid accumulation, which 
causes non-alcoholic steatohepatitis (NASH) and cirrhosis 
due to the production of inflammatory cytokines and 
dysregulation of carbohydrate and lipid metabolism (1), but 
its exact mechanism has not been fully elucidated. 

It is generally accepted that pro-inflammatory cytokines, 
including IL-6 and TNF-α, are central contributors to 
NAFLD development (3, 4). But other factors such as un-
controlled oxidative stress and leptin as lipid specific hor-
mone, also could play their part in the pathogenesis of 
NAFLD. The liver is the main organ responsible for metab-
olizing many compounds that generate reactive oxygen rad-
icals (ROS), which can cause liver tissue damage. The level 
of ROS may be increased by fat accumulation in liver tis-
sue, which causes liver malfunctioning to detoxify the tox-
icant. Due to their high reactivity, ROS attack cellular com-
ponents, leading to nucleic acid damage, lipid oxidation, 
and protein modification. Although hepatic lipid accumu-
lation in NAFLD is mostly related to the accumulation of 
triglyceride (TG) droplets (5), some investigators consid-
ered this protective rather than deleterious (6, 7) and 
blamed free fatty acids (FFAs) to be the actual culprit of 
hepatopathy (8, 9). Hepatic FFAs originated from lipolysis 
in adipose tissue, de novo synthesis from carbohydrates in 
the liver, and dietary lipids (10). Whether their presence in 
TGs is taken seriously or not, the oxidation of unsaturated 
FFAs is the most important process to generate different 
forms of aldehydes in the liver (8, 11). In addition to reac-
tive ROSs, one of the lipid peroxidation products is 4-hy-
droxynonenal (4-HNE), which interferes with DNA, RNA, 
and protein synthesis and triggers inflammatory responses 
in the affected and surrounding tissues (12).  

Leptin, as a peptide hormone, is released from adipose 
tissue and plays a regulatory role in appetite control, neu-
roendocrine activity, and overall energy balance. It also 
seems to influence several other physiological processes, 
including metabolism, endocrine regulation, and immuno-
logical functions. Altered leptin signaling is linked to sev-
eral metabolic disorders, most notably obesity. The most 
significant factors affecting circulating plasma leptin con-
centrations include total body fat mass index (BMI), meta-
bolic hormones, and gender (13). Leptin is considered to be 
a pro-inflammatory adipokine that stimulates the activity of 
monocytes/macrophages as well as the production of pro-
inflammatory cytokines. It has also been reported that lep-
tin increases ROS production and induces oxidative stress 
in cardiovascular and diabetic patients (14). 

Therefore, the aim of this study was to examine oxidative 
stress, leptin concentration, and the levels of IL-6 and TNF-

α in the serum of patients with non-alcoholic fatty liver dis-
ease (NAFLD). Furthermore, we classified NAFLD into 
different grades according to Brunt’s criteria (15) using ul-
trasonic analysis and performed subgroup analyses to elu-
cidate the essential association between the investigated pa-
rameters and NAFLD. 

 
Methods  
Study design and sampling 
The present study was conducted in Al-Husseini Hospi-

tal, Karbala, Iraq, where 67 females participated in this 
study, including 20 controls (who did not have any sign of 
NAFLD) and 47 patients (who were divided into four 
groups, namely grade one, grade two, and grade three based 
on the ultrasound examination). All the participants were 
informed of the nature of the research, and their consent 
was obtained by signing the form previously confirmed by 
the moral committee of Arak University 
IR.ARAKU.REC.1401.129. From the cephalic arm vein of 
all the eligible subjects, 10 mL of blood was taken and kept 
at 37 oC till it was coagulated. The serum was separated 
using centrifugation at 300 g for 5 minutes, then preserved 
at -20 oC till further analysis. It is important to note that all 
patients who had taken medication or dietary supplements 
were excluded from the study to minimize potential con-
founding factors. However, individuals who engaged in 
daily exercise were included as a study variable to evaluate 
its potential impact, irrespective of the specific type of ex-
ercise performed. 

 
Routine biochemical test 
Estimation of aspartate transaminase (AST) (Lot #: 

7293001), alanine transaminase (ALT) (Lot #: 71671801), 
Bilirubin total and direct, triglycerides (TG) (Lot #: 
72472501), cholesterol (Col) (Lot #: 73304401), low den-
sity lipoprotein (LDL), high density lipoprotein (HDL) (Lot 
#: 63382401) and LDL/HDL ratio, fasting blood sugar 
(FBS) (Lot #: 66105401), protein (Lot #: 72256101)  and 
hemoglobin-A1c was carried out in the serum of the partic-
ipant using automated analyzer (cobas c-311 analyzer, 
Roche company, Switzerland). The ALP (Lot #: 1065B), 
HbA1c (Lot #: 1063B), LDL (Lot #: 2538), and bilirubin 
(Lot #: 2604) kits were from Bekman company, Germany, 
and the rest of the commercial kits used in this study were 
purchased from Roch company, Germany. To conduct the 
estimation, the recommended procedure by the company 
was followed. 

 
Analysis of oxidative stress 
Catalase activity assay        
Catalase (CAT) activity was estimated using a commer-

cial kit (KiaZist company (KCAT 96), Iran). According to 
the company instructions, the enzymatic reaction was car-
ried out using 20 μL of sample. The absorbance was taken 
at 540 nm using a spectrophotometer, and a standard curve 
was plotted. The concentration of the formaldehyde (µM) 
was calculated using the linear formula 
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Y=0.0003X+0.0585 with R2=0.9721, and the activity of 
CAT was reported as mU/mg of protein. 

 
SOD activity assay 
Using this commercial kit (KiaZist company (KSOD 96), 

Iran), the activity of superoxide dismutase (SOD) was esti-
mated.  The reaction was conducted according to the com-
pany procedures using 20 μL of sample, and the absorbance 
was taken at 570 nm. The activity based on % inhibition 
rate was expressed as U/mg of protein. 

 
Glutathione peroxidase Activity assay 
Glutathione peroxidase (GPX) activity was estimated by 

a commercial kit (KiaZist company (KGPX 96), Iran). The 
estimation was conducted using 20 μL of samples at 340 
nm, and the activity of GPX was reported as mU/mg of pro-
tein, taking 0.00622 µM-1 cm -1 as the extinction coefficient 
of NADPH. 

 
Total antioxidant capacity assay 
Total antioxidant capacity (TAC) of the serum was esti-

mated by a commercial kit (KiaZist company (KTAC 96), 
Iran). According to the company protocol, 30 μL of the 
sample was used to conduct the measurement, and the ab-
sorbance was taken at 450 nm using a spectrophotometer. 
Using the provided Trolox as standard, a standard curve 
was plotted, and the concentration of the samples was cal-
culated from the formula Y=0.0013X+0.0857 with 
R2=0.9991. The results were presented as nmol of Trolox 
equivalent/mg of protein. 

 
Malondialdehyde concentration assay 
Malondialdehyde (MDA) concentration was estimated 

by a commercial kit (KiaZist company (KMDA 96), Iran). 
According to the company protocol, 200 µL of sample, 
blank, and standard were added to 600 µL of TBA Solution 
and overlaid with 200 µl mineral oil. The mixture was in-
cubated for 60 minutes at 95°C, then kept on ice for 10 
minutes. Measurement was carried out at 546 nm using 200 
µL of the reaction mixture and using the linear formula 
y=0.0187x+0.0102 and R2=0.9991; the concentration of 
MDA in the samples was expressed as μM/ml. 

 
Tumor necrosis factor-α, interleukin-6, and leptin esti-

mation 
We measured the concentration of tumor necrosis factor-

α (TNF-α), interleukin-6 (IL-6), and leptin using a commer-
cial kit (ARS-BIOCHEM, PRS-01568hu, China), (IL E-
3200, LND company, Germany), and (ARS-BIOCHEM, 
PRS-00916hu, China), respectively, based on the sandwich 
model of ELISA, where the monoclonal antibodies were 
coated to the plate. Sensitivity and specificity of the kits 
were 87 %, 89 %, and 87 %, as well as 92 %, 97 %, and 92 
%, respectively. The secondary antibody conjugated to 
horseradish peroxidase also directly reacted with the cap-
tured protein, and then the HRP enzymes produced color 
by catalyzing the chromogen. According to the company 
protocol, 50 µl of each calibrator, Control, and Sample was 
taken, and using an ELISA reader, the developed color was 

measured at 450 nm. The concentration of TNF-α, IL-6, 
and leptin was determined using the linear formula 
Y=0.0085X+0.1286 with R2=0.9298, Y=0.0006X+0.0172 
with R2=0.9998, and Y=0.4044X+0.2522 with R2=0.9374, 
respectively. The concentration of TNF-α, IL-6, and leptin 
was expressed as ng/L, pg/ml, and μg/L, respectively.  

 
Statistical analysis 
Data were analyzed with SPSS software (version 19) us-

ing one-way ANOVA, Tukey test as a post-hoc test for data 
with more than two groups, and unpaired Student t-test for 
data with only two groups with p<0.05 as the minimum 
level of significance. Also, the graphs were plotted using 
GraphPad Prism software (version 8.4.3). 

 
Results 
Anthropometric analysis and daily habit 
Data analysis showed that the patients suffering from 

NAFLD had significantly (P<0.0001) higher body weight, 
waist circumference, hip circumference, and body mass in-
dex when compared to healthy individuals (Figure 1). In 
addition, we found that the incidence of NAFLD was sig-
nificantly correlated with exercise, since only 26.8 % of the 
patients were exercising when compared to the healthy in-
dividuals (52.4 %). But no correlation was found between 
smoking habit, restaurant food consumption, fast food con-
sumption, and incidence of NAFLD (Table 1).   

 
Biochemical analysis 
Activity of liver enzymes and bilirubin concentration 
Data analysis showed that the activity of alanine trans-

aminase (ALT) and aspartate transaminase (AST) in the se-
rum of the NAFLD patients was significantly (P<0.05) 
higher than the activity of the same enzymes in the serum 
of healthy subjects (Figure 2A), but their ratio was signifi-
cantly lower (Figure 2B). Also, we found the activity of al-
kaline phosphatase (ALP) was significantly (P<0.05) lower 
in patients when compared with the control group of the 

 
Figure 1. Anthropometric analysis: comparison between the height 
(cm), Weight (Kg), Waist circumference (cm), Hip circumference 
(cm), Body Mass Index, and Age (years) of the healthy individuals 
and patients suffering from NAFLD. Data were analyzed using Un-
paired t-test and were shown as mean ± SD. Statistical significance is 
represented as follows: (ns) not significant, (***) P< 0.001 and (****) 
P< 0.0001. 
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individuals participating in the study (Figure 2A). It was 
also revealed that the levels of total (TB) and indirect bili-
rubin (IB) showed no significant difference (P>0.05) be-
tween the patients suffering from NAFLD and healthy in-
dividuals, while the level of direct bilirubin (DB) was sig-
nificantly (P<0.05) higher in the patients when compared 
with healthy individuals (Figure 2C). 

 
Lipid Profile and blood sugar concentration 
Analysis of data showed that the patients suffering from 

NAFLD had significantly (P<0.01) higher total cholesterol 
(TC) and triglycerides (TG) as compared to healthy indi-
viduals, but no variation in the concentration of high-den-
sity lipoprotein (HDL) and low-density lipoprotein (LDL) 
was observed (Figure 3A).  In addition, we found that there 
was no significant variation (P>0.05) in the ratio of 
LDL/HDL, while a significant (P<0.01) increase in the ra-

tio of TC/HDL was found in the serum of patients com-
pared to healthy individuals (Figure 3B). We also found 
that the level of fasting blood sugar (FBS) and hemoglobin 
A1c (HbA1c) was significantly higher in the serum of pa-
tients suffering from NAFLD as compared to healthy indi-
viduals (Figure 3C and D). 

 
Oxidative stress analysis 
Results of the present study showed that the level of total 

antioxidant capacity (TAC) showed no significant (P>0.05) 
change in the serum of the NAFLD patients when com-
pared with the healthy subjects. Whereas a significant in-
crease in the malondialdehyde (MDA) concentration was 
found in the patients with NAFLD compared to the control 
group. Also, we found that the maximum concentration of 
MDA was statistically more in grade III compared to grades 
II and I (Figure 4A and B).  

Table 1. Percentage comparison of the daily habits in healthy individuals and patients suffering from NAFLD. 
Variable Healthy individuals (%) Patients suffering from NAFLD (%) 
Age (years) 21-47 21-51 
Exercise (%) 52.8 26.8 
Smoking habit (%) 28.6 10.7 
Restaurant food consumption (%) 66.7 42.8 
Fast food consumption (%) 61.9 28.6 

 

 
Figure 2. Comparison between the A) activity of ALT, AST and ALP, B) AST/ALT ratio and concentration of bilirubin in healthy individuals and 
patients suffering from NAFLD of different grades. Data were shown as mean ± SD and statistical significance is represented as follows: (ns) p>0.05, 
(*) P< 0.05 and (**) P< 0.01. 
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On the other hand, the results of the present study showed 
that the activity of glutathione peroxidase (GPX), superox-
ide dismutase (SOD), and catalase (CAT) enzymes in the 
serum of the NAFLD patients was significantly reduced 
(P<0.05) when compared with the activity of the same en-
zymes in the serum of the healthy subjects. The maximum 
reduction was found in the activity of the CAT, which was 
found to be highly significant (P<0.001) (Figure 4 C, D, 
and E).  

 
Inflammatory and hormonal variation 
When the data were analyzed, we found that the level of 

interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and 
leptin in the serum of the NAFLD patients increased highly 
significantly (P<0.0001) when compared with the level of 
the same cytokines and hormone in the serum of the healthy 
subjects. No significant (P>0.05) variation in the level of 
the same factors was found with respect to the progression 
of the disease grade (Figure 5 A, B, and C).  

 
Discussion 
NAFLD is a pathological condition of fat accumulation 

in the liver of overweight or obese (16), although normal 
persons also develop NAFLD (17). In the present study, the 

patients with NAFLD were overweight which their physi-
cal activity also was lesser than healthy individuals. In ad-
dition, the patients’ waist and hip circumference as well as 
BMI were also significantly higher when compared with 
the control group. Other investigations also confirmed the 
relation between the mentioned parameters and NAFLD (4, 
5). Higher weight and higher hip and waist circumferences 
might correspond to lower physical activity, as the practice 
and duration of exercise of patients compared to control in-
dividuals were much lower. 

Lin et al. (2017) carried out a secondary data analysis 
from December 2012 to September 2013 in southwestern 
Taiwan, in which they found that the activity of AST and 
ALT in patients with NAFLD was significantly higher than 
that of healthy individuals (6). In addition to a previous 
study, Eslami et al. (2021) showed that the activity of the 
SGOT and SGPT in NAFLD patients was significantly 
higher than in the control group, but the activity of ALP 
was lower (7). Many investigations have shown that the ra-
tio of AST and ALT is an important laboratory indicator to 
diagnose the different types of liver disease (22, 23, 24). In 
general, if the ratio is more than 1, in 92 % of the patients 
and more than 2 in 70 % of the patients, it shows alcoholic 

 
 
Figure 3. Comparison between A) the concentration of TC, TG, HDL and LDL, B) the ratio of LDL/HDL and TC/HDL, C) fasting blood sugar (FBS) 
concentration and D) percentage of HbA1c  in healthy individuals and patients suffering from NAFLD of different grades. Data were shown as mean 
± SD and statistical significance is represented as follows: (ns) p>0.05, (*) p<0.05, (**) P< 0.01 and (***) P< 0.001. 
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fatty liver disease, but when the ratio is less than 1, the pa-
tient is more likely to suffer from NAFLD (25). Our results 
also confirm that the patients participating in the present 
study were suffering from NAFLD since the activity of 
ALT and AST showed elevation, but the ALP activity was 
diminished, and the ratio of AST/ALT was less than 1.  This 
means that the liver tissue of the patients was damaged 
since these enzymes have been released into the serum. In 
addition, we found that the concentration of total bilirubin 
and indirect bilirubin in the patient’s serum showed no var-
iation when compared to a control group of individuals, 
while the direct bilirubin was significantly higher in the pa-
tient’s serum. Direct bilirubin is a conjugated form of bili-
rubin (26) classified as the glucuronated and delta forms of 
bilirubin, which the second one is bounded to albumin in 
the serum (26). While total bilirubin is normal, an increase 
in direct bilirubin has only been reported in patients with 
plasma cell dyscrasias (27). Since no other investigation 
has mentioned such variation, this could be due to interfer-
ence with the bilirubin assays; therefore, further studies are 

needed to see if this phenomenon may have a clinical im-
plication in diagnosing NAFLD. In terms of lipid profile 
analysis, we found that the concentration of triglycerides, 
cholesterol, and the ratio of cholesterol/HDL was signifi-
cantly higher in patients with NAFLD. Our data were con-
firmed by some investigations with respect to total choles-
terol and triglyceride levels as well as the ratio of choles-
terol/HDL (28), but no study was found to confirm our re-
sults regarding the level of LDL and HDL as well as the 
LDL/HDL ratio, as we observed no change in the said pa-
rameters. This variation might be due to geographical dif-
ferences or cultural variation, as the present study was car-
ried out in Iraq, whereas the other two studies have been 
conducted in Iran and the USA. The present investigation 
showed that the level of FBS and HbA1c was significantly 
higher in patients suffering from NAFLD when compared 
to the control group, these data also supported by other in-
vestigations (18, 20, 28). Overall, the individuals suffering 
from NAFLD in Iraq and Karbala were showing the same 
anthropometric and clinical characteristics as the patients 
from other parts of the world. 

 
Figure 4. Comparison between the A) level of the TAC, B) level of MDA, C) activity of GPX, D) activity of SOD and E) activity of CAT in healthy 
individuals and patients suffering from NAFLD of different grades. Data were shown as mean ± SD and statistical significance is represented as 
follows: (ns) p>0.05, (*) p<0.05, (**) p< 0.01, (***) p< 0.001 and (****) p<0.0001. 
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Although reactive oxygen species (ROSs) are formed 
naturally, the antioxidant defense system, including en-
zymes such as catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPX), and antioxidant 
molecules such as vitamin C, glutathione, coenzyme Q10, 
and vitamin A are constantly working to reduce these spe-
cies and prevent their oxidative effect (29). Oxidation of 
biomolecules like unsaturated fatty acids, nucleic acids, and 
proteins (30) by ROSs results in metabolic and structural 
malfunctioning (31). The cell membrane contains a large 
amount of unsaturated fatty acids, which, upon oxidation 
by ROSs, produce malondialdehyde (MDA) that can be 
measured as an oxidative stress marker (32).  

In the present study, we found no variation in the TAC 
level of the serum of the patients with NAFLD as compared 
to healthy ones, but the main objective was the significant 
increase in MDA concentration and reduction of the anti-
oxidant enzymes. SOD catalyzes the dismutation of super-
oxide to produce hydrogen peroxide as a by-product (33), 
and in coordination, CAT acts to convert hydrogen perox-
ide to oxygen and water, which nullifies the effect of hy-
drogen peroxide (34). Besides these enzymes, glutathione 
peroxidase and glutathione reductase perform oxidation 
and reduction of glutathione to remove ROSs. These en-
zymes altogether, are the key players to scavenge ROSs 
(35) and prevent the production of MDA, which is the prod-
uct of lipid peroxidation (36). 

The role of oxidative stress in NAFLD is controversial, 
as some of the investigation, such as those by Świderska et 
al. (2019), report elevation of SOD and GPX activity (37), 
while others believe the activity of these enzymes is low in 
patients with NAFLD (38, 39). Since the activity of AST 

and ALT in the serum of patients with NAFLD is signifi-
cantly higher than in normal individuals, the liver cells 
must have been damaged. The destruction of the cell mem-
brane is the main factor in the release of these metabolic 
enzymes into the serum. Oxidation of unsaturated fatty ac-
ids in the membrane lipid bilayer is the main reason for de-
stabilizing the membrane; thus, the reduction in antioxidant 
enzyme activity is more likely to happen in NAFLD. If we 
look at the results of the anthropometric analysis, it is ob-
vious that the patients who participated in this study were 
under medical care and most of them were not using restau-
rant meals or fast food; therefore, their routine behavior has 
changed, which might be the main reason for TAC level not 
changing. But, in the case of antioxidant enzyme activity 
variation, their gene expression might have been unbal-
anced, which would take more time to normalize their ac-
tivity.  

Acute-phase protein concentrations in plasma either in-
crease or decrease in response to inflammation, which 
brings about an acute-phase response to accelerate the pro-
duction of peripheral leukocytes, circulating neutrophils, 
and their precursors (40). In response to tissue injury, cells 
such as neutrophils and macrophages secrete a number 
of cytokines like IL-1, IL-6, and TNF-α.  The liver tissue 
also responds to injury by producing many acute-phase pro-
teins, which may also contribute to the promotion of tissue 
damage (40). IL-6 and TNF-α are pro-inflammatory release 
by adipocytes, and their concentration correlates with the 
percentage and distribution of fat tissue in the body (41). In 
the present investigation, the level of both IL-6 and TNF-α 
increased significantly, which promotes the production of 
acute-phase proteins. IL-6 is thought to stimulate hepatic 
mINDY expression by binding to its receptor and activating 

 

  
 
Figure 5. Comparison between A) the level of IL-6, B) the level of TNF-α, and C) the level of leptin in healthy individuals and patients suffering 
from NAFLD of different grades. Data were shown as mean ± SD, and statistical significance is represented as follows: (***) P< 0.001 and (****) 
P< 0.0001. 
 

 

✱✱✱✱

✱✱✱
✱✱✱✱
✱✱✱✱

✱✱✱

✱✱✱
✱✱✱
✱✱✱

✱✱✱
✱✱✱

✱✱✱
✱✱✱✱

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.4

0.
69

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
7-

23
 ]

 

                             7 / 10

http://dx.doi.org/10.47176/mjiri.40.69
https://mjiri.iums.ac.ir/article-1-9319-en.html


    
 Leptin Resistance in NAFLD   

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2026 (29 Jun); 40:69. 
 

8 

STAT3, which then interacts with the mINDY promoter. 
This signaling pathway enhances citrate uptake and pro-
motes hepatic lipogenesis (42). IL‑6 strongly stimulates the 
acute‑phase reaction and also acts as a mitogenic factor for 
hepatocytes; therefore, activation of the IL-6 signaling 
pathway might cause the liver to ultimately develop liver 
cancer (43). Therefore, from two angles, the elevation of 
IL-6 with respect to NAFLD is important: 1) lipogenesis 
and 2) tumorigenesis, which both have been documented in 
acute fatty liver pathogenesis (44).  

TNF-α is an inflammatory cytokine produced by macro-
phages/monocytes during acute inflammation and is re-
sponsible for a diverse range of signaling events within 
cells, leading to necrosis or apoptosis (45). TNF-α is 
both an adipokine and a cytokine; as an adipokine, TNF-α 
promotes insulin resistance and is associated with obesity-
induced type 2 diabetes. As a cytokine, TNF‑α is a macro-
phage‑derived inflammatory mediator that activates multi-
ple intracellular signaling pathways during acute inflamma-
tion (46). In the present study, the elevation of FBS and TG 
as well as TC showed that TNF-α might be considered an 
adipokine, but an increase in serum metabolic enzymes 
such as AST and ALT would also raise the speculation to 
interpret the role of TNF-α as a cytokine too. Overall, an 
increase in the level of IL-6 and TNF-α in NAFLD would 
lead us to conclude that the inflammation induced by oxi-
dative stress due to the reduction of antioxidant enzyme ac-
tivity is detrimental to liver tissue. 

Leptin, which is predominantly produced by adipocytes, 
is a protein hormone that influences appetite and satiety 
and helps in the maintenance of energy reserves (47). The 
amount of circulating leptin correlates with the amount of 
energy reserves, mainly triglycerides stored in adipose tis-
sue. High leptin levels are interpreted by the brain as indi-
cating that energy reserves are high, whereas low leptin lev-
els indicate that energy reserves are low (48).  In obesity, 
high BMI is highly correlated with elevated leptin levels 
(49), especially in females (50), and a decreased sensitivity 
to leptin occurs (similar to insulin resistance in type 2 dia-
betes), resulting in an inability to detect satiety despite high 
energy stores and high levels of leptin (51). Overproduction 
of leptin in patients with NAFLD might be due to leptin 
insensitivity. In obesity, leptin resistance may arise from 
reduced transport of leptin into the brain and disruptions in 
downstream neuronal signaling (52, 53). In addition, alt-
hough leptin primary amino acid sequences show differ-
ences in vertebrates, its secondary and tertiary structures 
are similar (54), and we should take into consideration that 
it very much resembles the long-chain helical structure of 
interleukin (IL) 6 (55), which makes leptin a responsible 
molecule to be indirectly involved in the inflammatory re-
sponse in NAFLD (56). 

The findings indicate that leptin enhances insulin’s abil-
ity to suppress hepatic glucose production in rodents. This 
effect reflects a functional overlap between leptin and insu-
lin signaling, suggesting that both hormones may act 
through partially shared metabolic pathways (53). How-
ever, impairment of leptin signaling in pancreatic β cells 
might cause insulin resistance and decrease insulin suppres-

sion of hepatic gluconeogenesis, which elevates the pro-
duction of glucose in the liver (57). What we have observed 
in the present study might be of interest, since irrespective 
of BMI elevation, an increase in FBS, TG, and TC on one 
side and overproduction of inflammatory factors as well as 
inhibition of antioxidant enzyme activity from the other 
side might be a key factor in increasing the leptin level.  

 
Conclusion 
In a developing society, reduction in physical activity and 

diversion from the traditional food regime lead to accumu-
lation of fat in the liver, which causes oxidative stress and 
induction of liver damage leading to overproduction of in-
flammatory cytokines such as IL-6 and TNF-α, which work 
side by side to imbalance the metabolic activity.  Uncon-
trolled food habits and a sedentary lifestyle along with in-
flammatory response may cause severe liver conditions. 
The results of the present investigation might help the phy-
sician to diagnose fatty liver prior to acute injury. Although 
there are strong correlations between high BMI and over-
production of leptin, we showed that there might still be a 
strong correlation between reduction of antioxidant en-
zymes, elevation of inflammatory cytokines, and increase 
in leptin, which can be considered as a laboratory consider-
ation to diagnose NAFLD. While further studies with a 
larger patient cohort are necessary to confirm these find-
ings, the present study provides critical insights for medical 
experts into the intricate relationship between NAFLD, ox-
idative stress, and immunological responses. These find-
ings contribute to the growing body of evidence supporting 
the role of oxidative stress in disease progression and may 
help inform future research and clinical approaches. 
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