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Abstract

Background: Factors secreted from hepatocytes, such as hepatokines, play a role in regulating intra and extrahepatic metabolic 
processes. The aim of  this study was to investigate the effect of  combined aerobic-resistance training (CT) and calorie restriction 
(CR) on hepatokines alteration in women with non-alcoholic fatty liver (NAFL) disease. 
Methods: This quasi-experimental study was carried out using a pretest-posttest design in Ilam, Iran during the spring of  2023. A 
convenience sample of  37 participants was selected and randomly divided to one of  four groups: control, CR, CT and CR+CT. 
The CT program was performed for eight weeks and three sessions per week. The CR groups, alleviate 400- 500 kcal/day from 
total daily calorie intake. Fatty liver was measured by ultrasound. Serum level of  leukocyte-derived chemotaxin 2 (LECT2), 
angiopoietin-dependent growth factor (AGF) and sex hormone-binding globulin (SHBG) were measured in pre- and post-
intervention. Analysis of  covariance (ANCOVA) and Bonferroni post hoc test were used to analyze between-group alterations.
Results: After CT and CR+CT, LECT2 (P=0.011, P=0.006, respectively) and AGF (P=0.041, P=0.032, respectively) level 
significantly decreased than the control group, and in CR group decreased compared with the pre-intervention (P=0.037, 
P=0.018, respectively). Also, SHBG level in the CT and CR+CT groups significantly increased than the control group (P=0.013, 
P=0.006, respectively), and in CR group increased than the pre-intervention (P=0.004).
Conclusions: CR has limited effects on the level of  hepatokines in obese women with NAFL disease. In order to create favorable 
alterations in the level of  hepatokines, this intervention should be implemented with CT.
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1. Introduction

The accumulation of fat in liver tissue 
(hepatocytes) is called non-alcoholic fatty liver 
(NAFL) disease, which is associated with metabolic 
syndrome, cardiovascular diseases and type 2 
diabetes (1). There is also an inverse relationship 
between the level of physical activity and NAFL 
disease. Recently, lifestyle behavioral interventions, 
such as regular physical activity, have been 
proposed to modulate NAFL (2). On the other hand, 
abdominal obesity and sedentary are independent 
risk factors for the occurrence of chronic diseases 
such as type 2 diabetes and NAFL (3).

Recent advances in genetic technologies have 
provided new insights into the role of the liver as 
a central endocrine organ in metabolism (4). In 
addition, growing evidence has shown that the 
liver mediates the metabolic regulation between 

the liver and other organs by secreting various 
factors, including hepatokines (5). Hepatokines are 
hormone-like proteins mainly secreted by liver cells, 
and their concentration is significantly impaired in 
NAFL. In fact, disruption of hepatokines secretion 
in the onset of NAFL may alter the inter-organ 
signaling and contributes to the development of 
complex and multifaceted metabolic disorders (6).

Hepatokines include fetoin A and B, sex 
hormone binding globulin (SHBG), angiopoietin-
related growth factor (AGF), and leukocyte derived 
chemotaxin 2 (LECT2) (7). SHBG is produced in 
the liver and its main function is to transport sex 
hormones. However, SHBG serum concentration 
is also related to glucose metabolism, obesity and 
components of metabolic syndrome (8). It has 
been reported that serum SHBG concentration 
are lower in postmenopausal women with NAFL 
disease than in healthy controls (9). Likewise, the 
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serum concentration of SHBG decreased with 
the increase of intrahepatic fat, and changing the 
lifestyle as a treatment for obesity, which resulted 
in the reduction of intrahepatic fat, increased 
the serum concentration of SHBG (10, 11). AGF, 
also known as angiopoietin-related protein 6, is 
encoded by the Angptl6 gene and mainly released 
by the liver into the bloodstream (12). Studies 
showed that obese mice had AGF deficiency, insulin 
resistance and lipid accumulation in the liver and 
skeletal muscles (13). Therefore, this hepatokine 
may play an important role in carbohydrate and 
fat metabolism, and is considered as a protein that 
fights obesity and insulin resistance (12). LECT2 is 
another hepatokine expressed by liver cells in obese 
and insulin resistant individuals (14). In a previous 
study, it was shown that LECT2 expression in the 
liver is higher following a high-fat diet (15). Deletion 
of LECT2 in mice improves insulin sensitivity, 
which highlights its role in metabolic disorders. 
Treatment with recombinant LECT2 protein causes 
insulin resistance in skeletal muscles by disrupting 
insulin signaling (16). In experimental study, the 
AMP kinase enzyme is associated with negative 
regulation of LECT2 expression in the liver (17). 
Furthermore, human studies indicated that there 
is a direct relationship between serum LECT2 with 
BMI, waist circumference, HOMA-IR, and HbA1c 
(16, 18). It was also reported that the serum level of 
LECT2 is significantly higher in obese and NAFL 
patients (18).

Suggested treatments for NAFL include 
weight loss through diet, physical activity, and 
surgery in severe obesity. Although rapid weight 
loss aggravates this disease, but gradual weight 
loss has the greatest therapeutic effect on obese 
people with fatty liver (19). The most effective way 
to reach the ideal weight is to limit the intake of 
calories (20). Another effective way to control 
weight is exercise training, which helps maintain 
ideal weight by reducing appetite and adipose 
tissue mass (21). Also, exercise prevents damage to 
mitochondria and hepatocytes by increasing fatty 
acid oxidation, thus beneficially impacts the risk of 
onset and progression of chronic liver diseases (22, 
23). However, there is limited evidence about the 
simultaneous effects of CR and exercise training on 
NALF disease. Based on the literature search, the 
effects of exercise intervention on the level of serum 
hepatokines have been investigated in only one 
study (24). In this study, 8 weeks of high intensity 

interval training (HIIT) in women with NAFL, 
decreased LECT2 and AGF and increased SHBG 
concentration (24). In addition, the interactive 
effects of exercise training and caloric restriction 
(CR) on serum hepatokines in patients with NAFL 
have not been considered. Therefore, this study 
aimed to investigate the impacts of eight weeks of 
combined aerobic- resistance training (CT) and 
CR on alterations in the serum concentration of 
LECT2, AGF and SHBG in women with NAFL.

2. Methods 

2.1. Study design

This was a quasi-experimental study with a pre-
test and post-test design. 

2.2. Participants

The statistical population for this investigation 
consisted of all obese women with grade 2 and 3 
NAFL residing in Ilam, Iran during the spring of 
2023. The convenience sample was selected based on 
predetermined inclusion and exclusion criteria. The 
G*Power software (α=0.05, power=0.95), was used to 
calculate the sample size based on the AGF variable 
(25). The mean and standard deviation values for 
the experimental and control groups were 6.29±1.08 
and 7.81±1.35, respectively. The inclusion criteria 
were: not taking any medication, having no chronic 
disease and no physical activity a year before the 
beginning of the study, having an appropriate level 
of physical and mental health. The exclusion criteria 
were: non-compliance with recommended matters 
during the study, not regularly implementing the 
training program, changing the diet, history of 
cardiovascular, metabolic and kidney diseases, 
cancer, hypertension, hormonal disorders, and 
incidence of disease during the intervention. All the 
participants received information about the study 
and after reviewing this information, they were 
asked to sign the written informed consent. All the 
participants completed the related questionnaires 
and had no blood pressure, diabetes, and kidney 
and liver diseases. In addition, in one session, the 
participants became familiar with the methods  
of exercise. 

All conditions, limitations, disadvantages, 
benefits and side effects of the interventions in 
the present study, including CR and CT or their 
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combination (CR+CT) were explained to the 
participants. Finally, 37 obese women (age: 33.5±3.2 
years; body mass: 83.7±7.1 kg; Body mass index 
(BMI): 34.1±4.2 kg/m2) with NAFL, who attended 
medical centers in Ilam, Iran were selected. The 
study participants were randomly assigned to one 
of the four groups: control (n=9), CR (n=9), CT 
(n=9) and CR+CT (n=10). For random allocation, 
the participants randomly chose a number ranging 
from 1-37 (1-9 for the control, 10-18 for CR, 19-27 
for CT, and 28-37 for CR+CT groups) from a bag 
containing the numbers. CONSORT flow diagram 
is presented in Figure 1.

2.3. Interventions 

To ensure precise management of dietary 
intake throughout the study, a nutritionist closely 
monitored all participants. A 24-hour dietary 
recall questionnaire was used to determine energy 
intake during one week before and one week after 
the intervention (two normal days and one day off). 
To fill up the forms correctly, all the participants 
were given information about how to fill the 

questionnaire, units of measurement and choosing 
suitable days. The mentioned amounts of food 
were converted into grams using manual kitchen 
scales, and then coding was done according to the 
instructions of the N4 diet analysis software, and 
the amount of energy and macronutrients received 
was calculated. For each participant, 400- 500 kcal 
were deducted from the average energy intake for 
three days, and the diet was designed with the 
following distribution: 55- 60% carbohydrate, 
less than 30%bfat, and 10- 15% protein. The 
balanced low-calorie diet was based on the list 
of substitution tables (26), and after presenting 
the diet, explanations about the food pyramid, 
participation of each food group, restrictions 
on the amount and time of eating food, and the 
substitution appropriate solutions were provided 
for each participant.

Before starting training programs, all 
participants became familiar with the training 
procedures, intensity and equipment. The CT 
program was conducted three sessions per week 
for eight weeks (27). 

Figure 1: The figure shows the CONSORT flow diagram. CR: Caloric Restriction; CT: Combined Aerobic- resistance Training
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The aerobic part of the training consisted of 20 
minutes of continuous running with an intensity of 
40% of the heart rate reserve (HRR) in the first and 
second weeks, which was increased for 5 minutes 
every two weeks and 5% of its intensity so that 
at the end of the 8th week, it reached 30 minutes 
with an intensity of 60% of HRR. The resistance 
part of the training consisted of performing eight 
exercises (lunge, leg flexion, leg extension, calf 
raise, bench press, lat pull-downs, trunk extension, 
sit-up) in the first week with 40% of one maximum 
repetition (1RM) in 3 sets of 10-12 repetitions were 
performed with a 90-second rest between each 
set and exercise. Every two weeks, 5% was added 
to the training intensity and at the end it reached 
60% of 1RM in 3 sets and with 8-10 repetitions in 
the eighth week. When the participant was able 
to perform 2 additional repetitions in each set, 
resistance was added in the next set. At the end 
of the fourth week, 1RM was recalculated and 
the resistance training program for the following 
weeks was designed based on the new 1RM.

A 5-minute warm-up at the beginning and 
a 5-minute cool-down was performed at the end 
of each training session. The participants of the 
control group did not participate in any exercise 
program during the study period and continued 
their normal life.

2.4. Measurements

The height and body mass of the participants 
were measured and recorded using a medical 
scale (Saca, Germany). BMI was calculated as 
body mass (kilograms) divided by height (meters) 
squared. The participant’s waist was measured 
midway between the lowest rib and the iliac crest. 
The hip circumference was measured using a 
flexible two-meter standard tape measure at the 
point of maximal gluteal protuberance from the 
lateral view. The waist-to-hip ratio (WHR) was 
then calculated. Body fat mass was determined 
by bioelectrical impedance analysis using a Body 
Composition Analyzer (Tanita– BC418, Japan).

In this study, ultrasound was used to diagnose 
NAFL. Before the start of the study and 48 hours 
after the last training session, the participants 
underwent an abdominal ultrasound using a GE 
Voluson 730 (USA). NALF disease was classified 
as mild, moderate, and severe grades 1, 2, and 3, 
based on the echogenicity of liver, respectively.

After a 12-hour overnight fast and eight hours of 
sleep, blood samples were taken from the antecubital 
vein to measure serum concentration of LECT2, 
AGF, and SHBG in pre- and post-intervention. 
Post-intervention blood samples were obtained 
from participants in the training groups, 3 days 
after their last exercise session. On the days before 
the blood samples were taken, the participants 
were asked to avoid strenuous exercise and taking 
any drugs or supplements for 3 days. To prevent 
the effect of circadian rhythm, blood samples were 
taken at a certain time of the day between 08:30 
and 09:30. AGF and SHBG (ELISA kits, Hangzhou 
Eastbiopharm Co, USA), and LECT2 (ELISA kits, 
biovendor, USA) were analyzed by commercially 
available enzyme-linked immunosorbent assay. 
The intra- and inter-assay coefficients of variation 
for cytokines were <5%.

2.5. Data Analysis

Data were reported based on Mean±Standard 
Deviation. Statistical analysis of the obtained data 
was performed via SPSS version 24. The Shapiro-
Wilk test was used to determine the normality 
of data distribution and Levene’s test was used to 
examine the homogeneity of variances (P>0.05). 
The mean values before and after the interventions 
were compared using the paired t-test. Also, the 
differences in variables between the four groups 
(control, CR, CT and CR+CT) were compared with 
the analysis of covariance (ANCOVA), and then 
post hoc Bonferroni was used to compare pairwise 
means. The level of significance was considered to 
be P<0.05 for all the tests.

3. Results

Table 1 shows the demographic and 
anthropometric characteristics of the participants 
in pre- and post-intervention. At the beginning 
of the study, the analysis of covariance did not 
reveal any significant difference in anthropometric 
characteristics indices between the four groups (in 
all, P>0.5). But at the end of the intervention, waist 
circumference in the CR, CT and CR+CT groups 
significantly decreased than the control (P=0.02, 
P=0.03, and P=0.01, respectively). The body fat 
percentage in the CR+CT group as compared with 
the control group (P=0.02) and that in the CR and 
CT groups significantly decreased according to the 
pre-intervention (P=0.02 and P=0.04, respectively). 
A significant decline was seen in BMI in the CR 
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and CR+CT groups as compared with the baseline 
(P=0.04; P=0.04). Also, body mass decreased 
significantly in the CR+CT groups than the control 
(P=0.02) and in the CR compared with the pre-
intervention (P=0.03).

Alterations in the serum level of hepatokines 
before and after the intervention in the 
experimental and control groups are presented 
in Table 2. The results of covariance analysis and 
Bonferroni’s post hoc test showed a significant 

decrease in LECT2 and serum AGF concentration 
in CT (P=0.011 and P=0.041, respectively) and 
CR+CT (P=0.006 and P=0.032, respectively) 
groups as compared with the control group, and in 
CR compared with the pre-intervention (P=0.037, 
P=0.018, respectively). Additionally, a significant 
increase was seen in the concentration of serum 
SHBG in the CT (P=0.013) and CR+CT (P=0.006) 
groups compared with the control group, and 
in the CR group when compared with the pre-
intervention (P=0.004).

Table 1: The demographic and anthropometric characteristics of the participants in pre and post-intervention
Variables Groups Between- group 

Differences
(P value)

Control CR CT CR+CT

Age (years)
Pre-intervention 33.5±2.9 32.6±2.8 34.1±3.7 33.8±3.6 0.614
Body mass (kg)
Pre-intervention 81.8±7.6 84.2±9.3 82.9±5.2 85.6±6.3 0.02
Post-intervention 82.1±7.9 82 ±8.5* 81.6±6.6 80.8±6.1#
Within- group Differences (P value) 0.87 0.03 0.56 0.01
BMI (kg/m2)
Pre-intervention 32.9±3.6 35.1±4.7 33.8±3.9 34.5±4.8 0.03
Post-intervention 33±3.7 34.2±5* 33.4±4.1 32.8±5.2*
Within- group Differences (P value) 0.92 0.04 0.89 0.04
Body fat percentage (%)
Pre-intervention 38.4±3.5 35±3.3 40.2±3.8 37.2±3.6 0.01
Post-intervention 38.1±3.3 33.7±4.1* 38.6±3.7* 34.9±3.4#
Within- group Differences (P value) 0.75 0.02 0.04 0.01
Waist circumference (cm)
Pre-intervention 108.4±10.2 105.8±8.7 110.3±11.4 106.7±9.8 0.01
Post-intervention 108±9.8 101.5±9.3# 104.7±10.1# 98.4±8.6#
Within- group Differences (P value) 0.94 0.02 0.01 0.01
Data are expressed as mean±standard deviation. *Significantly decrease compared to the pre-intervention. # Significantly decrease rather 
than control group. CR: Caloric Restriction; CT: Combined Aerobic- resistance Training; BMI: Body Mass Index.

Table 2: Serum hepatokines alterations in pre and post-intervention in the study groups
Variables Groups Between- group 

Differences
(P value)

Control CR CT CR+CT

LECT2 (ng/ml)
Pre-intervention 4.1±0.76 3.9±0.65 4.2±0.81 4±0.73 0.009
Post-intervention 4.2±0.79 3.4±.0.61* 3.5±0.67# 3.2±.0.58#
Within- group Differences (P value) 0.72 0.037 0.001 0.001
AGF (ng/ml)
Pre-intervention 7.2±1.6 7.4±1.2 6.8±1.1 7.3±1.8 0.03
Post-intervention 7.1±1.3 6.8±0.9* 5.9±0.8# 6.1±0.7#
Within- group Differences (P value) 0.65 0.018 0.011 0.009
SHBG (ng/ml)
Pre-intervention 21.8±4.6 25.7±5.2 26.5±6.1 28.3±5.5 0.007
Post-intervention 22.4±4.8 29.8±5.9* 32.1±7.2# 35.2±6.7#
Within- group Differences (P value) 0.84 0.004 0.002 0.001
Data are expressed as mean±standard deviation. *Significantly difference compared to the pre-intervention. # Significantly difference 
rather than the control group. CR: Caloric Restriction; CT: Combined Aerobic- resistance Training; LECT2: Leukocyte derived chemotaxin 
2; AGF: Angiopoietin-related Growth Factor; SHBG: Sex Hormone Binding Globulin.
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4. Discussion

The findings of present study revealed that eight 
weeks of CT alone or in combination with CR 
results in a significant reduction in the circulation 
concentration of LECT2 and AGF that the control 
group, and in CR group decreased rather than the 
pre-intervention. Moreover, the increase in SHBG 
concentration in the CT and CR+ CT groups was 
significant that the control, and in CR compared to 
the pre-intervention. 

In the present study, CR, CT and CR+ CT 
decreased LECT2 concentration in obese women 
with NAFL. There are very limited studies on the 
effect of exercise training and diet interventions 
on LECT2 (24, 28). Only one study reported a 
significant decrease in LECT2 level in women with 
NAFL following eight weeks of HIIT (24). 

It has been reported that LECT2 serum 
concentration is positively correlated with the 
severity of NAFL, insulin resistance, inflammation 
and liver fibrosis (29). In addition, high-fat diet 
increased serum and liver LECT2 level in both 
animal and human models (30). On the contrary, 
following exercise training or pharmacological 
inhibition of dipeptidyl peptidase-4 in mice, the 
level of LECT2 decreased, which was attributed to 
the increase in AMPK phosphorylation (28). Also, 
M1 type macrophages and lower M1/M2 ratio 
were reported in the liver of mice with LECT2 
deficiency, which was associated with a decrease in 
liver inflammation (31). According to this finding, 
LECT2 plays a role in the onset of NAFLD. Given 
the possible reduction of intrahepatic fats and 
NAFL grade in the study participants, the decrease 
of LECT2 concentration seems reasonable. 
Therefore, according to our results, CT with and 
without CR can help improve patients with NAFL 
by reducing LECT2 concentration. At the same 
time, CT is more effective than CR in reducing 
LECT2 serum concentration.

The reduction of AGF level following CT and 
CR+ CT in obese women with NAFL was another 
finding of the present study. Human studies in this 
field are limited, but a few research are consistent 
with the present study. For example, a decrease 
in serum AGF concentration was reported in 
women with NAFL following eight weeks of HIIT 
(24). Literature showed that angiopoietin-related 
growth factor (AFG/Angptl6) effectively regulates 

fat, glucose and energy metabolism (32-34). It has 
been reported that AGF can be a potential regulator 
of metabolism homeostasis by combating obesity 
(32). On the other hand, it has been suggested 
that the overexpression of AGF in mice causes 
interference in the use of glucose and a decrease in 
hepatic glucose metabolism through insulin (33). 
Similarly, in AGF-deficient mice, glucose tolerance 
improved, fat mass increased, and visceral fat 
and inflammation decreased (34). Thus, it can be 
concluded that CT with CR exerts beneficial effects 
on glucose and fat metabolism by modulating AGF 
concentration and helps to improve NAFL.

On the other hand, some studies yielded findings 
that were inconsistent with those of the present 
study. Ingerslev and colleagues showed that AGF 
mRNA expression increased after a 60-minute 
ergometer cycling exercise in human participants 
(32). Also, a session of aerobic exercise (two hours/
cycling with an intensity of 50% of maximal oxygen 
consumption) increases the level of circulating AGF 
during fasting in healthy adults (35). These studies 
(32, 35) examined the acute effects of exercise and 
may be the reason for the discrepancies between 
their results and the findings of the present study. It 
seems that the changes of AGF to acute and chronic 
exercise are different. However, more controlled 
studies are needed to make a definitive statement.

Finally, the results of the present study showed 
that the concentration of SHBG increased 
significantly following CT and CR+ CT. It was 
reported that the level of SHBG increases with 
changes in lifestyle, including diet and aerobic 
exercise, and its increase is related to the reduction 
of steatosis (36). Consistent with our study, some 
other studies (24, 37, 38) reported an increase in 
SHBG concentration following different models of 
aerobic training. It was shown that after eight weeks 
of HIIT, serum concentration of SHBG increased 
in women with NAFL (24). Similarly, 16 weeks of 
aerobic training increased SHBG concentration 
in obese women (37). In another study, daily 
walking along with CR for three weeks increased 
serum SHBG level in obese men (38). Similar 
characteristics of the participants, such as gender, 
body composition, and health status, as well as the 
type of exercise intervention, may be regarded as 
the reason of the alignment of these results.

The mechanisms of SHBG increase following 
exercise-diet interventions are not fully understood. 
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In this regard, due to the inverse relationship 
between BMI and SHBG level, it is possible that the 
improvement in the level of this hepatokine is due to 
the change in body composition and the reduction 
of body fat percentage (39). In confirmation of this 
hypothesis, along with an increase in SHBG level, a 
decrease in body fat percentage and BMI has been 
seen in the present study. Decreased insulin level 
is another proposed mechanism for increasing 
SHBG. Also, according to experimental findings, 
adiponectin upregulates SHBG production in 
liver cells (39). Since the insulin and adiponectin 
concentration was not measured in our study, no 
definite conclusion can be made in this regard. 
To understand the exact mechanisms of SHBG 
level changes following training and CR, further 
research is warranted.

Inconsistent with our result, in another study, 
SHBG concentration did not change after 10 weeks 
of CT in obese postmenopausal women (40). The 
possible reason for these contradictory results may 
be due to the difference in the type, intensity, and 
duration of exercise used and the characteristics of 
the participants.  

4.1. Limitations

This study had certain limitations. Firstly, the 
genetic characteristics, level of physical activity 
outside the study time, amount of sleep and 
menstrual cycle of the participants could not be 
controlled, as these factors may affect individual 
adaptations to the used interventions. Secondly, 
some factors affecting the level of hepatokines, such 
as insulin and adiponectin, were not measured in 
this study. Additionally in this study, only obese 
women with NAFL were used, which potentially 
limiting the generalizability of the findings to 
other populations.

5. Conclusions

In summary, the results of the present study 
revealed that combined aerobic- resistance training 
independently and with caloric restriction improves 
the level of hepatic hepatokines and the body 
composition of patients with NAFL. Also, combined 
aerobic- resistance training more effectively than 
caloric restriction changed the concentration of 
serum hepatokines. Caloric restriction has limited 
effects on the level of hepatokines in obese women 
with NAFL disease. In order to create favorable 

alterations in the level of hepatokines, this 
intervention should be implemented together with 
combined aerobic- resistance training. However, 
due to the lack of sufficient data in this field, further 
research is needed to achieve a general result, and 
the effective mechanisms on liver hepatokines in 
patients with NAFL.

Acknowledgments

This article was extracted from MSc dissertation 
of Ms. Mitra Hayati in the Islamic Azad University, 
Ilam, Iran. Also, the authors would like to 
appreciate the collaboration of all women in the 
present project. 

Authors’ Contribution

Mitra Hayati: Substantial contributions to the 
conception and design of the work; the acquisition, 
analysis, and interpretation of data for the work; 
drafting the work and reviewing it critically for 
important intellectual content. Fardin Fatahi: 
Substantial contributions to the conception and 
design of the work; the acquisition, analysis, and 
interpretation of data for the work; drafting the 
work and reviewing it critically for important 
intellectual content. Abdolhossein Taheri Kalani: 
Substantial contributions to the conception and 
design of the work; the acquisition, analysis, and 
interpretation of data for the work; drafting the work 
and reviewing it critically for important intellectual 
content. All authors have read and approved the 
final manuscript and agree to be accountable for all 
aspects of the work, such as the questions related to 
the accuracy or integrity of any part of the work.

Conflict of interest: None declared. 

Funding: None.

Ethical Approval

This study was approved by the Ethics Committee 
of Sport Sciences Research Institute of Tehran, 
Iran with the code of IR.SSRC.REC.1402.106. Also, 
written informed consent was obtained from the 
participants. 

References

1.	 Khan MS, Lee C, Kim SG. Non-alcoholic fatty 
liver disease and liver secretome. Arch Pharm 



177Women. Health. Bull. 2025; 12(3)

Combined training and calorie restriction in hepatokines

Res. 2022;45(12):938-63. doi:10.1007/s12272-
022-01419-w. PubMed PMID: 36441472; 
PubMed Central PMCID: PMC9703441.

2.	 Shephard RJ, Johnson N. Effects of physical 
activity upon the liver. Eur J Appl Physiol. 
2015;115(1):1-46. doi: 10.1007/s00421-014-3031-
6. PubMed PMID: 25366252.

3.	 Menendez A, Wanczyk H, Walker J, Zhou B, 
Santos M, Finck C. Obesity and adipose tissue 
dysfunction: from pediatrics to adults. Genes. 
2022;13(10):1866. doi: 10.3390/genes13101866. 
PubMed PMID: 36292751; PubMed Central 
PMCID: PMC9601855.

4.	 Lebensztejn DM, Flisiak-Jackiewicz M, 
Białokoz-Kalinowska I, Bobrus-Chociej A, 
Kowalska I. Hepatokines and non-alcoholic 
fatty liver disease. Acta Biochim Pol. 
2016;63(3):459-67. doi:10.18388/abp.2016_1252. 
PubMed PMID: 27262842.

5.	 Jensen-Cody SO, Potthoff MJ. Hepatokines 
and metabolism: Deciphering communication 
from the liver. Mol Metab. 2021;44:101138. 
doi: 10.1016/j.molmet.2020.101138. PubMed 
PMID: 33285302; PubMed Central PMCID: 
PMC7788242.

6.	 Kim TH, Hong DG, Yang YM. Hepatokines 
and non-alcoholic fatty liver disease: Linking 
liver pathophysiology to metabolism. 
Biomedicines. 2021;9(12):1903. doi: 10.3390/
biomedicines9121903. PubMed PMID: 
34944728; PubMed Central PMCID: 
PMC8698516. 

7.	 Le S, Xu L, Schumann M, Wu N, Törmäkangas 
T, Alén M, Cheng S, Wiklund P. Does sex 
hormone-binding globulin cause insulin 
resistance during pubertal growth? Endocr 
Connect. 2019;8(5):510-17. doi: 10.1530/EC-
19-0044. PubMed PMID: 30925463; PubMed 
Central PMCID: PMC6499923.

8.	 Lazo M, Zeb I, Nasir K, Tracy RP, Budoff 
MJ, Ouyang P, et al. Association between 
endogenous sex hormones and liver fat in 
a multiethnic study of atherosclerosis. Clin 
Gastroenterol Hepatol. 2015;13(9):1686-
93. doi: 10.1016/j.cgh.2014.12.033. PubMed 
PMID: 25592661; PubMed Central PMCID: 
PMC4500744.

9.	 Luo J, Chen Q, Shen T, Wang X, Fang W, Wu 
X, et al. Association of sex hormone-binding 
globulin with nonalcoholic fatty liver disease in 
Chinese adults. Nutr Metab (Lond). 2018;15:79. 
doi: 10.1186/s12986-018-0313-8. PubMed 

PMID: 30455723; PubMed Central PMCID: 
PMC6225668.

10.	 Arefhosseini S, Ebrahimi-Mameghani M, 
Najafipour F, Tutunchi H. Non-alcoholic 
fatty liver disease across endocrinopathies: 
interaction with sex hormones. Front 
Endocrinol (Lausanne). 2022;13:1032361. 
doi: 10.3389/fendo.2022.1032361. PubMed 
PMID: 36419770; PubMed Central PMCID: 
PMC9676462.

11.	 Zhang X, Mou Y, Aribas E, Amiri M, Nano J, 
Bramer WM, et al. Associations of sex steroids 
and sex hormone-binding globulin with non-
alcoholic fatty liver disease: A Population-
based study and meta-analysis. genes (Basel). 
2022;13(6):966. doi: 10.3390/genes13060966. 
PubMed PMID: 35741728; PubMed Central 
PMCID: PMC9223113.

12.	Namkung J, Sohn JH, Chang JS, Park SW, Kim 
JY, Koh SB, et al. Increased serum angiopoietin-
like 6 ahead of metabolic syndrome in a 
prospective cohort study. Diabetes Metab J. 
2019;43(4):521-29. doi: 10.4093/dmj.2018.0080. 
PubMed PMID: 30968619; PubMed Central 
PMCID: PMC6712233.

13.	 Kim JH. Letter: Increased serum angiopoietin-
like 6 ahead of metabolic syndrome in a 
prospective cohort study. Diabetes Metab J. 
2019;43(5):727-28. doi: 10.4093/dmj.2019.0172. 
PubMed PMID: 31694083; PubMed Central 
PMCID: PMC6834845.

14.	 Xie Y, Fan KW, Guan SX, Hu Y, Gao Y, Zhou 
WJ. LECT2: A pleiotropic and promising 
hepatokine, from bench to bedside. J Cell 
Mol Med. 2022;26(13):3598-607. doi: 10.1111/
jcmm.17407. PubMed PMID: 35656863; 
PubMed Central PMCID: PMC9258709.

15.	 Willis SA, Sargeant JA, Yates T, Takamura 
T, Takayama H, Gupta V, et al. Acute 
hyperenergetic, high-fat feeding increases 
circulating FGF21, LECT2, and Fetuin-A in 
healthy men. J Nutr. 2020;150(5):1076-85. doi: 
10.1093/jn/nxz333. PubMed PMID: 31919514.

16.	 Zheng X, Lu J, Xiang S, Zou P, Chen H, Liu J, 
et al. Elevated serum levels of leukocyte cell-
derived chemotaxin 2 are associated with 
the prevalence of metabolic syndrome. Acta 
Diabetol. 2024;61(5):643-55. doi: 10.1007/
s00592-024-02242-z. PubMed PMID: 
38383671.

17.	 Wang J, Chen Y, Pan R, Wu C, Chen S, Li L, 
et al. Leukocyte cell-derived chemotaxin 2 



178 Women. Health. Bull. 2025; 12(3)

Hayati M et al.

promotes the development of nonalcoholic 
fatty liver disease through STAT-1 pathway in 
mice. Liver Int. 2021;41(4):777-87. doi: 10.1111/
liv.14816.  PubMed PMID: 33555112.

18.	 Zhu S, Bennett S, Li Y, Liu M, Xu J. The 
molecular structure and role of LECT2 or 
CHM-II in arthritis, cancer, and other diseases. 
J Cell Physiol. 2022;237(1):480-88. doi: 10.1002/
jcp.30593. PubMed PMID: 34550600.

19.	 Nath P, Panigrahi MK, Sahu MK, Narayan J, 
Sahoo RK, Patra AA, et al. Effect of exercise 
on NAFLD and its risk factors: Comparison of 
moderate versus low intensity exercise. J Clin 
Transl Hepatol. 2020;8(2):120-26. doi: 10.14218/
JCTH.2019.00012. PubMed PMID: 32832391; 
PubMed Central PMCID: PMC7438352.

20.	Pouwels S, Sakran N, Graham Y, Leal A, Pintar 
T, Yang W, et al. Non-alcoholic fatty liver 
disease (NAFLD): A review of pathophysiology, 
clinical management and effects of weight 
loss. BMC Endocr Disord. 2022;22(1):63. 
doi: 10.1186/s12902-022-00980-1. PubMed 
PMID: 35287643; PubMed Central PMCID: 
PMC8919523.

21.	 Sargeant JA, Gray LJ, Bodicoat DH, Willis 
SA, Stensel DJ, Nimmo MA, et al. The 
effect of exercise training on intrahepatic 
triglyceride and hepatic insulin sensitivity: a 
systematic review and meta-analysis. Obes Rev. 
2018;19(10):1446-59. doi: 10.1111/obr.12719.. 
PubMed PMID: 30092609.

22.	van der Windt DJ, Sud V, Zhang H, Tsung A, 
Huang H. The effects of physical exercise on 
fatty liver disease. Gene Expr. 2018;18(2):89-
101. doi: 10.3727/105221617X15124844266408
. PubMed PMID: 29212576; PubMed Central 
PMCID: PMC5954622.

23.	Xue Y, Peng Y, Zhang L, Ba Y, Jin G, Liu G. 
Effect of different exercise modalities on 
nonalcoholic fatty liver disease: A systematic 
review and network meta-analysis. Sci Rep. 
2024;14(1):6212. doi: 10.1038/s41598-024-
51470-4. PubMed PMID: 38485714; PubMed 
Central PMCID: PMC10940706.

24.	Ghorbanian B, Saberi Y. The response of 
some hepatokines and insulin resistance to 
high intensity interval training in women 
with non-alcoholic fatty liver. J Appl Exer 
Physiol. 2020;16(32):57-71. doi: 10.22080/
jaep.2020.19204.1959. Persian.

25.	Kang H. Sample size determination and power 
analysis using the G*Power software. J Educ 

Eval Health Prof. 2021;18:17. doi: 10.3352/
jeehp.2021.18.17. PubMed PMID: 34325496; 
PubMed Central PMCID: PMC8441096.

26.	Lough ME. Volume-based feeding in enteral 
nutrition: what about diabetes? Crit Care Nurse. 
2017;37(4):76-77. doi: 10.4037/ccn2017143. 
PubMed PMID: 28765357. 

27.	 Saiedinejad E, Taheri Kalani A, Fatahi F. The 
effects of concurrent training and calorie 
restriction on anti-inflammatory adipokines 
and insulin sensitivity in obese women with 
fatty liver. Daneshvar Med. 2023;31(2):56-67. 
doi: 10.22070/daneshmed.2023.17509.1338. 
Persian. 

28.	Hwang HJ, Jung TW, Kim BH, Hong HC, Seo 
JA, Kim SG, et al. A dipeptidyl peptidase-IV 
inhibitor improves hepatic steatosis and insulin 
resistance by AMPK-dependent and JNK-
dependent inhibition of LECT2 expression. 
Biochem Pharmacol. 2015;98(1):157-66. doi: 
10.1016/j.bcp.2015.08.098. PubMed PMID: 
26297911.

29.	 Yoo HJ, Hwang SY, Choi JH, Lee HJ, Chung 
HS, Seo JA, et al. Association of leukocyte cell-
derived chemotaxin 2 (LECT2) with NAFLD, 
metabolic syndrome, and atherosclerosis. PLoS 
One. 2017;12(4):e0174717. doi: 10.1371/journal.
pone.0174717. PubMed PMID: 28376109; 
PubMed Central PMCID: PMC5380318.

30.	Tanimura Y, Aoi W, Takanami Y, Kawai Y, 
Mizushima K, Naito Y, et al. Acute exercise 
increases fibroblast growth factor 21 in 
metabolic organs and circulation. Physiol Rep. 
2016;4(12):e12828. doi: 10.14814/phy2.12828. 
PubMed PMID: 27335433; PubMed Central 
PMCID: PMC4923231.

31.	 Takata N, Ishii KA, Takayama H, Nagashimada 
M, Kamoshita K, Tanaka T, et al. LECT2 as a 
hepatokine links liver steatosis to inflammation 
via activating tissue macrophages in NASH. Sci 
Rep. 2021;11(1):555. doi: 10.1038/s41598-020-
80689-0. PubMed PMID: 33436955; PubMed 
Central PMCID: PMC7804418.

32.	 Ingerslev B, Hansen JS, Hoffmann C, Clemmesen 
JO, Secher NH, Scheler M, et al. Angiopoietin-
like protein 4 is an exercise-induced hepatokine 
in humans, regulated by glucagon and cAMP. 
Mol Metab. 2017;6(10):1286-95. doi: 10.1016/j.
molmet.2017.06.018. PubMed PMID: 29031727; 
PubMed Central PMCID: PMC5641605.

33.	 Singh AK, Chaube B, Zhang X, Sun J, Citrin 
KM, Canfrán-Duque A, et al. Hepatocyte-



179Women. Health. Bull. 2025; 12(3)

Combined training and calorie restriction in hepatokines

specific suppression of ANGPTL4 improves 
obesity-associated diabetes and mitigates 
atherosclerosis in mice. J Clin Invest. 
2021;131(17):e140989. doi: 10.1172/JCI140989. 
PubMed PMID: 34255741; PubMed Central 
PMCID: PMC8409581.

34.	Janssen AWF, Katiraei S, Bartosinska B, 
Eberhard D, Willems van Dijk K, Kersten S. 
Loss of angiopoietin-like 4 (ANGPTL4) in mice 
with diet-induced obesity uncouples visceral 
obesity from glucose intolerance partly via the 
gut microbiota. Diabetologia. 2018;61(6):1447-
58. doi: 10.1007/s00125-018-4583-5. PubMed 
PMID: 29502266; PubMed Central PMCID: 
PMC6449003.

35.	 Kersten S, Lichtenstein L, Steenbergen E, 
Mudde K, Hendriks HF, Hesselink MK, et 
al. Caloric restriction and exercise increase 
plasma ANGPTL4 levels in humans via 
elevated free fatty acids. Arterioscler Thromb 
Vasc Biol. 2009;29(6):969-74. doi: 10.1161/
ATVBAHA.108.182147. PubMed PMID: 
19342599.

36.	Brianso-Llort L, Saéz-Lopez C, Alvarez-
Guaita A, Ramos-Perez L, Hernandez C, Simó 
R, et al. Recent advances on sex hormone-
binding globulin regulation by nutritional 
factors: clinical implications. Mol Nutr Food 
Res. 2024;68(14):e2400020. doi: 10.1002/
mnfr.202400020. PubMed PMID: 38934352.

37.	 Kim JW, Kim DY. Effects of aerobic exercise 
training on serum sex hormone binding 
globulin, body fat index, and metabolic 
syndrome factors in obese postmenopausal 
women. Metab Syndr Relat Disord. 
2012;10(6):452-7. doi: 10.1089/met.2012.0036. 
PubMed PMID: 22989086.

38.	van Gemert WA, Schuit AJ, van der Palen J, 
May AM, Iestra JA, Wittink H, et al. Effect 
of weight loss, with or without exercise, on 
body composition and sex hormones in 
postmenopausal women: the SHAPE-2 trial. 
Breast Cancer Res. 2015;17(1):120. doi: 10.1186/
s13058-015-0633-9. PubMed PMID: 26330303; 
PubMed Central PMCID: PMC4557857.

39.	 Briansó-Llort L, Fuertes-Rioja L, Ramos-
Perez L, Hernandez C, Simó R, Selva DM. 
Caffeine upregulates hepatic sex hormone-
binding globulin production by increasing 
adiponectin through AKT/FOXO1 pathway 
in white adipose tissue. Mol Nutr Food 
Res. 2020;64(17):e1901253. doi: 10.1002/
mnfr.201901253. PubMed PMID: 32652892.

40.	Khorshidi D, Sarmadiyan M, Khoramjah 
M. Effect of aerobic- strength training on 
sex hormone binding globulin and some 
obesity indices in overweight and obese 
postmenopausal women. IJBD. 2016;9(1):14-20. 
Persian. 


