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ABSTRACT

Liver heptokines are important factors in obesity-related diseases. Both exercise
and diet are essential interventions for obesity control. This study aims to compare the effectiveness of
six weeks of aerobic and resistance exercises and ketogenic diet on fibroblast growth factor 21 (FGF21)
selenoprotein P. levels and blood lipid profile in overweight or obese men.

[VETTLE This is a quasi-experimental study with a pretest-posttest design. Participants were 36 over-
weight or obese male college students with a body mass index above 25 kg/m? , who were selected
using a convenience sampling method, and were randomly divided into three groups including aerobic
exercise + ketogenic diet (n=12), resistance exercise + ketogenic diet (n=12), and ketogenic diet (n=12).
Aerobic exercise consisted of moderate-intensity running for six weeks at three sessions per week. Re-
sistance training consisted of circuit training for six weeks at three sessions per week. The ketogenic
diet included the restriction of carbohydrate intake to <10% of total daily energy intake. Fasting blood
samples were collected in pre-test and post-test phases. Serum levels of FGF21 and selenoprotein P.
were measured by the ELISA method, and blood lipid profile including total cholesterol, HDL, and LDL
were measured by enzyme assay method. Two-way mixed analysis of variance (ANOVA) was used for
statistical analysis. Bonferroni post hoc test was used for between-group comparison and paired t-test
was used for within-group comparison.

ST The interaction effect of time and group was no significant for FGF21 (P>0.05), but the main
effect of time was significant (P=0.001). All three groups showed a significant increase in FGF21 in the
posttest phase compared to the pretest phase (P<0.05). The selenoprotein P. serum level was not sig-
nificantly different between groups or between two evaluation times (P>0.05). The interaction effect of
time and group was not significant for lipid profile (P>0.05). The within-group comparison indicated a
significant decrease in LDL and total cholesterol and an increase in HDL in all groups (P<0.05).
[@TEIERT It seems that both aerobic and resistance exercises during a ketogenic diet can increase FGF21
and improve lipid profile in overweight or obese men. There is no significant difference between the two
¢ methods. They have no superiority over the ketogenic diet alone in affecting heptokines and lipid profile.
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Introduction

besity is one of the risk factors for type 2

diabetes, which causes an increase in lipid

accumulation, especially in the liver and

skeletal muscle. This process can often
lead to non-alcoholic fatty liver disease, which predicts
cardiovascular diseases, dyslipidemia, high blood pres-
sure, increased insulin resistance, and type 2 diabetes. In
this regard, recent studies have shown that a number of
hepatokine are associated with obesity and indicators of
insulin resistance and have important effects on central
and peripheral tissue metabolism. The effect of exercise
and ketogenic diet on the hepatokines and blood lipid
profile has been investigated previously. Considering
the popularity of low carbohydrate ketogenic diet among
overweight and obese individuals, the effectiveness of
both aerobic and resistance exercises during a ketogenic
diet on some hepatokines has not been investigated. It is
not clear whether the mechanism of exercise and ketogen-
ic diet in reducing weight and related diseases is through
making changes in liver hepatokines. Therefore, this
study aims to investigate the effect of aerobic and resis-
tance exercises during a six-week period of ketogenic diet
on serum levels of fibroblast growth factor 21 (FGF21)
and selenoprotein P. (two hepatokines), and blood lipid
profile in overweight or obese men.

Materials and Methods

This is a quasi-experimental study with a pretest-post-
test design. Participants were 36 inactive male students of
Farhangian University in Urmia, Iran, aged 19-25 years
with a body mass index above 25 Kg/m?. They were
randomly divided into three groups including ketogenic
diet (n=12), aerobic exercisetketogenic diet (n=12), and
resistance trainingtketogenic diet (n=12). Four subjects
from each group were excluded from the study due to not
participating regularly in the training, inability to adhere
to the ketogenic diet, and personal problems. The exer-
cise groups participated in a six-week training program
at three sessions per week, each for 40-60 minutes. The
ketogenic diet group only maintained and followed their
diet during the study and did not have regular exercise.
Fasting blood samples were collected 48 hours before
the exercise and diet programs for measuring the serum
levels of FGF21, selenoprotein P., and blood lipid profile.
The ketogenic diet was prescribed and controlled accord-
ing to studies of Green et al. [28] and Vargas et al. [24].

Scientific Journal of

The prescribed diet included the restriction of the car-
bohydrate intake, but the ad libitum total calorie intake.
Carbohydrate intake restricted to 10% of daily caloric
intake or about 50 grams per day. Counseling and nutri-
tional resources were provided to help subjects adhere to
the ketogenic diet. Ketogenic diet was monitored by mea-
suring urinary ketones once per week by urine test stripes
(DIA, Diaplus Inc. Canada). Moderate intensity continu-
ous training protocol was used for aerobic exercise in this
study according to Ahmadizad et al. [29], which included
running for six weeks at 3 sessions per week. The circuit
training protocol was used for resistance exercise accord-
ing to Alcaraz et al. [30] which conducted for six weeks
at three sessions per week and every other day. At each
session, subjects were performed two short circuits. To-
tal cholesterol, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) were measured by an enzyme
staining technique using a kit (Bayerpaul Company, Iran).
Serum levels of FGF21 and selenoprotein P. were mea-
sured by the ELISA method using a kit (Elabscience, Chi-
na). To evaluate the effectiveness of exercises and keto-
genic diet, two-way mixed analysis of variance (ANOVA)
was used, followed by Bonferroni post hoc test to compare
the differences between groups. Within-group comparison
was done by paired T-test in pre-test and post-test phases.

Results

The results of ANOVA for FGF21 showed that the effect
of time was significant (P=0.001). However, the interac-
tion effect of time and group was not significant (P>0.05).
Therefore, no significant difference was found among the
three groups. Within-group comparison of FGF21 was
shown that all three groups had a significant increase in
the post-test phase compared to the pretest phase (P<0.05).
The results of ANOVA for selenoprotein P. showed that
main effect of time and the interaction effect of time and
group were not significant (P>0.05). Therefore, no sig-
nificant difference was observed between the groups.
There was no significant within-group differences in
selenoprotein P. levels in any groups, despite the decrease
after intervention compared to the pretest phase (P>0.05).
The results of ANOVA for lipid profile showed that the
effect of time was significant (P=0.001), but, the interac-
tion effect of time and group was not significant (P>0.05).
Therefore, no significant difference was found in the lipid
profile among three groups. Within-group comparison of
HDL in three groups showed a significant increase in the
post-test phase compared to the pretest, while total cho-
lesterol and LDL showed a significant decrease.
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Conclusion

It seems that aerobic and resistance exercises during ke-
togenic diet can be useful as non-pharmacological inter-
ventions for increasing FGF21 level and blood lipid pro-
file in overweight or obese men. Aerobic and resistance
exercises have no advantage over ketogenic diet alone.
Further studies are needed to investigate the effect of the
combination of exercise and ketogenic diet on selenopro-
tein P. level.
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4. Shapiro-Wilk Test
5. Paired sample t test
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3. Ankle extension
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6. Peroxisome proliferator-activated receptor
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