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Introduction: Insulin resistance and low adropin level are two risk factors for comorbidity 
in overweight individuals. The aim of this study was to investigate whether eight weeks 
of endurance (ET) and resistance training (RT) could affect adropin and insulin resistance 
among overweight men.
Methods: In this clinical trial, 27 overweight university students (20-28 years of age; 
25 <body mass index> 29.9) were recruited and randomly allocated into three groups: 
control (n=9), RT (n=9) and ET (n=9). The RT consisted of eight moves (3 sessions/ week) 
performed in two sets of 6 repetitions with 30% of 1 repetition maximum (RM) during week 
1, and gradually increased to four sets of 6 repetitions with 70% of 1RM by the 8th week. 
The ET program included treadmill running (3 days/ week) performed during 15-40min for 
eight weeks with an intensity of 50-80% of the maximum heart rate. 
Results: The results showed that the levels of adropin in the ET group significantly increased 
more than that of RT and control group. Moreover, fasting blood insulin and homeostasis 
model assessment of insulin resistance significantly decreased in both groups, while fasting 
blood glucose and quantitative insulin-sensitivity check index did not significantly change.
Conclusion: It is concluded from the results of this study that eight weeks of ET and RT 
could help improve the metabolic profile among overweight youngsters. It is also possible 
that ET is more beneficial in this matter than RT.
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The prevalence of obesity and overweight is alarm-
ingly increasing (Mokdad et al., 2003). According to the 
report of World Health Organization, 39% of adults ≥18 
years were overweight in 2016 (WHO, 2020). Plenty of 
adverse health outcomes have been reported to be asso-
ciated with overweight, such as cardiovascular diseases, 

diabetes mellitus, etc. (Kopelman, 2007; Kuczmarski et 
al., 1994), which indicates the need for action to address 
this problem, especially among youngsters.

The correlation between obesity with glucose and 
lipid abnormal metabolism has been well established, 
yet the exact mechanisms linking obesity to metabol-
ic disorders remain elusive (Chen et al., 2019). Peptide 
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hormones are critical molecules involved in controlling 
energy homeostasis, and adropin is one of them. It is sug-
gested that serum adropin level decreases in overweight 
and obese individuals (Yosaee et al., 2017). This small 
peptide is encoded by the energy homeostasis-associat-
ed gene (Jasaszwili et al., 2020). Adropin is known as a 
fat-burning hormone, due to activating the peroxisome 
proliferator-activated receptor-γ, which regulates the ex-
pression of genes associated with lipid metabolism (Gao 
et al., 2014). There is also evidence indicating that adro-
pin modulates physical activity and motor coordination 
through various signaling pathways in the brain (Wong 
et al., 2014). Another complication of overweight and 
obesity is insulin resistance (Kahn and Flier, 2000). In-
sulin, being an important metabolic hormone, controls 
metabolism of glucose and other macronutrients (Hall, 
2010). Excessive body fat and altered adipocyte-derived 
factors such as free fatty acids, impair insulin activity 
and cause insulin resistance in obese and overweight 
adults (Greenberg and McDaniel, 2002).

Previous publications declared that increasing phys-
ical activity and limiting sedentary time could im-
prove insulin sensitivity on target tissues (Alizadeh et 
al., 2018; Rice et al., 1999; Ryan and Nicklas, 2004). 
A positive association between aerobic exercise train-
ing and serum adropin level has also been observed in 
obese elderly adults (Fujie et al., 2017). On the contrary, 
Sanchis-Gomar et al. (2015) did not observe any signif-
icant changes in the adropin level among professional 
football players. Such contradictory results led us to de-
sign this study to better understand the effect of exer-
cise on adropin and insulin resistance, two hallmarks of 
overweight and obesity. Besides, previous studies have 
mainly focused on aerobic exercise (Dengel et al., 1996; 
Nishida et al., 2004) which may be different from re-
sistance training (RT) due to lower intensity of the in-
tervention. Endurance and resistance training result in 
specific, different and sometimes opposite physiological 
adaptations of the muscles. Here, we aim to compare 
endurance training (ET, also known as aerobic exercise) 
with RT, in which muscle groups are trained by repet-
itively lifting heavy weights (Beckers et al., 2008). To 
sum up, our hypothesis is that both ET and RT could 
significantly improve adropin and insulin sensitivity in 
overweight male students. We also aim to compare the 
effects of these two types of exercise as well.

Material and methods
Study design
This study was a randomized, three-armed clinical 

trial. Participant recruitment within male university stu-
dents was conducted at the Ilam University, Ilam, Iran, 
from April 2018 to March 2019. This study had been 
approved by the Ethics Committee of Sports Sciences 
Research Institute of Iran (SSRII) (reference no: IR.SS-
RI.REC.1397.363). The authors ensure that the work 
has been carried out in accordance with The Code of 
Ethics of the World Medical Association (Declaration 
of Helsinki) and this paper is written according to the 
CONSORT checklist.

Participants
In this randomized controlled trial, 27 male univer-

sity students were voluntarily recruited to the present 
study. Females were excluded from this study due to 
the effect of menstrual cycle on body composition and 
physical fitness. Sample size was calculated based on 
the primary outcome of this study, adropin. According 
to Fujie et al. (2017) study, with an effect size of 2.1 
and a power of 80% (α=0.05), assuming approximately 
10% dropout rate, the total sample size was calculated 
as 27 (9 participants in each group). The inclusion crite-
ria included: (1) university dormitory students from 20 
to 28 years of age, (2) with the body mass index (BMI) 
greater than 25 and less than 30, (3) those who were not 
professional athletes (with no history of regular exercise 
program within the past six months before the study 
and no other exercise program during the course of the 
study), (4) non-smokers, (5) those who only consumed 
meals provided by the university with no change in their 
diets, and (6) those with no history of using supplements 
within the last six months prior to, as well as during the 
course of the study. There were also two exclusion cri-
teria: (1) those with problems restricting their exercise 
performance (i.e., neurological, muscular and skeletal 
problems) and (2) those who missed the exercise pro-
grams either more than three consecutive days or for a 
total of four sessions. Written informed consent was ob-
tained from the participants before the beginning of the 
intervention.

Study protocol
Male students were informed about the study condi-

tions and protocol through advertisements and flyers 
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posted on the walls throughout the university. Volun-
teers were then checked for the eligibility and if proven 
eligible, would sign the written informed consent and 
be recruited to the study. We used the permuted block 
randomization with quadruple blocks. Twenty blocks 
were produced and in order to apply the concealment 
in the randomization process, unique codes were writ-
ten on a piece of paper and were put in similar enve-
lopes. Concealed envelopes were then used to random-
ly allocate the patients to either RT (n=9), ET (n=9) or 
the control group (n=9) (Figure 1). Technicians taking 
blood samples, lab technicians performing biochemical 
assessment and the statistical analysist were blinded to 
the randomization.

Participants completed a questionnaire on general in-
formation and then assessed for the anthropometric indi-
ces.  Body weight was measured with minimal clothing 
using the Seka scale (Hamburg, Germany). Height was 
measured standing up without shoes using a tape mea-
sure. BMI was calculated by dividing weight (kg) by 
squared height (m). Two samples of 10ml blood were 
collected from the participants after a 12h overnight fast, 
48h before beginning the first training session and 48h 
after the last session. These samples were centrifuged 
at 4000rpm for 10min, after that serum samples were 
separated and stored at -80°C. Biochemical analysis of 
the fasting blood glucose (FBG) level were determined 

through enzymatic colorimetric method by commercial 
kits (Pars Azmoon, Tehran, Iran). Plasma insulin level 
was measured using an ELISA kit (Mercodia, Sweden) 
with a sensitivity of less than 1 micro-units/l and with-
in a range of 1-200 micro-units/l. Serum adropin lev-
el was measured using ELIZA kit (Zellbio, Germany). 
Homeostasis model assessment of insulin resistance 
(HOMA-IR) was assessed using FBG and fasting blood 
insulin (FBI) according to this equation (Matthews et 
al., 1985): 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼 = FBG × FBI
22.5  

Quantitative insulin-sensitivity check index (QUIC-
KI) was measured based on the following equation 
(Katz et al., 2000):

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 1
log 𝐹𝐹𝐹𝐹𝑄𝑄 + log 𝐹𝐹𝐹𝐹𝐹𝐹 

Exercise training programs
All participants were briefed on how to work with fit-

ness machines at the gym and were involved in the ex-
ercise program 3 nonconsecutive sessions per week, for 
8 consecutive weeks. A 10min warm-up consisting of 
stretching of the major muscle groups and slow walking 
was carried out preceding the main exercise.

The RT exercise included 10 stationary movements 

Physiology and Pharmacology 26 (2022) 239-247 | 241 Akhavan Rasoolzadeh et al.Figure 1: flowchart of participant recruitment: 

  
  
  
  
  
  
  
  
  
  
  
  

 
 
 
 

71 male university 
students 

27 students were 
randomly assigned 

44 volunteers did not meet 
the inclusion criteria 

 

 

9 participants in 
resistance training (RT) 

9 participants in 
endurance training (ET) 

1 student withdrew 
due to surgery during 

the training period 
 9 participants 

remained 

9 participants in the 
control group 

8 participants 
remained 

9 participants 
remained 

FIGURE 1.FIGURE 1. flowchart of participant recruitment



in a circular motion and there were 12 repetitions per 
station, 30s between each station and 2min rest be-
tween rounds. Movements included warm-up, chest 
press, half-squat, sit-ups, arm bends, launch, torso 
opening and cooling (1 to 2min rest between the sets, 
and 3-5min rest between the stations). To calculate the 
maximum strength of the subjects, a certain weight was 
selected and exercise using that weight was performed 
to the point of exhaustion. Then, by placing the amount 
of weight and the number of repetitions in the relevant 
formula, the maximum strength was estimated. Relative 
maximum strength was calculated from the maximum 
power distribution per body movement:

1 repetition maximum (RM) = (weight) / ((repetition 
× 0.0278)- 1.0278)

During week 1, two sets of 6 repetitions with 30% 
of 1RM were performed. For weeks 2 to 6, three sets 
of 10 repetitions were performed (week 2 with 30% of 
1RM, week 3 with 40% of 1RM, week 4 with 40% of 
1RM, week 5 with 50% of 1RM, and week 6 with 60% 
of 1RM). During week 7, four sets of 8 repetitions with 
60% of 1RM were performed and finally, during week 
8, four sets of 6 repetitions with 70% of 1RM were per-
formed (Table 1).

In the ET group, to determine the intensity of endur-
ance activity, the 10-point Borg scale was used along 
with the maximum heart rate (HR). The maximum HR 
was calculated using the following formula: age-220 = 
maximum heart rate. On weeks 1 and 2, the duration 
of activities was 15min with the intensity of 50% of 
the maximum HR (score 3-4 of the pressure perception 
scale). For weeks 3 and 4, the duration increased to 20-
25min with the intensity of 60% of the maximum HR 
(score 5-6 of the pressure perception scale). For weeks 
5 and 6, the duration was between 30 and 35min with 
the intensity of 70% of the maximum HR (score 7-8 of 

the pressure perception scale). And finally, for weeks 
7 and 8, the duration was between 35 and 40min with 
the intensity of 80% of the maximum HR (score 9-10 
of the pressure perception scale). Obviously, the over-
load principle increased according to the program and 
the improvement of endurance from 15min of exercise 
with the intensity of 40% the maximum HR, to 40min 
of exercise with the intensity of 80% the maximum HR 
(Table 1).

Statistical analysis
To assess the normality of the variables, the Shap-

iro-Wilk test was used. Continuous variables were rep-
resented as mean and standard deviations (mean±SE). 
To compare the data between the three groups at the 
baseline, one-way ANOVA was used (to increase the 
comparability of the data and reduce type I error). To 
compare the outcomes between the three groups after 
the intervention with adjustment for baseline amounts, 
ANOVA and Banferroni post hoc test were used was 
used. P<0.05 was considered statistically significant. 
All statistical analyses were performed using the SPSS.
VERSION 22 (IBM Corp. Released 2013. IBM SPSS 
Statistics for Windows, Version 22.0. Armonk, NY: 
IBM Corp.).

Results
Of the 27 overweight participants, 1 student from 

the control group (due to surgery during the training 
period) withdrew the study and finally, the study was 
completed with 26 participants (9 in RT, 9 in ET and 
8 in the control group; Figure 1). Table 2 summarizes 
the demographic and anthropometric characteristics 
of the participants. Students in the RT, ET and control 
group had a mean age of 22.40, 22.62 and 23.12 years 
respectively, with no significant difference between the 
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TABLE 1:TABLE 1: Protocol of resistance and endurance training

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

ET
Exercise Duration (minute) 15 15 20 25 30 35 35 40

Intensity
(percent/maximum HR) 50 50 60 60 70 70 80 80

RT
Set/ Repetition 2×10 3×10 3×10 3×10 3×10 3×10 4×8 4×6

Resistance
(1RM percent) 30 30 40 40 50 60 60 70

HR: heart rate, RT: resistance training, ET: endurance training, RM: repetition maximum.
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three groups (P>0.05). ANOVA test also showed no re-
markable difference between the three groups regarding 
height, weight, BMI, waist to hip ratio or body fat mass 
at baseline (P>0.05, P-values are not reported according 
to CONSORT 2011).

The result of ANOVA analysis is represented in Ta-
ble 3. This test showed no significant differences among 
the three groups in terms of FBG (P=0.32) or QUIC-
KI (P=0.91). In contrast, a significant difference was 
detected regarding adropin (P=0.001, and HOMA-IR 
(P=0.015) between the three studied groups. There was 
a significant reduction in FBI level (P=0.001) and a sig-
nificant increase in serum adropin level in the RT and 
ET groups after the intervention (P˂0.05), while such 
change was not observed for the mentioned variables 
in the control group (P>0.05). Plus, adropin changes in 
the ET group was slightly greater than that of RT group 

(mean change: 0.19 vs 0.12 ng/ml). However, Bonfer-
roni post-hoc test showed that ET and RT were signifi-
cantly higher compared to the control group (P=0.001), 
but no significant difference was observed between ET 
and RT (P=0.18). Highest reduction in terms of HO-
MA-IR was observed in the ET group (mean change: 
-0.68). 

Discussion
The results of this clinical trial demonstrated that 8 

weeks of RT and ET could significantly improve adrop-
in, and reduce HOMA-IR and FBI in overweight young 
men, while such changes did not occur in the control 
group. FBG although was not significantly reduced fol-
lowing the intervention. Also, the effect of ET in im-
proving metabolic health was slightly greater than RT.

Adropin is a secretory protein expressed in liver, 

 
 
Figure 2: Changes in adropin within and between the three groups. 
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TABLE 2:TABLE 2: Baseline characteristics of the participants.

Variable
RT (n=9) ET (n=9) Control (n=8)

Mean SE Mean SE Mean SE
Age (year) 22.40 0.65 22.62 0.73 23.12 0.55
Height (cm) 175.50 1.64 170.88 1.46 172.38 1.40
Weight (kg) 83.80 2.17 80.62 0.94 81.75 1.97
BMI (kg/m2) 27.15 0.27 27.63 0.40 27.49 0.43
Fat mass (%) 23.70 4.40 24.10 4.74 24.2 3.92
WHR 0.89 0.3 0.89 0.03 0.88 0.03
RT: Resistance Training, ET: Endurance Training, BMI: Body Mass Index, WHR: waist-to-hip ratio. No significant differences were 
found between the groups (P> 0.05, one-way analysis of variance)
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brain, umbilical vein and coronary artery endotheli-
al cells (Kumar et al., 2008). As reported by previous 
studies, serum adropin levels are significantly lower in 
overweight and obese individuals, which turns it into 
a risk factor for coronary heart disease, hypertension 
and metabolic syndrome (Gu et al., 2015; Yosaee et al., 
2017; Yosaee et al., 2016). This research found that 8 
weeks of ET and RT could increase serum adropin level 
in overweight men. Our result is in accordance with that 
of Kumar et al. (2008) who conducted an animal study, 
in which adropin was administered to diet-induced 
obese mice, and resulted in markedly attenuated insu-
lin resistance and glucose intolerance. Fuji et al. (2017) 
also found that aerobic exercise could significantly en-
hance serum adropin level in older adults. Unfavorably, 
Sanchis-Gomar et al. (2015) reported that serum adrop-
in level did not change significantly in football players 
after one season of training. This does not challenge the 
findings of the present study, as those participants were 
professional soccer players, while our participants were 
20-28-year-old youngsters with no professional exercise 
background.

The mechanism of the exercise-induced growth in 
serum adropin level is still not clear. Since the result 
of this study indicated that ET might more effectively 
improve adropin than RT, changes in VO2max may be 
involved in increased adropin secretion. It is suggested 

that adropin suppresses glucose production in hepato-
cytes (Gao et al., 2019) and controls the metabolism of 
glucose and lipids in skeletal muscles (Gao et al., 2014). 
In vivo studies also showed that adropin could modest-
ly increase whole-body insulin sensitivity (Thapa et al., 
2019). Therefore, both ET and RT could be suggested to 
overweight young adults, in order to improve their glu-
colipid metabolism. We also found that ET could signifi-
cantly reduce HOMA-IR, and ET and RT could remark-
ably increase FBI after 8 weeks in overweight students. 
Similarly, Hansen et al. (2012) found that endurance 
resistance training caused a significant reduction in the 
FBI level, and a positive change in insulin sensitivity in 
people at risk of type 2 diabetes. Poehlman et al. (2000) 
designed a similar study as ours, and compared the ef-
fect of ET and RT on metabolic outcomes in nonobese, 
young women. Although the duration of intervention in 
that study was longer (6 months), they too found that ET 
had a significantly greater effect on improving insulin 
sensitivity than that of RT.

In this study, HOMA-IR reduced significantly while 
QUICKI did not change. However, this was not contrary 
to our expectations, as assessment of correlation be-
tween HOMA-IR and QUICKI showed an average Pear-
son correlation coefficient of -0.55 (Rudvik and Måns-
son 2018). This shows that a reduction in HOMA-IR 
is not always accompanied by an increase in QUICKI. 

TABLE 3:TABLE 3: Changes in adropin and markers of glucose metabolism before and after training.

variable group Before After Change p- value

HOMA-IR

Control 3.07 ± 0.86 2.83 ± 0.13 -0.24 ± 0.73

0.015RT 2.95 ± 0.07 2.48 ± 0.05 -0.47 ± 0.02

ET * 3.12 ± 0.07 2.44 ± 0.10 -0.68 ± 0.03

FBG (mg/dl)

Control 98.62 ± 2.52 94.52 ± 2.62 -4.10 ± 0.10

0.32RT 97.70 ± 1.68 96.72 ± 1.92 -0.98 ± 0.24

ET 99.25 ± 1.50 91.52 ± 3.14 -7.73 ± 1.64

FBI (IU/ml)

Control 12.43 ± 0.30 11.92 ± 0.25 -0.51 ± 0.05

0.0001RT * 12.20 ± 0.13 10.41 ± 0.10 -1.79 ± -0.03

ET * 12.69 ± 0.29 10.80 ± 0.22 -1.89 ± 0.07

QUICKI

Control 0.32 ± 0.05 0.32 ± 0.07 0.00 ± 0.02

0.91RT 0.33 ± 0.05 0.32 ± 0.08 0.01 ± 0.03

ET 0.33 ± 0.04 0.32 ± 0.07 0.01 ± 0.07

RT: Resistance Training, ET: Endurance Training, FBG: Fasting Blood Glucose, FBI: Fasting Blood Insulin, HOMA-IR: Homeo-
stasis model assessment of insulin resistance, QUICKI: Quantitative insulin-sensitivity check index. *significant change after the 
intervention (P˂0.05). Results are presented as mean±SE.
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Besides, a revised version of QUICKI was developed 
(which could not be calculated and reported in the pres-
ent study, because we did not collect the information 
on non-esterified fatty acids in our participants) as the 
original QUICKI could not predict insulin sensitivity 
very well (Otten et al., 2014). Also, it has been reported 
that HOMA-IR is a better index in Iranian non-diabetic 
individuals (Esteghamati et al., 2010). Hence, it could 
be assumed that in this trial, insulin resistance has been 
significantly reduced.

The reduction of serum insulin and insulin resistance 
following ET and RT could be explained by reduction in 
total and visceral body fat caused by exercise (Despres 
et al., 1991; Kirwan et al., 1993). On the other hand, 
increased serum adropin level improves insulin sensitiv-
ity in obese adults (Jasaszwili et al., 2020). Adropin ad-
ministration could reduce blood glucose level, improve 
insulin sensitivity and suppress inflammatory markers 
in a rat model of type 2 diabetes (Akcilar et al., 2016). 
Therefore, reduction of HOMA-IR in this clinical tri-
al may have occurred following the increase in adropin 
level.

The present study had a number of limitations in-
cluding the inability to control all confounding factors 
affecting the result of our intervention, such as genetic 
and congenital characteristics of the participants, and 
their psychological and spiritual conditions (such as fa-
tigue and sleep quality) during the course of the study. 
We also could not report the influence of ET and RT 
on body fat mass and free fat mass, due to our limited 
facilities and budget. This study had plenty of strengths 
too. We compared the effect of ET and RT in the pres-
ence of a control group, which assures the reliability 
of our findings. We chose the university campus as our 
sampling site, so that our participants would all dine in 
the university and have the same dietary intakes, and we 
could control the effect of an important confounder, diet, 
on our results. Furthermore, using validated and reliable 
tools to measure the outcomes was another strength of 
the present research.

Conclusion
The results of this randomized clinical trial showed 

that 8 weeks of RT and ET had beneficial impacts on 
adropin and markers of glucose metabolism in over-
weight young men, with a favorable effect observed 
for ET. Therefore, adding RT and/or ET to the routine 

treatment of overweight youngsters could be suggested 
to improve their metabolic profile and prevent from ad-
verse complications. Further studies on the mechanism 
of serum adropin enhancement following exercise are 
needed. We also suggest that other researchers conduct 
the same trial with different intensity and duration of RT 
and ET, and with a post-hoc Tukey test to further clarify 
the possible benefits of such exercises on metabolic pro-
file following each exercise.
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