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ABSTRACT

AIMS: Asprosin is an adipokine with gluconeogenic and metabotropic effects, which is related to
type 2 diabetes. The present study aimed to determine the effect of six weeks of high-intensity
CrossFit training (HICFT) on serum asprosin in men with type 2 diabetes.

MATERIALS AND METHODS: In the current semi-experimental research that was conducted in
the summer of 2022 on patients who are members of the Dezful Diabetes Association, 30 obese
men with type 2 diabetes living in Dezful city in Iran were selected and randomly divided into two
groups of 15 HICFT and control. People in the training group did six weeks of HICFT training with
an intensity of 80-85% of the reserve heart rate in three training sessions per week. Blood and
anthropometric variables were examined 48 hours before and after the intervention in a fasting
state. For statistical analysis, dependent t-tests and analysis of covariance were used in SPSS 26
software.

FINDINGS: In this study, 22 people (10 people in the HICFT group with an average age of 43.80+3.08
years and 12 people with an average age of 44.58+3.09 years in the control group) remained in the
study. The average history of diabetes was 3.24+0.45 years in the experimental group and 3.23+0.42
years in the control group. The results showed that a significant decrease in serum asprosin (1.65
ng/ml), body fat (2.45%), and insulin resistance (0.94 units) was observed in the HICFT group
compared to the control (p<0.001).

CONCLUSION: According to the results, it can be said that HICFT has a positive role in reducing
insulin resistance and blood sugar control in type 2 diabetes by improving body composition and
reducing asprosin secretion. It seems that adjustment of fasting asprosin to body fat percentage
is one of the effective mechanisms to reduce insulin resistance in type 2 diabetes in adaptation to
high-intensity exercises.
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INTRODUCTION

Continuous decreases in physical activity and
the day-to-day increase in behaviors related to
immobility, such as mechanical life, watching TV,
and malnutrition, are among the causes of the
prevalence of many chronic diseases that are
related to today’s lifestyle [1, 2]. The prevalence of
overweight and obesity and subsequent diseases
and metabolic disorders related to obesity have
been increasing in the last two decades, and
obesity has reached a pandemic level in the world
[2]. Increasing sedentary behavior is one of the
most important health-related problems that is
spreading in different societies, which secretly
increases the probability of chronic diseases
such as metabolic syndrome and type 2 diabetes.
In this regard, it has been reported that the high
prevalence of type 2 diabetes is related to the
obesity epidemic and sedentary lifestyle [3, 4]. On
the other hand, it has been reported that reducing
sedentary hours can improve body composition
and reduce metabolic disorders, including insulin
resistance [4].

Adipose tissue of an organ is a dynamic endocrine
gland that is the source of production of some
adipokines and plays a key role in metabolic
settings and some physiological processes [5]. One
of these adipokines is asprosin, which is related to
hepatic glucose production. Asprosin signaling
leads to the inhibition of proopiomelanocortin-
positive descending neurons in a GABA-dependent
manner, which results in appetite stimulation and
a drive for fat accumulation and body weight gain
[6]. In patients with type 2 diabetes, the circadian
rhythm of circulating asprosin is disturbed [7].
Asprosin concentration is related to obesity
and asprosin levels in these people are higher
than people with normal body mass index [8, 9].
High levels of asprosin have been reported to be
associated with different glucose tolerance, fasting
glucose, glycosylated hemoglobin, triglycerides,
and insulin resistance [10]. Also, a correlation
between serum levels of asprosine and blood
sugar fluctuations in patients with type 1 and type
2 diabetes has been reported [7, 11]. Therefore,
serum asprosine can be evaluated as a biomarker
in interventional research in the treatment of
diabetes [5].

Changing lifestyle by increasing daily physical
activity as well as regular exercise, in addition
to increasing physical fitness [12], has been
introduced as one of the main pillars in the type
2 diabetes treatment program [13, 14]. Many
types of research have been conducted regarding
the determination of the effect of different types
and methods of exercise on clinical symptoms as
well as the variables of the pathogenesis of type

2 diabetes [13]; The results of clinical research
indicate thathigh-intensity exercise hasabeneficial
role in the management of type 2 diabetes, blood
sugar control, and reducing its complications
[15, 16]. Nevertheless, there is still no consensus
regarding the real effects of high-intensity training
and the resulting adaptations in patients with
type 2 diabetes; For this reason, to obtain more
information, it is necessary to examine the results
of the effect of various high-intensity exercises on
the adaptations obtained from exercise [15, 16]. In
some research, new alternative exercise methods
such as CrossFit, which have appeared in recent
years, have been investigated in the management
of diabetes. In a research, a group of 12 patients
with type 2 diabetes did a six-week CrossFit
program. According to the results, exercises have
reduced body fat, diastolic blood pressure, lipids,
and metabolic syndrome and increased insulin
sensitivity to glucose, basal fat oxidation, and VO2
max [17]. Functional training is a style of sports
training, the training movements of which are
designed to perform daily life tasks. Functional
training usually improves people’s physical fitness
by using whole-body movements (simultaneous
use of different muscles in the upper body and
lower body) and increasing the intensity of the
movements [18, 19]. Crossfit exercises are a group
of high-intensity functional exercises, that can
produce positive results on the health level of
patients due to the variety of exercises and also
activating more muscles in training sessions than
running exercises [18, 19].

Limited research has been done on the effect of
exercise on asprosin; For example, Qalavand et
al. have reported a significant decrease in the serum
levels of asprosin and glucose after 12 weeks
of moderate-intensity interval training [5]. The
results ofanotherresearch conducted by Akbulut et
al. on healthy people show that after eight weeks of
moderate and high-intensity exercises, a significant
decrease in asprosin and fasting glucose levels can
be seen [20]. Despite the role of body composition
in asprosin in both studies, body composition
changes were not reported. In another study
conducted by Huang et al., although the research
results show that the serum asprosin level in the
obese subgroup is significantly higher than the
serum level in the normal weight and overweight
subgroups, however, except index interference.
Body mass, there is no significant difference in
serum asprosin between sedentary and exercise
groups [21]. Considering the research gap and
the difference in the results obtained regarding
the effect of exercise training on asprosin, more
research is needed to investigate the effect of
exercise training on asprosin as a biomarker
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related to glucose homeostasis, which justifies the
necessity of the present research.

According to the said information and the role of
High-Intensity Crossfit Training (ICFT) as a non-
pharmacological method in the treatment of type
2 diabetes, as well as the key role of asprosin as
a new adipokine that plays a key role in glucose
metabolism. This article aimed to determine the
effect of six weeks of HICFT on serum asprosin,
insulin resistance, and body fat percentage in men
with type 2 diabetes.

MATERIALS & METHODS

The current research is a semi-experimental
research with a pre-test and post-test design,
which was conducted on patients who are
members of the Dezful Diabetes Association in the
summer of 2022. After the necessary coordination
and administrative correspondence from Borujerd
University to Dezful University of Medical Sciences
and announcing the invitation to type 2 diabetes
patients who were members of the Dezful
Diabetes Association, 30 men with type 2 diabetes
living in Dezful city were randomly placed in the
high-intensity interval training groups and the
control group (without training). Each group was
estimated to have 10 people, and according to the
possibility of subjects dropping out, 15 people
were considered in each group.

(ZiatZ1) (ST+S53)
(Xl_Xz)z

Conditions for entering the research, men
with type 2 diabetes with an age range of 35-50
years, a sedentary lifestyle (no physical activity
in the last six months), and first-degree obesity
(body mass index between 30 and 35 kg/m2) and
the history of diabetes diagnosis was less than 5
years, and the conditions for exiting the research
included the use of drugs that affect heart rates
such as beta-blockers, diabetic complications such
as neuropathy and nephropathy, smoking, insulin
injection, suffering from acute cardiovascular
diseases, respiratory diseases, Muscular and
skeletal diseases, history of frequent hypoglycemia
or during exercise and any other intervention
other than the intervention considered for the
people of that group by the researcher.

After selecting the subjects and
completing the consent form and demographic
questionnaire ,the necessary arrangements were
made for the pre-test and the subjects came to the
laboratory fasting at 8-9 in the morning to measure
the blood variables ,and their blood samples were
taken .In the present research ,body fat percentage
was measured using a body composition device

Hemmati Moghadam et al.

and bioimpedance method .Serum asprosin level
was measured using the WUHAN EIAAB SCIENCE
kit made in China with a sensitivity of 0.8 ng/
ml by ELISA method .Fasting blood sugar was
measured with a glucose assay kit) Pars Azmoon
(and serum insulin with an ELISA kit) Monobind
Co .US .(Insulin resistance was calculated by
computational method and using the homeostasis
model of insulin resistance assessment which is
given below.

HOMA-IR =Fasting Insulin(U/L) x Fasting glucose(™°/1) /22.5

To perform sports exercises, the exercise groups
performed 18 sessions over six weeks, and in
each session every other day (3 days a week),
they performed sports exercises under the
supervision of the trainer and researcher, as well
as the presence of a nurse. The training time
was considered at 17-18 in the evening. In the
present study, the subjects warmed up under the
coach’s supervision for 10-15 minutes before
starting the exercise. Warm-up exercises included
aerobic exercises, static and dynamic stretching
exercises kinetic movements, and warming up the
joints involved in the exercises [22]. In the HICFT
group, the exercise protocol including the Crossfit
exercises used in Fealy et al’s research was used to
select movements [23], which included battle rope
exercises, kettlebells, squat jump movements, box
jumps, wall ball exercises, and medicine balls as
well. The exercises were climbing, burpees, and
exercises with barbells and dumbbells. In Fealy
et al’s research, the basis of intensity was the
number of repetitions at a certain time; In our
research, the number of repetitions and weights
were used to increase the training intensity, and
the basis of the training intensity was controlled
according to the target heart rate (Table 1).
Exercise intensity was calculated according to
each person’s heart rate reserve and using the
Karvonen formula below. In this research, subjects
were taught how to measure and count pulse rate.
The maximum heart rate was calculated according
to the age of the people and the following formula
[24].

HR =220 -age
Target Heart Rate = [(max HR - resting HR) x %Intensity] + resting HR

Ethical Permissions: In this research, all ethical
considerations were observed and informed
consent was obtained from all subjects. The
present article is a part of a doctoral dissertation
entitled “Comparison of the effect of six weeks of
high-intensity interval training and high-intensity
functional training on serum asprosin levels in
obese men with type 2 diabetes” and all research
stages were approved by the ethics committee of
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the Institute of Physical Education with the code
of ethics IR .SSRC.REC.1402.086.

Statistical Analysis: The changes of the
investigated indicators were analyzed using t-test
and covariance analysis. SPSS 26 software was
used with a significance level of p<0.05.

FINDINGS

In this study, 22 people (10 people in the HICFT
group with an average age of 43.80+3.08 years
and 12 people with an average age of 44.58+3.09
years in the control group) remained in the study
(Table 2). The average history of diabetes was
3.24+0.45 years in the experimental group and
3.23+0.42 years in the control group (Table 2).
According to the independent t-test results, there
was no difference between the demographic

variables of the subjects in the two training
and control groups, and both groups were
homogeneous in terms of demographic variables
(Table 2). According to the results of the dependent
t-test, there was a significant decrease in insulin
resistance levels (3.16%¥0.51 in the pre-test,
2.23+0.48 in the post-test), body fat percentage
(30.95%£1.85 in the pre-test), 28.73+1.84 in the
post-test) and serum asprosin (41.80+7.64 in
the pre-test, 36.50+6.59 in the post-test) were
observed in the training group (Table 3; p<0.001).
However, no significant difference was observed
in the control group (p<0.05). Also, the results of
covariance analysis showed that the changes in
insulin resistance, body fat percentage, and serum
asprosin in the training group were significant
compared to the control group (p<0.001).

Table 1) Six-week HIIT exercise training protocol

L Training . Rest between Rest between circles
q q Practice time ; Rest ratio
Week Circle Station Hardship . courses
(Second) toPractice tim
(HRR) type ¢
(minutes)
1 3 6 Inactive Inactive 3-5
2 4 6 10 80-85 1:1 Inactive Inactive 3-5
3 4 7 10 80-85 1:1 active Inactive 3-5
4 5 7 10 80-85 1:1 active Inactive 3-5
5 5 8 10 80-85 1:1 active Inactive 3-5
6 6 8 10 80-85 1:1 active Inactive 3-5
Table 2) Demographic indicators of subjects
. exercise (n=10) control (n=12)
Indicator M£SD MSD P
age (years) 43.80+3.08 44.58+3/09 0.906
height (cm) 171.23 +7.54 172.40+5.19 0.927
weight (kg) 95.20+5.74 93.84+4.30 0.781
Body mass index (kilograms per square 32.53+2.01 31.60+1.36 0.839
meter)
history of diabetes (years) 3.24+0.45 3.23£0.42 0.931
Table 3) Examining the effect of exercise on the investigated indicators
Dependent t-test ANCOVA test
Indicator Group
pre-test Post-test t P F P
i Practice 3.16+0.51 2.23+0.48 11.888 0.001>
Insulin 76.647 0.001>
resistance Control 2.99+0.27 3.28+0.29 -3.062 0.011
Practice 30.95+1.85 28.73+1.84 6.367 0.001>
body fat 27.627 0.001>
Control 30.99+1.71 31.01+1.63 -0.74 0.942
Practice 41.80+7.64 36.50+6.59 8.610 0.001>
Asprosin 26.953 0.001>
Control 39.25+5.61 39.42+5.47 -0.212 0.836
DISCUSSION group. Qalavand et al. also reported in their research

This study aimed to determine the effect of six
weeks of HICFT on fasting serum asprosin, insulin
resistance, and body fat percentage in men with
type 2 diabetes. The research results showed that
after the training period, there was a significant
decrease in serum asprosin (1.65 ng/ml), body
fat (2.45%), and insulin resistance (0.94 units)
in the training group compared to the control

that twelve weeks of intermittent acrobic exercise with
moderate intensity reduced serum asprosin in men
with type 2 diabetes [5]. The HICFT exercises in the
present study were able to produce similar results
in a shorter period (six weeks) to the research
of Qalavand et al. (twelve weeks) in reducing
serum asprosin in men with type 2 diabetes. It
has been reported that adipocytes are the main
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source of asprosin synthesis and secretion in the
blood [5]. Also, the results of our research were
in line with the research results of Akbulut et al.,
who reported that moderate and high-intensity
aerobic exercises can cause a significant decrease
in asprosin and fasting glucose levels [20]. In
our research, unlike these two studies, which
only investigated blood variables; Changes in fat
percentage were also investigated and the results
showed a decrease in fat percentage as a variable
related to body composition. The reduction
of serum asprosin in the present study can be
attributed to the reduction of body fat percentage
and improvement of body composition following
HICFT exercises. Asprosin has been reported
to be associated with obesity [25], which can be
affected by exercise training. However, in a study
conducted by Huang et al., they did not report a
significant difference in serum asprosin between
sedentary and exercise groups [21], which is not
consistent with our research results. The reason
for this inconsistency may be due to the difference
in the subjects’ characteristics in terms of baseline
levels of asprosin. Asprosin stimulates the
production of hepatic glucose, crosses the blood-
brain barrier and stimulates the appetite center,
and also causes the release of hepatic glucose
through the G protein-adenosine monophosphate-
cyclic protein kinase A pathway [26]; Asprosin
induces inflammation, cell dysfunction, apoptosis,
and reduced glucose-induced insulin production
in B-cells through upregulation of the TLR4/JNK-
mediated pathway [27]. It can be said that the
significant decrease in the level of fasting serum
asprosin in the present study was related to the
increase in insulin sensitivity and, as a result,
better blood sugar control in adaptation to HICFT
exercises. In their research, Fealy et al reported a
significant increase in insulin sensitivity in patients
with type 2 diabetes after six weeks of high-intensity
functional training [23]. Considering that asprosin
is secreted from adipose tissue, it can be said
that by improving body composition and as a
result reducing body fat percentage, the amount
of asprosin secretion decreases [21] and this
mechanism leads to better blood sugar control in
diabetic patients after exercise program.

Reducing insulin resistance in adapting to regular
exercise is influenced by various factors, including
metabolic flexibility due to the modulation of
hormonesrelated to hepatic glucose secretion such
as glucagon, as well as the improvement of insulin
signaling in insulin-sensitive tissues [28, 29] due
to the reduction of free radicals and Inflammatory
factors [30], improved body composition [29] as
well as changesin the secretion of cytokines related
to energy metabolism [31, 32]. As aresult, exercise
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improves metabolic flexibility in patients with
type 2 diabetes and can prevent the complications
of type 2 diabetes, including cardiometabolic
complications [33]. On the other hand, it has been
reported that asprosin is an orexigenic hormone
with a central effect that increases appetite and
eventually leads to obesity and weight gain [6]. It
is possible that HICFT exercises, with their positive
effects on serum asprosin, can moderate the effects
associated with metabolically unhealthy obesity
in diabetic patients by affecting patients’ appetite
and resulting in better weight control, which
indicates the need for further research. It has been
reported that poor control of type 2 diabetes due
to increased oxidative stress and inflammatory
mediators causes a decrease in cells [30]. Various
models have been proposed to explain the decline
in B-cell function, including 3-cell depletion, (3-cell
exhaustion, and dedifferentiation into other cell
types [34]. It has recently been reported that the
release of palmitic-derived asprosin from f3-cells
leads to their inflammation and dysfunction
through a TLR4/]NK-mediated pathway and
inflammation [27]. Based on this, HICFT exercise
intervention may have positive effects on the
protection of (-cells. However, in our research,
oxidative stress and inflammatory factors were
not measured, which are limitations of the present
research. Based on this, it is suggested that in
future research, the variables related to oxidative
stress, as well as enzymatic and non-enzymatic
antioxidant agents, and inflammatory and anti-
inflammatory cytokines, will be investigated in
addition to the variables of the current research.
It is also suggested to use subjects with different
levels of glycemic status, including healthy people,
pre-diabetes, and type 2 diabetes patients in
future research.

CONCLUSION

Six weeks of HICFT decreases body fat percentage,
decreases fasting asprosin, and also decreases
insulin resistance in men with type 2 diabetes.
Considering that the source of asprosin secretion
is adipose tissue, the reduction of serum asprosin
can be justified in the improvement of body
composition in adaptation to HICFT. On the other
hand, asprosin is a glucogenic adipokine that
causes glucose homeostasis, which increases in
patients with type 2 diabetes due to pathological
reasons. According to the feedback axis of
asprosin secretion, which is related to fat tissue,
the hypothalamus, and the liver as asprosin
receptors; It can be said that a short period of
HICFT improves the axis of asprosin secretion and,
as a result, better glucose homeostasis in type 2
diabetes. Accordingly, HICFT exercises can be
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introduced as an effective intervention in reducing
insulin resistance in type 2 diabetes.

Clinical & Practical Tips in POLICE
MEDICINE: Considering that military and law
enforcement personnel are also prone to metabolic
disorders, including obesity and type 2 diabetes,
due to modern lifestyles, including changes in
nutrition and physical activity levels, as well as the
stress of the work environment; accordingly, it is
suggested that they do regular exercise to improve
their metabolic health. Also, police command
personnel can use the current training protocol as
one of the new training methods in the prevention
and treatment of metabolic disorders such as
obesity and insulin resistance.
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