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Abstract
Background and aims: Many findings have shown the potential relation between osteocalcin (OCN) and regulating energy metabolism. In 
addition, it has been revealed that physical activity increases OCN levels. Therefore, the present study aimed to investigate the effects of 
different exercise trainings on β-cell function, insulin resistance, and OCN levels in overweight men.
Methods: In this study, 33 overweight, young men [Body mass index (BMI): 29.32±0.75 and age range of 31.50 ± 2.23] were randomly 
divided into control (n = 11), aerobic exercise (n = 11), and resistance exercise (n = 11) groups. Participants of the exercise group were on the 
8-week supervised exercise training program for three sessions per week. Weight, body fat percentage, and BMI were analyzed, and then 
OCN, insulin, and the homeostasis model assessment of insulin resistance (HOMA-IR) were assessed from fasting blood samples before 
and after the 8-week exercise program. Finally, data were analyzed by t test and analysis of covariance (ANCOVA).
Results: Based on the results, BMI and body weight, insulin, glucose, and HOMA-IR reduced following the exercise (P < 0.05) whereas serum 
OCN significantly increased in aerobic exercise (P = 0.001) and resistance exercise (P = 0.000) groups. There were no significant changes 
in β-cell function in aerobic exercise (P = 0.512) and resistance exercise (P = 0.16) groups. Pearson correlation analysis demonstrated that 
OCN levels were not correlated with HOMA-IR (P = 0.743) and insulin levels (P = 0.143). However, OCN was positively associated with 
the homeostasis model assessment of b-cell function (P = 0.014) and glucose (P = 0.025).
Conclusion: The results of the present study confirmed that aerobic and resistance exercises cause some changes in body weight and 
BMI, as well as the OCN and HOMA-IR. Nonetheless, changes in OCN levels were not predictors of changes in insulin secretion from 
pancreatic beta cells.
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Introduction 
The skeletal system is an endocrine organ that plays a role 
in regulating energy and glucose metabolism. The bone 
cells, regulates glucose metabolism and causing to insulin 
secretion from β-cell and decrease insulin resistance (1). 
In recent years, the role of the skeleton as an endocrine 
organ has been increasingly investigated and confirmed, 
particularly its cross-talk relation with glucose and lipid 
metabolism. These studies have shown that osteocalcin 
(OCN) is a new bone-derived hormone and regulator 
of glucose hemostasis (1). This extracellular matrix 
non-collagen protein, which is also known as gamma-
carboxy-glutamic acid (B-GLA) protein, is associated 
with bone mineralization and calcium ion homeostasis. 
The circulating OCN has an effect on pancreatic β-cell 
proliferation. The non-carboxylic forms of OCN are 
hormonally active and can stimulate insulin secretion 
from pancreatic β-cells and increase insulin sensitivity 
in muscle and adipose tissues (2). OCN, which is mainly 
expressed by osteoblasts in bone tissues, can improve 

insulin sensitivity and insulin secretion through pancreatic 
β-cells and their proliferation (3). Researchers showed 
that changes in insulin signaling in osteoblasts improve 
glucose metabolism in mice that had been fed a high-fat 
diet. In addition, insulin resistance in osteoblasts causes a 
decrease in OCN activity, and therefore, reducing insulin 
sensitivity in adipose tissues and skeletal muscles (4). These 
findings heavily suggested the role of OCN in regulating 
glucose metabolism. The metabolic effects of insulin may 
be mediated by the bone through OCN release. Finally, 
there might be other bone-derived mediators through 
which the bone regulates glucose metabolism and body 
fat tissues, including the Wnt/β-catenin signaling pathway 
in osteoblasts (5,6).

It has been reported that the improved insulin 
sensitivity with exercise is related to OCN changes (7). 
OCN levels and insulin sensitivity were related to a group 
of obese women who were subjected to intervention with 
the hypocaloric diet and physical activity for 16 weeks. 
The results represented that physical activity provided a 
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better response in elevating the serum OCN than the diet 
alone, even with a lower weight loss in the former group. 
Reduced visceral fat was the best independent predictor 
of changes in OCN levels, which was positively related 
to insulin sensitivity, suggesting that exercise training 
improves insulin sensitivity by increasing OCN levels 
(2). Resistance training (RT) decreased bone resorption 
markers and unchanged bone formation markers whereas 
endurance running typically raised the makers of both 
bone formation and bone resorption (8). 

Fernandez et al found that RT causes an improvement 
in the OCN level in obese women and indicated that OCN 
could be an important regulator of insulin sensitivity by 
the bone (9). According to Chahla et al, all participants 
in the exercise program (from one month to one year 
running) demonstrated a significant increase in OCN. 
It seems that exercise increases osteoblast differentiation 
by increasing mechanical load on the bone, which may 
increase the overall production of OCN, the osteoblast-
derived protein (10). However, Abseyi et al reported 
no significant association between insulin resistance, 
metabolic syndrome parameters, and OCN levels in obese 
subjects (11). The results of another study investigating 
the short-time effects (up to 32 hours) of moderate 
exercise in healthy male sedentary volunteers, aged 20-35 
years represented an increase in bone resorption markers 
32 hours after moderate exercise without a significant 
effect on bone formation markers (12). Considering the 
important role of OCN in energy metabolism, particularly 
glucose, some researchers suggested that OCN is a marker 
for metabolic risk and predictive of type 2 diabetes 
in addition to being a marker of bone metabolism. In 
this case, García-Martín et al, studying nondiabetic 
postmenopausal women, revealed that a serum OCN 
level lower than 13.5 ng/mL could be a risk of diabetes 
mellitus (13). In general, the controversial findings of the 
effect of different exercises on bone metabolism showed 
that several factors such as type of exercise activity (e.g., 
weight-bearing), age, and gender may affect the response 
of bone metabolism indices to the exercises (14). 

This study examined whether different exercises are 
associated with increasing OCN levels in overweight 
men. It was hypothesized whether aerobic or resistance 
exercise training would cause increased secretion of OCN 
from osteoblast and insulin from β-cell. If the hypothesis 
is confirmed, this observation would further advance the 
understanding of the relationship between OCN, insulin, 
insulin resistance, and physical activity.

Materials and Methods 
Study design
This semi-experimental study including 8-week exercise 
training with three groups was conducted between 
November 2018 and February 2019 at the Department 
of Physical Education in the Islamic Azad University of 
Rasht. 

Participants
Thirty-three overweight young males (28-35 years), who 
had a body mass index (BMI) of 29.32 ±0.75 kg/m2 and 
were interested in losing weight and participating in an 
exercise program, were considered for the study. No 
subject was suffering from systemic diseases, infections, 
and physical disabilities so that no to be able to undergo 
aerobic and resistance exercise. Further, none of them had 
a history of smoking, experiences of exercise training (in 
the previous 12 months), and medications for metabolic 
diseases. The sample size was calculated by considering 
analysis of covariance (ANCOVA), three groups, type I 
error of 5%, power of the statistical test of 80%, and effect 
size of 0.5 and was measured using G*Power software. 
Using a statistical power of 0.80, an effect size of 0.5, and 
an alpha value of 0.05, 40 individuals (13 per group) were 
selected while considering the potential dropouts of 15% 
(15).

Using a computer-generated random number sequence, 
the participants were randomized by block allocation 
with a block size of 6 by a research assistant who was not 
involved in this research. After baseline assessments, a 
total of 33 eligible subjects (29 < BMI > 30 kg/m2) were 
randomized into control, aerobic training (AT), and RT 
groups each containing 11 cases. 

Training programs
The participants in the training groups were prescribed 
RT and AT. Exercise programs consisted of three sessions 
a week for 8 weeks, and each exercise session lasted 
60 minutes. In each exercise session, participants were 
trained to warm up for 10 minutes, and then they received 
30-40 minutes of main training. Finally, they were trained 
to cool down for 10 minutes.

The RT protocol included five exercises per session 
targeting major muscle groups of the body. The performed 
exercises were barbell bench press, wide grip lateral pull 
down, barbell back squat, machine leg press, and unilateral 
machine leg extension. Three sets in each day with 8-12 
repetitions with 50%-75% 1RM started, and the resting 
time between each two sets, as well as between the training 
sessions were 60-90 seconds and 48 hours, respectively 
(16). The aerobic exercise comprised of a treadmill 
running at 60-85% HR max. to burn approximately 500 kcal 
per session (17). Aerobic and RT details are presented in 
Tables 1 and 2.
To prevent confounding, subjects were instructed to 
refrain from performing any additional resistance-type or 
high-intensity AT during the study.

Anthropometric evaluation
Body weight and height (kg/m2) were measured by the 
SECA height device (Japan Technology, 0.1 cm) in the 
morning with subjects wearing light clothing and barefoot, 
and their BMIs were calculated by the weight/height2 (18).
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Biochemical analyses
Blood samples were collected from all participants after 12 
hours of fasting between 8:00 and 10:00 a.m. to minimize 
hormonal rhythmicity at the start of the study and 2 
days after the termination of the study. Samples were 
immediately centrifuged at 3000 g for 10 minutes at 4°C, 
and the serum samples were stored at -70°C until analysis.
Fasting blood glucose (FBG) was quantified using an 
Autoanalyzer device (Technicon, RA1000, USA) with 
Pars Azmoon kits (Karaj, Iran). Fasting plasma insulin 
(FPI) was also measured by Electrochemiluminescence 
immunoassay (kits of liaison, England). 

The serum levels of OCN were determined by the 
Human OCN ELISA Kit (Hangzhou Eastbiopharm 
Company, LTD., China) with a sensitivity of 0.026 ng/mL.

Insulin resistance and β-cell function were estimated by 
the homeostasis model assessment of insulin resistance 
(HOMA) as follows (18):

HOMA-IR = FBG (mg/dL) × FPI (µu/mL) / 405
HOMA-B = 360 × FPI (µu/mL) / FBG (mg/dL) – 63

Nutrition
To avoid the potential dietary confounding of the results, 
subjects were advised to maintain their customary 
nutritional regimen and avoid taking any supplements 
that affected the results. Dietary adherence was assessed 
by self-reported food records using a nutritional tracking 
application (http://www.myfitnesspal.com), which was 
collected each week during the study. Subjects were 
instructed on how to properly record all food items and 
their respective portion sizes consumed for the designated 
period of interest. Each item of food was individually 
entered into the program, and the program provided 
relevant information as to total energy consumption, as 
well as the amount of energy derived from proteins, fats, 
and carbohydrates for each time period analyzed. All 
participants used the same nutrition program designed by 
the nutritionist. Nutrition details are provided in Table 3.

Statistical analyses
All data were analyzed by Statistical Package for Social 
Sciences software (SPSS, 25.0 K; IBM, USA) and data were 
presented as the mean ± standard deviation. Pearson’s 

bivariate correlation analysis and paired t-test were used 
to evaluate the associations among the variables and 
examine the differences in the baseline and follow-up 
variables within the group, respectively. The variables 
among the groups were compared using the ANCOVA 
test to conservatively locate significant differences. Finally, 
the Kolmogorov-Smirnov test was performed for variables 
that did not exhibit a normal distribution, and the levels of 
statistical significance were set at P < 0.05.

Results
Thirty-three overweight subjects participated in this 
study, and those within the age range of 28-35 with a 
mean age of 31.50±2.23 years were enrolled in this study. 
Table 4 summarizes data related to body weight, body 
composition, OCN, insulin, HOMA-IR, and β-cell levels.
The results revealed no significant differences in body 
composition and OCN levels between the three groups in 
the pretest.

However, there were significant differences between 
control and exercise training groups with respect 
to BMI changes after 8 weeks of intervention (A, 
Ex, pre = 29.33±0.75, post = 27.34±0.99 and R, Ex, 
pre = 28.76±1.05, post = 28.53±1.05). The BMI decreased 
in the exercise groups after training. The changes in 
body fat percentage between the three groups were 
also significantly different so that body fat decreased 
at the 8-week period in both exercise groups (A 
Ex, pre = 20.52±3.68, post = 19.34±3.45 and R, Ex, 
pre = 18.63±1.49, post = 18.12±1.37). Based on the results, 
significant differences were found in the changes of OCN, 
insulin, HOMA-IR, and β-cell function levels between 
the two intervention groups and the control group. This 
finding demonstrated the effects of exercise on both 
experimental groups compared with control groups 

Table 1. Aerobic training details

Week 1-2 Week 3-6 Week 6-8

Intensity
 (HR max)

Duration
Intensity
 (HR max)

Duration
Intensity 
(HR max)

Duration

% 65 25 minutes %65- %75 35 minutes %75- %85 40 minutes

Table 2. Resistance training details

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

Intensity 
(1 RM)

3 periods
Intensity 
(1 RM)

3 periods
Intensity
 (1 RM)

3 periods
Intensity 
(1 RM)

3 periods

% 50 10 repeats % 60 10 -12 repeats % 65 10 repeats % 75 10-12 repeats

Table 3. Nutrition details of all subjects

Variable Saturday Tuesday P value

Energy (kcal) 2204.00 ± 122.9 2212.00 ± 113.8 0.48

Protein (g.kg) 14.6 ± 1.5 14.3 ± 3.2 0.84

Carbohydrates (kcal) 52.9 ± 4.2 52.2 ± 3.85 0.56

Fat (%kcal) 32.5 ± 3.9 33.5 ± 3.13 0.39

http://www.myfitnesspal.com
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regarding changing OCN, insulin resistance, and insulin 
secretion from β-cells.

Body composition and biochemical parameters 
decreased in both two Ex groups (RT and AT). Specifically, 
weight, BMI, and BF% demonstrated a significant 
decrease in the two Ex groups (RT and AT). Additionally, 
Ex groups showed a reduction in FBS (AT, P = 0.008 and 
RT, P = 0.201), FPI (AT, P = 0.000 and RT, P = 0.001), 
and HOMA-IR (AT, P = 0.000 and RT, P = 0.004) while 
a significant increase in OCN (AT, P = 0.001 and RT, 
P = 0.000) compared with the control group. However, no 
significant changes were observed in β-cell function in 
the two exercise groups (AT, P = 0.512 and RT, P = 0.16). 
There were no significant differences regarding FBS in 
resistance Ex groups. Considering the difference in the 
mean on a comparison between the groups, the results 
showed no significant difference between exercise groups. 
The correlations between changes in body composition 
parameters and circulating levels of OCN were evaluated 
as well. Pearson correlation revealed no significant 
correlation between the changes in BMI, total fat (%), 
and weight with changes in the OCN level in all subjects. 
Moreover, Pearson correlation represented that changes 
in biochemical parameters had no significant correlation 
with changes in the OCN level in all subjects (Table 5).

Correlation Between OCN and Insulin Resistance, β-cell 
Function, and Insulin
Based on Pearson correlation results (Table 5), OCN 
levels demonstrated a negative correlation with FBG 
(r = -0.480, P = 0.005). Conversely, the results showed a 
positive relation between OCN and HOMA-B (r = 0.469, 
P = 0.006). Eventually, no significant relationships were 
observed between OCN and insulin and HOMA-IR.

Discussion
In general, the findings of the present study demonstrated 
that 8-week exercise training led to a decrease in body 
weight, BMI while improving insulin resistance and 
increasing the serum OCN level in overweight young 
males. Although the effect of AT on increasing OCN and 
insulin secretion was higher in comparison with the RT 
group, these differences were not statistically significant.

The bone regeneration process is significantly affected 

by mechanical loads. Previous research revealed that 
mechanical pressures by the weight-bearing exercise were 
the most important factors affecting the formation of new 
bones and increased bone mineral density (19).

It seems that the decarboxylation of OCN is a process 
that occurs outside the osteoblasts during bone resorption 
by osteoclasts. The low pH of osteoclasts (4.5) in the 
resorption lacuna, decarboxylates at  least  one  of  the 
available Gla residues  in  OCN, thus allowing the release 
of bioactive OCN. Insulin and OCN in a feedforward loop 
control glucose metabolism. Indeed, insulin signaling in 
osteoblasts, through the inhibition of the transcription 
factor FOXO1, reduced the expression of osteoprotegerin, 
which is a negative regulator of bone resorption, thereby 
inducing increased osteoclastic activity and the release of 
bioactive OCN (20).

In the present study, the serum concentrations of OCN, 
insulin, and insulin resistance were statistically different 
between the two experimental and control groups. It 
was shown that OCN levels significantly increased in the 
experimental groups after 8-week exercise intervention 
while a reduction was observed in glucose, insulin, and 
insulin resistance in the two exercise groups.

Few studies have currently examined how OCN 
contributes to the exercise-induced improvement in 
metabolic parameters. Yu et al reported that moderate 
aerobic exercise significantly increased OCN levels in 
obese men. They further found that there is a significant 
correlation between the increase in OCN levels and 
insulin resistance (21). Similarly, Levinger et al concluded 
that the acute aerobic exercise significantly increased 
undercarboxilated Osteocalcin (ucOC) while the acute 
resistance exercise did only marginally among middle-
aged obese subjects with type 2 diabetes mellitus (22). 
Another recent study by Ghorbanian et al demonstrated 
that the 8-week aerobic exercise significantly increased 
OCN while significantly decreasing insulin resistance 
levels in obese postmenopausal women with type 2 
diabetes mellitus (23). As one of the main mechanisms, 
the exercise can increase the serum level of OCN, because 
more activity of bone cells and responses to mechanical 
stresses by exercise training result in more OCN secretion 
by these cells. The latter affects the hemostasis of energy 
metabolism during physical activity in the body. Given 
that bone is recently known as an active metabolic 
tissue, signals from insulin and glucose changes lead to 
more bone activity and stimulate OCN secretion during 
physical activity (2).

In their study, Turky et al found that the combined 
exercise training (aerobic + resistance) on the overweight 
women cause a decrease in OCN levels followed by 
exercise training (24), which contradicts our findings. 
Regarding the relationship between exercise intensity and 
OCN levels, the intensity and duration of the exercise 
program are among the major contradictory factors in 
the findings of the study. Likewise, OCN is considered 
as a hormone that is involved in the regulation of energy 

Table 5. Linear Associations Among Baseline OCNs and the Measures of 
Blood Biochemical Parameters

Osteocalcin
(Mean: 25.53±3.64, ng/mL, N= 33)

R P

FBG -0.480 0.005*

Insulin 0.261 0.143

HOMA-B 0.469 0.006*

HOMA-IR 0.059  0.743

Note. OCN: Osteocalcin; FBG: Fasting blood glucose; HOMA-B: 
Homeostatic model assessment for β-cell function; HOMA-IR: Homeostatic 
model assessment for insulin resistance; *P < 0.05; P significant correlations.
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metabolism. The conditions for controlling the nutritional 
status and the genetic factors of the subjects may be other 
contradictions between the findings of the present study 
and those of previous research (25).

In the present study, insulin, glucose, and insulin 
resistance significantly decreased following 8 weeks 
of aerobic and resistance exercise training. Contrarily, 
Azerbaijani et al reported that three types of exercise 
training (i.e., aerobic, resistance, and combined training) 
in middle-aged inactive men caused a decrease in glucose 
and insulin levels (26). In their study on inactive men, 
Nouri et al demonstrated that various exercises reduced 
insulin and glucose levels, as well as weight and body 
fat percentage and the BMI while increasing the levels 
of insulin sensitivity in different individuals of different 
genders (27). 

Long-term exercises can increase glucose transporters to 
muscle cells and insulin receptor substrates, and an increase 
in muscle mass (more than 75% of glucose utilization due 
to insulin-induced muscle tissue stimulation) causes the 
body response to insulin, increasing insulin sensitivity 
and preventing obesity and its subsequent complications. 
Aerobic exercises are shown to increase insulin function 
by reducing intracellular triglyceride accumulations 
whereas increasing the oxidation of fatty acids (28). 
Contrarily, Attarzadeh et al found that aerobic exercise in 
obese women failed to significantly change glucose and 
insulin levels. According to the researchers, the intensity 
and duration of the exercise are the main causes of the 
contradiction between the findings in the studies (29).

Another object of this study was to find a correlation 
between OCN and insulin resistance and β-cell function 
in overweight men. Based on the results, significant 
correlations were observed between increased OCN levels 
and glucose and β-cell function. 

OCN is produced from osteoblasts and is activated at a 
low pH of the resorption cavity. Insulin may be regulated 
by OCN bioactivity through insulin receptors on 
osteoblasts (30). Conversely, OCN has been reported to 
impact β-cell proliferation, insulin secretion, and insulin 
sensitivity (31) through GPCR6a receptors in β-cells (32). 
Previous studies reported a significant correlation between 
OCN and glucose levels in overweight men (33,34). These 
findings suggest that the bioactive form of OCN is released 
into the bloodstream that mainly affects two ways of 
glucose metabolism. First, OCN directly affects the β-cell 
function by binding to receptor GPRC6A and increasing 
β-cell proliferation, as well as synthesis and insulin 
secretion . Second, OCN improves insulin sensitivity 
and energy expenditure via multiple mechanisms. 
OCN stimulates energy expenditure by increasing 
mitochondrial biogenesis in the muscle and regulates gene 
expression implicated in energy consumption in adipose 
tissues and skeletal muscles. OCN also affects insulin 
sensitivity possibly by increasing adiponectin expression 
in adipose tissues while reducing lipid accumulations 
and inflammation in the steatotic liver. A direct effect of 

OCN as an insulin-sensitizing hormone is speculative and 
requires further evaluation (20).

Conclusion
The results of this study showed that both AT and RT 
significantly increased the serum levels of OCN and 
insulin sensitivity while decreasing insulin and insulin 
resistance. Nonetheless, they made no significant changes 
in β-cell function in overweight young men. However, 
no significant difference was found between AT and RT. 
Participation in the exercise program seems to improve 
body composition while reducing adipose tissue and 
weight. The findings of previous studies confirmed the 
association of OCN with glucose metabolism. Thus, 
AT and RT both caused changes in OCN secretions in 
the energy metabolism and body weight by increasing 
mechanical load on bone mass. Therefore, the change in 
OCN can be an important factor in increasing bone mass 
and weight loss in overweight and obese people.
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