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Abstract

Background and purpose: Osteocalcin (OC) as a small peptide secreted by osteoblasts
has been recently described as a hormone involved in the regulation of energy metabolism.
Moreover, the experimental data indicate regulation of adipocytes by bone. The aim of
this study was to evaluate the relationship between bone formation marker (BGLA-
protein) with adipokines and insulin resistance in overweight men after aerobic exercise.
Methods: Twenty-two male volunteers with a mean age of 28.50+2.23 years and body
mass index (BMI) of 29.67+0.96 kg/m? were randomly assigned into control (n=11) and
aerobic training (n=11) groups. Subjects in the aerobic training group participated in 8-
week exercise training program, three sessions per week (60 minutes at 70-85% of heart
rate reserve (HRR)). Weight, body fat and BMI were measured, and the fasting blood
samples were collected before and after 8-week exercise program to determine serum OC,
leptin, adiponectin, insulin and HOMA-IR. Data were analyzed using t-test.

Results: Findings showed that body fat, BMI, weight, insulin, glucose, HOMA-IR and
leptin significantly reduced following aerobic training (P<0.05). However, the OC and
adiponectin levels significantly increased (P<0.05, baseline vs. post exercise) in the
exercise group compared to control group. The increase in OC levels had no correlation
with leptin, adiponectin, HOMA-IR, glucose and insulin levels after 8-week aerobic
exercises (all P>0.05).

Conclusion: According to these findings, it seems that the aerobic exercise through
changing the body weight and BMI is considered as a non-prescriptive therapeutic
approach to decrease the insulin levels and insulin resistance in overweight men. However,
the increase in OC level is not associated with decreased leptin or increased adiponectin
levels
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Introduction

Many studies have demonstrated that there is a powerful relationship between
bone mass and energy intake as well as have indicated that high regulation of
energy metabolism is necessary for optimal bone health. In addition, it is found
that several neuropeptides and hormones play important roles in the control of
energy metabolism, adiponectin, leptin, NPY and insulin as well as influence bone
remodeling (1, 2). There are cell communication pathways among adipose tissue,
hypothalamus and bone marrow, leading to conjecture that there is a biological
interaction between adipose tissue and bone (3). The osteocyte and adipose cell
metabolism is modulated by these mechanisms via inter-regulated molecular
pathways including skeletal system remodeling, sympathetic nervous system
activity, energy balance and insulin-glucose axis. Insulin physiological effects and
glucose metabolism are vital for metabolic alterations in the relationship between
adipose tissue and bone (4).

Osteocalcin  (OC) as the main noncollagen protein acts locally in the
mineralization of bone. It is synthesized by the osteoblasts and has been utilized
for bone turnover marker or bone formation (5). One of the OC’s functions in the
body is stimulating B-cells to secrete more insulin; on the other hand, they force
the fat cells to release adiponectin hormone, enhancing insulin sensitivity (6).
Overweight and obese individuals have significantly higher leptin. Besides,
adiponectin which is mainly secreted from adipose tissue significantly decreases
in these people (7). Leptin is the most important cytokine secreted from adipose
tissue, and its role is largely expressed in regulation of energy expenditure and
energy homeostasis. In the recent years, it is found that leptin also plays a main
role in the neuroendocrine regulation of bone metabolism (8,9). Leptin production
has a positive correlation with BMI and fat mass (10). Leptin has an influence on
bone homeostasis via peripheral and central pathways (Fig. 1) (8).
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Figl- central and peripheral pathways regulation of bone metabolism by leptin.
VMH, ventromedial hypothalamus; Ob-Rb, hypothalamic receptors; BMSC, bone
marrow mesenchymal stem cell; AdrB2, B2 adrenergic receptors (8).

In the central nervous system (CNS), the leptin regulates bone turnover via
sympathetic nervous system (SNS) (11) and targeting osteoblasts. When leptin
binds to its receptor on VMH neurons (Ob-Rb), signals are extended to osteoblasts
and inhibit osteoblasts proliferation. Therefore, this action causes reduced OC
production (12). Circulating adiponectin is correlated with decreased BMI in
obese subjects (13). Adiponectin affects bone mass through two opposite
mechanisms: 1) via osteoblasts in bone tissue, and 2) through influencing on CNS

(Fig 2) (14).
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Fig2- Adiponectin signaling in osteoblasts (14).

In osteoblasts, the adiponectin directly increases receptor activator of nuclear
factor kappa-B ligand (RANKL) expression and decreases forkhead box protein
(FOXO0L1) activity. Indeed, adiponectin exerts its effect in the sympathetic tone
and inhibits the activity of the sympathetic nervous system, followed by
increasing bone formation in addition to decreasing energy expenditure and blood
pressure (14). Exercise is defined as a series of physical activities whose objective
is to improve or keep physical health and fitness. Exercise has a number of
beneficial function such as decreasing leptin and increasing adiponectin levels
(15). Recent studies have shown reciprocal functional interactions between organs
including pancreas and adipose tissue, controlling intermediary metabolism and
bone. The OC can promote insulin secretion through B-cells proliferation.
Furthermore, measuring plasma OC concentration has been suggested as a
potential biomarker of cardiometabolic risk together with its proved clinical
significance as a bone turnover biomarker (16).

Exercise lessens leptin by enhancing energy expenditure and reducing adiposity.
Adiponectin promotes insulin sensitivity and inhibits inflammation. Weight loss
is correlated with a significant increase in adiponectin levels in obese subjects,
suggesting that exercise may increase adiponectin levels via decreasing body
weight. In addition, the mRNA expression of adiponectin is reportedly elevated
after aerobic training in rats (17). Lately, growing attention has been directed
toward the role of OC in modulating glucose and lipid metabolism. Lee et al.
(2007) have demonstrated that the OC is a bone messenger affecting adipocytes
and causes to increase insulin secretion, p-cell proliferation, insulin sensitivity,
energy expenditure and adiponectin expression by upregulating the adiponectin
gene expression in adipocytes. On the other hand, the adiponectin receptors are
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expressed in osteoblasts. Adiponectin stimulates differentiation, proliferation and
mineralization of osteoblastic cells (18). A positive feedback loop between insulin
and OC has been described so that insulin signaling in osteoblasts enhances OC
production and bioavailability (19). Both acute bouts of exercise and long-term
training improve insulin sensitivity and increase serum OC in overweight men;
therefore, insulin sensitivity enhanced with exercise is linked to a change in OC
(20).

Chahla et al. (2015) indicated that people who participated in exercise
interventions from one month to one year had significant increase in their OC
levels. They believed that the significant increase of OC level in the study group
was associated with the enhancement in the differentiation and activities of
osteoblast which might increase the production of OC due to the mechanical
loading from exercise (21). However, Abseyi et al. (2012) found no significant
association between insulin resistance, metabolic syndrome parameters and OC
levels in obese and overweight subjects (22). Therefore, these findings show the
importance of OC in glucose metabolism which affects diabetic patients and
increases this hormone with exercise; hence, the OC can be an important factor in
controlling blood glucose and improving insulin sensitivity in the overweight or
obese subject (6). In general, controversial findings of a study revealed that
different exercises had effects on bone metabolism, and several factors such as the
type of exercise activity (weight-bearing), gender and age might affect the
response of bone metabolism (23).

Considering the importance of OC in regulating glucose metabolism and insulin
secretion from beta cells as well as contradictory results of the studies on the effect
of different physical activities in this field, it seems that finding a mechanism, by
which the secretion of OC is increased, is effective in preventing metabolic
diseases. Therefore, the aim of the present study was to evaluate relationship
between bone formation marker (BGLA- protein) with adipokines and insulin
resistance in overweight men after aerobic exercise.

Methods
This study was registered at the Iranian Center for Clinical Trials (IRCT) with the
code of IRCT 20180226038876N1.

Subjects

Twenty-two overweight males (mean age: 28.50 +2. 23 years; BMI: 29.67 £0. 96
kg/m2) who met the criteria of overweight for adult Asians established by the
World Health Organization (WHO) were recruited. All subjects had no systemic
diseases, infections and physical disabilities undergo aerobic exercise. None of
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them had a history of smoking, experiences of exercise training and medications
for metabolic diseases. All participants gave written informed consent before
entering into the present study. The subjects were randomly assigned into control
(n = 11) and aerobic exercise (n = 11) groups. The baseline and follow-up
characteristics of the subjects in each group are shown in table 1.

Training Program

The aerobic exercise group participated in an 8-week supervised exercise training
program for three sessions (60 min per sessions) per week. Aerobic training was
performed (10 min of warm-up and 25-40 min of main training and finally cool
down for 10 min at 70-85% HRmax). Cardiorespiratory fitness (VO.max) of the
subjects was assessed using the Bruce protocol as introduced by the American
College of Sports Medicine (ACSM) before the first session of the program (24).
(Table 1).

The control group had normal lives.

Table 1- Aerobic training details

Week 1-2 Week 3-6 Week 6-8
Intensity . Intensity . Intensity .
(HR max) Duration (HR max) Duration (HR max) Duration

% 70 25 min %70- %80 35 min %85 40 min

Anthropometric Evaluation

Body weight was measured by Digital Scale (Sahand Company, Iran, the nearest
0.1 kg), height was measured by the Seca Height Scale (Japan technology, 0.1
cm), and body mass index (BMI) was calculated as weight/height? (kg/m?).
Biochemical Analyses

Blood samples were collected from all participants after 8 h 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 4000 g for 10 min at 4 °C as well as serum and plasma samples
were stored at -70 °C until analysis.

Insulin  (IN) was measured by electrochemiluminescence immunoassay
(LIAISON kits, England). The serum levels of OC, leptin and adiponectin were
determined by Human ELISA Kit (Hangzhou eastbiopharm Co. LTD; CHINA)
with the sensitivity of 0.026, 0.021 and 0.11 ng/ml, respectively as well as were
measured by Sandwich ELISA based on the instructions given in the kit brochure.
Whole body insulin resistance was obtained by calculating homeostasis model
assessment of insulin resistance:

HOMA-IR= FBG (mg/dl) x FPI (uu/ml) / 405
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Nutrition

Calorie intake was assessed using a 3-day food record and 24-h recall interview
conducted at the beginning and end of the training period. Dietary intakes gained
from the 3-day records and 24-h recalls were analyzed for calorie and
macronutrient content using Food Processor Nutrition Analysis Software (Version
7.1, 1996, ESHA Research, Salem, OR), providing access to information on over
15,000 food items with data for 105 nutrient components. There was no confirmed
significant variability between these two measures; hence, the two measures were
combined to each other, and a mean energy intake was calculated over 4 discrete
days at each time point (Table 2).

Table 2- Nutrition information of all participants

Variable Saturday Tuesday P
Energy (Kcals) 2204.00 £122.9 2212.00 £ 113.8 0.48
Protein (%) 146+15 143+3.2 0.84
Carbohydrates (%) 529+4.2 52.2 +3.85 0.56
Fat (%) 325+3.9 335+3.13 0.39

Statistical Analyses

All data were analyzed using SPSS 25.0 (K; IBM, USA) and presented as mean
+SD.

Pearson’s bivariate correlation analysis was used to evaluate the associations
between variables. The paired t-test was applied to examine the differences at the
baseline and follow-up variables within the group. Comparison of variables
between the groups was made using independent t-test. For variables not
exhibiting a normal distribution, the Kolmogorov-Smirnov test was utilized.
Levels of statistical significance were set at P < 0.05.

Results

The obtained results before and after 8-week exercise training interventions are
presented in table 3. Table 3 shows that before the intervention, there is a
significant difference between groups in body mass, weight and Vo.max as well
as no significant difference is observed in terms of other variables including BF%
between groups.

The obtained results displayed that there were significant differences between
control and exercise training groups with respect to changes of body mass index
after 8-week intervention (aerobic exercise, pre=28.33+1.04 post=27.34+0.99
kg/m?). The BMI decreased in the exercise group after training. The changes in
body fat percentage between groups were significantly different so that in the
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exercise group, the body fat percentage decreased during 8-week period (aerobic
exercise, pre=20.52+3.68 post=19.34+3.45 %). Additionally, the findings
illustrated that there were significant differences in changes of OC, leptin,
adiponectin, insulin level between intervention and control groups (P < 0.05).
These changes were more in exercise group than control group.

Table 3- Baseline and follow-up characteristics of the subjects

Aerobic exercise(N=11) Control(N=11) Independent
Age:20.54 £2.62 Age:28.57£2.20 T-test
Baseline Follow-up P Baseline Follow-up P T P
W;‘:;I 87.00=4.65 83.91+4 31 =(.001 91.13x3.67 91.12+3.74 0958 -4.185 =0.001
BM
(gim) 28.33x1.04 27.34+0.99 =(.001 28.76x0.83 28.76x0.89 0.987 -3.524 0.002
%BF 20.52+3.68 19.34£3.45 =(.001 18.80+1.28 18.68+0.78 0.603 0.619 0.549
rp6 82.63£5.85 79.18+4 46 0.008 81.81£299 8221£532 0.126 -2.851 0.010
(mmolidl}
Insulin
743146 6.45+1.58 =(.001 6.35+1.20 6.61£0.73 0.397 -0.311 0.760
(omelll)
HOMA-IR 1.51£0.28 1.252026 =(.001 126£0.26 1.32£0.13 0.522 -0.672 0.50%
Q.‘!; 2351x3.01 26.43x3.38 0.001 22.77£3.85 23.55x3.23 0443 2043 0.054
(ng/mi)
Adiponectin 5283493 563848 81 0.004 54084949 54074631 0997 0708 0487
(pg/mi)
Leptin -
ugim) 6.77£1.49 6.02+1.50 =(.001 6.67x1.69 649153 0.717 -0.723 0.478

Values: Mean + SD

P: Difference between baseline and follow-up values in groups

P”: Difference between experimental and control groups

BMI: Body mass index; FBG: Fasting plasma glucose; HOMA-IR: Homeostatic model
assessment for insulin

resistance; QUIKI: Quantitative insulin sensitivity check index; osteocalcin: OC

In addition, the FBS, FPI, HOMA-IR (P< 0.05) decreased and OC levels had a
significant increase (P< 0.05) in exercise group compared to control group. The
correlations between changes were evaluated in terms of leptin, adiponectin,
insulin homeostasis and circulating levels of OC. Pearson correlation showed that
changes in leptin and adiponectin had no significant correlation with those in OC
level of all subjects (P> 0.05).
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Table 4- Linear associations between baseline OCs and measures of anthropometry
and blood biochemical parameters

Osteocalcin
(Mean: 24.99+£3.55 ng/ml; n=22)
R P
FBG -0.420 0.052
Insulin 0.263 0.238
HOMA-IR 0.049 0.830
Leptin -0.102 0.653
Adiponectin -0.341 0.120

P>0.05

Moreover, no significant correlation was found between insulin homeostasis and
OC levels in all subjects (P > 0.05, Table 4).

Discussion

The current study examined the effect of exercise interventions (aerobic training)
on OC, leptin, adiponectin and insulin resistance in overweight men. It was found
that 8-week exercise training decreased body fat mass, weight, BMI, FBG, insulin
and leptin, increased adiponectin and OC levels as well as improved insulin
resistance in overweight young males.

The bone regeneration process is significantly affected by mechanical loads. A
previous study has suggested that the mechanical pressures based on weight-
bearing exercise are the most important factors affecting the formation of new
bones and increase of bone mineral density (25).

Cross-sectional data indicate an inverse association between OC and leptin (26)
in addition to positive association between OC and adiponectin (27). Adiponectin
stimulates the differentiation and proliferation of osteoblastic cells (28). In the
present study, serum leptin and adiponectin concentrations significantly changed
in exercise group compared to control group. It was observed that serum leptin
decreased with increasing of bone turnover biomarker (i.e. OC) in overweight
young men. However, serum adiponectin increased with increasing of OC.
Circulating adiponectin levels were lower in obese subjects, especially those with
visceral fat accumulation in the ongoing study. Experimental data suggest that OC
produced by osteoblasts increases insulin production, whereas enhancement in
adiponectin (along with increase in OC) supports the effect of OC on insulin
sensitivity (29).

In the current study, the serum concentrations of OC, leptin, adiponectin and
insulin resistance were statistically different between experimental and control
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groups. It was demonstrated that after 8-week exercise intervention, the OC and
adiponectin levels had significant increase, and leptin, glucose, insulin and insulin
resistance had reduction in the experimental group.

A study by Ghasemalipur et al. suggested that aerobic exercise increased OC
levels in men (30). Besides, Akbarpour declared that aerobic exercise reduced
leptin levels and increased adiponectin levels in obese and overweight men (31).
Another study reported that exercise training increased OC levels (bone formation
markers) and improved glycemic index and anthropometric indices in overweight
women (32). Their findings are consistent with ours, indicating an increase in OC
and adiponectin levels in addition to decrease in leptin levels. Furthermore, the
result of the ongoing study is confirmed by many researchers who have stated that
various exercises decline insulin and glucose levels, weight, body fat percentage
and BMI in different individuals with different genders (33, 34). Further, these
findings are inconsistent with those of Nouri et al (35) about the inactive men and
Bizheh et al. (36) about the middle-aged women because they have declared no
change or increase in OC and HOMA.

Furthermore, another aim of this study was to investigate the correlation between
the OC level with insulin resistance, leptin and adiponectin in overweight men.
Significant correlation was observed between changes in glucose and OC after
exercise, and the associations were significant in the Ex group and all subjects and
not in the control group. The findings of the ongoing study are similar to those of
Kanazawa et al. (37) about men and Iki et al. (38) about young men who have
reported a correlation between baseline OC and blood glucose. Relationship
between OC with leptin, adiponectin and insulin was observed, which was not
significant between groups.

The OC is generated from mature osteoblasts and activated in the low pH of the
resorption lacunae. The OC bioactivity may be regulated by insulin through
insulin receptors on osteoblasts. Conversely, the OC influences adiponectin
expression, B-cell proliferation, insulin sensitivity and insulin secretion, possibly
via GPCR6a receptors in B-cells (39).

Undercarboxylated bioactive osteocalcin (OCN) releasing in bloodstream
influences glucose metabolism mainly in two ways. Firstly, the OCN directly
impacts B-cell function through binding to the receptor GPRC6A and rising the
capacity in order to proliferate as well as to synthesize and secrete insulin.
Secondly, the OCN elevates energy expenditure and improves insulin sensitivity
via multiple mechanisms. The OCN stimulates energy expenditure through
regulating the expression of genes implicated in energy consumption in skeletal
muscle and brown adipose tissue as well as via boosting mitochondrial biogenesis
in muscle. In addition, the OCN affects insulin sensitivity, possibly through
enhancing adiponectin expression in white fat and reducing inflammation and
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lipid accumulation in the steatotic liver. A direct influence of OCN as an insulin-
sensitizing hormone is speculative and remains to be established (40).

Therefore, one of the mechanisms representing physical activity can improve
insulin sensitivity and decline blood glucose in diabetic patients through effective
increase in OC. First, the OC has an impact on pancreatic beta cells, enhances
insulin secretion via improving glucose uptake in tissues, especially in muscle and
augments glucose metabolism (3). On the other hand, the OC can rise adiponectin
secretions via affecting the adipose tissue. It is clear that adiponectin is one of the
most important adipokines in enhancing insulin sensitivity (4).

Long-term exercises can elevate glucose transporters to muscle cells and insulin
receptor substrates, as well as its increase in muscle mass (more than 75% of
glucose utilization due to insulin-induced muscle tissue stimulation) causes the
response of body to insulin, enhances insulin sensitivity and prevents obesity in
addition to its subsequent complications. The aerobic exercises increase insulin
function by decreasing intracellular TG accumulation and rising the oxidation of
fatty acids (41).

It seems that one of the major mechanisms is exercise which increases OC levels;
firstly, the mechanical loads of exercise cause the response of bone cells to more
activity, resulting in more OC secretion by the osteoblastic cells. Secondly, the
mechanical loads of exercise disrupt the hemostasis of energy metabolism during
physical activity in the body. Since bone is now considered as an active metabolic
tissue during physical activity, the signals from insulin and glucose changes lead
to more bone activity and stimulate OC secretion (6).

Conclusion

The results of the current study indicated that aerobic training significantly
elevated the serum levels of OC, adiponectin and decrease leptin, insulin and
insulin resistance in overweight young men. Comparing the means of two groups
(control vs. aerobic exercise) illustrated that the changes have a greater effect in
the aerobic exercise group than control group in the rate of change of the study
factors. Thus, in summary, aerobic training by increasing mechanical load on bone
mass causes changes in OC secretion, affects the energy metabolism and body
weight as well as can be an important factor in increasing bone mass and weight
loss in overweight and obese people.

Acknowledgements

This article was derived from the Ph.D. thesis in Exercise Physiology with the
number of 11721404961011 in the Islamic Azad University of Rasht Branch. The



Rostamizadeh et al., Relationship between Bone Formation... 20

authors would like to thank the supervisors, advisors and all persons who
cooperated with us in this field.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Horsnell H, Baldock PA. Osteoblastic actions of the neuropeptide Y system to
regulate bone and energy homeostasis. Curr Osteoporos Rep 2016; 14: 26-31.

Kim JG, Sun BH, Dietrich MO, Koch M, Yao GQ, Diano S, Insogna K, Horvath TL.
AgRP neurons regulate bone mass. Cell Rep 2015; 13: 8-14.

Rosen CJ. Bone remodeling, energy metabolism, and the molecular clock. Cell Metab
2008;7,7-10.

Boyanov M, Bakalov D, Boneva Z. Bone mineral density in men with and without
the metabolic syndrome. Aging Male 2009;12(2-3):62-5.

Alfadda AA, Masood A, Shaik SA, Dekhil H, Goran M. Association between
osteocalcin, metabolic syndrome, and cardiovascular risk factors: role of total and
undercarboxylated osteocalcin in patients with type 2 diabetes. Int J Endocrinol. 2013;
2013:197519.

Zanatta LC, Boguszewski CL, Borba VVZ, Kulak CA. Osteocalcin, energy and glucose
metabolism. Arg Bras Endocrinol Metabol 2014;58(5):444-51.

Tabak AG, Brunner EJ, Miller MA, Karanam S, McTernan PG, Cappuccio FP, Witte
DR. Low serum adiponectin predicts 10-year risk of type 2 diabetes and HbAlc
independently of obesity, lipids, and inflammation: Whitehall Il study. Horm Metab
Res 2009; 41: 626-629

Chen XX, Yang T. Roles of leptin in bone metabolism and bone diseases. J Bone
Miner Metab 2015; 33:474-85.

Upadhyay J, Farr OM, Mantzoros CS. The role of leptin in regulating bone
metabolism. Metabolism 2015; 64:105-13.

Neumann E, Junker S, Schett G. Adipokines in bone disease. Nat Rev Rheumatol
2016; 12:296-302

Takeda S, Elefteriou F, Levasseur R, et al. Leptin regulates bone formation via the
sympathetic nervous system. Cell 2002; 111:305-17.

Karsenty G. Convergence between bone and energy homeostases: leptin regulation
of bone mass. Cell Metab 2006; 4:341-8.

Nigro E, Scudiero O, Monaco ML. New insight into adiponectin role in obesity and
obesity-related diseases. Biomed Res Int 2014; 2014:658913.

Kajimura D, Lee HW, Riley KJ. Adiponectin regulates bone mass via opposite central
and peripheral mechanisms through FoxO1. Cell Metab 2013; 17:901-15.

Owecki M, Nikisch E, Miczke A, Pupek-Musialik D, Sowinski J. Leptin soluble
leptin receptors, free leptin index, and their relationship with insulin resistance and
BMI: high normal BMI is the threshold for serum leptin increase in humans. Horm
Metab Res 2010; 42: 585-589

Lenora J, lvaska KK, Obrant KJ, Gerdhem P. Prediction of bone loss using

biochemical markers of bone turnover. Osteoporos Int 2007; 18:1297-305.



21

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

Journal of Exercise and Health Science, Vol. 01, No. 01, Winter 2021

Zeng Q, Isobe K, Fu L, Ohkoshi N, Ohmori H, Takekoshi K, Kawakami Y. Effects
of exercise on adiponectin and adiponectin receptor levels in rats. Life Sci 2007,
80: 454-9

Lee NK, Sowa H, Hinoi E. Endocrine regulation of energy metabolism by the
skeleton. Cell 2007; 130(3):456-69.

Fulzele K, Riddle RC, DiGirolamo DJ. Insulin receptor signaling in osteoblasts
regulates postnatal bone acquisition and body composition. Cell 2010;142(2):
309-19.

Campos RM, de Mello MT, Tock L. Aerobic plus resistance training improves bone
metabolism and inflammation in adolescents who are obese. J Strength Cond Res.
2014; 28:758-766.

Chahla S, Frohnert B, Thomas W, Kelly A. Higher daily physical activity is
associated with higher osteocalcin levels in adolescents. Preventive Med-icine
Reports. 2015; 2: 568-71.

Abseyi N, Siklar Z, Berberoglu M, Hacihamdioglu B, Savas Erdeve S, et al.
Relationships between osteocalcin, glucose metabolism, and adiponectin in obese
children: is there crosstalk between bone tissue and glucose metabolism? J Clin Res
Pediatr Endocrinol. 2012; 4:182-8.

Vinionpaa A, korpelainen R, Vaananen HK, Haapalahti J, Jamsa T, Leppaluoto J.
Effect of impact exercise on bone metabolism. Osteoporos Int. 2009 ;20(10):1725-
33.

Asad M. Effect of 8 weeks aerobic, resistance and concurrent training on cholestrol,
LDL, HDL and cardiovascular fitness in obesity male. 2013; 1(3), 57-64.
Abbaszadeh surati H, Abrahim KH, Nikbakht HA. The effect of 16-week selective
aerobic exercise on serum osteopontin, and osteocalcin in sedentary middle-aged
women. JPSPA. 2011;10: 778-784.

Saleem U, Mosley Jr TH, Kullo 1J. Serum osteocalcin is associated with measures of
insulin resistance, adipokine levels, and the presence of metabolic syndrome. ATV
Biol 2010; 30:1474-8.

Fernandez-Real JM, lzquierdo M, Ortega f, et al. The relationship of serum
osteocalcin concentration to insulin secretion, sensitivity and disposal with
hypocaloric diet and resistance training. Journal of Clinical Endocrinology and
Metabolism. 2009; 94,237-245.

Luo X-H, Guo L-J, Yuan L-Q, Xie H, Zhou H-D, Wu X-P, et al. Adiponectin
stimulates human osteoblasts proliferation and differentiation via the MAPK
signaling pathway. Exp Cell Res 2005; 309:99-1009.

29- Chen Y, Zhao Q, Du G, Xu Y. Association between serum osteocalcin and
glucose/lipid metabolism in Chinese Han and Uygur populations with type 2 diabetes
mellitus in Xinjiang: two cross-sectional studies. Lipids in Health and Disease 2017;
16(1).

Ghasemalipour H, Eizadi M. The Effect of Aerobic Training on Some Bone
Formation Markers (Osteocalcin, Alkaline Phosphatase) in Asthma Treated with
Inhaled Corticosteroids. ZJRMS 2018; 20(1): e58477.



Rostamizadeh et al., Relationship between Bone Formation... 22

31.

32.

33.

34.

35.

37.

38.

39.

40.

Akbarpour M. The effect of aerobic training on serum adiponectin and leptin levels
and inflammatory markers of coronary heart disease in obese men. Biol. Sport 2013;
30:21-27.

Ghorbanian B, ahmd B. Study the Effect of Exercise on Bone Markers, Glycemic and
Anthropometric Indices in Postmenopausal Women with Diabetes. AMUJ 2017;
20(118): 107-117.

Azarbayjani, M., & Abedi, B. Comparison of Aerobic, Resistance and Concurrent
Exercise on Lipid Profiles and Adiponectin in Sedentary Men. JK & HBMS, 2012;
7(1), 32-38.

Atashak S, Jafari A, Azarbaijani MA. The long-term effects of resistance training on
adiponectin and lipid profile in obese men. RIMS. 2011; 18(86): 1-11.

Nouri Y, Rahmani nia F, Mirzaie B, Arazi H. The Effect of Resistance and Endurance
Training on Resting Metabolic Rate and Body Composition in Sedentary Males.
Zumsj.2013; 21 (89) :51-63 36. Bizhe N, Sarlak, Z. Effects of Eight Weeks Aerobic
Training on Serum Apo A-l, APO B and lipid profile in Overweight Women. Sport
Physiology, 2016; 7(28), 45-58.

37. Kanazawa I, Yamaguchi T, Yamamoto M, Yamauchi M, Kurioka S, Yano S, et
al. Serum Osteocalcin Level Is Associated with Glucose Metabolism and
Atherosclerosis Parameters in Type 2 Diabetes Mellitus.J Clin Endocrinol Metab.
2009; 94:45-9.

Iki M, Tamaki J, Fujita Y, Kouda K, Yura A, Kadowaki E, et al. Serum
undercarboxylated osteocalcin levels are inversely associated with glycemic status
and insulin resistance in an elderly Japanese male population: Fujiwara-kyo
osteoporosis risk in men (FORMEN) study. Osteoporos Int. 2012; 23:761-70.
Gastaldelli A, Gaggini M, DeFronzo RA. Role of adipose tissue insulin resistance in
the natural history of T2DM: results from the San Antonio Metabolism Study.
Diabetes. 2017; 66: 815-822.

Mera P, Ferron M, Mosialo I. Regulation of Energy Metabolism by Bone-Derived
Hormones. Cold Spring Harb Perspect Med. 2018;10.1101/cshperspect. 031666
Azali Alamdari K, khalafi M, Ghorbanian B. Effect of Aerobic Training on Serum
Adiponectin and Ctrp-3 in Males with Metabolic Syndrome. IJEM. 2017; 18 (5) :
368-377



