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Abstract

Background: Osteoporosis is the most common disorder of bone and mineral metabolism. This disease is associated with de-
creased bone density and loss of bone microstructure, leading to increased fragility and risk of bone fractures.

Objectives: The aim of this study was to evaluate the effect of eight weeks of aerobic interval training on the serum concentrations
of alkaline phosphatase, osteocalcin, and parathyroid hormone in middle-aged men.

Methods: This was a quasi-experimental study of 24 men, who were divided into two groups of control (n =12) and aerobic interval
training (n =12). Training performed during eight weeks, three times a week, each session for 45 to 60 minutes. Blood samples were
analyzed for the concentrations of calcium, phosphorus, alkaline phosphatase, osteocalcin, and parathyroid hormone before and
after completion of the training program. Paired samples t-test and analysis of covariance (ANCOVA) were run to analyze the data
(P<0.05).

Results: Weight and body mass index decreased significantly, and the maximum oxygen consumption at the end of the training pro-
gram increased significantly in the experimental group. Eight weeks of aerobic exercise led to a significant increase in the amounts
of calcium (P = 0.001), phosphorus (P = 0.001), alkaline phosphatase (P = 0.001), osteocalcin (P = 0.001), and parathyroid hormone
(P=0.001) in the experimental group.

Conclusions: It can be stated that eight weeks of aerobic interval training may be effective in preventing osteoporosis by reducing
body composition indices and increasing calcium, phosphorus, alkaline phosphatase, osteocalcin, and serum parathyroid hormone

in inactive men.
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1. Background

Osteoporosis is a privilege systemic skeletal disease
characterized by severely low general bone mass (bone hol-
lowing). In this condition, bone composition does not
change in quality, but it does decrease in quantity (1). The
risk of osteoporosis is higher in men during the first 3 to
5 years after inactivity due to increased bone loss rate (2 -
6.5% per year) (2). Fracture caused by osteoporosis occurs
in 60% of women and 30% of men aged over 60 years. Ap-
proximately one in three women and one in twelve men
develops osteoporosis, leading to 10.000 debilitating frac-
tures in patients. However, only a small number of these
patients are evaluated (3, 4). Therefore, increased bone
resorption with disproportionate formation could result
in decreased bone density and osteoporosis (5). The bone

regeneration process could be assessed using bone for-
mation and bone resorption biomarkers. These biomark-
ers include bone matrix components, substances, and en-
zymes that are released during the regeneration process
(6). Alkaline phosphatase, osteocalcin, and parathormone
hormone are the main biomarkers of the bone regenera-
tion process (7).

Alkaline phosphatase is a noble indicator of bone for-
mation (8). Alkaline phosphatase is a group of hydrolase
enzymes produced by the kidneys, liver, and bones. Al-
kaline phosphatase is mainly attached to the cell mem-
brane. The role of this enzyme is to remove the phosphate
agent from phosphate-containing organic esters and to fa-
cilitate the movement of substances from the cell mem-
brane. Hepatocyte cells produce these enzymes, and then
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they attach to the canalicular cell surface. Osteoblasts pro-
duce the bone isozymes responsible for breaking down py-
rophosphate (an inhibitor of bone mineralization) (9, 10).
Osteocalcin is a specific bone protein circulating in the
blood (11).

Osteocalcin is characterized by the presence of car-
boxyglutamic acid residues, which are essential for the
binding of osteocalcin to hydroxyapatites and bones (12).
Osteocalcin produced by osteoblasts is involved in calcium
mineralization and homeostasis. Parathormone, which is
secreted by the parathyroid gland, plays an important role
in regulating blood calcium and osteocalcin, which are
the important biomarkers of bone metabolism (13). The
parathyroid hormone is key to calcium homeostasis and
bone metabolism (13). This hormone is one of the main
components of bone mass in adults and is closely related
to bone loss, osteoporosis, and fractures. The secretion
of this hormone is affected by calcium (14). Regular and
long-term physical activity can affect bone metabolism in-
dices, prevent further bone desorption, reduce the secre-
tion of parathyroid hormone, increase calcitonin, and pre-
vent bone tissue from losing calcium and other miner-
als (15). A number of studies evaluating bone biochemi-
cal markers have addressed the effect of exercise on bone
metabolism (16, 17), some of which have shown the an-
abolic effects of exercise on the bone (17, 18), while oth-
ers have demonstrated the negative effects of exercise on
bone metabolism. Empirical evidence confirms that phys-
ical activity has positive effects on skeletal mass (19), and
relatively intense exercise lasting more than six months is
more effective to increase bone density compared to high-
repetition and low-pressure exercises (20).

Despite the importance of alkaline phosphatase, osteo-
calcin, and parathormone levels in calcium and phospho-
rus metabolism and the significance of preserving bone
salts (i.e., calcium and phosphorus) to prevent osteoporo-
sis in inactive men and considering the possible role of
long-term periodic aerobic training in changing these fac-
tors and maintain bone mass, the relationship between
bone markers and bone density adaptations as an indica-
tor of bone growth is not yet fully understood. Former
studies have reported contradictory results regarding the
response of bone metabolism markers, and optimal train-
ing cannot be suggested for maximum bone formation

(21).

2. Objectives

The aim of this study was to evaluate the effect of eight
weeks of aerobic interval training on the serum concen-
trations of alkaline phosphatase, osteocalcin, and parathy-
roid hormone in middle-aged men.

3. Methods

3.1. Subjects

This was a quasi-experimental study with a pre-test and
post-test design. The statistical population of this study
included 60 overweight and middle-aged men in residing
Bojnourd, Iran. The statistical samples of this study in-
cluded 24 overweight middle-aged men with an age range
of 40 to 47 years, who were selected by the available and
purposive sampling methods. Firstly, the study objectives
and procedure were explained to the participants, and
they signed written informed consent forms. Health was
examined based on the health questionnaire. The inclu-
sion criteria comprised of not using any medications, not
smoking, and not having participated in any exercise pro-
gram for at least two months before participating in the ex-
ercise program. Subjects were then randomly divided into
the two groups of aerobic interval training (n=12)and con-
trol (n=12).

3.2. Body Composition

To evaluate the body composition, we measured the
height of the subjects with Saka caliper (made in Germany)
with an accuracy of 5 mm, hip and waist circumference
with a tape measure (Mabis, Japan) with an accuracy of 5
mm, and body fat percentage and weight with an accuracy
of 100 g. Body mass index was obtained by dividing body
weight in kilograms by squared height in meters. All the
measurements were performed while the subjects had ab-
stained from eating and drinking for four hours before the
test, and their bladder, stomach, and intestines had been
emptied as much as possible.

3.3. Maximum Oxygen Consumption

To estimate the maximum oxygen consumption, the
Naughton protocol was performed on a treadmill. The
Naughton test was performed in 10 two-minute stages, ex-
cept for the first stage, which was at a speed of one mile
per hour; the constant speed at the next stages was two
miles per hour. The slope of the device was zero in stages
1and 00, and as of the third stage the slope increased 3.5%
in each stage. The maximum oxygen consumption in the
Naughton protocol was calculated using following equa-
tion (22).

Maximum oxygen consumption (ml [ kg [ min) = 1.61
(time in minutes) + 3.6

3.4. Blood Samples

Blood samples were collected by an experienced labo-
ratory sciences expert in two stages from the left vein of
each case in a sitting position and at rest 48 hours before
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the start of the training program and 48 hours after the
last training session. Both before and after training, 5 cc of
blood was taken from the brachial anticoagulant vein, and
the samples were frozen at -18°C. To determine the serum
amount of alkaline phosphatase using Pars ALP kit (made
in Iran, with a sensitivity of 3 units per liter), the stan-
dard synthetic photometric method was used. Also, serum
phosphorus and calcium levels were determined using the
photometric method (Pars Company Kit, Iran) with a sen-
sitivity of 0.7 and 0.2 mg/100 ml, respectively. The level of
osteocalcin was determined by the ELISA method with a
standard BIOVENDER kit (made in England). ELISA method
and Biosource hPTH commercial kit (Biosource Eroup, Bel-
gium) were used to measure the parathormone level. The
kit’s sensitivity was 0.1 ng/L.

3.5. Training Program

The training program included periodic aerobic exer-
cise for eight weeks, three sessions a week each session for
45 to 60 minutes. The high-intensity training (HIT) pro-
gram included warm up with a variety of stretching and
flexing movements for 10 minutes and then performing in-
tense periodic movements with one active rest minute be-
tween each set. The training program was implemented
from simple to difficult, taking into account the principle
of overload and increasing the training intensity.

The pattern of the intense periodic exercise was as fol-
lows: in the first week, three times of 4 -minute execution
with 90% heartbeat reserve with 2 minutes of active re-
covery; the second week, 4 times of 4 minute execution
with 90% intensity of heartbeat reserve with 2 minutes ac-
tive recovery, the third week, five times of 4-minute run
with 90% heart rate reserve with 2 minutes active recov-
ery, the fourth week, six times of 4-minute execution with
90% heart rate reserve with 2 minutes active recovery, the
fifth week, seven times of 4-minute implementation with
90% heart rate reserve with 2 minutes active recovery, the
sixth week, eight-time of 4 -minute execution with 90%
heart rate reserve with 2 minutes active recovery, the sev-
enth week, six times of 4-minute execution with 90% heart
rate reserve with 2 minutes active recovery, and the eighth
week, five times of 4-minute execution with 90% heartrate
reserve with 2 minutes active recovery. The exercise was
controlled by a heartbeat monitor (Polar, Finland) (23, 24).
The control group was inactive and performed no exercise
training during the study.

3.6. Statistical Analysis

The collected data was analyzed using SPSS, version 16.
For ensuring the normality of the data, the Shapiro-wilk
statistical test was used, and Levene’s test was run to exam-
ine the homogeneity of variance. To compare intragroup
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and intergroup changes, t-test and analysis of covariance
(ANCOVA)were run, respectively. A P-value of less than 0.05
was considered significant.

4. Results

The characteristics of the participants are presented in
Table 1. Based on Table 2, the eight-week aerobic interval
training program led to a significant increase in calcium
(P =0.001), phosphorus (P = 0.001), alkaline phosphatase
(P = 0.001), osteocalcin (P = 0.001), and parathyroid hor-
mone (P = 0.001). Moreover, according to this table, the
changesin the mean levels of calcium (P=0.001), phospho-
rus (P = 0.001), alkaline phosphatase (P = 0.001), osteocal-
cin (P=0.001), and parathyroid hormone (P = 0.001) were
significantly different between the experimental and con-
trol groups.

According to Table 3, eight weeks of aerobic interval
training led to a significant decrease in weight (P =0.004)
and body mass index (P=0.003) and a significant increase
in maximum oxygen consumption (P=0.001) in the exper-
imental group. Finally, the changes in the means of weight
(P=0.02) and maximum oxygen consumption (P = 0.001)
were significantly different between the experimental and
control groups.

5. Discussion

Eight weeks of aerobic interval training significantly
increased the serum level of osteocalcin in men. Osteo-
calcin is inactively stored in the extracellular matrix of
bones as gamma carboxyglutamic acid, and for activating,
itis converted to non-carboxylic osteocalcin in the bone re-
sorption cavity at a pH of 4.5 and released into the blood-
stream. Insulin then binds to its receptor in osteoblasts
in a feedback axis and promotes bone resorption by in-
hibiting osteoprotegerin activity. Indeed, insulin signal-
ing in osteoblasts reduces osteoprotein gene expression
by inhibiting foxo1 activity, which downregulates bone re-
sorption, promotes osteoclast activity, and releases the ac-
tive form of osteocalcin (25). One of the main mechanisms
through which exercise increases osteocalcin level is in-
creased bone cell activity and response to exercise-induced
mechanical stress, which leads to more osteocalcin secre-
tion by these cells, and the second is related to the disrup-
tion of energy metabolism homeostasis during physical
activity in the body. Recently, bone has been mentioned as
an active metabolic tissue during physical activity, and sig-
nals from changes in insulin and glucose lead to increased
bone cell activity and the stimulation of osteocalcin secre-
tion (26-28).
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Table 1. Characteristics of the Participants

Variations (Mean = SD)

Groups

Age (y) Height (cm) Weight (kg) BMI (kg/m?)
Experimental 4275 +1.86 161.50 =+ 2.22 74.60 £ 2.56 28.62 £ 1.46
Control 43.00 £217 159.50 £ 1.05 74.90 % 2.56 29.44 4+ 0.98

Table 2. Variations of Bone Biomarkers and Serum Osteocalcin Levels of Inactive Men

Variations
Variables Stages (Mean = SD) P-Value
Pre-test Post-test Paired Samples t-test ANCOVA (Between Group)
Calcium (mg/dL) 0.001°
Experimental 9.48 + 0.12 9.75 + 0.15 0.001*
Control 9.46 £ 0.24 9.45 £+ 030 0.67
Phosphorus (mg/dL) 0.001°
Experimental 415+ 0.10 449 £ 012 0.001*
Control 434t 013 426 +0.20 0.15
Alkaline phosphatase (U/L) o.001*
Experimental 208.25 1 4.86 217.16 £ 4.36 0.001°
Control 212.00 +8.23 21233 +11.20 0.77
Osteocalcin (ng/mL) 0.001°
Experimental 29.54 + 0.89 31.02 £ 0.89 o0.001*
Control 29.45 £ 0.64 29.66 £ 0.47 0.28
Parathormone (pg/mL) o.001*
Experimental 21.69 £ 1.44 23.60 % 0.96 o0.001°
Control 21.55 £ 1.55 21.55 +1.78 0.97
*The mean difference is significant at the 0.05 level.
Table 3. Variations of Bone Biomarkers and Serum Osteocalcin Levels in Inactive Men
Variations
Variables Stages (Mean = SD) Paired Samples t-test ANCOVA (Between Group)
Pre-test Post-test t P-Value F P-Value
Weight (kg) 0.02°
Experimental 74.60 &£ 2.56 74.03 +2.63 3.63 0.004% 5.66
Control 74.90 £ 2.56 74.82 £ 271 0.69 0.501
BMI (kg/m)?) 0.06
Experimental 28.62 +1.46 28.40 +1.49 3.70 0.003% 3.93
Control 29.44 +0.98 29.4111.07 0.68 0.508
VO, max (ml/kg/min) o.001*
Experimental 21.06 1.06 2236 £ 0.70 4.26 0.001* 39.98
Control 20.90 + 0.76 20.60 £+ 0.75 167 0.122

? The mean difference is significant at the 0.05 level.
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Based on our results, eight weeks of aerobic interval
training significantly increased parathormone, calcium,
and phosphorus levels in inactive men, which is consis-
tent with some former findings (29-31). However, contra-
dictory results have been reported by some other studies
(16, 32). Participating in aerobic interval training causes
high energy consumption. In endurance activities, fre-
quent muscle contractions to maintain activity and release
of the required energy are strongly dependent on the cal-
cium presence. On the other hand, during endurance ac-
tivities lasting a long time, a large number of body salts,
including calcium, are excreted through the skin during
the sweating process. Therefore, blood calcium level de-
creases (33). Because blood calcium level must always be
constant, they activate blood calcium-sensitive hormone
systems. Parathormone, which is secreted by the parathy-
roid gland, activates osteoclasts and bone catabolism to
compensate for the required calcium (34). Besides, other
factors such as catecholamine level and acidosis can alter
parathyroid hormone secretion (17). The adrenergic sys-
tem is activated during exercise and is a factor to regulate
parathyroid hormone. Lactic acid also affects the density
of this hormone and acidosis and stimulates hormone se-
cretion and modulates the adrenergic system (17). This dis-
crepancy between the results of the present study and the
findings of the above-mentioned studies can be attributed
to differences in participants’ age and sex or duration, in-
tensity, and type of exercise program.

In addition to bone mineral density, numerous factors
may contribute to bone strength including bone struc-
ture, shape, size, and sex hormone levels, which were not
addressed in this evaluation; therefore, future studies on
this issue are recommended. Because aerobic exercise can
be one of the factors affecting sex hormones and bone
biomarkers due to physiological variation, and such vari-
ables depend on the intensity, exercise duration, and phys-
ical fitness, it could be advised to coaches and exercise prac-
titioners to consider the necessary precautions when de-
signing exercise programs. This study had some limita-
tions, including variable diets of the participants, various
adaptive responses to physical activity, a number of sub-
jects withdrew from the study, and individual differences;
thus, extrapolation of the findings should be performed
with caution.

5.1. Conclusions

In sum, periodic aerobic exercise, by reducing weight,
body mass index, elevating calcium, phosphorus, alkaline
phosphatase, and osteocalcin levels, and increasing the
mechanical load on bone mass, causes changes in energy
metabolism and body weight and can be considered as
an important factor in preventing osteoporosis. Aerobic
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training programs are recommended for all people, espe-
cially inactive middle-aged individuals, to prevent osteo-
porosis.
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