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Abstract 

Background and Aim: Inhalation of corticosteroids in patients with asthma is associated with an increased risk of 

osteoporosis. This study aimed to assess the effect of aerobic training on alkaline phosphatase (ALP), parathyroid 

hormone (PTH) as bone biomarkers in men with mild to moderate asthma. 

Methods: Twenty four sedentary middle-aged men with asthma aged 40±5 years were randomly assigned to two 

groups as exercise (aerobic training, n=12) and control (no training, n =12). Aerobic training was performed 3 days a 

week for 12 weeks in the form of running on a flat surface at 60-75% of HRmax. Fasting blood samples were taken 

before and after the training program for measuring serum ALP and PTH.  

Results: There were no statistically significant differences between groups with regard to anthropometrical and bone 

markers at baseline (p>0.05). Aerobic training resulted in significant increase in ALP (p = 0.023) and PTH (p = 0.016) 

in exercise individuals. All variables remained unchanged in the control group (p>0.05).  

Conclusion: With an emphasis on the increase in ALP and PTH, it is concluded that relatively long-term aerobic 

exercise is associated with improved bone formation markers in patients with asthma treated with inhaled 

corticosteroids. 
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Introduction 

Asthma is an airway disease of allergic origin that 

appears physiologically with narrowing of the 

airways and presents clinically with sudden attacks 

of shortness of breath, cough, and wheezing(1). 

This type of disease is also defined as chronic 

inflammation of the airways and there is evidence 

that systemic inflammation is involved in their 

pathogenesis (2). Respiratory function impairment 

is strongly associated with cardiovascular risk 

factors, atherosclerosis, vascular stiffness, 

cardiovascular disease, and mortality. However, the 

pathophysiological mechanisms responsible for this 

association are still unknown (3). Studies have 

shown that 30 to 50% of lung patients have 

osteoporosis of the vertebrae and femur (4, 5). 

These studies have supported asthma as a precursor 

to osteoporosis. One of the most important risk 

factors for osteoporosis in patients with asthma is 

the age of patients and the number of 

corticosteroids used (6). There is evidence that the 

use of oral or inhaled corticosteroids by patients 

with asthma is associated with impaired levels of 

markers of bone formation or destruction, mainly 

leading to bone destruction. High doses of inhaled 

corticosteroids, in addition to increasing bone 

resorption, inhibit bone formation by inhibiting and 

reducing osteoblast cell proliferation (7, 8).  

It has been reported that the use or inhalation of 

corticosteroids is responsible for approximately 

55% of changes in density, strength, and 

osteoporosis in patients with asthma (9, 10). 

Markers of bone resorption and formation such as 
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C-terminal type 1 collagen telopeptide (CTX), 

osteocalcin, serum alkaline phosphatase (ALP), 

parathyroid hormone (PTH) as well as plasma 

levels of some other biochemical parameters such 

as cortisol and regulating cell activity, encephalin, 

calcium, bone formation, and reabsorption as well 

as predicting the occurrence of bone metabolic 

diseases or osteoporosis  (11-13). Among these, 

PTH and ALP have been introduced as the two 

main determinants of the bone formation process. 

PTH is one of the major hormones regulating 

calcium metabolism in both anabolic and catabolic 

functions of bone (14). 

ALP also represents osteoblast cell activity and 

bone formation (15). In bone, osteoblasts are a large 

source of ALP, and the amount in the cell indicates 

the ability of osteoblasts to build bone (16, 17).  

Decreased ALP levels are associated with bone 

destruction or reduced bone formation. Considering 

the effects of inhaled corticosteroids on markers of 

bone formation and destruction in patients with 

asthma, the replacement of other stimulants to 

reduce the severity of the disease seems to prevent 

the spread of osteoporosis and other irreversible 

complications. Meanwhile, based on the available 

evidence on other chronic diseases that are often 

associated with metabolic disorders, exercise 

training as a non-pharmacological treatment are 

likely to have beneficial effects. Although studies in 

this field are limited to patients with asthma, some 

studies in the last decade have supported the 

beneficial effects of various exercise methods on 

bone degradation or reabsorption indices in healthy 

or sick populations, although there are conflicting 

findings.  

For example, in the study of Khajehlandi et al., the 

effect of a selected aerobic training on calcium, 

PTH, and some other markers of bone formation or 

destruction in inactive women students was 

measured. The results showed that the levels of 

PTH, osteocalcin, and ALP increased significantly 

in the exercise group, but these variables did not 

change significantly in the control group (18). In 

the study of Tartibian et al., 9 weeks of intense 

aerobic exercise by young women led to a 

significant increase in ALP and PTH compared to 

the control group (19). However, in Aliye et al.'s 

study, an aerobic exercise session in the form of 

brisk walking on a treadmill resulted in a significant 

decrease in ALP and a significant increase in PTH 

in men, while the combination of submaximal 

exercise with weight-bearing increased ALP was 

delayed for 24 hours after exercise but PTH levels 

did not change significantly (20). PTH regulation is 

also affected by bone mineral density, age, sex, and 

other hormones and metabolic factors such as 

catecholamines, lactic acid, and calcium 

concentrations (14). Based on the evidence, despite 

the potential importance of exercise in maintaining 

bone structure in healthy or diseased populations, 

there are still precise mechanisms for linking bone 

metabolism to exercise and the precise response of 

hormones and markers affected by exercise to bone 

formation. Therefore, due to the increasing 

prevalence of osteoporosis in patients with asthma, 

in the present study, the effect of a course of 

aerobic exercise on serum levels of PTH and ALP 

in patients with asthma will be measured and 

compared with the control group 

Methods 
Patients 

The population of the present quasi-experimental 

study consists of men with mild to moderate asthma 

without calcium or vitamin D supplementation of 

Saveh aged 35 to 45 years old. The statistical 

sample consisted of 24 non-athlete and non-

smoking adult men with asthma treated with 

inhaled corticosteroids randomly divided into 

experimental (12 week’s aerobic training, 3 

times/weekly) or control (no training). The criteria 

for diagnosing asthma were measuring respiratory 

volumes (FEV1 / FVC ratio) by spirometry test and 

examining clinical manifestations by an asthma and 

allergist. The patients had mild to moderate asthma 

(mild persistent asthma), with asthma symptoms 

usually not occurring more than once a day, and 

inhaled steroids once or twice daily. Having at least 

3 years of use of inhaled corticosteroids is one of 

the main criteria for inclusion in the study. Also, 

not participating in diet and regular exercise in the 

last 6 months was another inclusion criterion. The 

presence of other chronic diseases such as diabetes 
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or cardiovascular disease and other metabolic 

diseases affecting metabolism and homeostasis of 

energy and bone was also excluded from the study. 

Observation of orthopedic abnormalities that limits 

the performance of exercise is also one of the 

exclusion criteria. Prior to the study, all patients 

were informed of the objectives of the study by the 

administrators and completed the consent form. 

Anthropometric indices 

The anthropometrical markers were measured for 

all participants. Weight and height were measured 

in the morning, in fasting condition, standing, 

wearing light clothing, and no shoes. Body mass 

index (BMI) was calculated by dividing body mass 

(kg) by height in meters squared (m2). Abdominal 

circumference and hip circumference were 

measured in the most condensed part using a non-

elastic cloth meter. Visceral fat and body fat (%) 

were determined using a body composition monitor 

(OMRON, Finland). Each of these measurements 

was conducted three times and the average was 

reported. 

Laboratory analysis and aerobic protocol 

Individuals were asked to attend a hematology 

laboratory after 10 to 12 hours of the overnight fast. 

All individuals were barred from any strenuous 

physical activity for 2 days before blood sampling. 

Blood samples were taken from the brachial vein 

between 7 and 8 am to measure ALP and PTH (pre-

test). Serums were immediately separated and 

stored at -80° until the assays were performed. The 

exercise program was performed for 12 weeks in 3 

sessions of 40 to 60 minutes per week in the range 

of intensity of 60 to 75% of the maximum heart rate 

(21). Each workout session began with 10 to 15 

minutes of warm-up and stretching, and ended with 

5 minutes of cooling. During the training period, the 

volume of each session performed in the form of 

running on a flat surface without slope increased by 

5 minutes every three weeks. Also, the intensity of 

training in the initial sessions in the lowest range 

and gradually increasing the intensity of training by 

5% every three weeks. The intensity of exercise 

was 60% in the first three weeks, 65% in the fourth 

to sixth weeks, 70% in the seventh to ninth weeks, 

and 75% of the maximum heart rate in the last three 

weeks. The heart rate was monitored by a Polar 

Electro FS2C CE0537 (made in China). Controls 

did not participate in the exercise program in this 

period and were instructed to maintain their 

habitual activities. Finally, all measurements consist 

of fasting blood sampling and anthropometric 

measurements repeated 48 h after a lasting exercise 

session (post-test). PTH by the immunoradiometric 

method and immunotoxic kit made in the USA and 

ALP by photometric method (Pars Azmoon-Tehran, 

Iran) by Autoanalyser (RA-100, Canada) were 

measured.  

Statistical analysis 

All statistical analyses were performed through the 

use of a statistical software package (SPSS, Version 

16.0, SPSS Inc., IL, USA). Normality of 

distribution was assessed by Kolmogorov-Smirnov. 

An independent sample T-test was used to compare 

all variables between two groups at baseline (pre-

test). To determine the effect of aerobic training on 

various parameters (PTH, ALP), the delta values 

between pre and post-training of each variable were 

compared by an independent T-test between 2 

groups. A paired t test was used to determine the 

mean differences between pre and post-intervention 

values on all variables. P-value of less than 0.05 

was regarded as indicative of a significant 

difference. All values are reported as mean and 

standard deviation.  

Results 

The baseline (pre-training) of anthropometrical and 

clinical indexes of the two groups are shown in 

Table 1. Data by independent t-test showed no 

significant differences between groups with regard 

to mentioned variables (p-value > 0.05). Based on 

what was mentioned, to determine the level of 

change of each anthropometric index, first, the delta 

of each variable (pre-test and post-test difference) in 

each group was determined, then the delta of each 

variable in the two groups was compared by 

independent t-test. Statistical findings showed a 

significant difference between the delta of each of 

the variables between the two groups (p-value 

<0.05) which indicates a significant decrease in 

anthropometric indices (weight, abdominal 

circumference, body mass index, body fat 
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percentage) after exercise training in the 

experimental group. On the other hand, based on 

intra-group changes by paired t-test, all 

anthropometric indices in response to aerobic 

exercise in the experimental group decreased 

significantly compared to baseline levels (p-value 

<0.05). But no significant difference was observed 

in any of these variables between the two conditions 

in the control group (p-value >0.05) (Table 2). 

 

Table 1. Baseline level of anthropometrical and clinical indexes of 2 groups (Mean ± SD) 

Variables Exercise group Control group Sig 

Weight (kg) 94.7 ± 11.7 94.9 ± 8.93  0.456 

AC (cm) 106 ± 11.27 106 ± 10.96 0.982 

BMI (kg/m2) 31.5 ± 3.49 31.7 ± 2.80 0.436 

Body fat (%) 28.6 ± 5.55 31.4 ± 2.85 0.280 

PTH (pg/mL) 25.3 ± 7.97 27.7 ± 7.67 0.455 

ALP (U/L) 248 ± 64 242 ± 57 0.834 

Calcium (mg/dL) 9.74 ± 0.46 9.59 ± 0.16 0.463 

Phosphorus (mg/dL) 3.42 ± 0.37 3.61 ± 0.46 0.517 

AC, abdominal circumference; BMI: body mass index; PTH, parathyroid hormone; ALP, alkaline phosphatase 

 

Table 2. Pre and post-training of anthropometrical indexes of 2 groups (Mean ± SD) 

Variables 
Exercise group Control group 

Pre-training Post-training Sig Pre-training Post-training Sig 

Weight (kg) 94.7 ± 11.7 90.9 ± 13.3 < 0.0001 94.9 ± 8.93  93.8 ± 8.44 0.242 

AC (cm) 106 ± 11.27 103 – 11.6 < 0.0001 106 ± 10.96 105.8 ± 10.8 0.166 

BMI (kg/m2) 31.5 ± 3.49 30.4 ± 3.97 < 0.0001 31.7 ± 2.80 31.3 ± 2.60 0.223 

Body fat (%) 28.6 ± 5.55 26.7 ± 5.82 < 0.0001 31.4 ± 2.85 31.3 0± 2.60 0.740 

AC, abdominal circumference;  BMI: body mass index 

 

Findings from the independent t-test showed a 

significant difference in PTH delta (p-value = 

0.021) and ALP delta (p-value =0.019) between the 

two groups. On the other hand, findings from intra-

group changes by paired t-test indicate that the 

aerobic training leads to a significant increase in 

PTH (p-value= 0.016) and ALP (p-value =0.023) in 

the experimental group, but no change was found in 

these variables in control individuals (p-

value> 0.05). Table 3 shows the significant levels of 

intra-group changes in serum PTH and ALP of the 

2 groups. 

 

Table 3. Pre and post-training of clinical markers of 2 groups (Mean ± SD) 

Variables 
Experimental group Control group 

Pre-training Post-training        Sig Pre-training Post-training           Sig 

PTH (pg/mL) 25.3 ± 7.97 33.68 ± 11.4 0.016 27.7 ± 7.67 27.40 ± 5.09 0.853 

ALP (U/L) 248 ± 64 272 ± 72 0.023 242 ± 57 238 ± 55 0.550 

 

Discussion 

A significant increase in PTH and ALP is the main 

findings of the present study. In other words, 12 

weeks of aerobic training in the range of 60 to 75% 

of maximum heart rate leads to a significant 

increase in PTH and ALP in adult men with asthma 

with a history of at least one year of inhaled 

corticosteroids. In this regard, although studies on 

the response or adaptation of components affecting 
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bone metabolism in patients with asthma are less 

common, some studies on other healthy or diseased 

populations are available, which are often reported 

to be inconsistent. For example, in a study by 

Zargar et al. (2016), 12 weeks of aerobic exercise 

resulted in a significant increase in PTH and ALP in 

obese adult men, although calcium levels were 

reported unchanged (22). On the other hand, in the 

study of Baghery et al. (2012), both 8-week 

resistance and aerobic training led to a significant 

increase in PTH and ALP compared to the control 

group in postmenopausal women (23). However, 

Bijeh et al. (2011) based on their findings have 

pointed out that 6 months of aerobic exercise does 

not lead to significant changes in PTH, calcium, and 

ALP in middle-aged women (24). In the study of 

Lester et al. (2009), 8 weeks of aerobic and 

resistance training were not associated with changes 

in PTH (25). In Eizadi et al.'s (2018) study, 3 

months of aerobic exercise did not lead to a 

significant change in CTX levels as another 

component of the hormone affecting bone 

metabolism in male smokers (21). 

A review of the evidence points to a kind of 

discrepancy in the response or adaptation of 

hormonal or metabolic components affecting bone 

metabolism to exercise in different populations. On 

the other hand, the findings in this field are very 

limited in patients with asthma and so far few 

studies have been reported to determine the 

response of bone metabolism reagents, especially 

PTH and ALP, to exercise in patients. However, in 

the study of Ghasemalipour et al. (2017), 3 months 

of aerobic exercise led to a significant increase in 

osteocalcin as another indicator of bone formation 

in men with asthma (26). In another study by these 

researchers, 3-month aerobic exercise was 

associated with a significant reduction in CTX as a 

marker of bone destruction in patients with asthma 

(27).  

Lack of adequate studies on the response of 

hormonal or metabolic indicators indicating bone 

metabolism in patients with asthma is observed 

while the prevalence of osteoporosis in these 

patients is increasing sharply and most studies are 

sedentary and use some stimulants of airway 

dilation. Inhaled corticosteroids have been reported 

to cause osteoporosis in these patients (7, 8). Based 

on the evidence from clinical studies, 

glucocorticoids affect the connective tissue fibers of 

the bone far more than the cortex, which is probably 

due to their greater activity in these areas. 

Glucocorticosteroids reduce proliferation and 

differentiation in bone formation cells or osteoblasts 

and lead to increased cell death in osteoblasts. They 

inhibit type 1 collagen synthesis and beta integrin 1 

while increasing type 3 collagen synthesis also 

weakens the ability of osteoblasts to form bone. 

However, the precursors of osteoclasts and bone-

derived macrophages and monocytes can lead to the 

formation of adult osteoclasts by 

glucocorticosteroids (28). Glucocorticoids also 

affect some cytokines and prostaglandin growth 

factors, which are topical regulators of bone 

metabolism. Insulin-like growth factor (IGF-I, II), 

HGF-binding proteins, hepatocyte growth factor 

(PGE) and prostaglandin E2 are among the 

consequences of glucocorticosteroids (28). In a 

retrospective study by Wang et al. (2000) in the 

United Kingdom on whether inhaled corticosteroids 

affect bone density independently of physical 

activity and systemic corticosteroids (29), 196 

people used high doses of corticosteroids. Most of 

these people have previously used systemic 

corticosteroids. At the end of the study, an inverse 

relationship was observed between the doses of 

inhaled corticosteroids and bone density in the 

lumbar vertebrae, large bulges and femoral neck. 

Also, increasing the dose by 2 times as much as 

inhaled corticosteroids led to a significant reduction 

in bone density in the lumbar vertebrae. Similar 

changes were also observed at other scanned sites 

(29). 

Despite insufficient studies, the findings of the 

present study indicate an increase in ALP in 

response to 12 weeks of aerobic exercise in men 

with asthma. ALP is a bone-derived isoenzyme that 

represents osteoblast cell activity and bone 

formation (30). Therefore, apart from other 

metabolic processes, its increase is a kind of 

indicator of increasing bone formation. The 

increase in levels is a reflection of the increased 

activity of osteoblasts. As the increase in serum 

levels is directly related to the bone formation 
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process. Researchers believe that physical activity 

and exercise increase the anabolic effect of ALP on 

bones (31). In this regard, Erickson et al. (2010) 

reported a significant increase in ALP after 8 weeks 

of jumping or plyometric exercises (32). However, 

Bembenx et al. (2007) reported no change after a 

period of low-intensity resistance training (33). 

Increased PTH is another finding of the present 

study. The role of PTH in renal calcium 

reabsorption has been repeatedly reported. Higher 

levels of total calcium and ionized calcium have 

been reported in people with physical activity than 

inactive people (34).  

Increasing PTH through exercise has been shown to 

reduce urinary excretion of calcium by reducing 

renal reabsorption (35). Despite the evidence, there 

are conflicting answers about the effect of exercise 

on calcium levels. Some studies have reported 

decreased calcium levels (34, 36) and others 

reported no change or increase following exercise 

(37, 38). On the other hand, in line with the findings 

of the present study, an increase in PTH and ALP 

levels in response to aerobic training has been 

reported several times before. Tartibian et al. (2009) 

reported an increase in PTH and ALP after 9 weeks 

of aerobic training (19). However, Bouassida et al. 

(2003) also reported an increase in PTH following 

two types of intermittent and strenuous exercise 

(39). Based on this evidence, it appears that 

increased exercise-induced PTH helps maintain 

blood and bone calcium levels by reducing calcium 

excretion and increasing renal calcium reabsorption. 

However, Iwamoto et al. (2004) reported a decrease 

in PTH following low-intensity exercise (40). 

The discrepancy in the findings regarding the 

response or compatibility of the indicators 

indicating metabolism or osteoporosis in different 

studies can be attributed to differences in duration, 

intensity, and type of exercise program or type of 

population studied. In two previously reported 

studies, Bouassida et al. (2003) attributed the 

increase in PTH levels following intermittent and 

continuous exercise to the high intensity of exercise 

(39), but Iwamoto et al. (2004) decreased PTH after 

exercise has been attributed to the low intensity of 

exercise (41). On the other hand, Maimon and 

Sultan (2009) based on their findings have pointed 

out that intense short-term training cannot change 

PTH and attributed the cause to a short training 

period(41). In another study, Bouassida et al. (2006) 

concluded that stimulation of PTH release has a 

threshold, and that exercise that lasts more than 50 

minutes is able to increase the concentration of 

PTH, and if the activity is less than 50 minutes is 

not associated with a stimulatory effect on PTH 

release (42). 

In addition to the evidence, the type of exercise 

program and the type of exercise tool also affect the 

release of markers of bone metabolism. In this 

context, it has been suggested that weight-bearing 

exercises are necessary to prevent osteoporosis in 

high-risk individuals, while aerobic exercises such 

as running on a treadmill alone are not sufficient to 

maintain bone mass (43).  

In a two-year prospective study, an exercise 

program was designed to determine bone density in 

a group of women in the early postmenopausal 

period. 24 months of aerobic exercise was 

performed to maintain bone mass in the distal part 

of the femur and spine. Intense aerobic exercise 

increased growth hormone secretion and 

mechanical strength and stimulated bone formation 

(44). The researchers found that the exercises 

prescribed should be designed depending on the 

level of tolerance of each patient, especially those at 

risk for osteoporosis, such as those using inhaled or 

systemic corticosteroids (45). The effects of 

exercise on bone density are not lasting for long 

periods after cessation of activity. In a study on a 

group of elderly women, no significant difference in 

bone density was observed in 5 years after cessation 

of one-year exercise in the experimental group with 

the control group who did not participate in the 

exercise program (46).  

On the other hand, weight-bearing exercises can 

increase ALP due to pressure and tension on the 

skeletal muscle system, but Tsang et al. (2010) have 

pointed out that swimming exercises with both high 

and low intensities cannot stimulate ALP release 

(47). However, the effectiveness of some exercises, 

such as swimming, that do not involve weight-

bearing is somewhat controversial. In a recent 

study, a period of prolonged swimming training did 

not result in a change in bone density, osteocalcin, 
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and ALP in 10- to 22-year-old swimmers (48). But 

researchers note that different pressures and shocks 

during swimming can cause other types of pressure 

or resistance on the bone. In the study of Falcai et 

al. (2015), all three training programs in the form of 

swimming, jumping and vibration led to a 

significant increase in bone mass, bone strength, 

bone formation and serum levels of bone formation 

markers in Wistar rats (49).  

In this study, although there was no significant 

difference in the mentioned variables between the 

two training programs of swimming and jumping, 

the rate of improvement in both training groups was 

much higher than in the vibration group. Based on 

this evidence, researchers have suggested that the 

exercises prescribed should be designed depending 

on the tolerance of each patient, especially those at 

risk for osteoporosis, such as those taking inhaled 

or systemic corticosteroids (45).  

It should be noted that although ALP and PTH are 

markers of bone formation, however, the 

measurement of these components alone does not 

indicate the effectiveness of aerobic exercise on 

osteoporosis, and accurate conclusions require the 

measurement of other markers of bone formation or 

resorption such as Osteocalcin, CTX, PICP, PINP, 

calcium, phosphorus, etc. and Lack measurement of 

them is main limitation of the present study 

Conclusion 
Based on the available findings, long-term aerobic 

training leads to a significant increase in PTH and 

ALP as markers of bone formation in men with 

asthma that have a history of using inhaled 

corticosteroids. Increasing the levels of these 

variables in response to exercise in the presence of 

continued use of corticosteroids is one of the 

strengths of the present study.  

Because in the present study, the use of inhaled 

corticosteroids continued during the training 

intervention. Lack of measurement of other 

hormonal components affecting bone metabolism is 

one of the limitations of the present study, which 

warns of the need for further studies by measuring 

other components.  

Conflict of Interest 
The authors declared that they have no conflict of 

interest. 

Acknowledgment 
We are particularly grateful to all participants who 

participated in the study. We thank the Research 

Deputy of Saveh Azad University for their financial 

support and cooperation in implementing this 

project. 

Funding/Support  
The research was supported by Islamic Azad 

University, Saveh, Iran. 

Ethics 

The study protocol was approved by the Ethics 

Committee of Research Deputy of Saveh Azad 

University with this code: 139.237. 

References 
1. Armstrong N, Van Mechelen W. Pediatric exercise 

science and medicine. London: Oxford University Press. 

2000:323-8. 

2. Feleszko W, Jaworska J, Hamelmann E. Toll-like 

receptors: novel targets in allergic airway disease 

(probiotics, friends and relatives). Eur J Pharmacol. 

2006;533(1-3):308-18. 

3. Zureik M, Benetos A, Neukirch C, Courbon D,  Bean 

K, Thomas F, et al. Reduced pulmonary function is 

associated with central arterial stiffness in men. Am J 

Respir Crit Care Med. 2001;164(12):2181-5. 

4. Chang KP, Center JR, Nguyen TV, Eisman JA. . 

Incidence of hip and other osteoporotic fractures in 

elderly men and women: Dubbo Osteoporosis 

Epidemiology Study J Bone Miner Res. 2004;19(4):532-

6. 

5. Weatherall M. A meta-analysis of 25 hydroxyvitamin 

D in older people with a fracture of the proximal femur N 

Z Med J. 2000;113(1108):137-40. 

6. Brown JP, Josse RG. The 2002 clinical practice 

guidelines for the diagnosis and management of 

osteoporosis in Canada. 2002;167(10 Suppl):1-34. 

7. Kim HJ. New understanding of glucocorticoid action 

in bone cells. BMB Rep. 2010; 43(8):524-9. 

8. Chee C, Sellahewa L, Pappachan JM. Inhaled 

corticosteroids and risk of osteoporosis in asthma. Open 

Respir Med J. 2014;8:85–92. 

9. Sucunza N, Barahona MJ, Resmini E, Fernández-Real 

JM, Ricart W, Farrerons J et al. A link between bone 

https://creativecommons.org/licenses/by-nc/4.0/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20HJ%22%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sellahewa%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25674178
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barahona%20MJ%22%5BAuthor%5D


The Effect of Aerobic Training on Parathyroid Hormone …                                                                   Eizadi M, et al. 

Archives of Medical Laboratory Sciences; Volume 6, 2020 (Continuous Volume)  8 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

mineral density and serum adiponectin and visfatin levels 

in acromegaly. J Clin Endocrinol Metab. 

2009;94(10):3889-96. 

10.Bacchetta J, Boutroy S, Guebre-Egziabher F, Juillard 

L, Drai J, Pelletier S et al. The relationship between 

adipokines, osteocalcin and bone quality in chronic 

kidney disease. Nephrol Dial Transplant. 

2009;24(10):3120-5. 

11.Chiodini I, Scillitani A. Role of cortisol 

hypersecretion in the pathogenesis of osteoporosis. 

Recenti Prog Med. 2008;99(6):309-13. 

12.Foresta C, Strapazzon G, De Toni L, Gianesello L, 

Calcagno A, Pilon C et al. Evidence for osteocalcin 

production by adipose tissue and its role in human 

metabolism. J Clin Endocrinol Metab. 2010;95(7):3502-

6. 

13.Bozic B, Loncar G, Prodanovic N, Radojicic Z, 

Cvorovic V, Dimkovic S, Popovic-Brkic V. Relationship 

between high circulating adiponectin with bone mineral 

density and bone metabolism in elderly men with chronic 

heart failure. J Card Fail. 2010;16(4):301-7. 

14.Bouassida A, Bouassida S. Zalleg D. Zaouali M. Feki 

Y. Parathyroid Hormone and Physical Exercise: a Brief 

Review. J Sports Sci Med. 2006;5(3):367–74. 

15.Moazami M, Jamali FS. The effect of 6-months 

aerobic exercises on bone-specific alkaline phosphatase 

and parathyroid hormone in obese inactive woman. 

Journal of Sport in Biomotor Sciences. 2014;10(2):71-8. 

16.Steinbeck K. Obesity and nutrition in adolescents. . J 

Med State Art Rev. 2009;20(3):900-14. 

17.Maimoun L, Simmer D, Malatesta D, Urey I, Rossi 

M, Marianogoulart D Response of bone metabolism 

related hormones to a single session of strenuous exercise 

in active elderly individuals. Br J Sports Med. 

2005;39(8):497–502. 

18.Khajehlandi M, Bolboli L, Siahkuhian M. . Effect of 

Pilates Exercise Training on Serum Osteocalcin and 

Parathormone levels in inactive and overweight women. 

Hormozgan Medical Journal. 2018;22(2):87-94. 

19.Tartibian B, Moutab Saei N. Effects of 9 weeks high 

intensity aerobic exercises on parathyroid hormone and 

marker of metabolism of bone formation in young 

women. Olympic. 2009;16(4):79-88. 

20.Aliye T, Nesrin, B., Elif, C., Mehmat, B., Mustafa, U. 

Acute effect of a single session of aerobic exercise with 

or without weight-lifting on bone turnover in healthy 

young woman. Mod Rheumatol. 2006;16(5):300-4. 

21.Eizadi M, Khorshidi D. Three months aerobic training 

can not modulate C-terminal telopeptide of type 1 

collagen in cigarette smokers. Jundishapur Journal of 

Chronic Disease Care. 2019;8(2):1-7. 

22.Zargar T, Banaeifar A, Arshadi S, Eslami R. Effect of 

a three-month aerobic exercise on markers of bone 

metabolism in obese men. EBNESINA- Journal of 

Medical. 2016;18(2):32-9. 

23.Bagheri L, Salami F, Rajabi H, Bagheri N. Effect of 

aerobic and strength training on serum PTH, calcium, 

albumin and alkaline phosphatase in postmenopausal 

women. Scientific Journals Management System. 

210;4(2):29-35. 

24.Bijeh N , Moazami M, Mansouri J, Saeedeh 

Nematpour F, Ejtehadi MM. Effect of aerobic exercises 

on markers of bone metabolism in middle-aged women. 

Kowsar Medical Journal. 2011;6(2):129-35. 

25.Lester ME, Urso ML, Evans RK, Pierce JR, Spiering 

BA, Maresh CM, et al. Influence of exercise mode and 

osteogenic index on bone biomarker responses during 

short-term physical training. Bone. 2009;45(4):768-76. 

26.Ghasemalipour H, Eizadi M. The effect of aerobic 

training on some bone formation markers (osteocalcin, 

alkaline phosphatase) in asthma treated with inhaled 

corticosteroids. Zahedan J Res Med Sci. 2018;20(1):1-7. 

27.Ghasemalipour H, Eizadi M, Dadgan M, Shakeri N. 

Therapeutic effect of Aerobic Training on Cross-Linked 

Telopeptides of Type I Collagen (CTX) as Bone 

Reasorption Indicative in Obese Male with Mild to 

Moderate Asthma. Armaghane danesh. 2017;22(2):189-

204. 

28.Alesci S, De Martino MU, Ilias I, Gold PW, Chrousos 

GP Glucocorticoid-induced osteoporosis: from basic 

mechanisms to clinical aspects. Neuro Immuno 

Modulation. 2005;12(1):1-19. 

29.Wang CA, Walsh LJ, Smith CJ, Wisniewski AF, 

Lewis SA, Hubbard R et al. Inhaled corticosteroid use 

and bone-mineral density in patients with asthma. Lancet 

2000;355(9213):1399–403. 

30.Maimoun L, Sultan C. Effects of physical activity on 

bone remodeling. Metabolism. 2011;60(3):373-88. 

31.Rudberg AP, Magnusson L, Larsson H. Serum 

isoforms of bone alkaline phosphatase increase during 

physical exercise in women. Calcif Tissue Int. 

2000;66(5):342-7. 

32.Erickson CHR, Vukovich MD. Osteogenic index and 

changes in bone markers during a jump-training program: 

A pilot study. Med Sci Sports Exerc. 2010;42(8):1485-

92. 

33.Bemben DA, Palmer IJ, Abe T, Sato Y, Bemben MG. 

Effects of a single bout of low intensity Kaatsu resistance 

training on markers of bone turnover in young men. Int J 

Kaatsu Training Res. 2007;3(2):21-6. 

34.Palmas S, Hinton R, Scohrector T, Thomas R. 

Weight-bearing aerobic exercise increase  markers of 

bone formation during short term weight loss in 

overweight and oboes men and woman. J Metabolism. 

2006;55(12):1616-8. 

35.Hashemvarzi SA, Falahmohammadi Z. The Effect of 

One Session of Resistance and Endurance Activity on 

https://creativecommons.org/licenses/by-nc/4.0/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boutroy%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scillitani%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Strapazzon%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loncar%20G%22%5BAuthor%5D
https://jsb.ut.ac.ir/?_action=article&au=151409&_au=Zeya++Falahmohammadi


The Effect of Aerobic Training on Parathyroid Hormone …                                                                   Eizadi M, et al. 

Archives of Medical Laboratory Sciences; Volume 6, 2020 (Continuous Volume)  9 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

Parathyroid Hormone (PTH) and Alkaline Phosphate 

(ALP) in Untrained Young Girls. Journal of Sport 

Biosciences. 2012;13(3):21-36. 

36.Achiou Z, Toumi H, Touvier J, Boudenot A, Uzbekov 

R, Ominsky MS, et al. Sclerostin antibody and interval 

treadmill training effects in a rodent model of 

glucocorticoid-induced osteopenia. Bone. 2015;81:691-

701. 

37.Moazami M, Jamali FS. The effect of 6-months 

aerobic exercises on Bone-specific alkaline phosphatase 

and parathyroid hormone in obese inactive woman. 

Iranian oeriodic journal and conferences system. 

2013;5(10):71-9. 

38.Mayr SI, Zuberi RI, Liu FT. Role of immunoglobulin 

E and mast cells in murine models of asthma. Braz J Med 

Biol Res. 2003;36(7):821-7. 

39.Bouassida A, Zalleg D, Zaouali Ajina M, Gharbi N, 

Duclos M, Richalet JP, et al. Parathyroid hormone 

concentrations during and after two periods of high 

intensity exercise with and without an intervening 

recovery period. Eur J Appl Physiol. 2003;88(4-5):339-

44. 

40.Iwamoto J, Shimamura C, Takeda T, Abe H, Ichimura 

S, Sato Y, et al. Effects of treadmill exercise on bone 

mass, bone metabolism, and calciotropic hormones in 

young growing rats. J Bone Miner Metab. 2004;22(1):26-

31. 

41.Maimoun L, Sultan C. Effect of physical activity on 

calcium homeostasis and calico tropic hormones: A 

review. Calcif Tissue Int. 2009;85(4):277-86. 

42.Bouassida A, Zalleg D, Bouassida S, Zaouali M, Feki 

Y, Zbidi A, et al. Leptin, its implication in physical 

exercise and training: ashort review. J Sports Sci Med. 

2006;5(2):172–81. 

43.Stewart KJ, Deregis JR, Turner KL, Bacher AC, Sung 

J, Hees PS et al. Fitness, fatness and activity as predictors 

of bone mineral density in older persons. J Int Med. 

2002;252(5):381–8. 

44.Kemmler W, Lauber D, Weineck J, Hensen J, 

Kalender W, Engelke K. Benefits of 2 years of intense 

exercise on bone density, physical fitness, and blood 

lipids in early postmenopausal osteopenic women. Arch 

Intern Med 2004;164(1):1084–91. 

45.Benton MJ, White A. Osteoporosis: recommendations 

for resistance exercise and supplementation with calcium 

and vitamin D to promote bone health. J Community 

Health Nurs 2006;23(4):201–11. 

46.Englund U LH, Sondell A, Bucht G, Pettersson U. 

The beneficial effects of exercise on BMD are lost after 

cessation: a 5-year follow-up in older post-menopausal 

women. Scand J Med Sci Sports 2009;19(3):381–8. 

47.Tsang-Hai H, Littbrand H, Sandy S, Hsieh, Shang-

Chih L, Shing-Hwa L, Rong-Sen Y. Swimming Training 

Increases the Post-Yield Energy of Bone in Young Male 

Rats. Calcif Tissue Int 2010;86(2):142–53. 

48.AkgüL S, Kanbur N, Cinemre ŞA, Karabulut E, 

Derman O. The effect of swimming and type of stroke on 

bone metabolism in competitive adolescent swimmers: a 

pilot study. Turk J Med Sci. 2015;45(4):827-32. 

49.Falcai MJ, Zamarioli A, Okubo R, de Paula FJ, 

Volpon JB. The osteogenic effects of swimming, 

jumping, and vibration on the protection of bone quality 

from disuse bone loss. Scand J Med Sci Sports. 

2015;25(3):390-7. 

 

https://creativecommons.org/licenses/by-nc/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toumi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26409255
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zuberi%20RI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanbur%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26422853
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zamarioli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24779886

