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ABSTRACT 

Background: One of the main aging biological changes is bone deterioration which 

affected more by estrogen deficiency in elderly women, Parathyroid hormone is one 

of the osteoporotic indicesand a major regulator of bone metabolism and calcium 

homeostasis, the objective is to determine the response of parathyroid hormone and 

total calcium level to moderate aerobic training in elderly. Methods: Thirty five 

female subjects were selected from out-patient clinic in Um El-Masryeen General 

Hospital /Giza/Egypt, Their age ranged between 60 to 70 years with mean age is 

64.45, and study was conducted between October 2017 and April 2018. All subjects 

had participated in moderate intensity aerobic training calculated as 60% to 70% of 

their predetermined maximum heart rate. The program was applied for three times per 

week for 12 weeks. Parathyroid hormone and calcium level were measured before and 

after the training program in laboratory analysis. Results: Statistical analysis showed 

a significant decrease in parathyroid hormone by 5.98% and a significant increase in 

total calcium level in the blood by 0.44%. Conclusion: It was concluded that 

moderate aerobic training decrease parathyroid hormone and increase total calcium 

serum level in elderly. 
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Introduction  

Aging is a biological 

process characterized by time-

dependent functional declines
 (1)

. 

One of these aging effects is 

bone weakening; the balance 

between the amounts of old bone 

removed and new bone formed 

during the remodeling process 

become negative. In addition, 

bone strength declines 

disproportionally to the decline 

of bone mass, leads to the bone 

fragility syndrome known as 

osteoporosis, Also Decline of 

ovarian function in women at 

menopause, Because of this 

estrogen centric view, the so-

called postmenopausal form of 

the disease and its therapy 

with estrogens or selective 

estrogen receptor modulators has 

held center stage 
(2)

 

The main responsible for 

skeletal mineralization is 

calcium. As it is responsible for 

much of the material properties 

of bone, It was reported that 

serum calcium contributes 

significantly as biomarker to 

measure bone metabolism
 (3)

. 

Calcium homeostasis regulated 

by a set of interacting hormones, 

including parathyroid hormone 

(PTH), 1,25-dihydroxyvitamin 

D [1,25(OH)2D], ionized 

calcium itself, and their 

corresponding receptors in the 

gut, kidney, and bone
(4)

. 

Parathyroid hormone is a 

major regulator of bone 

metabolism and functions to 

maintain the calcium-ion 

concentration of the extracellular 

fluids within physiological 

limits. So it is a primary 

determinant of intracellular 

calcium homeostasis 
(5)

.The high 

bone turnover associated with 

elevated PTH levels is 

characterized by a lower degree 

of mineralization 
(6)

. 

Physical activity has been 

recommended as one strategy 

for improving the mass, density, 

and the structural competence of 

bone 
(7)

, High intensity of 

exercise as jumping or resistive 

exercise has beneficial 

osteogenic effects on bon 

resorption and formation 
(8)

. 

The effects of exercise on 

the skeleton have been examined 

predominantly in pre- and post-

menopausal women 
(9)

due to the 

higher rates of osteoporosis in 

women than in men. Reviews of 

these exercise trials indicate that, 

in women, the combination of 

high-impact loading exercises 

and moderate to high intensity 

resistance training is the most 

beneficial to prevent age-related 

bone loss
(10).

 

Since, Aerobic weight 

bearing exercise training 

improves balance and muscle 

strength, and there were few 

studies that investigated the 

response of osteoporotic 

hormonal indices to moderate 

aerobic training as this intensity 

of exercise is suitable for elderly 

women. This study was 

conducted to determine the 
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response of parathyroid hormone 

and blood calcium level to 

moderate intensity aerobic 

exercise in elderly.   

 

 

 

Subject, materials and 

methods 

- Study design: 

Thirty five elderly women 

were participated in this study, 

they were recruited from out-

patient clinic in Um El-

masryeen General Hospital/Giza 

/Egypt where the study was 

conducted, and their age ranged 

was from 60-70 years. 

The practical part of the 

study was carried out in the 

period between Oct. 2017 and 

April 2018. 

         All procedures, risks and 

benefits were explained to all 

participants, and informed 

consents for participation in the 

study and for publication of the 

resultswere collected. This study 

was approved by University 

Ethics Committee for scientific 

research [No: 

P.T.REC/012/001572]. 

          To avoid a type II error, a 

preliminary power analysis 

(power [1-β error probability] 

=0.8, α=0.05, effect size =0.5) 

determined a sample size of 35 

for this study. This effect size 

was chosen because it yielded a 

realistic sample size. 
(11)

 

Participants:  

       Subjects were randomly 

selected and assigned into one 

experimental group: 

Thirty five subjects 

received moderate intensity 

aerobic exercise training without 

any previous hormonal 

replacement therapy. 

             The subjects were 

selectedto be enrolled into this 

study after they had fulfilled the 

inclusion criteria of the study; 

their age ranged between 60-70 

years, normal calcium blood 

level, normal Body mass index 

equal or less than 30, and in Post 

menopause stage.  

And they were excluded if 

they have sever musculoskeletal 

dysfunction that affects lumbar 

region and lower limb, 

cardiopulmonary condition, such 

as uncontrolled hypertension, 

cardiovascular accident or 

myocardial infarction within the 

last 2 months, if they 

havehypercalcemia (chronic 

kidney disease or vit. D 

deficiency), or 

hyperparathyroidism, or 

Diabetes mellitus, also obese 

women that their BMI more than 

30 kg/m2, and if they were 

taking any previous hormonal 

replacement therapy HRT.  

 Evaluative equipment:  

Height and weight scale: 

(Floor type Model ZT-120, 

made in China) to measure BMI 

(body mass index). 
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Digital 

sphygmomanometer: (Omron, 

made in Germany) to measure 

the blood pressure before, and 

after each exercise training 

session as a monitoring. 

Pulse oximeter: 

manufactured in (Germany) was 

used to monitor the pulse rate 

and SPO2 prior and after 

exercise, and to control exercise 

intensity within the 

precalculated training heart rate 

during every exercise session. 

Snibe device (Maglumi 8000): 

For analysis of the Parathyroid 

hormone.  

            ECO device: For analysis 

of total blood Ca+.  

 Training equipment: 

Electronic Treadmill: 

(MEGA FDX 8000S, made in 

Germany) It`s speed, inclination 

and timer are adjustable, and it 

also provided with control panel 

to display the exercise 

parameters. It was used for the 

training sessions. 

- Measurement Procedures: 

     The experimental group was 

subjected to the all following 

evaluation procedures: 

 Max. Heart rate was 

calculated for the subject 

using age predicted max 

heart rate equation = 206 - 

0.88(age) 
(13).

 

 The exercise intensity had 

been prescribed as a 

training heart rate (THR) 

based on each subject's 

Maximal predicted heart 

rate (HRmaxpred), and 

resting heart rate (HR rest) 

obtained from the 

pulsometer, and calculated 

according to Karvonen 

formula as follow:  

THR=HRrest + 

(HRmaxpred –HRrest) TF 

 (TF) = training fraction, it 

was 60-70% in moderate 

aerobic training. 

 Venous blood sample was 

taken from all women 

before starting the 

treatment plan to measure 

parathyroid hormone and 

total calcium level and 

stored at −70°c until 

analysis. 

Training procedures: 
Program sessions were 

conducted 3 times per week for 

12 weeks aerobic training in the 

form of walking on electronic 

treadmill based on moderate 

aerobic training program. 

Training session was conducted 

as:  

1. Warming up exercises for 5-

10 minutes in the form of 

marching in place, Women 

started the exercise session 

with warming up exercise at 

10% to 20% of their heart rate 

reserve for 5 mins to allow for 

conditioning of the body for 

the exercise 
(14)

. 

2. Active phase: weight bearing 

exercise (loading training). 

After warming up, 

continuous running was 
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performed started by walking 

increased gradually in speed 

every 2 mins
(14)

 to reach 

intensity of 60% to 70% of the 

heart rate reserve of the 

participant.  

3. Cooling down phase: 

Gradual reduction of the 

treadmill speed to allow another 

5 to 10 minutes of very slow 

walking. At the end of each 

session, there was a cool down 

period consisting of slow 

running for 5 mins to avoid 

postural hypotension and venous 

pooling of blood
 (16)

. 

 Pulse rate was continuously 

monitored during the training 

session; women were 

instructed to report any 

significant symptoms she feels 

during the session to the 

physiotherapist 
(17)

.  

- Data analysis 

In this study, the 

descriptive statistics (the mean, 

the standard deviation, 

maximum, minimum and range) 

were calculated for subject 

characteristics. 

Paired t-test was 

conducted for comparison 

between pre and post treatment 

mean values of PTH and Ca+. 

The level of significance for all 

statistical tests was set at p < 

0.05. 

All statistical measures 

were performed through the 

statistical package for social 

studies (SPSS) version 19 for 

windows. 

 

Results 

           Data obtained from the 

study group regarding 

parathyroid hormone (PTH) and 

blood calcium levels (Ca+) pre 

and post treatment were 

statistically analyzed and 

compared. 

I- General characteristics of the 

subjects: 

Thirty-five elderly women 

participated in this study. Their 

mean ± SD age was 64.45 ± 3.38 

years. The mean ± SD BMI was 

28.98 ± 0.97 kg/m² with 

maximum value of 30 kg/m² and 

minimum value of 26.2 kg/m². 

The mean ± SD target heart rate 

(THR) was 120.02 ± 2.09 

beat/min with maximum value 

of 125 beat/min and minimum 

value of 115 beat/min (As 

shown in Table 1). 

Table 1.Descriptive statistics for the mean age, BMI and THR of the study group. 

 ±SD Maximum Minimum Range 

Age (years) 64.45 ± 3.38 70 60 10 

BMI (kg/m²) 28.98 ± 0.97 30 26.2 3.8 

THR (beat/min) 120.02 ± 2.09 125 115 10 

 ̅ : Mean SD: Standard Deviation 

I. Pre and post treatment mean values of PTH of the study group: 


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 The mean difference between pre and post treatment was 1.89 mg/L and the 

percent of change was 5.98%. There was a significant decrease in the PTH of the 

study group post treatment compared with pretreatment (p = 0.02) (As shown in 

Table 2). 

 

 

 

 

 

 

Table 2. Paired t test for comparison between pre and post treatment mean values of 

PTH of the study group: 

 

: Mean MD : Mean difference p value : Probability value 

SD  : Standard deviation t value  : Paired t value S  : Significant 

 

II. Pre and post treatment mean values of Ca+ of the study group: 

The mean difference between pre and post treatment was -0.04 mg/dl and the 

percent of change was 0.44%. There was a significant increase in the Ca+ of the study 

group post treatment compared with pretreatment (p = 0.02) (As shown in Table 3). 

Table 3. Paired t test for comparison between pre and post treatment mean values of 

Ca+ of the study group: 

 

: Mean MD : Mean difference p value : Probability value 

SD  : Standard deviation t value  : Paired t value S  : Significant 

 

 

Discussion 

         This study was conducted to 

determine the response of Parathyroid 

hormone and total calcium level to 

moderate aerobic training in elderly 

women. 

        Thirty five sedentary elderly 

women aged 60-70 years were 

participated in this study. Each subject 

of this study had participated in 

aerobic training of moderate intensity 

with training fraction of 60% to 70% 

of each subject's predetermined HR 

max. 

        This program was applied three 

times per week for 12 weeks. The 

Χ

Χ

 
PTH (mg/L) 

MD 
% of 

change 
t- value p-value Sig 

± SD 

Pre  31.57 ± 7.68 
1.89 5.98 2.34 0.02 S 

Post  29.68 ± 8.22 

 
Ca+ (mg/dl) 

MD 
% of 

change 
t- value p-value Sig 

± SD 

Pre      8.92 ± 0.23 
-0.04 0.44 -2.44 0.02 S 

Post  8.96 ± 0.26 




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result of this study revealed that 12 

weeks of supervised moderate intensity 

aerobic exercise training produced a 

significant decrease in the serum 

parathyroid hormone level by 

percentage 5.98%, And a significant 

increase in total calcium level in the 

blood by percentage 0.44%. This result 

may be due to the physiological effect 

of calcium metabolism which 

regulated mainly by parathyroid 

hormone, as when the serum calcium 

level was increased by exercise, the 

parathyroid hormone decreased not to 

stimulate the ca
+
absorption from the 

skeleton, thus improve the anabolic 

skeletal effect of the aerobic exercise.  

      This result comes along with Scott, 

et al., 
(18)

 who documented that PTH 

concentrations decreased below the 

baseline after comparing a 60-minute 

of treadmill running at 65% of the 

maximal rate of oxygen uptake 

(exercise) with semi recumbent rest on 

ten healthy men, Although they found 

no significant effect on the albumin-

adjusted calcium concentrations. 

       It was supported by Tartibian et 

al., 
(7)

 who reported that PTH was 

decreased after 24 weeks intervention 

of exercise and supplements in 

Seventy-nine healthy sedentary post-

menopausal women aged 58-78 years 

participated, Also the Serum 

estrogen,1, 25 Vit D levels and femoral 

neck BMD measures increased, 

Explained that as long-term aerobic 

exercise training plus N-3 

supplementation have a synergistic 

effect in attenuating inflammation and 

augmenting BMD in post-menopausal 

osteoporosis. But Calcium 

concentration remained stable through 

the 24 weeks intervention groups.   

       The result of the current study was 

supported byJosse et al., 
(19)

, who 

measured body composition changes 

of young women after exercising 5 

days a week for 12 weeks and drink 

either fat-free milk or isoenergetic 

carbohydrate immediately after 

exercise or 1 hour after, measured by 

dual-energy x-ray absorptiometry, and 

subjects’ strength and fasting blood 

were measured before and after, found 

out significant reductions in serum 

PTH in the milk group. This was 

accompanied by significant changes in 

markers of bone turnover; specifically 

an increase in serum osteocalcin; PTH 

stimulates bone resorption
(20)

and the 

increased dietary calcium intakes, 

resulted in a reduction in PTH, They 

concluded that heavy, whole-body 

resistance exercise resulted in a 

possible reduction in bone turnover in 

women after 12 wk. 

This result comes in agreement 

with Falk et al., 
(21)

reported mixed 

results that PTH levels were similar in 

boys and men at rest and throughout 

the 24 hrs study period, increasing 

significantly 5 min after exercise, 

decreasing after 60 min post-exercise 

and returning to resting values within 

24 hrs.  

The results supported by 

Sharma-Ghimire et al., 
(22)

study of 

Sclerostin and parathyroid hormone 

responses to acute whole‑body 

vibration and resistance exercise in 

young women, found out that there 

was no transient PTH increase, but it 

showed a large decrease after 30 

minutes for both conditions. The study 

also reported that PTH exercise 

response patterns are not well 

understood, as in their study found 
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PTH responses variably to acute 

exercise stimuli depending on the type 

of exercise. Circulating PTH increased 

immediately post aerobic exercise and 

jumping protocols. 

Also The transient increase in 

PTH did not occur after acute 

resistance exercise, but a PTH decrease 

by 2 h post exercise was observed by 

(Rogers et al., 2011) 
(23)

 

Alghadir et al., 
(24)

 agreed that 

12 weeks of moderate intensity of 

aerobic training exerts significant 

positive effects on bone formation 

marker in all bone metabolism indices 

including Serum bone-specific alkaline 

phosphatase, serum osteocalcin, serum 

free Calcium and bone mineral density 

among 65 healthy adults associated 

with a significant decrease in the rate 

of bone resorption that could assist in 

preventing or decelerating 

osteoporosis. 

Alghadir et al.,
(25)

 study, also 

supported that moderate aerobic 

training on 100 healthy subjects 

significantly increased bone-specific 

alkaline phosphatase (BAP), BMD, 

and trace elements such as Calcium, 

Magnesium, and Zinc, Although they 

assumed that intense stress resulting 

from physical activity stimulates PTM 

gland and increases serum calcium. 

       The result of the current study was 

supported byChienet al., 
(26)

 who 

concluded thataerobic combined with 

high-impact exercise at a moderate 

intensity was effective in offsetting the 

decline in BMD in osteopenic 

postmenopausal women. 

AsGrant and Holick, 
(27)

proved that 

the indicator of reduced bone 

remodeling is as a sufficient or higher 

25[OH]D level, intestinal calcium 

absorption plateaus, both skeletal 

calcium resorption and PTH levels 

have been shown to stabilize. 

The result was also supported by 

Masako et al. 
(28)

 concluded that short-

term (7 months) exercise with intensity 

above the AT is safe and effective in 

preventing postmenopausal bone loss. 

Current findings come in 

accordance with the study ofVaidya, 
(29)

reported that low physical activity 

may be a modifiable risk factor for 

developing P-HPTH in women.And 

concluded in higher weekly PA was 

associated with a significantly lower 

risk of developing P-HPTH when 

compared with a more sedentary 

lifestyle. 

Also study of Figueroa et al., 
(30)

 agreed that Exercise training has 

significant beneficial changes in lean 

soft tissue and fat mass in early 

postmenopausal women. These 

changes in body composition were 

neither influenced by prolonged HRT 

use nor accompanied by changes in 

total levels of the hormones 

determined in this study. 

On the other hand, the study 

contradicted the study of Nikander et 

al., 
(31)

 who found that exercise can 

significantly enhance bone strength at 

loaded sites in children but not in 

adults. 

Shea et al., 
(32)

demonstrated that Ca 

supplementation that started 1 hour 

before and continued during exercise 

attenuates the increases in PTH andC-

terminal telopeptides of type I collagen 

strongly suggests that it is the loss of 

Ca during exercise that is the 

mechanistic trigger for the increase in 
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PTH. But the long-term effects on 

BMD of repeated disruptions in 

Cahomeostasis during exercise training 

are not currently known. 

Moghadasi, 
(33)

 contradicted 

the study as they concluded that  

resistance training increases the 

hormones of bone formation,  After 12 

weeks of resistance training to 20 

young sedentary women, there was 

significant increase in the growth 

hormone, estrogen, parathyroid 

hormone and testosterone. 

Also in contrary of the study, 

Bouassida,
(5)

 noted that the marked 

rise in PTH concentration was only 

during high-intensity and long-duration 

or low-intensity and very long-duration 

exercise suggests that a minimal 

intensity and duration is needed to 

induce a modification in PTH 

concentration. On the other hand, 

short-duration maximal exercise or 

long-duration low-intensity exercise 

seems to have no impact on PTH 

secretion. Consequently, they reported 

that PTH regulation is influenced by 

the initial bone mineral content, age, 

gender, training state, and other 

hormonal and metabolic factors 

(catecholamines, lactic acid and 

calcium concentrations).  

The result of this study came in 

contradiction withNeer et al., 
(34)

who 

reported that treating osteoporosis with 

parathyroid hormone (1-34) decreases 

the risk of vertebral and non-vertebral 

fractures; increases vertebral, femoral., 

and total-body bone mineral density. 

Based on the findings of this 

study, it could be concluded that the 

results of this study support the 

importance of moderate intensity 

aerobic training in decreasing risk of 

post-menopausal osteoporosis by 

decreasing parathyroid hormone serum 

level and increasing total serum 

calcium level.  
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