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Abstract
Background: Physical activity is known to increase average life expectancy and decrease the risk of development and progression of most chronic degenerative disease 
states. Strenuous physical activities are found to be associated with a reduced risk of coronary heart disease (CHD) and a significant improvement in glucose control 
and insulin sensitivity while physical activities of lower intensities were not. However, strenuous exercise was found to increase bone resorption, without a concomitant 
increase in formation in young adults rendering the bone vulnerable to fracture but there is lack of data supporting these findings among healthy aged population. 

Objective: To assess the effect of strenuous exercise on bone metabolism in elderly individuals. 

Method: A cross sectional study conducted from the first of March to the end of July, 2014, where 40 elderly attended the Geriatric outpatient clinic at that time 
were included. They underwent full medical examination, electrocardiogram (ECG), measurement of Serum parathyroid hormone (PTH), alkaline phosphatase 
(ALP), ionized calcium and urinary calcium. The participants answered a physical activity questionnaire specifically adapted for the elderly and underwent a session 
of strenuous exercise with mean duration of 10.6± 2.6 minutes aiming at reaching 70-85% of the participant’s maximum heart rate. 

Results: Serum PTH, serum ALP and urinary Ca were significantly elevated while serum ionized Ca was significantly reduced in relation to the performed exercise. 

Conclusion: In elderly subjects, strenuous exercise disturbed calcium homeostasis and bone related hormones. Further studies are needed to assess the long-term 
effect of strenuous exercise on the elderly and for planning a safe exercise program for them.
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Introduction
Aging is considered a risk factor for the development and progression 

of many chronic diseases including cardiovascular disease, type 2 
diabetes, obesity [1] and most chronic degenerative disease states such 
as arthritis and osteoporosis. However, physical activity substantially 
modifies this risk [2]. In addition, physical activity participation reduces 
risk of falls and fall-related injuries, and prevents or delays functional 
and mobility limitations in older adults [3]. However, recommending 
specific amounts of activity for older people remains a conflicting issue 
because of the large variation in the ageing process and the capacity 
to engage in physical activity because of disabilities [4]. Vigorous 
physical activities, with a relative intensity equivalent of 70-85% of 
maximum heart rate [5], was found to be associated with a reduced 
risk of coronary heart disease (CHD), whereas, physical activities of 
lower intensities were not [6,7]. Improvements in glucose control or 
insulin sensitivity were found among healthy subjects who exercised at 
vigorous intensities but not at moderate intensities [8]. While, physical 
inactivity [9] or prolonged immobilization [10] lead to destructive 
bone loss, bone formation dramatically increases when immobilized 
subjects resume exercise [11]. This has led to the popular conclusion 
that physical activity enhances bone formation and, consequently, 
bone mineral density (BMD) [12]. Despite previously mentioned 
benefits of physical exercise, adverse effects were noted as regarding 
high intensity exercise [13] as it was found to increase bone resorption 
in young adults, without a concomitant increase in formation reflecting 
an alteration to the bone remodeling balance rendering the bone 
vulnerable to further mechanical stresses and fracture [14]. However, 

few reports are available concerning the effects of physical exercise on 
bone in a healthy aged population [15]. So, this study was designed to 
assess the effect of strenuous exercise on bone metabolism in elderly 
individuals.

The state of the skeleton can be evaluated by many techniques, of 
which biochemical markers exhibit the fastest response to intervention 
while being minimally invasive [16]. Serum markers of bone metabolism 
such as alkaline phosphatase (ALP), calcium, and phosphorous can be 
used to study dynamic changes in bones and their metabolic response 
to physical activity [17]. However, the immediate effect of exercise on 
calcium homeostasis and bone turnover was not sufficiently evaluated 
in elderly population; even though the data obtained from bone marker 
based studies would provide useful information for the design of 
therapeutic programs to improve bone health [18].

The aim of the current study was to determine to what extent a 
single session of brisk walking exercise can affect bone metabolism 
related hormones in elderly subjects. Brisk walking is generally not 
considered to be a high impact loading activity, but it is the only 
physical exercise commonly practiced by the elderly.
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Alkaline Phosphatase procedure measures serum ALP activity 
by a kinetic method using 4-nitrophenyl phosphate as substrate. 
Alkaline Phosphatase hydrolyzes 4-nitrophenyl phosphate to form 4- 
nitrophenol and phosphates. 4-nitrophenol is yellow in color, at PH 10.4 
with an absorbance peak at 405 nm. The rate at which 4-nitrophenol is 
formed is directly proportional to alkaline phosphatase activity [21].

Cayman’s calcium assay kit was used to determine total calcium 
level both in serum and urine. The assay utilizes an optimized variant 
of the o-Cresolphthalein –calcium reaction in which a vivid purple 
complex is formed in the presence of calcium. The intensity of the color is 
directly proportionate to the concentration of calcium in the sample [22].

Statistical analysis

Statistical presentation and analysis of the present study was 
conducted, using the mean, standard error, student t- test, Chi-square, 
Linear Correlation Coefficient and Analysis of variance [ANOVA] 
tests by SPSS 17.

Chi-square test was to test the association between categorical 
variables. the hypothesis that the row and column variables are 
independent, without indicating strength or direction of the 
relationship. Pearson chi-square and likelihood-ratio chi-square. 
Fisher’s exact test and Yates’ corrected chi-square are computed for 
2x2 tables.

Linear Correlation coefficient was used for detection of correlation 
between two quantitative variables in one group. 

ANOVA test was used for comparison among different times in the 
same group in quantitative data. 

Results
The study was conducted on 40 elderly; 26 males representing 

65% of the studied group and 14 females representing 35%. The age of 
participants ranges from 60-80 years old with mean age of 66.17 ± 6.33 
years. 77.5% were non-smokers. 22% of the study population (n=9) 
scored <9.5 in the physical activity questionnaire representing low 
level of physical activity while 50% (n=20) scored 9.5-16 representing 
moderate level of physical activity and finally 28% (n=11) scored 
>16.5 representing high level of physical activity. Duration of exercise 
performed ranges from 7-15 minutes with mean duration of 10.6 ± 2.6 
minutes (Table 1)

The mean serum PTH, serum ALP and urinary Ca were significantly 
elevated after the performed exercise (p<0.001), while serum ionized 
Ca was significantly reduced in relation to the performed exercise 
(p<0.001). (Table 2)

There is statistically significant difference between the 3 groups of 
basal activity levels as regard percentage of increase in urinary calcium 
excretion in relation to exercise as the higher basal activity level of 
the participant, the less the percentage of increase in urinary calcium 
excretion in relation to exercise (p=0.03) (Table 3)

This study found that the increase in urinary calcium in relation 
to exercise was inversely related to both exercise duration and basal 
physical activity (according to questionnaire score) of the participants 
and that the increase in serum PTH in relation to exercise was inversely 
related to basal physical activity of the participants.

The decrease in serum ionized calcium in relation to exercise was 
directly related to age of the participants while the increase in heart 
rate in relation to exercise was inversely related to both age and basal 
pulse (Table 4)

Methods
Study design: A cross sectional study.

Setting: Geriatric outpatient clinic, Ain Shams University Hospital.

Study participants: Forty participants aged 60-80 years recruited 
from the outpatient clinics in Ain Shams university hospital from the 
first of March to the end of July, 2014. The Exclusion criteria were 
inability to perform the exercise, history of coronary artery disease, 
medical treatment and medical conditions known to affect bone 
metabolism e.g.: Cushing syndrome, chronic kidney disease, steroids, 
long term use of proton pump inhibitors to exclude their effect on 
parameters measured in the study.

The study was approved by the ethical committee of the Faculty of 
Medicine, Ain Shams University. Written consent was obtained from 
every participant after explanation of the study aim and procedures. 
All subjects participating in the study were subjected to the following: 
Full history taking, physical examination, and an electrocardiogram. 
The subjects were asked to complete a questionnaire concerning their 
physical activity level. This questionnaire is specifically adapted for the 
elderly with different scores to quantify household, sports, and other 
physically active leisure time activities, together resulting in a total 
activity score. The questionnaire provided a method for classifying 
elderly subjects into categories of high, medium, and low physical 
activity, with cut off points of 16.5 and 9.4 [19].

Exercise regimen: Each of the participants underwent a session of 
strenuous exercise with mean duration of 10.6 ± 2.6 minutes aiming at 
reaching 70-85% of the participant’s maximum heart rate (maximum 
heart rate = 220-age). Exercise was performed on a treadmill connected 
to a monitor reflecting continuous ECG monitoring for early detection 
of possible ischemic changes. It started with 3 minutes of warm up 
at mild intensity exercise (40% of calculated maximum heart rate) 
followed by gradual increase of exercise intensity reflected as a gradual 
increase in heart rate till reaching approximately 75-85% of calculated 
maximum heart rate and ended with 3 minutes of cooling down with 
gradual decrease in exercise intensity till reaching basal heart rate of 
the participant prior to exercise. The participants were supervised for 
signs of termination of exercise such as dyspnea, cyanosis or pallor, 
chest pain, fatigue, or stoppage upon request. Monitoring for pulse & 
blood pressure throughout the session was performed. Vital data were 
measured again during five minutes following exercise session. 

Sample collection and biochemical assay: Two venous blood 
and two urine samples were obtained from each participant by 
sterile disposable equipment under aseptic conditions, none of the 
participants was fasting during sample collection. First urine and 
blood samples were obtained at complete physical and mental rest 
of at least 30 minutes while second samples were obtained within 
10-30 seconds after performing the standard exercise. Each blood 
sample underwent measurement of parathyroid hormone (PTH), 
alkaline phosphatase (ALP) and ionized calcium while urine samples 
underwent measurement of calcium.

DIAsource hPTH-EASIA Kit was used for immunometric assay for 
PTH. It is a solid phase Enzyme Amplified Sensitivity Immunoassay 
performed on microtiterplates. Immunometric assays (2nd generation) 
are based on the recognition of PTH by two different antibodies, one 
carboxyl terminal and the other amino terminal specific [20]. 

Stanbio Alkaline Phosphatase LiquiColor® kit was used for 
quantitative determination of alkaline phosphatase in serum. Stanbio 
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Parameters HR % PPTH % AALP % Ionized 
Ca %

Urinary 
Ca %

Age
r -0.42 -0.14 -0.18 0.32 0.2

P-value 0.007 0.379 0.262 0.042 0.226
Questionnaire 

score
r 0.13 -0.32 -0.31 -0.3 -0.35

P-value 0.416 0.041 0.055 0.062 0.027

BMI
r -0.03 0.03 0.21 -0.14 0.04

P-value 0.857 0.859 0.195 0.382 0.802
Systolic blood 

pressure
r -0.02 0.2 0.06 0.14 0.17

P-value 0.914 0.222 0.722 0.385 0.298
Diastolic blood 

pressure
r -0.15 0.17 0.19 0.11 0.18

P-value 0.345 0.303 0.236 0.515 0.277

Pulse
r -0.78 -0.09 0.01 0.07 0.12

P-value 0.000 0.586 0.971 0.674 0.448
Exercise 
duration

r 0.29 0.18 -0.06 -0.04 -0.32
P-value 0.067 0.268 0.718 0.820 0.046

Table 4. Correlation between age, questionnaire score, BMI, blood pressure, pulse, exercise 
duration, heart rate and biochemical parameter levels.

% of change 
Low Moderate High ANOVA

Mean ± SD Mean ± SD Mean ± SD F P-value
HR 66.45 ± 19.72 65.85 ± 24.44 77.10 ± 28.28 0.81 0.45

PTH 19.56 ± 9.89 16.14 ± 5.29 13.78 ± 4.91 1.97 0.15
ALP 31.04 ± 43.28 18.21 ± 6.01 13.61 ± 5.12 1.87 0.17

Ionized Ca 5.39 ± 1.48 5.14 ± 1.57 3.92 ± 1.87 2.58 0.09
Urinary Ca 7.97 ± 1.21 6.73 ± 1.91 5.54 ± 2.30 4.08 0.03

HR : Heart rate; PTH: Parathyroid hormone; ALP: Alkaline phosphatase; Ca: Calcium

Table 3. Relation between basal physical activity and percentage of change in biochemical 
parameter levels in response to exercise.

Figure 1. Distribution of the study population according to basal level of physical activity 
measured by physical activity questionnaire.

Discussion
Physical exercise has been shown to decrease mortality and age-

related morbidity in older adults, including improvements in blood 
pressure, diabetes, lipid profile, osteoarthritis, osteoporosis, and 
neurocognitive function. Regular physical exercise is also associated 

with decreased mortality and age-related morbidity in older adults 
[3]. However, adverse effects of physical activity must be taken into 
consideration especially chronic sustained high intensity exercise as it 
was found to increase bone resorption in young adults [14] with less 
sufficient data concerning the effect of physical exercise on bone in a 
healthy aged population [15].

The current study was conducted to assess the effect of a single 
session of strenuous exercise on bone metabolism in elderly individuals. 
It showed that a single session of strenuous exercise induced a significant 
variation in the parameters of calcium homeostasis. As serum PTH, 
serum ALP and urinary Ca were significantly elevated in relation to the 
performed exercise while serum ionized Ca was significantly reduced 
in relation to the performed exercise.

 The increase in urinary calcium excretion after a single session 
of strenuous exercise could be due to a decrease in renal calcium 
reabsorption as a result of exercise induced metabolic acidosis. The 
imbalance between urinary Ca excretion and Ca release from bone 
may induce a net decrease in serum ionized calcium (iCa) level [23]. 
The rise in serum PTH level can be the result of the decrease in serum 
iCa level, the main regulating factor of PTH secretion as there is a 
strong relationship between extracellular iCa concentration and PTH 
secretion [24]. In addition, acidosis may also have a direct effect on the 
increase in PTH secretion independently of calcium level [25].

These results were, nevertheless, in agreement with those of 
Bouassida et al. [26] who found a decrease in ionized Ca levels and 
a rise in PTH levels in subjects during continuous exercise at 70 and 
80% of Vo2max. These findings were also observed by Nishiyama et al. 
[27] in athletic and non-athletic young men after short and moderately 
intense exercise.

Maïmoun et al., [28] studied PTH responses before and following 
a maximal incremental exercise test in elderly men and women and 
noted that PTH concentrations were increased after the exercise and 
that this increase could have an anabolic action on bone turnover.

Similar to the current study, Thorsen et al., [29] observed a 
reduction of plasma ionized calcium at 1 and 72 hours and an increase 
of PTH concentrations at 24 and 72 hours after endurance exercise (45 
minutes running at 45% of maximal oxygen uptake [VO2max]) among 
young women.

Parameters Range Mean ± SD
Age 60-80 66.18 ± 6.33

Questionnaire score 3-22 12.98 ± 4.83
Body weight 62-81 71 ± 5.5

Height 168-174 163.64 ± 26.44
BMI 21.96-29.74 25.24 ± 2.15

systolic blood pressure 100-160 124 ± 11.95
diastolic blood pressure 60-80 75.5 ± 6.39

Pulse 60-95 75 ± 9.7
Exercise duration 7-15 10.6 ± 2.6

Table 1. Characteristics of the study participants.

Parameters Before 
exercise

After 
exercise

Paired t test
t P-value

Heart rate
Range 60-98 95-141

-23.83 <0.001*
Mean ± SD 74.56 ± 10.28 124.13 ± 10.38

PTH
Range 39-90 43-98

-14.43 <0.001*
Mean ± SD 62.9 ± 9.55 73.15 ± 11.8

ALP
Range 33-96 35-117

-9.83 <0.001*
Mean ± SD 63.76 ± 19.24 75.4 ± 21.9

Ionized Ca
Range 3.5-5.2 3.35-5

17.78 <0.001*
Mean ± SD 4.35 ± 0.44 4.14 ± 0.44

Urinary Ca
Range 3.8-9 4.2-9.7

-15.11 <0.001*
Mean ± SD 6.47 ± 1.5 6.91 ± 1.62

PTH: Parathyroid hormone; ALP: Alkaline phosphatase; Ca: Calcium

Table 2. Relation between heart rate and biochemical parameter levels and the exercise 
performed.
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In contrast, Kristoffersson et al., [30] found increased iCa levels 
after short term maximal work, without significant changes in the 
serum PTH levels.

The current results were in accordance with other studies that have 
investigated the immediate response of bone markers to short and 
intense or moderate exercise bouts [31,32].

Significant elevation in serum ALP in response to the performed 
exercise is considered to reflect newly synthesized bone. Physical 
activity makes ALP exert anabolic effects on bone metabolism on one 
hand, and on the other, increases calcium reserves in bones [33].

Similarly, Rudberg et al., [34] reported an increase in ALP levels 
after 30 -40 minutes of moderate running and Wallace et al., [35] 
found the same results after 2 hours of pedaling at 80% of VO2 max.2 
However Ashizawa et al. [36] observed a decrease in ALP, 2 to 3 days 
after weight training. On the other hand, one study showed that short-
term exercise has no effect on biochemical bone markers [30].

The study also found a negative correlation between basal activity 
levels of the participants; measured by physical activity questionnaire 
and the response of urinary Ca to strenuous exercise as its elevation in 
response to exercise was less in participants with higher basal activity 
level. This can be explained by the fact that regular physical activity is 
known to increase vitamin D on the long run resulting in increased 
renal reabsorption of calcium and subsequently decreases its excretion 
[37]. These findings suggest that regular physical activity maintains 
serum calcium level through decreasing its excretion rather than 
reverting to bone demineralization explaining less urinary calcium 
loss in those with higher basal level of physical activity among study 
participants.

The conducted study assessed the effect of single session of 
strenuous exercise on bone metabolism; assessment of effect of long 
term strenuous exercise on bone metabolism, and subsequently bone 
mass, on the long run is therefore needed.

 One of the draw backs of the study is that strict exclusion criteria 
were carried out to ensure safety of the participants during performing 
strenuous exercise and also to avoid medical conditions or medications 
affecting the biochemical parameters measured, this resulted in absence 
of frail elderly from study population.
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