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ABSTRACT

This study purposed to investigate the relationship between physical activity level and bone mineral density
(BMD) in the elderly of Amirkola in northern Iran. This cross-sectional study was part of a proposal to assess
the situation of the elderly in Amirkola (AHAP) (Amirkola Health and Ageing Project) conducted on 1113
elderly individuals (616 males and 497 females) in Amirkola city. Physical activity was measured using a
standard questionnaire of physical activity in the elderly (Physical Activity Scale for Elderly). Mineral bone
mass was measured using dual energy X-ray absorptiometry in the femur neck and lumbar spines, and
vitamin D levels were measured in morning blood samples. T-test, ANOVA, Pearson correlation, and linear
regression tests were used to analyze data. The mean physical activity of women (118.6+55.5) was higher
than that of men (110.3+71.1) (p=0.035). This study found a significant positive relationship between total
physical activity and femur bone mineral density (p=0.001 and r=0.101), but this association was not
significant in lumbar spines (p=0.597 and r=0.016), though bone mineral density increased in both areas with
increased physical activity (p=0.098). A significant inverse relationship between age and physical activity
(p=0.001) and between age and bone mineral density (p=0.001) was observed. Analyzing the influencing
variables using the linear regression model indicated physical activity, age, and BMI had significant
relationships with bone mineral density in the femur, but neither vitamin D nor calcium played a role. Given
the positive correlation between bone mineral density and physical activity, it can be concluded that low
intensity weight-bearing activities carried out in compliance with safety rules may be suitable for the elderly.
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INTRODUCTION

In 2005, the elderly population of the
world was reported to be 650 million people;
this figure is projected to reach 2 billion by
the year 2050. In Iran, the proportion of the
elderly population is also increasing because
of a decline in the birth rate and access to
better health care; this ratio was
approximately 7.3% in 2005 and is predicted
to reach 11.6% in 2025 and 30.6% in 2050
(1). As the elderly population increases, the
prevalence  of  chronic and  non-
communicable diseases, such as
cardiovascular diseases, diabetes,
hypertension, and osteoporosis, increases
(1). Osteoporosis is the most common
metabolic bone disease, starting with a
decrease in bone mass and degeneration of
bone tissue, which consequently cause
thinning of bones that makes them prone to
fractures (2). Bone fractures, the most
common clinical symptom of this disease in
the elderly, impose high treatment and health
care costs on society. It is estimated that
medical costs related to this disease in the
United States was nearly $ 17 billion in 2005
(3-5). Several factors effective in
osteoporosis have been identified, the most
important of which include genetics,
nutrition, internal hormones, and lack of
exercise (6-8). According to estimates, the
prevalence of this disease in the world will
increase incredibly by the year 2050 due to
population aging and undesirable changes in
lifestyle and diet (9). In Iran, the national
program of prevention, diagnosis, and
treatment of osteoporosis has revealed that
more than 70% of women and 50% of men
over the age of 50 years suffer from either
0steoporosis or osteopenia 9).
Complications may begin from childhood in
cases of poor nutrition and lack of physical
activity that prevent sufficient bone mineral
deposits. Almost 10% of the maximum bone
mass decreases up to 80 years and 20% up to
65 years. The rate of bone loss is higher in

women: almost 20% of bone mass is lost up
to 65 years of age and 30% up to 80 years.
After 50 years, men's bone mass decreases
about 1% per year. While bone loss starts
from the third decade of life (after
menopause), as the rate of bone loss will be
between 2% and 3% per year (10). Exercise
is essential for proper bone growth.
Although exercise has only a minor effect or
none at all on bone length, it does increase
bone width and density through higher
mineral deposits in the bone’s matrix, which
increases bone strength (11). Sports
strengthen the skeleton through gravitation
or muscle tension forces that generate
tension in the skeleton. If the tension is
higher than optimal traction, osteogenesis is
present. Reliable evidence indicates that
weight-bearing exercises play a critical role
in increasing peak bone mass during
adolescence and provide mechanical stimuli
or important pressure to maintain bone
health and minimize bone loss (12-14). It is
noteworthy that regular exercise helps the
body slow the rate of bone aging. Regardless
of age, people who have an active lifestyle
have incredibly higher bone density than
disabled people their own age. Exercise can
provide healthy and prepared stimuli to
maintain and even increase bone density in
adults (15). Given the few studies conducted
on physical activity levels and bone mineral
density in Iranian elderly, this study aimed
to determine the association between
physical activity level and bone mineral
density in people older than 60 years in
Amirkola.

MATERIALS AND METHODS

This study is part of a cohort study on the
health status of the elderly in Amirkola
(AHAP, number 892917) begun in 2010 on
all persons older than 60 years of age in
Amirkola in northern Iran (16).

Participants. Through letters and phone
calls, all elderly citizens were provided the
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necessary information about the project and
invited to participate. Of the total 2234
elderly living in Amirkola, 1616 entered the
study. Among those, 1113 had sufficient
information to enter the study, and the rest
were excluded as they did not refer for BMD
nor had incomplete data.

Data Collection. Data on physical activity
was measured using a standard questionnaire
of physical activity in the elderly (PASE) and
was collected through interviews (17, 18). The
validity and reliability of this questionnaire
(Cronbach's alpha coefficients of 0.97) were
evaluated in an lIranian study (19). The
questionnaire used in this study had three
parts. The first part consisted of six questions
concerning leisure-time physical activities; the
second part asked three questions related to
housework activities; and the third part
concerned job-related activities. Based on the
scoring method, the score of each activity was
multiplied in its distribution and scores were
added up. Then the total physical activity score
for each individual was calculated as between
0 and 400; higher scores meant higher physical
activity levels.

Bone mineral mass (BMD) was measured
in the left femur neck and lumbar spines (L2-
L4) by dual energy X-ray absorptiometry
(DEXA) using the Lexxos densitometer 2008
(made in France), and individuals were
classified according to the World Health
Organization based on T-Score into one of the
following groups: T-Score < -25 SD as
osteoporosis, -2.5 < T-Score < -1 osteopenia,
and T-Score > -1 normal (20, 21). A morning
blood sample was taken from all participants,
and serum levels of 25(OH)vitamin D, the
active form of this vitamin, were measured by
ELISA (enzyme-linked immunosorbent assay)
in the Cellular and Molecular Research Center
of Babol University of Medical Science,
Babol, Iran. A measurement of less than 20
nanograms per milliliter (50 nmol per liter)
was considered as lacking vitamin D, between
20-29.99 nanograms per milliliter was

considered an insufficient level, and values
equal to or greater than 30 nanograms per
milliliter were considered as adequate vitamin
levels (22). Blood calcium was measured
using the test Pars-Azmoon Kit.

Statistical Analysis. SPSS 18 statistical
software and t-tests, ANOVA, Pearson
correlation, and linear regression were used to
analyze quantitative variables, and the chi-
square test was used for qualitative variables.
P-values less than 0.05 were considered
significant.

RESULTS

Of the 1113 elderly participants in this
study, 616 were male (55.3%) and 497 female
(44.7%); mean age of participants was 68.3 +
6.9 years (range = 60-92 years), and mean
body mass index (BMI), which was higher
among women than men (p=0.001), was 27.3
+ 4.6. Furthermore, the mean bone mineral
mass of the lumbar and femural areas were
higher in men than in women (Table 1).

No significant differences were observed in
the various physical activities (PASE Score) in
elderly men and women. Women were more
active during their leisure-time, housework,
and total physical activities, while men were
only more active in job-related physical
activities (Table 2).

Table 3 shows the results of ANOVA of
bone mineral density and the various factors
affecting it. In the current study, 221 patients
(166 men and 55 women) had normal bone
mineral density, 505 individuals (350 males
and 155 females) were osteopenic, and 387
patients (100 males and 287 females) had
osteoporosis. As can be seen in this table, job-
related (P=0.013) and housework physical
activity had significant relationships with bone
mineral density (P=0.014), but these
relationships were not significant in leisure-
time and total physical activity (P=0.093).
Nevertheless, bone mineral density was
decreased by a decline in physical activity, and
patients with osteoporosis had lower levels of
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physical activity than patients in the other

groups.
Table 1. Mean = SD of age, anthropometric indices, and bone mineral mass in terms of gender in the elderly of
Amirkola in 2010-2011

Variables Male Female Total Maximum Minimum
Age 68.3+7.1 67.7+6.6 68.3+6.9 92 60
Height 162.8+6.3 151.4+6.2 157.748.4 181.5 130
Weight 69.7+12.7 65.9+12.5 68+12.8 117 40
BMI 26.2+4.16 A28.6+4.8 27.3+4.6 43.2 13.9
Femur neck circumference 39.13+4 35.6+4.6 37.5+4.4 108 32
Lumbar circumference 95.5+£10.5 96.3+12.3 95.9+11.4 128 85
BMD of femur 0.89+0.15 0.78+0.14 0.84+0.15 14 0.38
BMD of L2-1.4 0.93+0.18 0.784+0.16 0.86+0.18 1.7 0.39

Table 2. Mean = SD of different physical activities (PASE Score) according to gender among the elderly in
Amirkola in 2010-2011

Variable Total mean and SD Mean and SD of Mean and SD of PASE p

of PASE PASE in men in women value

Leisure-time physical 55.3+33.8 49.131.9 62.9+34.6 0.001

activities

Housework physical 49.8+34.1 46.1+34.5 54.4+32.9 0.001

activities

Job-related physical 8.85+34.8 15+44.7 114112 0.001

activities

Physical activities without 105.2453.3 95.3+51.4 117.4+53.1 0.001

considering job

Total physical activities 114.1+64.7 110.3+71.1 118.6£55.5 0.035

Table 3. Multiple variance analysis of bone mineral density and various factors affecting it based on mean
and standard deviation

Osteoporosis

Osteopenia
. Normal (N=387) p
Variable _ (N=505) i i Total
(N=221) 2.5<T-Score<-1 T Scor;ﬁS 2.5SD value
Age(year) 66.1+ 5.7 68.1+6.9 69.8+7.3 68.3+6.9  0.001
Male 166 (%75.2) 350 (69.3) 100 (%25.8) 616
(%553) 4 001
Sex 0 0 0 497 '
Female 55 (%24.8) 155 (%30.6) 287 (%74.2) (%644.7)
BMI 29.4+£3.9 27+4.3 26.4+4.9 27.3+4.6 0.001
Leisure-time 54.4+32.6 53.3£33.1 58.2+35.2 55.3£33.8 0.093
Physical Housework 55.8+35.5 48.6+£34.4 48.07£32.3 49.8+34.1 0.014
activity Job-related  12.01+41.2 10.6+38.3 4.72+24.1 8.85+34.8  0.013

A significant positive correlation was
observed between total physical activity and
bone mineral density of the femur (Fig. 1),
(for BMD.F (r=0.101), (p=0.001), and TF
(r=0.119), (p=0.001)), but this relationship

was insignificant in the lumbar spine (for
BMD.S (r=0.016), (p=0.597) and TS
(r=0.008), (p=0.779)), although bone
mineral density was increased in both areas
and genders by increasing physical activity.
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Figure 1. The relationship between Physical Activity and Bone Mineral Density
of the Femur according to gender among the elderly in Amirkola

In the linear regression model, the
variables of physical activity (p=0.05,
Beta=0.055), age (p<0.001, Beta=-0.234),
and BMI (p<0.001, Beta=0.292) had
significant relationships with bone mineral
density in the femur, but vitamin D and
calcium did not play a role. In addition,
physical activity had no significant
positive relationship with bone mineral
density in the lumbar spine, but the reverse
was true between age and bone mineral
density in the lumbar area. The positive
relationship between BMI and bone
mineral density in this area was also
significant. Notably, data analysis showed
that patients with a history of bone
fracture, randomly divided into each
group, were homogenously distributed,;
thus, a history of bone fracture had no
notable effects on the results of other
variables.

DISCUSSION

Osteoporosis is the most common
metabolic bone disease characterized by low
bone mass and deterioration of bone tissue,
which causes bone thinning and makes bone
prone to fracture (2). The World Health
Organization has determined osteoporosis to
be the world's third leading health problem
after heart disease and cancer (23). Perhaps
determining the factors most influential on
bone mineral density will help control this
global problem.

In the current study, bone mineral density
in the femur and lumbar areas was increased
with an increase in physical activity in both
genders; those with osteoporosis had less
physical activity than those in other groups.
Variables of physical activity, age, and BMI
had significant associations with bone
mineral density in the femur, but vitamin D
played no role. In addition, physical activity
and bone mineral density in the lumbar area
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had no significant positive correlation, but
age and BMI had significant effects in this
area. The mean bone mineral mass of both
the lumbar and femur areas was higher in
men than in women, and bone mineral mass
increased when BMI was increased.

In their study on determining the risk
factors for osteoporosis in women over 50,
Sharami et al. (2008) identified significant
associations between parameters including
age (inverse association), education (positive
association), career (positive association),
physical activity (positive association), and
BMI (positive association) and osteoporosis
(p<0.05). They also reported a higher
prevalence of osteoporosis in women who
had a BMI of less than 25 (23).
Employment, physical activity of more than
3 hours per week, and a BMI over 25 were
identified as protective factors for
osteoporosis (24). These findings correspond
with the results of the current study. Almost
all studies reported a negative relationship
between age and BMD, which confirms the
findings of the current study (25-27).

In this study, bone mineral density in the
femur neck was significantly lower in lean
subjects than in the obese. There was also a
strong correlation between BMI and femur
neck BMD. BMI was an independent
predictive factor for femur neck BMD, but it
had no association with lumbar spines (28).
Fawzy et al. (2011) studied the relationship
between body mass index and bone mineral
density in patients aged 25 to 80 years and
showed that the risk of low BMD was 50%
lower in overweight people compared with
people with normal BMIs; this risk was 89%
lower in obese individuals compared to
normal-weighted individuals, which was
statistically significant (28). Their study, in
line with the current study, reported that a
lower BMI was a risk factor for occurrence
of low BMD (29).

Bener et al. (2005) recommended more
than 30 minutes of daily walking to increase
BMD of the spine and femur (24). In most

studies, the positive effects of physical
activity and mechanical pressure caused an
increase in bone mineral density. Therefore,
appropriate physical activity strengthens the
bones and increases bone density (23).
Researchers have found that bone mineral
content in older women (50 to 73 years old)
who exercised twice a week for 1 hour and 8
months in total increased 3.5%, and in the
low physical activity group, it decreased to
2.7%. It seems that regular physical activity
and resistance exercises have useful effects
on bone loss associated with age (10). In an
article by Farin et al. (2005) on the
relationship between physical activity and
bone mineral density in postmenopausal
women, physical activity had a positive
effect on bone density, and increased
physical activity was recommended for these
individuals (3). The findings of the current
study correlated with the positive effects of
physical activity on bone density in elderly
women.

In their 2005 study on the long-term
effects of  resistance, speed, and
strengthening activities on bone mineral
density in male elite athletes, Salehikia et al.
(2008) determined that the response of bones
to mechanical load is dependent on the type
and mode of exercise (29). Ala et al. (2010)
and Vainionpé&é et al. (2006) showed in their
assessments of exercise and osteoporosis in
postmenopausal women that not all types of
sports programs have a positive effect on
bone density; type, severity, and duration of
exercise movements are important factors in
increasing bone mass (30, 31). It is also
noted that weight-bearing exercises may not
only delay bone loss, but can actually
increase bone density in elderly men and
women (15).

Ruchan (2011) reported in his article on
the impact of physical activity on bone
mineral density that women with high levels
of physical activity have higher bone
mineral density levels, indicating a direct
association between the level of physical
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activity and bone mineral density (32).
Hossein-nezhad et al. (2007) studied the
relationship between bone mineral density
and lifestyle in men and demonstrated that
BMD was significantly associated with
calcium, vitamin D, physical activity, and
smoking (33). Results of the current study,
however, suggested no  significant
relationship between vitamin D/calcium and
bone mineral density.

Farr et al. (2011) identified increased
duration, frequency, and number of exercises
as important stimuli for osteogenesis that
should be considered in future interventions
on physical activity (34). Other researchers
found that intensive exercise had no effect
on the BMD of elderly women, but it had a
positive effect on bone mineral content
(BMC) in the femur trochanter (35).
Kemmler et al. (2010) identified an 18-
month exercise program effective on
improving BMD and the risk of falling in
elderly women (36).

The current study had some limitations.
Many factors can affect bone mineral
density, which are negligible because of the
large sample size. Determining the amount
of calcium in the diet of elderly people is
problematic, because determining the exact
amount of daily food intake of elderly
people (the previous three days) is hindered
by their memory problems, the intolerance
of the elderly for long interviews, the large
number of samples, and the large amount of
time this determination required. Interviews
and physical examinations of each individual
took at least two hours, and the exact food
status of the participants required even
further time. It was not within the objectives
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