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ABSTRACT

Most of the previous studies on osteoporosis have focused on post-menopausal women, and more research
is needed to evaluate its prevalence in pre-menopausal women. This study was carried out to evaluate
the prevalence and correlated factors for decreased bone mass density among pre- and post-menopausal
women. This was a cross-sectional study carried out in Applied Medical Sciences College under King Saud
University. All pre- and post-menopausal women working there were invited to participate in the study.
Measurement of bone mass density was done by quantitative ultrasound densitometry. One-fourth of the
pre-menopausal females had osteopaenia. There was a significant correlation between having osteoporosis
and increasing age, fertility period, parity, menopausal duration, gynaecological age, and presence of co-
morbidity, especially hypertension and diabetes mellitus. Pre-menopausal females had high prevalence of
osteopaenia (24.8%), and it is recommended to implement health education campaigns demonstrating the
preventive measures of osteoporosis.
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INTRODUCTION

Osteoporosis represents a major public health
concern worldwide. In the United States, an esti-
mated 10 million adults aged 50 years or more had
osteoporosis, with more than 5 million having os-
teoporosis of the femoral neck, including 4.5 mil-
lion women and 800,000 men (1). Among Arab
countries, high prevalence of osteopaenia and os-
teoporosis were reported in Kuwaiti women aged
50 years or more (26.8% and 9.9% respectively)
(2) while even higher figures were reported in the
Kingdom of Saudi Arabia (KSA) among women of
the same age-group, where 31% had osteopaenia,
and 40% had osteoporosis at the lumbar spine (3).
These high rates in KSA indicate the importance
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of studying the underlying risk factors in order to
plan for preventive measures.

Osteoporosis is a skeletal disorder characterized by
compromised bone strength predisposing to an in-
creased risk of fracture (4). Osteoporosis is charac-
terized by a decrease in bone mass density (BMD),
and this decrease leads to structural deterioration
and loss of connectivity between bone tissue, re-
sulting in enhanced fragility and an increased risk
of fracture (5).

Beginning with menopause, women sustain an
accelerated period of bone loss because approxi-
mately 5-7 years after menopause, they may lose
bone at the rate of 3-5% per year. It has been esti-
mated that approximately 75% of bone lost in the
years after menopause may be related to estrogen
deficiency rather than age (6). Low education and
being housewife were shown to be risk factors of
osteoporosis. The reason probably is the effect of
education on lifestyle, nutrition and economic sta-
tus (7). Most of the previous studies on osteoporo-
sis have focused on post-menopausal females, and
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more research is needed to evaluate its prevalence
and related factors in pre-menopausal females. So,
the aim of this study was to evaluate the prevalence
and correlated factors of decreased bone mass den-
sity among pre- and post-menopausal educated
working women in order to clarify areas for inter-
vention at early stage for primordial and primary
prevention of osteoporosis at old age.

MATERIALS AND METHODS
Study area and design

This was a cross-sectional study carried out in the
College of Applied Medical Sciences (CAMS) (fe-
male section in Oleisha), King Saud University,
Riyadh, KSA, during May to June 2012.

Study population

All females (employees and staff members) in the
college were asked to participate in the study (256
females, after exclusion of those in scholarship);
153 of them agreed to participate and gave their
consent.

Data collection

Data collection was done using a self-administered
questionnaire entailing data about sociodemo-
graphic state, sun exposure, exercise, and fertil-
ity history, such as parity (number of sons and
daughters), fertility period (time since menarche
for pre-menopause and time since menarche to
menopause for post-menopausal women), gy-
naecological age (time since menarche in years),
and menopausal duration (time since menopause
in years). Dietary assessment was done using a
semi-quantitative food frequency questionnaire
containing calcium-rich food items (each food
item was presented in a specified amount, e.g. one
egg, 1 cup of milk—300 mL, etc.), and frequency of
its consumption was suggested, i.e. once daily, 3-5
times weekly, 1-3 times weekly, 1-3 times monthly,
and none. Weighting of consumption frequency of
each food item was done according to Willett W;
each response was coded to reflect its correspond-
ing daily consumption, e.g. once daily was coded 1
(corresponding to 1/day), 3-5 times weekly would
mean, on average, 4/week; so, coded 0.6 (corre-
sponding to 4+7=0.6/day), 1-3 times weekly would
mean, on average, 2/week; so, coded 0.3; 1-3 times
monthly would mean, on average, 2/month; so,
coded 0.1; none would be zero (9). Each code was
multiplied by the calcium content of that food item
in gramme according to food composition tables
(8) to get daily calcium intake obtained from each

specified food. The total calcium intake was calcu-
lated by summation of calcium content of food
items mentioned (9). Participants were subjected to
a physical examination, including measurement of
weight and height to evaluate the body mass index
(BMI). Finally, measurement of BMD was done by
a quantitative ultrasound densitometry method.
This method is recommended for screening nor-
mal individuals for osteoporosis (10). It was done
using GE Lunar Achilles Insight Bone Densitom-
eter (a portable instrument measuring BMD at the
foot made by GE Healthcare). Diagnostic criteria
for osteoporosis (and low bone mass) have been
proposed by an expert panel of the World Health
Organization (11) (Figure).

Females diagnosed with osteopaenia or oste-
oporoses in this study received a health education
session about the disease and were given a list of
calcium-rich food items together with some advice
regarding modifying their lifestyles, with special fo-
cus on sun exposure and exercise, they were also
advised to consult their physicians.

Analysis of data

Data collected were coded, analyzed, and inter-
preted using SPSS (version 16) provided by Interna-
tional Business Machines Corp. (IBM). Descriptive
statistics were expressed as mean+SD or percentage.
Differences between the groups were analyzed using
the ANOVA test for continuous normally-skewed
variables or Kruskal-Wallis test for non-parametric
variables. The chi-square test, Fisher’s exact test, or
Monte Carlo test were used for categorical varia-
bles. Pearson’s bivariate correlation test was done to
reveal correlation between BMD and investigated
factors. Linear regression analysis was used in esti-
mating the association of variables of interest and
T-score of BMD, taking into consideration eventual
problems with multicollinearity. Multicollinear-
ity is a condition in which independent variables
that have a variance inflation factor (VIF) greater
than 5 should be dropped out from the regression
model as their presence in the model will result in
significant variables to appear to be insignificant.
VIF was calculated for each independent variable of
interest, and all variables with values greater than 5
were dropped out of the regression model. A two-
tailed p value of <0.05 was considered statistically
significant.

Ethical approval

The study protocol was approved by The IRB (Insti-
tutional Research Board) Committee at the CAMS.
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Figure. Diagnostic criteria for osteoporosis proposed by World Health Organization (11)

\
e BMD value within 1 SD of young adult mean (T-score at or above -1)
J
)
e BMD value between -1 SD and -2.5 SD below young adult mean
(T-score between -1 and -2.5)
y,
\
e BMD value at least -2.5 SD below young adult mean (T-score at or
below -2.5)
J
RESULTS post-menopausal women had significantly longer

Characteristics of participants

Two hundred fifty-six females were selected, and
153 of them agreed to participate in the study (the
response rate was 59.7%). Low response rate in the
present study could be attributed to lack of inter-
est towards osteoporosis. Besides, the time of study
(May to June) could be a factor hindering their par-
ticipation as this was the time for final exams at the
college with accompanying workload.

Half of the participants were young adults aged 35
years or less and three-quarters of them was pre-
menopausal women; 42.2% of the participants
were regularly doing exercise. Less than half of the
participants (46%) reported exposure to sun, with
mean duration of exposure equalling only 5 min-
utes per day. The majority of participants (91.4%)
had deficient daily calcium intake (less than 1,000
mg/day).

Table 1 demonstrates that 30.1% of the whole sam-
ple had osteopaenia, and most of them (63%) were
pre-menopausal women while the overall preva-
lence of osteoporosis among the study participants
was 6.5% that was equally distributed between pre-
and post-menopausal women.

Comparison of pre- and post-menopausal women
regarding fertility and co-morbidity revealed that

fertility period, more parity, and more co-morbidity
than pre-menopausal women.

In Table 2, the distribution of osteopaenia and os-
teoporosis among the study sample, according to
the presence of hypertension and diabetes mellitus,
was demonstrated, and it revealed that having hy-
pertension or diabetes was significantly correlated
to osteopaenia and osteoporosis.

Correlation between BMD and investigated
risk factors of osteoporosis

In Table 3, Pearson’s bivariate correlation test re-
vealed significant correlation between low BMD
and increasing age, number of co-morbidity, par-
ity, fertility period, gynaecological age, menopausal
duration, and presence of hypertension. It was also
found that long fertility period was significantly
correlated with number of offspring and higher
risk of osteoporosis. The prevalence of osteoporo-
sis among females with fertility period less than 20
years was 1.7% while, among those with fertility
period more than 25 years, it was 9.7%. Neither
lack of exercise nor limited sun exposure had a
significant correlation with osteoporosis in this
study. The present study also revealed a significant
correlation between presence of co-morbidity and
having osteoporosis. The highest prevalence of os-
teoporosis was found among hypertensive patients
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to fertility and co-morbidity

Table 1. Distribution of osteopaenia and osteoporosis among pre- and post-menopausal women according

Group
Variable Normal Osteopaenia Osteoporosis p value
Pre-meno- Post-men- Pre-meno- Post-men- Pre-meno- Post-men-
pause opause pause opause pause opause
Fertility period  18.5+10.1  35.7+4.6 17+7.9 37.445.3 28.7+20 37£1.2
p<0.01**
Mean+SD 21.2+11.3 25.6+£12.2 33.4+12.4
Number of 1.5+0.6 2.1+£0.9 1.4+0.6 2.140.8 211 2.840.4
co-morbidity p<0.05*
Mean+SD 0.5£0.8 0.61£0.9 1.5+0.9
Parity 2.1+2.3 6.613.2 2.6x2.5 4.942.7 614.5 6.8+1.8 0,01+
MeanSD 2,843 3.5:2.8 6.413 <
Total 83 (85.6%) 14 (14.4%) 29 (63%) 17 (37%) S5 (50%) 5(50%) p<0.01**
97 (63.4%) 46 (30.1%) 10 (6.5%)

SD=Standard deviation; *Statistically significant; **Highly significant

of hypertension and diabetes mellitus

Table 2. Distribution of osteopaenia and osteoporosis among the study sample according to the presence

. Group
Variable - - p value
Normal Osteopaenia Osteoporosis
Hypertension
No 87 (68%) 36 (28.1%) 5 (3.9%) p<0.01**
Yes 10 (40%) 10 (40%) 5 (20%)
Diabetes mellitus
No 79 (64.2%) 39 (31.7%) S (4.1%) <0.05*
Yes 18 (60%) 7 (23.3%) 5 (16.7%) p<t

*Statistically significant; **Highly significant

(20% of them were osteoporotic), followed by dia-
betic patients (16.7%).

Linear regression analysis was performed (Table 4)
to determine which independent variables could
predict the T-score of BMD. VIF was calculated
for each independent variable in Table 3, and all
variables with values greater than 5 were dropped.
These were: age, number of co-morbidities, fer-
tility period, gynaecological age, menopausal
duration, and hypertension. So, only the parity
(number of offspring) that had VIF=1.4 entered
the regression model. It was found that parity
maintained a significant association with T-score
of BMD (p<0.05).

Dietary habits

It was found that the higher the frequency of
consuming cheese and eggs, the lower was the
prevalence of osteoporosis. On analyzing the to-
tal calcium intake, the results revealed that the

mean amount of calcium intake per day was lower
among osteopaenic and osteoporotic patients than
its mean among normal individuals (564.9+355.7,
425.84306.7, and 567.3+331.3 respectively). How-
ever, these differences were not statistically signifi-
cant (Table 5).

DISCUSSION

In the present study, the prevalence of osteopaenia
and osteoporosis among pre-menopausal women
was 24.8% and 4.3% respectively, and it increased
significantly with age which could be attributed
to the decreased level of estrogen hormone at old
age, with consequent negative effect on bone. The
high prevalence of osteopaenia in pre-menopausal
females indicates the ultimate importance of early
intervention to prevent development of osteoporo-
sis in later life; so, routine measurement of BMD
every 1 year for all pre-menopausal females for ear-
ly detection and treatment of osteopaenia seemed
to be essential.
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Table 3. Pearson’s bivariate correlation between
BMD and investigated risk factors

Variable Pearson’s correlation Bone mass
T-score
Age Pearson’s correlation  -0.318**
Significant (2-tailed) 0.000
Hypertension Pearson’s correlation  -0.211**
Significant (2-tailed) 0.009
Parity Pearson’s correlation  -0.196*
Significant (2-tailed) 0.021
Gynaecologi- Pearson’s correlation  -0.335**
cal age Significant (2-tailed)  0.000
Co-morbidity Pearson’s correlation  -0.173*
Significant (2-tailed) 0.034
Fertility Pearson’s correlation  -0.278**
period Significant (2-tailed)  0.001
Duration of Pearson’s correlation  -0.351*
menopause Significant (2-tailed) 0.036

*Correlation is significant at 0.05 level (2-tailed);

**Correlation is significant at 0.01 level (2-tailed)

that the prevalence of osteoporosis in the Swed-
ish females increased with age. Approximately
21% of women aged 50-84 years were classified
as having osteoporosis compared to 50% women
aged 80-84 years. He also reported that, in wom-
en aged 50-54 years, the number of individuals
with low bone mass was six-fold higher than the
number of those with osteoporosis. These results
coincide with Demir et al. (13) who reported the
prevalence of osteopaenia and osteoporosis among
Turkish women aged 52.9+4.7 years to be 39.2%
and 16.2% respectively. Regarding studies in Saudi
Arabia, similar high prevalence of both osteopae-
nia and osteoporosis were reported, particularly
among old-aged females. Desouki M (3) estimated
the prevalence of osteopaenia and osteoporosis in
post-menopausal Saudi women aged 50-80 years to
be 31% and 40% respectively.

The present study revealed significant correlation
between low BMD and both increased parity and
duration of fertility period in years. The correla-
tion with increased parity could be attributed to
two factors: first, the increased requirements of cal-
cium during each pregnancy, which if not accom-
panied with adequate calcium intake, will lead to

Table 4. Linear regression analysis of variable predicting T-score of BMD
Unstandardized coefficients Standardized coefficients
Model T-score p VIF
B SE B
Constant -0.19 0.17 -1.1
Parity -8.7 0.04 -0.19 23 <005 14
SE=Standard error; T=Corresponding t value; VIF=Variance inflation factor
Table 5. Correlation between calcium intake and BMD
. Group
Variable - - p value
Normal Osteopaenia  Osteoporosis
Calcium intake
Deficient calcium intake (<1,000 mg/day) 51 (60%) 28 (32.9%) 6 (7.1%) p>0.05
Average intake
(21,000 mg/day) 6 (75%) 2 (25%) 0 (0%)
Mean+SD
of calcium intake (mg/day) 567.3£331.3  564.9+£355.7  425.8+306.7 p>0.05
SD=Standard deviation

It was also found that the prevalence of osteopae-
nia was significantly higher than that of osteoporo-
sis in all age-groups. For example, in women aged
45-60 years, the number of women with osteopae-
nia was six-fold higher than the number with os-
teoporosis, and it was 1.5-fold higher in the age-
group of 60 years or more. Similar findings were
reported in other studies. Kanis et al. (12) reported

decreased BMD; second, increased number of off-
spring means longer duration of lactation and sub-
sequent increased daily requirement of calcium.
Besides possible lactation, amenorrhoea will also
increase possibility of osteoporosis (14). On the
other hand, the correlation of low BMD and long
fertility period could be explained by the highly
statistical correlation between fertility period and
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parity in such community that neglects the use of
contraceptive methods due to religious, social and
cultural issues (24% of Saudi women aged 15-49
years were using contraceptive methods) (15). It is
worth mentioning that 21.6% of mothers enrolled
in the study had 6 or more children. This study re-
ported a strong correlation between osteoporosis
and hypertension. Caudarella et al. (16) attributed
such association to the high salt intake which leads
to hypertension as well as increased calcium excre-
tion in urine with subsequent negative calcium
balance and greater bone loss. However, salt in-
take was not estimated among participants in the
present study.

On studying dietary habits, it was found that the
higher the frequency of consuming dairy products
and eggs, the lower was the prevalence of oste-
oporosis; this coincided with results reported by Al
Masri et al. (17) who studied the relationship be-
tween osteoporosis and eating habits during ado-
lescence and early adulthood in a group of post-
menopausal Jordanian women. They concluded
that women who disliked milk were about 3 times
more prone to developing osteoporosis compared
to women who liked milk. Women who disliked
yogurt during their adolescence and early adult-
hood were about 6 times more prone to osteoporo-
sis compared to women who liked yogurt while
women who disliked Labneh (concentrated yogurt)
and white cheese were about 10 times more prone
to developing osteoporosis compared to women
who liked it. On analyzing the total calcium in-
take results, the present study revealed that the
mean amount of calcium intake per day was lower
among osteopaenic and osteoporotic patients than
its mean among normal individuals; however,
these differences were not statistically significant.
This non-significance may be explained by the fact
that the majority of participants (91.4%) had defi-
cient daily calcium intake less than 1,000 mg/day,
and only 8.6% of them consumed average daily
calcium required. These results were documented
by Fardellon (18) who conducted a cross-sectional
survey in post-menopausal women and reported
that the total mean daily dietary calcium intake in
the study population was 754 mg/day; however,
when the data were analyzed by class of calcium
intake, 37.2% of the sample consumed less than
600 mg/day and only 20.1% over 1,000 mg/day.
No difference in calcium intake was observed be-
tween 254 women reporting having osteoporosis
and those who did not (p=0.43). Nguyen et al. (19)
reported that dietary calcium intake was correlated
modestly with BMD, although this relationship

was apparent mainly in men and women with low
body mass index less than 27 kg/m?.

It is worth mentioning that, despite living in such
tropical area with sunrays available round the year,
sun exposure was very limited among females.
Wearing a veil cannot be considered a barrier hin-
dering sun exposure because workplaces for wom-
en in Saudi Arabia are completely separated from
that for men; so, almost all women do not wear the
veil in workplace, and skin can be freely exposed to
sunrays in the private garden in workplaces (In the
college where the study was conducted, there was
a medium-sized garden specified for women where
they can get sun exposure daily); however, the very
high temperature during most of the year that may
reach 45 °C or more is considered the biggest bar-
rier hindering sun exposure.

Limitations

This study acknowledges some limitations. This
was a cross-sectional study which was suitable for
evaluating the prevalence of osteoporosis. How-
ever, this design was not appropriate for assessing
risk factors. Besides, low response rate and conse-
quently small sample-size was another limitation
facing reservation for generalization of its findings
for the Saudi Arabian women in general.

Conclusions

The present study documented that pre-menopau-
sal females had high prevalence of osteopaenia
(24.8%), which indicates the importance of early
intervention to prevent development of osteoporo-
sis at old age. There was a significant correlation
between having osteoporosis and increasing age,
fertility period, parity, menopausal duration, gy-
naecological age (time since menarche in years),
and presence of co-morbidity, especially hyperten-
sion and diabetes mellitus. Parity was found to be
an important predictor of T-score of BMD.

Recommendations

e Health education campaigns for women, dem-
onstrating the preventive measures of oste-
oporosis, need to be implemented.

e The ultimate importance of sun exposure and
exercise should be explained to women during
health education campaigns.

e Health education programmes concerning
reproductive health for females should be
strengthened to raise their awareness regarding
the association between parity and BMD.
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e Special emphasis should be given on adequate
daily calcium intake, its dietary sources, and
the use of calcium supplement during preg-
nancy and lactation.
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