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Abstract: Introduction: Calcium is a major component of bone mineralization. Adequate dietary calcium intake in 
combination with maintaining a daily physical activity may contribute to healthy bones and play a role in practical 
prevention of osteoporosis. Osteoporosis is estimated to affect 200 million women worldwide. It is estimated that1 
in 3 women over age 50 will experience osteoporotic fractures, as will 1 in 5 men aged over 50 worldwide. The risk 
of vertebral fractures can be doubled by a 10% loss of bone mass. The combined lifetime risk for hip, forearm and 
vertebral fractures coming to clinical attention is equivalent to the risk for cardiovascular disease. Osteoporosis 
presents a huge personal and economic burden. In Europe, the disability due to osteoporosis is greater than that 
caused by cancers. Objectives: The aim of the study was to estimate calcium intake, and assess the prevalence of 
osteopenia and osteoporosis among a sample of female college students. Explore the relationship between calcium 
intake and body weight, height, body mass index (BMI), and bone mineral density (BMD), as a pilot. Methods: A 
cross-sectional study was conducted among female students at Umm Alqura University in Holly Makkah. 267 
female students, aged ≥17 years were included in the study. Dual Energy X-ray Absorptiometry (DXA) was used to 
assess (BMD) of 73 participants using World Health Organization (WHO) criteria. A 24-hour recall for two week 
days and one week end was administered to assess food intake for 3 days. The average intake for one day was used 
for data analysis. Analysis of calcium content of the food was estimated using Nutrisurvey 2007 software (Food and 
Agricultural Organization, FAO). Results: Age of the participants ranged between 17 and 25 years. The mean 
dietary calcium intake in this study was 559.34 ± 32.15 mg/day. 96.25% of studied sample consumed Ca below 
1000 mg/day. 54.7% of the subjects consumed <550 mg/day. 58.9% of the studied ≥sample had normal BMD, 
39.7% osteopenia, and 1.4% osteoporosis. Subjects who consumed calcium <550 mg/day had significantly higher 
body weight and BMI than ≥550mg/day (p values=0.040), and (0.008) respectively. Conclusion: Calcium intake 
was lower than the recommended daily intake in most of the female college students included in the study, with high 
prevalence of osteopenia. 
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1. Introduction: 

Calcium is a mineral that is mostly present 
in bones and teeth. It is an integral part of bone 
structure. It plays an important role in blood clotting 
and neuromuscular function (5). 

Adequate dietary calcium intake coupled 
with maintaining a daily physical activity, and 
increasing educational level, may contribute to 
healthy bones and play a role in practical prevention 
of osteoporosis (6). 
In children and adolescents, studies have shown that 
supplementation with calcium, dairy calcium-
enriched foods or milk enhanced the rate of bone 
mineral acquisition (7-9). 

Calcium supplementation also has been 
shown to have a positive effect on (BMD) in 
postmenopausal women (10). 

Osteoporosis is a disease characterized by 
decreased bone density and loss of bone micro 
architecture quality which in turn leads to an 
increased risk of fracture. It is the most common 
cause of fractures in the world (11). 

Worldwide, osteoporosis causes more than 
8.9 million fractures annually, resulting in an 
osteoporotic fracture every 3 seconds (12). 
Osteoporosis affects an estimated 75 million people 
in Europe, USA and Japan (13).1 in 3 women over 
age 50 will experience osteoporotic fractures, as will 
1 in 5 men aged over 50 worldwide (14-16). Overall, 
61% of osteoporotic fractures occur in women, with a 
female-to-male ratio of 1.6 (12). 

Osteoporosis is estimated to affect 200 
million women worldwide - approximately one-tenth 
of women aged 60, one-fifth of women aged 70, two-
fifths of women aged 80 and two-thirds of women 
aged 90 (17). A 10% loss of bone mass in the 
vertebrae can double the risk of vertebral fractures, 
and similarly, a 10% loss of bone mass in the hip can 
result in a 2.5 times greater risk of hip fracture (18). 
By 2050, the worldwide incidence of hip fracture in 
men is projected to increase by 310% and 240% in 
women (19). The combined lifetime risk for hip, 
forearm and vertebral fractures coming to clinical 
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attention is around 40%, equivalent to the risk for 
cardiovascular disease (20). 

Saudi Arabia, with a population of 
1,461,401 persons aged 50 years or more, 8768 
would suffer femoral fractures yearly at a cost of 
$1.14 billion (21). 

Many risk factors are associated with 
osteoporotic fracture, including low peak bone mass, 
hormonal factors, the use of certain drugs such as 
glucocorticoids (22-24),cigarette smoking(25-28), 
low physical activity and sedentary lifestyle(29-32), 
low intake of calcium and vitamin D(5, 7-10, 33-38), 
small body size(39-42,43), and a personal or a family 
history of fracture(44-47).All of these factors should 
be taken into account when assessing the risk of 
fracture and determining whether further treatment is 
required(47). 

Childhood and adolescence are particularly 
valuable times to improve bone mass through 
exercise (48-54). 

Studies showed that osteopenia and 
osteoporosis are more common amongst 
postmenopausal Saudi women and that bone 
densitometry should be employed in measuring the 
severity of bone loss (55).Bone mineral density using 
DXA is the standard diagnostic technique for 
osteoporosis but the cost is relatively high, and there 
is a shortage of DXA machines through most of the 
developing Asian countries (56). 

The prevalence of osteoporosis for Saudi 
Arabian women aged 50–70 years was estimated to 
be approximately 23% (57). 

Because of the severity of the problem, and 
because studies related to osteopenia and 
osteoporosis were mainly focused on postmenopausal 
women, this research aimed at looking at the problem 
in younger age, the college age, seeking for data to 
help in early prevention of osteopenia and 
osteoporosis. 
 
2. Methods: 

A cross-sectional study was conducted 
during the academic year 2013-14. The study 
included (267) female students, from different 
medical and applied medical science departments at 
Umm-Alqura University in Holly Makkah, Kingdom 
of Saudi Arabia (KSA). 

 Average daily calcium intake was estimated 
for a convenience sample of (267) students. 

A 24-hour recall for two week days and one 
week end was administered to assess food intake for 
3 days. The average intake per day was used for data 
analysis. Food intake data were collected by 
interview. 

Questionnaires were administered to the 
students between regular class periods. Types and 
portion size of food consumed by each participant 
were analyzed for calcium content using Nutrisurvey 
2007 software by FAO (Food and Agricultural 
Organization).  

BMD for the whole body and spinal BMD 
were measured using DualEnergy X-ray 
Absorptiometry (DXA Scan, model 8743, 
manufacture Lunar, USA) for 73 of total participants. 

The definition of Osteopenia and 
Osteoporosis according to The World Health 
Organization (WHO) criteria was adopted. 
Osteopenia is diagnosed by (-1 to -2.5 standard 
deviations), and osteoporosis (>-2.5 standard 
deviations) below mean BMD of 20 to 29 years old 
(1,2,3). 

Body weight was measured using a 
calibrated portable scale while the subjects were 
wearing lightweight clothing and no shoes. Height 
was measured to the 0.5 cm using a stadiometer in 
bare foot, with the shoulders in relaxed position and 
arms hanging freely. BMI was determined by 
dividing weight in [kg] by height squared meter [m2].  
Data analysis:  

Data collected were tabulated and statistical 
analysis was performed using the Statistical Package 
for Social Science (SPSS V 16) (SPSS Inc., Chicago, 
IL, USA.). Proportions were compared using chi-
square test. Continuous variables were compared 
using independent sample t-test for two groups. 
Nutrisurvey software 2007 (FAO) was used to 
estimate calcium intake. Calcium Recommended 
Dietary Allowance for 2011were employed; 1300 
mg/day for age 9 to 18 years, and 1000mg/day for 19 
to 70years (4).In analysis of the anthropometric, and 
BMD data, subjects were stratified into two groups 
based on the daily calcium intake. Because the mean 
dietary calcium intake in this study was 559.34 
mg/day, the figure (550) was used as a cutoff point. 
Subjects who consumed <550 mg/day represented the 
lower calcium intake, and those who consumed ≥550 
mg/day represented the higher calcium intake group. 
 
3. Results: 

The sample consisted of 267 female 
students, 209 (78.3%) were >19 year, and 58 (21.7%) 
were 17 to19 years.  

The mean dietary calcium intake in this 
study was 559.34 ± 32.15 mg/day. 96.25% of studied 
sample consumed calcium below (1000 mg/day). 
26.59% of the sample had calcium intake between 
200-<400, 34.83% between 400 - <600, 24.72% 
between 600 - <800, 10.11% between 800 - <1000, 
and 3.75% ≥ 1000 mg/day(Figure1). 
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Figure (1): Daily Calcium intake 

 
54.7% of the subjects consumed <550 mg/day. Out of the total sample of 267, only 73 subjects were 

assessed for BMD. Results indicate that 43 subjects (58.9%) of the sample had normal BMD, 29 (39.7%) 
osteopenia, and 1(1.4%) osteoporosis (Figure 2). 
 

 
Fig (2): Bone Mineral Density 

 
Subjects who consumed calcium <550 mg/day had significantly higher body weight and BMI than ≥550 

mg/day (pvalues = 0.040), and (0.008) respectively. No statistical significant difference in height was found between 
the two groups (p = 0.09) (Table 1). 
 

Table (1): Height, Weight and BMI by calcium intake 
Measure(Mean ± SD) Low Ca intake 

(< 550 mg/day) 
Higher Ca intake 
(≥ 550 mg/day) 

P 

Height (cm) 157.13 ±6.03 157.39±5.18 0.090 

Weight (kg) 54.80±12.71 52.27 ±10.20 0.040 

BMI (kg/m2) 22.09±4.76 21.11 ±3.81 0.008 

(N=267) 
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A statistical significant difference (p = 
0.044) in spinal BMD was detected between the low 
calcium and the higher calcium intake groups. The 
means for both total BMD and T-score for the higher 

calcium intake group were slightly higher than the 
low calcium intake group, which did not reach a 
statistical significant level (p = 0.110, 0.534) 
respectively (Table 2). 

 
Table (2): BMD Measurements by calcium intake 

Measure(Mean ± SD) Low Ca intake 
(< 550 mg/day) 

Higher Ca intake 
(≥ 550 mg/day) 

P 

Total (BMD) 1.04 ±0.12 1.06 ±0.06 0.110 

(T-score) 0.82 ±1.03 0.90 ±2.06 0.534 

(spinal BMD) 1.04±0.16 1.00 ±0.10 0.044 

(N= 73) 
 
4. Discussion: 

Adequate levels of calcium intake can 
maximize the positive effect of physical activity on 
bone health during the growth period of children 
(33). 

96.25% of the sample in this study 
consumed calcium below (1000 mg/day). This is in 
agreement with other studies. A study conducted on 
postmenopausal women in Jeddah found out that 
almost 60% of the total study population had lower 
calcium intake than the estimated average 
requirements whereas the whole population had 
vitamin D intake level below the estimated average 
requirements. The findings revealed the important 
role of dietary vitamin D and calcium in osteopenic 
patients and the likely requirement for 
supplementation of these nutrients in the Saudi 
population (58). Another study conducted in KSA 
showed that women of >40 years old, with low level 
of education, who did not drink diluted yogurt (laban) 
(which is a rich source of calcium) and had history of 
fractures were at high risk of low BMD (59). 

Surveys indicate that teenage girls in the 
United States are less likely than teenage boys to get 
enough calcium. In fact, fewer than 10 percent of 
girls age 9 to 17 actually get the calcium they need 
each day (60). 

Another study showed that only 15% of 9 to 
13 years old females and ≤10% of females aged 14–
18, 51–70, and ≥71 years met the adequate intake for 
calcium from diet alone(61).  

Lactose intolerance has been shown to be 
associated with low bone mass and increased risk of 
fracture due to low milk (calcium) intake (38). 
Low intake of calcium and vitamin D is associated 
with osteoporotic fracture (5,7-10,33-38). 
Studies in children and adolescents have shown that 
supplementation with calcium, dairy calcium-
enriched foods or milk enhances the rate of bone 
mineral acquisition (7-9). 

Calcium and vitamin D supplementation 
reduces rates of bone loss and also fracture rates in 
older male and female adults, and the elderly (35-37). 

In institutionalized elderly women, this combined 
supplementation reduced hip fracture rates (35). 

Adequate dietary calcium intake in 
combination with maintaining a daily physical 
activity may contribute to healthy bones and play a 
role in practical prevention of osteoporosis (5). 

Lack of calcium is one of the main causes of 
osteoporosis in which the bones become extremely 
porous, are subject to fracture, and heal slowly, 
occurring especially in women (61).  

The prevalence of osteopenia and 
osteoporosis in this study is (39.7%), and (1.4%) 
respectively. Several studies were conducted in KSA 
to determine this prevalence. However, the results are 
different according to the age and association with 
other risk factors such as low peak bone mass, 
hormonal factors, the use of certain drugs, low intake 
of calcium and vitamin D, cigarette smoking, and low 
physical activity. The prevalence of osteoporosis for 
Saudi Arabian women aged 50–70 years was 
estimated to be approximately 23% (57). 

Another study indicated that the prevalence 
of osteoporosis among a sample aged 20 to 79 years 
was found to be 44.5% in Saudi women when 
employing the manufacturer’s reference 
(US/European reference) and 28.2% when employing 
the Saudi reference values (62).  

A different study indicated that the 
prevalence of low bone mass (osteoporosis and 
osteopenia) in Saudi Arabia is 70.5% in men and 
women with an average age of 56 years. The 
prevalence of osteoporosis among women was 34% 
and in men 30.7% (63). 

Only one candidate in the current study had 
osteopenia which is a small number that is difficult to 
make conclusions based on that. 

BMD is influenced by several genetic and 
environmental factors. It has been suggested that 
genetic factors such as gender and race, may account 
for up to 75 percent of bone mass, and environmental 
factors such as diet and exercise habits account for 
the remaining 25 percent (60).  
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 Results of this study indicate that current 
calcium intake has no significant effect on the total 
BMD or T-score. However, there is a significant 
difference in spinal BMD by calcium intake 
(p=0.044).  

This is in agreement with a study by Mazess 
and Barden who evaluated the effects of age, calcium 
intake, smoking and physical activity on appendicular 
and axial (BMD) in a 2-years study of 200-300 
healthy young women aged 20-39 years. They found 
that there was no cross-sectional change of BMD or 
longitudinal change with bone loss. There also was 
no association of calcium intake with BMD and/or 
with BMD changes. Current calcium intake was not a 
significant influence on BMD in this age group (64). 

Studies indicate that variations in calcium 
intake early in life may account for a 5-10% 
difference in peak adult bone mass (65). In the same 
direction, (66) found that measures of lifetime 
physical activity and calcium intake were highly 
correlated and consistent factor for predicting BMD 
at all skeletal sites and current calcium intake 
predicted 6% of the variance in BMD. 

Calcium is an essential nutrient for bone 
health. Calcium deficiencies in young people can 
account for a 5- to 10-percent difference in peak bone 
mass and can increase the risk for hip fracture later in 
life (60).  

Results of this study revealed a significant 
relationship between calcium intake and weight and 
BMI, but insignificant with height. 

Recent human and animal studies indicated 
that a higher calcium intake was associated with 
reduced body fat or less gain of body fat over time. In 
a study of adipose cells in transgenic mice, high 
calcium, medium dairy, and high dairy diets reduced 
lipogenesis, stimulated lipolysis and reduced body fat 
accumulation at equivalent levels of energy intake 
(67). 

In a randomized controlled clinical trial of 
reducing diets in adult outpatients, those maintained 
on a milk-based diet for 16 months had greater 
weight loss (7.0 vs 1.7 kg) than patients maintained 
on a conventional hypocaloric diet that was isocaloric 
to the milk-based diet. The investigators suggested 
that greater compliance with the novel milk-based 
diet contributed to the greater weight loss (68). 
However, the possible down regulation of lipogenesis 
and up-regulation of lipolysis with the milk-based 
diet vs the conventional hypocaloric diet is an 
alternate explanation for the greater weight loss. 

Small body size is a risk factor that is 
associated with osteoporotic fracture(39-43). 

Studies have provided evidence that weight 
in infancy is a determinant of bone mass in adulthood 
(69-71). 

There is a need for further studies in the 
young ages to enable prevention of osteopenia and 
osteoporosis with their complications and huge 
financial and health burdens. 

Saudi Arabia, with a population of 
1,461,401 persons aged 50 years or more, 8768 
would suffer femoral fractures yearly at a cost of 
$1.14 billion (21). 
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