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Abstract
Background: Low bone mineral density (BMD) is a public health issue in Saudi Arabia. This study measured the
prevalence and factors associated with low BMD in Saudi women in Riyadh, Saudi Arabia.
Methods: A cross sectional study using two stage cluster sampling technique was conducted in Riyadh, 2009. Thirty
clusters, each comprising of 300 houses were randomly chosen and from each cluster 38–40 households were selected
to identify 1150 women of >40 years. Women were invited to primary health care center for filling of self-administered
questionnaire (n = 1069) comprising of sociodemographic, health, diet and physical activity
variables. 1008 women underwent screening for low BMD using the quantitative ultrasound technique. 535 (53%)
women with positive screening test were referred to King Khalid Hospital for Dual X-ray Energy absorptiometry (DXA).
Results: 362 women underwent DXA and 212 (39.6%) were screened low BMD either at lumbar spine or femur neck.
Mean age of women was 55.26(±8.84) years. Multivariate logistic analysis found; being aged 61 to 70 years (OR 2.75,
95% CI: 1.32-1.48), no literacy (OR 2.97, 95% CI:1.44 - 6.12) or primary education (OR 4.12, 95% CI:2.05-8.29), history of
fractures (OR 2.20, 95% CI:1.03- 4.69) and not drinking laban(diluted yogurt) (OR 2.81, 95% CI:1.47- 5.37) significantly
associated with low BMD.
Conclusions: Women with low level of education, who do not drink laban and had history of fractures were at high
risk of low BMD.
Keywords: Low bone mineral density, Women, Dietary factors

Background
Low bone mineral density (BMD) manifesting as fragile
bones mainly comprise of osteoporosis and osteopenia
[1]. Prevalence of low BMD varies according to age, sex,
ethnicity and type of skeletal bone [1]. According to
global estimates, about 200 million women suffer from
osteoporosis worldwide [2]. The American 2005–2008
National Health and Nutrition Examination Survey
found 50% of women over 50 years of age suffering from
low BMD [3]. Low BMD is a public health issue in Saudi
Arabia and prevalence of lumbar and femur osteopenia
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ranges from 7% to 43.4% and osteoporosis from 2.5 to
46.7% [4-7].
National Osteoporotic foundation, USA and the National
consensus group on osteoporosis for the Middle East
and North Africa has indicated; menopause, low physical
activity, family history of fractures, personal history of
fracture as an adult, cigarette smoking, alcohol drinking,
thin build, use of oral gluco-corticosteroid therapy for
3 months or more or having history of rheumatoid
arthritis, thyroid disease, liver disease as major risk
factors for low BMD [7-9]. In addition to above, Rouzi
et al. in a prospective cohort study on healthy Saudi
postmenopausal women found a combination of factors
(age, physical activity, hand grip, bone mineral density,
dietary calcium intake, serum 25 (OH)D levels and history
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of falls) to contribute significantly to osteoporosis-related
fractures [10].
Low BMD leads to limitations in mobility along with high
medical cost. To date, the gold standard technique for diagnosing low BMD is the dual energy x-ray absorptiometry
(DXA) which has high predictive validity (sensitivity and
specificity) [11]. Number of hospital based and few
community based studies have measured risk factors for
fractures and low BMD in Saudi Arabia; however, these
studies have reported limitations in generalizability and
quality [3-6]. In order to improve primary prevention
against low BMD it is important to identify the few,
most important risk factors through a community based
study. The objective of this study was to measure the
prevalence of low BMD using the DXA technique and
identify the associated factors in Saudi women in
Riyadh.

Methods
This was a community based household cross-sectional
study conducted in Riyadh during April-May, 2009. Two
stage cluster sampling technique was followed. Riyadh is

divided into five administrative regions and one major
primary health care center (PHCC) was selected from
each region. The catchment population of PHCC served
as a cluster. It is assumed that on an average there is
one woman over forty years per Saudi family, therefore
230–240 households were randomly selected from each
cluster to reach a sample size of 1150. Eligible women
were invited to PHCC for filling of self-administered
questionnaire and screening for low BMD using the
Quantitative ultrasound (QUS) technique. Flow chart
representing the enrollment and number of participants
is given as Figure 1.
Questionnaire was designed based on previous identified factors and other biological plausible factors leading
to low BMD. Information was collected on variables
related to socio-demographic characteristics (age, education, occupation, marital status), sun exposure (time
spent under the sun), present and past medical illnesses,
obstetric & gynecological history (menstrual status, number of pregnancies and children, contraceptive use), personal history of fracture as an adult on trivial (minor) fall,
family history of fractures, cigarette smoking, intake of

1150 females were approached and invited to
participate in the study

81 were excluded
as they were not
fulfilling the
inclusion criteria

1069 (94%) underwent Quantitative ultrasound scan (QUS) for bone mass density
61 (6%)
refused to
undergo
QUS

1008 (94%) visited the primary health care
center & filled the questionnaire

535 (53%) screened with low bone
mineral density using the QUS

473 (47%) screened as normal bone
mineral density using the QUS

362 (68%) visited King Khalid University
hospital and underwent DEXA

212 (58.6%) with Low
bone mineral density

173 (32%) did not visit KKUH

150 (41.4%) with Normal
bone mineral density

Figure 1 Enrollment flow chart of Saudi women (>40 years) in Riyadh, Saudi Arabia.
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dietary items; low fat milk, low fat cheese, low fat laban
(diluted yogurt), meat, fish, vegetables, fruits, tea, coffee
and physical activity (walking, climbing, swimming). All
questions were phrased clearly for the participants to
understand. Diet and physical activity was asked pertaining to last one week. Height and weight was measured
through standard procedure. Those who had difficulty in
reading or writing were interviewed by a trained research
assistant.
Inclusion & exclusion criteria

Saudi females, >40 years of age and living in Riyadh city
were included in the study. Women who self reported
secondary causes of low BMD, such as hyperthyroidism,
hyperparathyroidism or liver disease were excluded from
the study.
Measurement of bone mineral density through
quantitative ultrasound

QUS was done by scanning the calcaneum of the left foot
using the Achilles machine (Lunar, General Electric,
Madison, Wis.). The Achilles device is a water-based
system, using fluid coupled through transmission in a
temperature-controlled water bath (37 °C). The cutoff
point for positive screened case was t score < −1 at the
calcaneum heel bone [12]. Two QUS machines (from
same manufacturer) were used and both machines were
calibrated every morning according to the manufacturer’s
instructions. Out of 1008 women who underwent QUS,
535 (53%) were screened positive. They were further
referred to King Khalid University & Hospital (KKUH) for
Dual energy x-ray absorptiometry (DXA) measurements.
A workshop was conducted to train the research assistants on the use of Achilles machine. Study protocol was
approved by the Institutional Review Board (IRB) of the
King Saud University.
Dual energy x-ray absorptiometry

Out of 535 referred women, 362 (68%) underwent DXA.
BMD was measured at the anterio-posterior spine L1-4
and Dual Femur Total (using GE prodigy, Lunar GE,
Wisconsin USA). The quality control procedure for the
machine was carried out every morning according to
manufacturer’s protocol. All patients had the test performed, processed and finalized for reporting on the
same day. The automatic region of interest (ROI) was
used in all procedures to calculate the BMD at lumbar
spine and femoral neck. The manual adjustments in ROI
were made for the lumbar spine when necessary, for
example, in cases of severe scoliosis. In addition, women
were asked to give their blood samples in the laboratory
(KKUH) for measurement of serum calcium and 25(OH)
vitamin D levels.
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Statistical analysis

The stiffness index measured using the QUS was converted to corresponding t-scores with cut off of ≤ −1 as
positive for LBMD. Similarly, low BMD measured using
DXA was defined according to WHO cut off of t
score ≤ −1[13] (includes both osteopenia and osteoporosis) present either at lumbar spine or femur neck to
develop a dichotomous variable. Mean and standard
deviation was calculated for continuous and proportions for categorical variables. All variables significant
on univariate analyses and having biological plausibility
were entered in multivariate logistic regression model
using forward step modeling. Adjusted odds ratios and
95% confidence intervals were calculated. Significance
was taken as α ≤ 0.05.

Results
The socio demographic characteristic of women undergoing screening using the QUS are presented in Table 1.
Mean age of women was 55.64 (±8.84) with range from
41 to 85 years. Mean serum calcium and 25 (OH) vitamin
D levels in low BMD and normal group were 2.22 (±0.16)
vs 2.28 (±0.17)mmol/L and 42.20 (±28.43) vs 38.45
(±23.54)nmol/L respectively. Further division of vitamin
D into ≥75, 74–50 and <50 nmo/L category found 30% vs
18%, 37% vs 20% and 136% vs 116% (p < 0.22) women in
low BMD and normal BMD groups respectively.
Total number of patients with low BMD either at the
lumbar spine or femoral neck using the DXA was 212
(58.5%) out of 362. Univariate analysis found age 60–
70 years, education, personal history of fractures as an
adult, husband occupation as an administrator and intake of dietary items; low fat laban, green tea and Arabic
coffee during last one week as significantly associated
with low BMD (Table 2).
Out of 535 women, 362 visited the hospital for DXA
and 173 were missing. Women who did not get their
DXA done reported transportation and male members’
unavailability as main factor for their absence. We compared the sociodemographic, health, dietary and physical activity data between those who got DXA done and
not done. We found no significant difference (p > 0.05)
among any of the variables except for husbands occupation (p < 0.01) between the two groups (results not
shown).
In the final multivariate model, age 61 to 70 years
(OR = 2.75 95%CI 1.32-1.48), no literacy (OR = 2.97,
95%CI 1.44-6.12), primary level of education (OR =
4.12 95%CI 2.05-8.29), history of personal fracture as
an adult on trivial falls (OR = 2.20 95%CI 1.03-4.69)
and not using laban in the diet (OR = 2.81 95%CI 1.475.37) were significantly associated with low BMD
(Table 3). Physical activity was not associated with low
BMD on univariate or multivariate analysis.
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Table 1 Characteristic of Saudi women screened for low bone mineral density using quantitative ultrasound technique
in Riyadh, Saudi Arabia
Characteristic

Women screened as positive for low BMD
using QUS (n%)

Women screened as negative for low BMD
using QUS (n%)

P
value
<0.01

Age (in years)n = 1005
41 to 50

166 (31.1)

212 (45)

51 to 60

228 (42.7)

185 (39.3)

61 to 70

103 (19.3)

55 (11.7)

Single*

50 (9.5)

41 (8.8)

Married

308 (58.2)

327 (70.2)

Widow

171 (32.3)

98 (21)

25 (4.7)

31 (6.6)

Intermediate& secondary

30 (5.6)

48 (10.1)

Primary

24 (4.5)

41 (8.7)

Illiterate

456 (85.2)

353 (74.6)

70 and above
Marital Status n = 995
<0.01

Education n = 1008
University and above

<0.01

Occupation n = 962
Doctor

1 (0.2)

5 (1.1)

Teacher/Administrator

45 (8.8)

51 (11.4)

Housewife

467 (91)

393 (87.5)

0.08

Husband Occupation n = 748
Doctors/teachers

32 (8.5)

26 (7)

Business man

98 (26)

104 (28)

Military

107 (28.4)

88 (23.7)

Administration

140 (37.1)

153 (41.2)

Villa

390 (76.2)

342 (75.5)

Apartment

74 (14.5)

66 (14.6)

Small house

48 (9.4)

45 (9.9)

Normal

60 (11.5)

30 (6.6)

Overweight

149 (28.5)

113 (24.7)

314 (60)

315 (68.8)

130 (25.4)

104 (22.9)

0.36

Type of House n = 965
0.95

Body Mass Index n = 981

Obese

<0.01

Exposure to sunlight per week n =
966
All the time
Twice-thrice per week

119 (23.2)

97 (21.4)

Occasionally

208 (40.6)

212 (46.7)

Not at all

55 (10.7)

41 (9)

0.29

Duration of exposure n = 785
Sixty minutes

7 (1.6)

4 (1.1)

Half an hour

103 (24.1)

66 (18.5)

Fifteen minutes

318 (74.3)

287 (80.4)

0.13
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Table 1 Characteristic of Saudi women screened for low bone mineral density using quantitative ultrasound technique
in Riyadh, Saudi Arabia (Continued)
Obstetric history
Age at menarche n = 978
≤ than 11 years

141 (27.3)

119 (25.8)

12 to 14 years

303 (58.7)

274 (59.3)

72 (14)

69 (14.9)

170 (36)

178 (39.7)

Peri-menopausal**

168 (35.6)

136 (30.4)

Menopause

134 (28.4)

134 (29.9)

10 (2)

20 (4.4)

≥15 years

0.82

Menstrual status n = 920
Regular

0.23

Number of pregnancies n = 963
No pregnancy
Pregnant 1–4 times

66 (12.9)

62 (13.7)

Pregnant >5 times

436 (85.2)

369 (81.8)

16 (3.1)

20 (4.5)

For <6 months

119 (23.4)

140 (31.3)

For >6 months

374 (73.5)

287 (64.2)

Yes

272 (54)

208(47)

No

232 (46)

235(53)

Less than 5 years

144 (57.8)

175 (68.6)

5 to 10 years

78 (31.3)

47 (18.4)

More than 10 years

27 (10.8)

33 (12.9)

No

337 (63)

283 (59.8)

Yes

198 (37)

190 (40.2)

No

442 (86.8)

398 (89.4)

Yes

67 (13.2)

47 (10.6)

No

457 (98.3)

389 (96)

Yes

8 (1.7)

16 (4)

No

449 (98.5)

379 (97.2)

Yes

7 (1.5)

11 (2.8)

0.08

History of breast feeding n = 956
Not at all***

<0.01

Use of Contraceptive pills
n = 947
0.03

Duration of contraceptive pill use n
= 504
<0.01

Past medical history
Diabetic on insulin n = 1008
0.30

Past history of fractures on trivial fall
n = 954
0.13

Family History
History of Osteoporosis in the family
n = 870
0.04

Family history of fracture on trivial
fall n = 846
0.19
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Table 1 Characteristic of Saudi women screened for low bone mineral density using quantitative ultrasound technique
in Riyadh, Saudi Arabia (Continued)
Physical Activity
Walking n = 1008
Yes

274 (51.2)

258 (54.5)

No

261 (48.8)

215 (45.5)

0.29

Climbing Stairs n = 1008
Yes

28 (5.2)

25 (5.3)

No

507 (94.8)

448 (94.7)

Yes

11 (2.1)

6 (1.3)

No

524 (97.9)

467 (98.7)

Yes

420 (78.5)

397 (83.9)

No

115 (21.5)

76 (16.1)

Yes

451 (84.3)

410 (86.7)

No

84 (15.7)

63 (13.3)

Yes

421 (78.7)

399 (84.4)

No

114 (21.3)

74 (15.6)

Yes

330 (61.7)

323 (68.3)

No

205 (38.3)

150 (31.7)

Yes

493 (92.1)

443 (93.7)

No

42 (7.9)

30 (6.3)

Yes

488 (91.2)

431 (91.1)

No

47 (8.8)

42 (8.9)

Yes

447 (83.6)

414 (87.5)

No

88 (16.4)

59 (12.5)

Yes

97 (18.1)

127 (26.8)

No

438 (81.9)

346 (73.2)

0.97

Swimming n = 1008
0.33

Dietary Habits
Milk (200 ml) n = 1008
0.03

Laban (200 ml) n = 1008
0.28

Cheese (slice = 100gms) n = 1008
0.02

Fish slice(any type) n = 1008
0.03

Meat n = 1008
0.35

Green Tea (100 ml)n = 1008
0.95

Arabic coffee (100 ml)n = 1008
0.07

Beverages (250 ml)n = 1008

Discussion
Previous research findings on high prevalence of low
BMD in Saudi women are supported by this communitybased study [4-7,9,14]. Majority of studies, however, have
focused on postmenopausal women, while we included
women 40 years and above because symptoms for low
BMD tend to appear earlier in Saudi women [14]. Analogous to high burden, factors associated with low BMD
like age, education and dietary products are in support of
earlier studies [3,7-9,13-15] . Pathophysiology of aging in

<0.01

women indicates disconnection of trabecular network
leading to reduction in bone mineral, structural deterioration and decrease in bone strength [16] which may
explain the increase in prevalence of low BMD by 5% for
each ten-year period between 40 and 50 years and 50 to
60 years. Old age effects on bones are further aggravated
by estrogen deficiency due to menopause. The National
Health and Nutrition Examination Survey (NHANES) for
2005–2008 reported an increase after 50 years of age in
low BMD with each decade of age [3], hence supporting
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Table 2 Univariate regression analysis between socio demographic, menstrual status, medical and dietary items and
low bone mineral density in women (> 40 years) in Riyadh, Saudi Arabia
Characteristics

Women with Low BMD

Women with normal BMD

OR

N = 212

N = 150

(95% CI)

41 to 50

70 (33.2)

61 (41.2)

1.00

51 to 60

80 (37.9)

71 (48)

0.98 (0.61 - 1.56)

61 to 70

50 (23.7)

13 (8.8)

3.35 (1.66 - 6.75)

70 and above

11 (5.2)

3 (2)

3.19 (0.85 - 11.98)

Single2

12 (6.2)

12 (7.3)

1.00

Married

135 (64.6)

101 (67.8)

0.89 (0.14 - 5.43)

Widow

60 (28.7)

37 (24.8)

1.08 (0.17 –6.77)

University and above

21 (9.9)

31 (20.8)

1.00

Intermediate& secondary

Age (in years)n = 362

Marital Status n = 357

Education n = 361

40 (18.9)

26 (17.4)

2.27 (1.08-4.77)

Primary

89 (42)

49 (32.9)

2.68 (1.39-5.15)

Illiterate

62 (29.2)

43 (28.9)

2.13 (1.08-4.18)

Occupation n = 341
Doctor

2 (1.4)

1 (0.5)

1.00

Teacher/Administrator

19 (9.5)

16 (11.4)

2.37 (0.19 - 28.67)

Housewife

181 (90)

122 (87.1)

2.96 (0.26 - 33.08)

Husbands Occupation n = 243
Doctors/teachers

11 (7.6)

17 (15.9)

1.00

Business man

47 (32.4)

33 (30.8)

2.20 (0.91 - 5.30)

Military

25 (17.2)

23 (210.5)

1.68 (0.65 - 4.32)

Administration

62 (42.8)

34 (31.8)

2.81 (1.18 - 6.70)

169 (85.4)

120 (85.1)

1.00

Apartment

19 (9.6)

13 (9.2)

1.03 (0.49 - 2.18)

Small house

10 (5.1)

8 (5.7)

0.88 (0.34 - 2.31)

21 (10)

9 (6.1)

1.00

Type of House n = 339
Villa

Body Mass Index n = 357
Normal
Overweight

61 (29)

36 (24.5)

0.72 (0.30 - 1.75)

Obese

128 (61)

102 (69.4)

0.53 (0.23 - 1.22)

70 (36)

55 (41)

1.00

Menstrual status n = 329
Regular
Perimenopausal

69 (35.4)

48 (35.8)

1.13 (0.67 – 1.88)

Menopause

56 (28.6)

31 (23.2)

1.42 (0.80-2.49)

All the time

45 (22.8)

39 (27)

1.00

Twice-thrice/week

49 (24.9)

34 (23.6)

1.24 (0.67 - 2.30)

83 (42)

58 (40.3)

1.24 (0.72 - 2.13)

20 (10.2)

13 (9)

1.33 (0.58 - 3.02)

200 (94.3)

148 (98.7)

1.00

Exposure to sunlight n = 341

Occasionally
Not at all
Renal disease n = 362
No
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Table 2 Univariate regression analysis between socio demographic, menstrual status, medical and dietary items and
low bone mineral density in women (> 40 years) in Riyadh, Saudi Arabia (Continued)
Yes

12 (5.7)

2 (1.3)

4.44 (1.01 - 20.13)

No

167 (84.3)

131 (92.3)

1.00

Yes

31 (15.7)

11 (7.7)

2.21 (1.07 - 4.56)

No

155 (96.9)

124 (97.6)

1.00

Yes

5 (3.1)

3 (2.4)

1.33 (0.31 - 5.68)

Yes

178 (84)

125 (83.3)

1.00

No

34 (16)

25 (16.7)

0.95 (0.54 – 1.68)

Yes

167 (78.8)

120 (80)

1.00

No

45 (21.2)

30 (20)

1.07 (0.64 – 1.81)

Yes

163 (76.9)

135 (90)

1.00

No

49 (23.1)

15 (10)

2.70 (1.45 – 5.04)

Yes

185 (87.3)

140 (93.3)

1.00

No

27 (12.7)

10 (6.7)

2.04 (0.95 - 4.36)

Yes

177 (83.5)

137 (91.3)

1.00

No

35 (16.5)

13 (8.7)

2.08 (1.06 - 4.09)

History of fractures as an adult on trivial fall n = 361

Family History of fracture on trivial fall n = 287

Eat Cheese (slice) 100 mg n = 362

Drink Milk (200 ml) n = 362

Drink Laban (200 ml) n = 362

Drink Green Tea n = 362

Drink Arabic coffee n = 362

Table 3 Multivariate logistic regression showing adjusted
odds ratio between age, educational level, dietary and
medical factors with low bone mineral density in Saudi
women (> 40 years) in Riyadh, Saudi Arabia
Variables

Adjusted Odds Ratio

P value

95% CI
Level of Education
University and above

1.00

Secondary& Intermediate

2.07 (1.06 - 4.55)

0.04

Primary

4.12 (2.05 - 8.29)

0.02

Illiterate

2.97 (1.44 - 6.12)

0.009

Use of low fat laban in diet
Yes

1.00

No

2.81 (1.47 - 5.37)

0.008

Age (in years)
41 to 50

1.00

51 to 60

0.88 (0.52-1.48)

0.42

61 to 70

2.75 (1.32-1.48)

0.01

70 and above

2.49 (0.63-9.89)

0.18

History of fractures as an adult on trivial fall
Yes

1.00

No

2.20 (1.03 - 4.69)

0.03

our results. Similarly, finding that being aged 60 to 70
years had the highest odds of low BMD is supported by
NHANES results which found prevalence to increase
until age 70 years, after which it remained static [3]. The
recommended age for screening Saudi women remains
controversial, some recommending 55 years [14] and
others 65 years [15]; however, based on our findings we
propose screening of all Saudi women for low BMD at
age of 60 years. Social determinants of health, such as
low education have been associated with low BMD [17].
Low education may prevent women from getting information on healthy life style habits including physical
activity and access to health care thus augmenting the
risk of low BMD.
Sedat et al. found incidence of vertebral fractures in
Saudi Arabia between 20% and 24% [14]. One of the risk
factors mentioned by National Osteoporosis Foundation
in its guidelines for MENA region (Middle East and
North Africa) is having personal history of fractures as
an adult [8]. Fractures occurring during adulthood on
exposure to some exercise, weight lifting or falls indicate
weak bones and low bone mass density [18] and are a
concern for future risk of osteoporosis [19]. Hence fractures and low bone density follow a viscous cycle; one
leading to other and aggravating the condition further.
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Early screening of all such cases should be made mandatory
as managing fractures in elderly is tedious and require
support from family as well as health personal. In addition,
the mortality, morbidity, disability and financial cost associated with management of fractures make screening for low
BMD imperative [20,21].
Bone health is associated with diet rich in calcium and
vitamin D, such as milk, cheese and laban (diluted
yogurt) [22]. Milk and cheese, though consumed by majority after adjustment were not significantly associated
with low BMD. However, “laban” also commonly known
as “lasi” a dairy product manufactured by thermophilic
fermented milk cultured with lactobacillus, bulgaricus
and streptococcus thermophiles was significantly associated with low BMD. Several therapeutic benefits have
been associated with fermented milk, [23,24] including
decrease in bone deterioration, geriatric osteoporosis,
skin ulcers, gastrointestinal symptoms and aging [24-27].
Quasi-experimental studies conducted on animal models
have found fermented milk to reduce osteoporotic
changes in mice [26,27]. Laban increases calcium assimilation [28]. Laban is a traditional drink of Saudi Arabia;
however, its use seems to decrease with the introduction
of new beverages. In view of present findings, we recommend regular use of laban as one of the preventive strategies against low BMD. As one cup (200 ml) of laban
contains 238 mg of calcium and 80 IU of vitamin D,
each women needs to take on an average 4–5 cups of
laban per day in order to meet the recommended
amount of calcium and vitamin D (daily recommended
amount of Calcium 1000-1200 mg and vitamin D
600 IU) [29], therefore we conclude laban is an important and significant factor and even if taken alone in
recommended amount can prevent low BMD. There
may be other dietary sources contributing to blood vitamin D and calcium levels (for eg milk and cheese) and
preventing low BMD but were not significant in our
final model, for example, recently, use of green tea is
proven to be protective against LBMD [30]. Future studies can recommend a dietary plan based on local food
items to prevent women from developing low BMD.
This study is novel as it has used QUS as baseline
screening test to identify “at risk” women before referring them for a much costlier and radiation exposed investigation, DXA. Recent studies found QUS to be a
reliable screening instrument for low BMD/fractures and
recommended its use in primary care settings [12,31,32].
Unnecessary exposure and cost related to DXA was
reduced as 47% (473 women out of 1008) were normal
on baseline screening and did not require undergoing
DXA.
Vitamin D deficiency is supposed to identify at risk
population for low BMD [33] but our results conclude
that vitamin D may not be a reliable indicator for
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women in Saudi Arabia as majority were suffering from
vitamin D deficiency, in fact low BMD women had
higher values as compared to normal group.
Limitations

Study had some limitations. 173 (32%) women did not
undergo DXA testing. The main reason identified was
limited mobility due to cultural factors. Although comparison of the characteristics of those tested and not
tested with DXA revealed no significant difference except
for husbands occupation, however, the groups may have
differed on some characteristics that we did not ascertain.
Several studies have taken cutoff point for QUS as t < −1;
however, Sedat et al. recommended a different cut off
[32] based on population differences, difference in results
could be expected due to difference in cutoff. Women
were labeled as menopausal and perimenopausal according to their responses and no laboratory investigation
(FSH levels) was done to support their responses. Sun
exposure was asked for current months only and type of
clothing and seasonal variation was not taken into consideration. In addition, frequency of dietary items and
physical activity may have been subjected to information
bias. Thus, it is possible that residual uncontrolled confounding may have played a role in our findings.

Conclusions
In conclusion, low BMD poses a high public health burden in Saudi Arabia which can be identified through
screening and risk factors assessment at primary care
level. Health education, regular screening and use of dietary products like laban (diluted yogurt) can help prevent
low BMD in women.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Dr. JAQ was involved in conceptualization and write of proposal, conduction
of the study and write up of the manuscript. Drs. AK, ST, SS, AAS and FH
were involved in data collection, data cleaning, analysis and write up phase.
Dr SO facilitated the conduction of study in King Khalid Hospital and was
involved in the manuscript write up. Drs MF and RS monitored and
facilitated the data collection process and reviewed the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
We shall like to acknowledge Dr. Mohammad Desouki for his support and
guidance. We also thank the staff of PHCC and all females who participated
in the study for their time and co-operation.
Funding source
This study was funded by Princess Nora Bent Abdallah Women Health
Research Chair and the Center for Medical Research, College of Medicine,
King Saud University.
Author details
1
Princess Nora Bent Abdallah Women Health Research Chair, College of
Medicine, King Saud University, PO Box 231831, Riyadh 11321, Kingdom of
Saudi Arabia. 2Department of Family & Community Medicine, College of
Medicine, King Saud University, Riyadh, Kingdom of Saudi Arabia. 3Council of

AlQuaiz et al. BMC Musculoskeletal Disorders 2014, 15:5
http://www.biomedcentral.com/1471-2474/15/5

Co-operative Health Insurance, Ministry of Health, Riyadh, Kingdom of Saudi
Arabia. 4Department of Nuclear Medicine, College of Medicine, King Saud
University, Riyadh, Kingdom of Saudi Arabia. 5Departement of Obstetrics &
Gynecology, College of Medicine, Taibah University, Al Medina, Al Munawara,
Kingdom of Saudi Arabia. 6Department of Medicine-Endocrinology, College
of Medicine, King Saud University, Riyadh 12371, Saudi Arabia.
Received: 4 May 2013 Accepted: 2 January 2014
Published: 8 January 2014

References
1. NIH: Consensus development panel on osteoporosis, prevention,
diagnosis and therapy. JAMA 2001, 285:785–795.
2. Cooper C, Campion G, Melton LJ 3rd: Hip fractures in the elderly: a
world-wide projection. Osteoporos Int 1999, 22:285–289.
3. Ghannam NN, Hammami MM, Bakheet SM, Khan BA: Bone mineral density
of the spine and femur in healthy Saudi females: relation to vitamin D
status, pregnancy and lactation. Calcif Tissue Int 1999, 65:23–28.
4. El-Desouki MI: Osteoporosis in postmenopausal Saudi women using dual
X-Ray bone densitometry. Saudi Med J 2003, 24:953–956.
5. Sadat-Ali M, Al-Habdan IM, Al–Mulhim FA, El-Hassan AY: Bone mineral
density among postmenopausal Saudi women. Saudi Med J 2004,
25:1623–1625.
6. Ardawi MS, Maimany AA, Bahksh TM, Nasrat HA, Millaat WA, Al-Raddadi RM:
Bone mineral density of the spine and femur in healthy Saudi Arabs.
Osteoporos Int 2005, 16:43–55.
7. Maalouf G, Gannagé-Yared MH, Ezzedine J, et al: Lebanese osteoporosis
prevention society, Shariati hospital, Iran. Middle East and North Africa
consensus on osteoporosis. J Musculoskelet Neuronal Interact 2007,
7:131–143.
8. National Osteoporosis Foundation: Clinician’s Guide to prevention and
treatment of osteoporosis. Washington, DC: National Osteoporosis
Foundation; 2010. Accessed from : http://www.nof.org/files/nof/public/
content/file/344/upload/159.pdf.
9. Rouzi AA, Al Sibiani SA, Al Senani NS, Radaddi RM, Aradawi MS:
Independent predictors of all osteoporosis related fractures among
healthy Saudi postmenopausal women :the CEOR study. Bone 2012,
50:713–722.
10. Cummings SR, Bales D, Black DM: Clinical use of bone densitometry.
Scientific review. JAMA 2002, 288:1889–1897.
11. Moayyeri A, Adams JE, Adler RA, et al: Quantitative ultrasound of the heel
and fracture risk assessment: an updated meta-analysis. Osteoporos Int
2012, 23:143–153.
12. World Health Organization: Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis. Report of a WHO Study
Group. World Health Organ Tech Rep Series 1994, 843:1–129.
13. Sadat-Ali M, Al-Habdan IM, Al-Turki HA, Azam MQ: An epidemiological
analysis of the incidence of osteoporosis and osteoporosis-related
fractures among the Saudi Arabian population. Ann Saudi Med 2012,
32:637–641.
14. Looker CA, Borrud GL, Dawson-Hughes B, Shepherd AJ, Wright CN:
Osteoporosis or Low bone mineral at the femur neck or lumbar spine in
older adults: United States, 2005–2008. 2012. NCHS Data Brief. No. 93.
Accessed from http://www.cdc.gov/nchs/data/databriefs/db93.pdf.
15. Raef H, Al-Bugami M, Balharith S, et al: Recommendations for the diagnosis
and management of osteoporosis: a local perspective. Ann Saudi Med
2011, 3:111–128.
16. Mantila RSM, Hurd AL, Xu H, Fuchs RK, Warden SJ: Age related changes in
proximal humerus bone health in healthy, white males. Osteoporos Int
2012, 23:2775–2783.
17. Luong ML, Cleveland RJ, Nyrop KA, Callahan LF: Social determinants and
osteoarthritis outcomes. Aging health 2012, 8:413–437.
18. Svejme O, Ahlborg HG, Nilsson JÅ, Karlsson MK: Low BMD is an
independent predictor of fracture and early menopause of mortality in
post-menopausal women–a 34-year prospective study. Maturitas 2013,
74:341–345.
19. Barcenilla-Wong AL, Chen JS, March LM: Concern and risk perception of
osteoporosis and fracture among post-menopausal Australian women:
results from the global longitudinal study of osteoporosis in women
(GLOW) cohort. Arch Osteoporos 2013, 8:155.

Page 10 of 10

20. Browner WS, Pressman AR, Nevitt MC, Cummings SR: Mortality following
fractures in older women. The study of osteoporotic fractures. Arch Inter
Med 1996, 156:1521–1525.
21. Dalal BD, Sadat-Ali M: Economic implications of osteoporosis-related
femoral fractures in Saudi Arabian society. Calcif Tissue Int 2007,
81:455–458.
22. Hui YH, Evranuz EÖ: Handbook of animal-based fermented food and beverage
technology. Secondth edition. CRC Press; 2012:814.
23. Hitchins DA, McDonough EF: Prophylactic and therapeutic aspects of
fermented milk. Am J Nutr 1989, 49:675–684.
24. Seneca H, Gaymont S: Clinical uses of yogurt. J Am Geriatr Soc l957,
5:932–935.
25. Savaiano DA, Levitt MD: Nutritional and therapeutic aspects of fermented
dairy products. J Dent Child l984, 1:305–308.
26. Kimoto-Nira H, Suzuki C, Kobayashi M, Sasaki K, Kurisaki J, Mizumachi K:
Anti-ageing effect of a lactococcal strain: analysis using
senescence-accelerated mice. Br J Nutr 2007, 98:1178–1186.
27. Cheong SH, Chang KJ: The preventive effect of fermented milk
supplement containing tomato (lycopersionesculentum) and taurine on
bone loss in ovariectomizedrats. Adv Exp Med Biol 2009, 643:333–340.
28. Calcium and vitamin D important at every age. http://www.niams.nih.
gov/health_info/bone/bone_health/nutrition/.
29. Office of dietary supplements. National institute of health. Accessed at:
http://ods.od.nih.gov/.
30. Shen CL, Yeh JK, Cao JJ, Wang JS: Green tea and bone metabolism.
Nutr Res 2009, 29:437–456.
31. Al-Habdan IM, Sadat-Ali M, Al-Muhanna FA, Al-Elq AH, Al-Mulhim AA: Bone
mass measurement using quantitative ultrasound in healthy Saudi
women. A cross-sectional screening. Saudi Med J 2009, 30:1426–1431.
32. Sadat–Ali M, Al-Elq A, Al-Habdan I, et al: Quantitative ultrasound (QUS) of
the oscalcis in Saudi women: defining Saudi reference value for the
diagnosis of low bone mass. Arch Osteoporos 2010, 5:139–144.
33. Ardawi MS, Qari MH, Rouzi AA, Maimani AA, Raddadi RM: Vitamin D status
in relation to obesity, bone mineral density, bone turnover markers and
vitamin D receptor genotypes in healthy Saudi pre- and postmenopausal
women. Osteoporos Int 2011, 22:463–475.
doi:10.1186/1471-2474-15-5
Cite this article as: AlQuaiz et al.: Prevalence and factors associated with
low bone mineral density in Saudi women: a community based survey.
BMC Musculoskeletal Disorders 2014 15:5.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

