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Abstract

Objective: Few data exist looking at vitamin D status and bone health in school-
aged boys and girls from Saudi Arabia. The present study aimed to determine the
extent of poor vitamin D status in school boys and girls aged 6–18 years and to
examine if there was any difference in status with age, physical activity and
veiling and concomitant effects on bone.
Design: Cross-sectional study.
Setting: Jeddah, Kingdom of Saudi Arabia.
Subjects: A total of 150 boys (7–16 years) and 150 girls (6–18 years) from local
schools were divided into age categories: 6–9 years (elementary school); 10–12
years (secondary school); 13–14 years (middle years); 15–18 years (high school).
Results: Vitamin D status was significantly lower in girls than boys in all age
groups (P , 0?01), with the 15–18-year-old girls having the lowest level (22?0 (SD

9?4) nmol/l) in comparison to the 15–18-year-old boys (39?3 (SD 14?0) nmol/l) and
the 6–9-year-old girls (41?2 (SD 9?3) nmol/l). Parathyroid hormone status was
highest in the 15–18-year-old girls in comparison to boys of the same age. A total
of 64 % of 15–18-year-old girls had 25-hydroxyvitamin D (25OHD) status
,25nmol/l in comparison to 31% in the 13–14 years age category, 26% in the 10–12
years category and 2?5% in the 6–9 years category. No boys had 25OHD status
,25nmol/l. Fully veiled girls had lower 25OHD status than partly veiled or unveiled
girls (P , 0?05). Low 25OHD and high parathyroid hormone was associated with
lower bone mass in the 6–9 years and 13–14 years age groups (P , 0?05).
Conclusions: These data suggest significant hypovitaminosis D in older adolescent
females, which is a cause for concern given that there is currently no public health
policy for vitamin D in the Kingdom of Saudi Arabia.
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The Middle East registers the highest rates of low vitamin

D status worldwide(1), despite its abundant sunshine and

geographical location, which spans latitudes from 128N

to 428N, allowing vitamin D synthesis year round(1–4).

However, few data are available comparing vitamin D

status and bone health in school-aged boys and girls

within the same study design in the Middle East region

generally and in the Kingdom of Saudi Arabia (KSA)

specifically(4,5).

The Arabian Gulf countries, namely KSA, Kuwait,

Oman, Qatar, Bahrain and the United Arab Emirates, have

similar demographic, social, cultural and environmental

characteristics. These countries have experienced rapid

economic and social changes during the past two decades,

resulting in a marked improvement in lifestyle and health

status(6–11). However, these rapid changes have led to the

development of a paradoxical situation regarding nutrition,

in that both a lack of and an excess of nutrition coexist.

Undernutrition has manifested as growth retardation/bone

deformity among pre-school children and Fe-deficiency

anaemia, while overnutrition has manifested as obesity,

dental caries and non-communicable disease(5,7–11).

A number of studies suggest that rickets is more

common in Arab countries than is reported in Western

countries. Furthermore, the prevalence of vitamin D defi-

ciency is significantly higher in Arab women and children

than in the white population(12–15). Sedrani et al. reported

that severe hypovitaminosis D (25-hydroxyvitamin D

(25OHD) level #20 nmol/l) was present in 52 % of Saudi

females aged 35?4 (SD 11?3) years(16), but few data exist
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comparing age-matched boys and girls in Saudi Arabia

within the same study design(17). There is a lack of data

directly comparing younger and older school-aged Saudi

boys with younger and older girls and also few studies

examining whether vitamin D is lower in veiled girls

compared with the unveiled population. This is particu-

larly important given the high percentage of females in

KSA who are veiled from puberty.

The principal aim of the present study therefore was to

determine the extent of vitamin D ‘deficiency/insufficiency’

in Saudi Arabian young males and females aged 6–18 years

and subsequently to investigate the impact of low vitamin D

status and poor lifestyle habits (particularly physical activity

levels and exposure to sun) on markers of bone health in

this age group. The specific objectives were to determine:

(i) the percentage of the population with 25OHD level

below 25nmol/l, 40nmol/l, 50nmol/l and 75nmol/l;

(ii) whether 25OHD levels differ in boys v. girls and in

older v. younger age groups; (iii) the impact of puberty,

physical activity and veiling on 25OHD levels in girls; (iv)

the association between 25OHD and parathyroid hormone

(PTH) levels; and (v) the association between 25OHD, PTH

and markers of bone health as assessed by lumbar-spine

and whole-body bone mineral content/density, broadband

ultrasound attenuation and markers of bone resorption. Our

a priori hypotheses were that there would be a difference

in 25OHD status between the older boys and girls but not

the youngest boys and girls and that veiling would not have

a significant impact on 25OHD given the age of the girls. We

also predicted that low 25OHD status would be associated

with poor bone health in the different age groups.

Materials and methods

Study design and participants

An observational, cross-sectional study was conducted on

school-aged males and females. A total of 300 school-

children aged 6–18 years were included in the study (150

boys and 150 girls). All samples were collected during the

month of May, following permission from the Ministry

of Education. Schools were selected to allow a range of

socio-economic status groups to be included in the study.

Ethical approval was given by the Ministry of Education

and King Abdulaziz University Hospital Ethics Committee.

The study conformed to the guidelines of the Declaration

of Helsinki (1964). All volunteers were given a detailed

oral presentation about the study at their school. Study

information was sent to all children and their parents, and a

signed a consent form was received from both the child and

his/her parent/legal guardian prior to participation in the

trial. No children suffered from any condition or were taking

any medicine likely to affect their bone metabolism.

The questionnaires included questions about health

and socio-economic status, mode and onset of veiling,

sequence of the child in the family, level of parental

education, consanguinity between the parents and the

duration of daily sun exposure. Within the questionnaire

we also asked specific questions on the extent of physical

activity levels (in number of hours per week) for the

following activities: walking, swimming, cycling, aerobics

and running. The children completed the questionnaires

at home with their parents; those who were interested in

participating in the study returned the questionnaires

back to school with their parents’ signature and telephone

numbers included. Fifty per cent of the children completed

the questionnaire at school with the parents’ consent. The

other 50% completed the questionnaire with their parents

by telephone. Finally all of the questionnaires were then

collected by the researcher.

A total of 150 boys (prepubertal: n 118, 78?7%; post-

pubertal: n 32, 21?3%) and 150 girls (prepubertal: n 51,

34?0%; postpubertal: n 99, 66?0%) were studied. Pubertal

status was determined using an interview-based series of

discrete questions rather than the formal use of Tanner

staging, which culturally would have been unacceptable in

this population group – both in terms of parents and the

school authorities specifically. For the analysis, we grouped

the children according to the different school age groupings

in KSA: 6–9 years (elementary school); 10–12 years (sec-

ondary school); 13–14 years (middle years); and 15–18 years

(high school). We thought this a sensible approach in the

absence of being able to verify pubertal status biochemically

or by use of Tanner staging for the reasons given above.

This provided a tight focus in looking at both age and

gender differences and the groups were well matched in

terms of the number of children in each of the different

categories. In the questionnaire that we used to assess the

start of menarche among the girls, no female had started her

periods before age 10 years and so we are confident that the

6–9 years age group is prepubertal; moreover, we estimate it

is very likely that the 10–12 years group is peripubertal and

the 13–14 years and 15–18 years groups are postpubertal.

Exclusion criteria

The exclusion criteria for the study were as follows:

(i) children younger than 6 years and older than 18 years;

(ii) children who suffered from any disease that might

interfere with vitamin D synthesis including skin, liver, kid-

ney and gastrointestinal diseases, or any disease that might

affect bone status such as diabetes, asthma, heart disease,

rheumatoid arthritis, hyperthyroidism and thalessaemia

(these diseases imply the intake of certain medications such

as cortisone and insulin that have been shown to negatively

affect bone mineral density, this information was obtained

via a questionnaire); and (iii) children currently taking

vitamin supplements or who had taken them within the

last 3 months prior to the examination.

Blood collection and assays

A total of 10 ml fasting blood was extracted from the

children by a nurse into a non-heparinized Vacutainer
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tube. The blood samples were allowed to clot for

15–30 min and then separated in a cold centrifuge (48C) at

3500 rpm for 10 min. Serum was aliquoted into labelled

0?5 ml Eppendorf tubes and promptly frozen at 2808C

until used for analysis. Vitamin D was measured using the

Elecsys 25OHD assay (Roche Diagnostics GmbH, Mannheim,

Germany). The assay is a direct electrochemiluminescence

immunoassay for human serum or plasma; it is a com-

petitive assay in which the binding protein of vitamin D is

inactivated during incubation and a polyclonal antibody

directed against 25OHD is employed. We compared

the 25OHD assay with assays performed by RIA. Our

laboratory range for 25OHD was 50–80 nmol/l and the

CV was 4?5 %. Serum PTH was measured using a Roche

Diagnostics direct electrochemiluminescence immuno-

assay; our laboratory range for PTH was 1?6–6?9 pmol/l

and the CV was 6?2 %. Serum levels of Ca, P and alkaline

phosphatase were measured by the Dimension Clinical

Chemistry System (Dade Behring Inc., Newark, DE, USA).

The system is an integrated chemistry system that pro-

vides maximum productivity with the capacity to grow

through automation connectivity. The CV for Ca, P and

alkaline phosphatase were 5?6 %, 7?2 % and 9?4 %,

respectively. The bone formation marker osteocalcin was

measured by an antibody-based ELISA kit (DRG Instru-

ments GmbH, Marburg, Germany). The bone resorption

marker C-terminal telopeptide of type 1 collagen (CTx)

was measured with two monoclonal antibodies against

human c-peptide using an Elecsys kit (Roche Diagnostics

GmbH). The CV for osteocalcin and CTx were 7?8 % and

9?2 %, respectively.

Anthropometric measures and bone mineral content

The weight (in kilograms) and height (in centimetres) of

all children were measured using a DETECTO scale

(http://www.detectoscale.com) to the nearest 0?1 kg and

0?1 cm; both weight and height were recorded without

shoes. BMI was calculated using the standard equation:

BMI 5 weight/height2. Bone mineral content measure-

ments were determined for all children at the lumbar

spine (L2–L4) and whole body sites using dual-energy

X-ray absorptiometry (QDR4500 instrument; Hologic Inc.,

Bedford, MA, USA) with its Pediatric software version

11?40?004 (http://www.gehealthcare.com). All measure-

ments were performed at the Centre of Excellence for

Osteoporosis Research within the King Fahed Medical

Research Centre, Jeddah. The calibration of the absorp-

tiometer was checked daily. Scan area (cm2), bone

mineral content (g), bone mineral density (g/cm2) and

Z-score for the lumbar spine and whole body were

measured. The CV of this technique was ,0?1 %. Bone

mass was also measured using the broadband ultrasound

attenuation technique (Cuba Clinical instrument; McCue

Corporation Inc., Warwick, RI, USA) at the calcaneal on

the left foot. The CV of this technique was 2?2 %.

Statistical analysis

The data were analysed using the SPSS statistical software

package version 15 (SPSS Inc., Chicago, IL, USA). Data

were checked for normality using the Kolmogorov–

Smirnov test; for those variables found not to be normally

distributed, non-parametric analysis was applied. Differ-

ences between the groups were analysed using one-way

ANOVA with Scheffé post hoc analysis (normally dis-

tributed data) or Kruskal–Wallis testing (non-parametric

data). Correlations were determined using Pearson (nor-

mally distributed data) or Spearman rank (non-parametric

data) correlation coefficients depending on the normality

of the data. Stepwise multiple regression analysis was

used to determine the key factors which explain the

variation in 25OHD status in boys and girls separately.

Using the rule of six participants for each variable entered

into the equation, we were able to explore the influence

of wide variety of factors on vitamin D status including

body size and lifestyle factors. The significance value was

set at P , 0?05 with the full range of P , 0?01 to P , 0?001

being applied.

Results

As shown in Table 1, we grouped the data according

to the different school age groupings in KSA: 6–9 years

(elementary school); 10–12 years (secondary school);

13–14 years (middle years); and 15–18 years (high

school). In the analysis, we have been careful to discuss

the findings in relation to the school age groupings rather

than our ‘estimated’ pubertal development. The mean age

in the four school age groupings was 8 years, 11 years,

13 years and 15 years, respectively, for both boys and

girls. The girls were lighter and shorter in each of the

different age groups compared with their male counter-

parts, undertook less physical activity and had less sun

exposure (P , 0?05). BMI was the same between boys

and girls in each age category. In terms of socio-economic

status, 51?3 % of the population was from non-affluent

areas and 48?7 % from affluent areas. There was a differ-

ence in the percentage of veiling with all girls in the high

school group (15–18 years) being fully veiled, while in

the middle years group (13–14 years) 73?8 % were fully

veiled and 26?2 % were partly veiled. In the secondary

school group (10–12 years) virtually all girls were partly

veiled (96?5 %), whereas in the elementary school group

(6–9 years) 97?4 % of the girls were not veiled.

As shown in Table 2, 25OHD status was significantly

lower in girls than boys in all four school age groups

(P , 0?01). There was a difference in 25OHD status

among girls between the elementary school group (mean

age 8?0 (SD 0?9) years) and the secondary (mean age 11?3

(SD 0?8) years), middle years (mean age 13?2 (SD 0?4)

years) and high school (mean age 15?4 (SD 0?9) years)

groups. There was also a difference in 25OHD status
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Table 1 Anthropometric and lifestyle factors in school-aged Saudi Arabian boys and girls (n 300)

Boys Girls

School age groups School age groups

7–9 years 10–12 years 13–14 years 15–18 years 6–9 years 10–12 years 13–14 years 15–18 years
(n 42) (n 59) (n 30) (n 19) (n 40) (n 57) (n 42) (n 11)

Mean or % SD or n Mean or % SD or n Mean or % SD or n Mean or % SD or n Mean or % SD or n Mean or % SD or n Mean or % SD or n Mean or % SD or n

Age (years) 8?2a 0?7 11?0b 0?9 13?4c 0?5 15?1d 0?3 8?0a 0?9 11?3b 0?8 13?2c 0?4 15?4d 0?9
Weight (kg) 39?9a 22?2 47?6b 17?5 55?2b 15?3 58?0c 14?7 28?9d 9?9 45?6b 14?3 47?5b 8?2 46?0b 14?1
Height (m) 1?37a 0?12 1?50b 0?07 1?60c 0?09 1?65d 0?08 1?28e 0?12 1?47b 0?08 1?55e 0?08 1?51f 0?08
BMI (kg/m2) 20?2 6?6 20?9 6?2 21?4 4?3 21?1 4?1 17?2 4?0 20?7 5?1 19?6 2?9 19?9 4?1
Physical activity (h/week) 2?9a 2?2 5?2b 2?4 5?0b 2?5 4?5b 1?5 2?1a 1?3 2?0a 2?3 2?5a 2?5 2?3a 1?5
Sun exposure (min/week) 33?6a 29?2 42?5b 32?0 45?0b 32?0 58?4c 32?0 22?0d 14?7 19?8d 15?5 29?0e 29?8 44?5b 31?6
Unveiled- – – – – 97?4 39 3?5 2 – –
Partly veiled- – – – – 2?6 1 96?5 55 73?8 31 –
Fully veiled- – – – – – – 26?2 11 100 11

a–fMean values within a row with unlike superscript letters were significantly different within the different age or gender categories (ANOVA/Kruskal–Wallis test; P , 0?05, P , 0?01).
-Values are presented as % and n.

Table 2 Vitamin D status, markers of calcium metabolism and indices of bone health in school-aged Saudi Arabian boys and girls (n 300)

Boys Girls

School age groups School age groups

7–9 years 10–12 years 13–14 years 15–18 years 6–9 years 10–12 years 13–14 years 15–18 years
(n 42) (n 59) (n 30) (n 19) (n 40) (n 57) (n 42) (n 11)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

25OHD (nmol/l) 61?2a 14?8 55?2b 11?3 49?0b 12?9 39?3c 14?0 41?2c 9?3 31?6d 9?2 29?0d 9?1 22?0e 9?4
PTH (pmol/l) 4?5a 2?0 6?1b 4?4 5?7b 2?2 5?2b 2?0 4?9a 2?1 9?1c 5?5 7?2c 4?3 13?1d 11
ALP (U/l) 241?7a 64?3 272?3a 75?4 300?5a 98?2 242?0a 63?6 243?5a 60?9 260?3a 86?0 189?9b 97?4 134?8c 69?3
CTx (nmol/l) 0?80 0?37 0?98 0?45 1?29 0?47 1?23 0?54 0?87 0?39 1?08 0?43 0?93 0?37 0?76 0?21
OC (ng/ml) 36?6a 10?8 34?5a 6?6 30?8b 8?0 33?6a 8?0 31?8 6?1 31?1 6?8 29?5 7?5 30?2 5?9
LS-BMC (g) 19?3a 6?4 25?5a 6?8 28?0a 8?2 37?7b 6?4 16?8c 5?2 29?3d 9?8 30?4d 8?8 35?4d 12?9
LS-BMD (g/cm2) 0?74 0?12 0?82 0?10 0?84 0?14 0?95 0?06 0?73a 0?09 0?92b 0?19 0?94b 0?17 1?04b 0?19
LS Z-score 20?51 0?85 20?24 0?95 21?33 1?03 21?17 0?11 20?35 0?72 20?33 1?28 21?04 1?32 21?25 1?48
WB-BMC (g) 1305 573 1673 459 1914 473 2169 391 955a 314 1588b 502 1724b 403 1646b 585
WB-BMD (g/cm2) 0?91 0?09 0?96 0?08 0?98 0?07 1?03 0?06 0?82a 0?06 0?93b 0?10 0?97b 0?1 0?98b 0?17
WB Z-score 0?21 0?83 0?24 1?15 20?67 0?85 20?73 0?25 20?68 0?43 20?65 0?93 20?94 1?04 21?95 2?19
BUA (MHz) 48?9 16?0 57?1 10?0 62?9 26?2 53?0 9?6 33?3a 12?4 54?5b 18?8 50?9b 10?9 60?0c 29?7

25OHD, 25-hdroxyvitamin D; PTH, parathyroid hormone; ALP, alkaline phosphatase; CTx, C-terminal telopeptide of type 1 collagen; OC, osteocalcin; LS, lumbar spine; BMC, bone mineral content; BMD, bone mineral
density; WB, whole body; BUA, broadband ultrasound attenuation.
a–eMean values within a row with unlike superscript letters were significantly different within the different age and gender categories (ANOVA/Kruskal–Wallis test; P , 0?05, P , 0?01).
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among females between the high school group and the

secondary school and middle years groups. A similar

pattern was evident in the boys across the four age

groupings (P , 0?05). The 15–18-year-old girls had lower

25OHD status than the boys in the same age category

(P , 0?05). Concomitantly, PTH was significantly higher

for females in the 10–12 years and the 15–18 years age

groups compared with the youngest group (6–9 years); a

similar finding was seen in the youngest group of boys

compared with the older age groups. PTH was sig-

nificantly higher in the older girls than the older boys.

There were no differences in serum Ca levels between

any of the groups (data not shown). Alkaline phosphatase

was significantly different in the 13–14-year-old boys

compared with other age groups and significantly differ-

ent in the 13–14-year-old and 15–18-year-old girls. No

differences were found for osteocalcin in any of the age

or gender groups.

Table 3 shows the percentage of children below the

cut-off points for 25OHD status of ,25 nmol, ,40 nmol/l,

,50 nmol/l and ,75 nmol/l and .75 nmol/l. These cut-

off points were chosen for their representation of vitamin

D ‘deficiency’, vitamin D ‘insufficiency’ and vitamin

‘suboptimacy’, respectively. A total of 63?6 % of the older

girls (15–18 years) had vitamin D levels below 25 nmol/l

in comparison to 31?0 % in the 13–14 years category,

26?3 % in the 10–12 years category and 2?5 % in the

6–9 years category. No boys in any of the age groups

were below this cut-off point. All of the older girls

(15–18 years) were below 40 nmol/l for 25OHD status in

comparison to 26?3 % of the boys of the same age. For the

younger (6–9 years) age group, 80?0 % of the girls were

below 50 nmol/l in comparison to only 28?6 % in boys

of the same age group. Similarly, for the girls in the

10–12 years and the 13–14 years age categories, the per-

centage below 50 nml/l was 98?2 % and 97?6 % respec-

tively in comparison to only 40?9 % and 60?0 % in the boys

of the same age groupings.

The levels of 25OHD status with respect to the extent

of veiling were examined. In KSA, veiling is mandatory

when a female commences puberty but some girls start

prior to this, according to the religious beliefs of the

family. As shown in Table 4, there was no difference in

25OHD status in the 6–9 years and 10–12 years age

categories between the unveiled and partly veiled

(showing face and hands) girls, although the numbers in

the latter groups were very low (n 1 and n 2, respec-

tively). There were no females in the young age category

who were fully veiled. However, in the 13–14 years age

group, there was a statistically non-significant trend for

the fully veiled girls to have lower 25OHD than the partly

veiled girls (27?4 (SD 7?5) nmol/l v. 29?6 (SD 9?6) nmol/l).

All of the girls in the oldest age group (15–18 years) were

fully veiled and had significantly lower 25OHD status

in comparison to the fully veiled and partly girls in the

13–14 years age category. When the females were cate-

gorized into prepubertal and peri/postpubertal groupings

(also shown in Table 4) according to menstrual status, in

the latter group 25OHD status was significantly lower in

the fully veiled females (24?7 (SD 8?7) nmol/l) compared

with the partly veiled females (30?8 (SD 9?4) nmol/l) and

similarly the partly veiled females had lower 25OHD

status than the unveiled females (35?4 (SD 6?5) nmol/l;

P , 0?01).

We undertook correlational analysis of cross-sectional

data to examine the associations between the markers of

vitamin D status and Ca homeostasis (namely PTH) and

markers of bone health (namely CTx, alkaline phospha-

tase and bone mineral content as assessed by dual-energy

X-ray absorptiometry and broadband ultrasound attenua-

tion) in the different school age categories for boys and girls,

and some results are presented in Table 5. A significant

negative correlation was found between 25OHD status and

PTH in the 6–9 years and 13–14 years female age groups but

not the 15–18 years age group (data not shown; P , 0?001),

which may possibly be explained by the low number of

girls in this older age group. A significant positive correla-

tion was found between 25OHD status and lumbar-spine

bone mineral density in the 6–9 years and 13–14 years age

categories. A significant positive correlation was also found

Table 3 Percentage of school-aged Saudi Arabian boys and girls (n 300) with 25OHD status ,25 nmol/l, ,40 nmol/l, ,50 nmol/l, ,75 nmol/l
and .75 nmol/l

Boys Girls

School age groups School age groups

7–9 years 10–12 years 13–14 years 15–16 years 6–9 years 10–12 years 13–14 years 15–18 years
(%, n 42) (%, n 59) (%, n 30) (%, n 19) (%, n 40) (%, n 57) (%, n 42) (%, n 11)

25OHD
,25 nmol/l – – – – 2?5 26?3 31?0 63?6
,40 nmol/l 7?1 3?4 20?0 26?3 45?0 56?2 57?1 36?4
,50 nmol/l 21?5 37?5 40?0 26?0 32?5 15?7 9?5 –
,75 nmol/l 61?9 50?8 33?3 47?7 20?0 1?8 2?4 –
.75 nmol/l 9?5 8?3 6?7 – – – – –

Total 100?0 100?0 100?0 100?0 100?0 100?0 100?0 100?0

25OHD, 25-hdroxyvitamin D.
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between 25OHD status, CTx and whole-body bone mineral

content in the 13–14 years age category. These remained

significant after adjustment for weight and height (P , 0?05).

No correlations were found between 25OHD status and

markers of Ca metabolism/bone health in the boys (data not

shown) and no correlations were found between 25OHD

status and markers of bone health in the older girls (data not

shown), which is likely to be due to the low number of

participants in this older age group for the females.

We then examined the data further to establish which

factors explained the variation in 25OHD status in the

school-aged children using stepwise multiple regression

analysis, examining the boys and girls separately. Using

the rule of no less than six participants per variable

entered into the regression model, we used 25OHD as

our dependent variable and included age, PTH, alkaline

phosphatase, CTx, osteocalcin, extent of veiling (girls

only), time spent outside, physical activity, socio-economic

status, history of bone fractures, weight, height, bone pain

and mother’s history of fractures as our independent vari-

ables. We included two models for the analysis of females

to enable the effect of age and the effect of veiling to be

looked at independently. As shown in Table 6, for the boys,

only height was a significant predictor of 25OHD status,

explaining 24?9% of the variation in vitamin D status. For

the girls, two models are shown. For model 1, veiling, PTH

and osteocalcin were the key predictors explaining 47?3%

of the variation in vitamin D status. For model 2, age, PTH

and osteocalcin were the key predictors explaining 51?6%

of the variation in vitamin D status.

We did not find any consistent associations between

physical activity levels and vitamin D status in any of the

gender/school age groups. However, we did identify

differences in 25OHD status in young boys who reported

continuous bone pain (59?4 (SD 15?3) nmol/l v. 51?9 (SD

11?1) nmol/l; P , 0?05) but no significant findings in the

other groups. 25OHD status was also significantly lower

in older boys who reported continuous muscle pain (54?2

(SD 11?8) nmol/l v. 47?0 (SD 11?3) nmol/l; P , 0?05) and a

statistically non-significant trend was shown for the older

girls (30?3 (SD 10?4) nmol/l v. 27?4 (SD 8?3) nmol/l).

Discussion

The main objective of the present study was to determine

the extent of poor vitamin D status in school-aged boys

and girls, and to examine if there was any difference in

vitamin D status with chronological age, physical activity

level, extent of veiling and the subsequent effects on bone

health indices. We primarily wanted to make comparisons

within the same study design, since there is a considerable

lack of data directly comparing younger and older Saudi

boys with younger and older Saudi girls. Little is also known

as to whether vitamin D status is lower in veiled girls

compared with the unveiled population. We also wanted toT
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explore whether low vitamin D status is associated with

lower bone mineral density in this age cohort.

We found extensive hypovitaminosis D in the older

girls (15–18 years), with 64 % being below 25 nmol/l.

Boys had consistently higher 25OHD status at each of the

different age groups: 6–9 years, 10–12 years, 13–14 years

and 15–18 years. Vitamin D status declined with age in both

gender groups and there was a consistent , 10–20nmol/l

difference in 25OHD between the different age groups

in both genders. In the oldest girls, 100% were below

40nmol/l for 25OHD compared with approximately half of

the prepubertal (6–9 years old) girls being below this level

and 10–20% of the boys. These results of low 25OHD

existed with significantly higher PTH values for the older

girls. It is important to note that the number of participants

in our older age cohort was small.

Vitamin D deficiency has also been observed in

Kuwait(7,14,18) and the United Arab Emirates(17). The

association of low vitamin D in mothers and their infants

has been reported in KSA(14), Kuwait(19) and the United

Arab Emirates(20,21). Vitamin D deficiency represented by

low levels of 25OHD has been found to be common

among adolescents, as shown by studies in KSA and other

Gulf countries. In KSA, 75 % of children with rickets had

serum 25OHD below 20 nmol/l v. 25 % of controls(4).

A study by Sedrani et al.(16) reported 25OHD levels in

university students (twenty-six males and thirty-three

females) aged 18 to 26 years and in twenty-four elderly

persons. The level of 25OHD was significantly lower in

the elderly persons (P , 0?001) than in young students of

both sexes, and was significantly higher in females than

in males. Levels below 25 nmol/l were reported in studies

by Siddiqui and Kamfar(22) and Al-Jurayyan et al.(23).

Our study is the first reported in the literature to

directly compare boys with girls and the differences in

25OHD status with age in KSA. Many studies conducted in

the Middle East have shown that a deficiency in vitamin D

is more prevalent in females than males, but few have

examined the age range 6–18 years. Vitamin D deficiency

was investigated in young children and adolescents in

Lebanon(2,17). Low levels of vitamin D have been reported

in male and female high-school students (n 318, 153 boys

and 165 girls) aged 14–18 years from Isfahan, Iran. The

total percentage with 25OHD status ,50 mol/l was 46?2 %

(72?1 % in females and 18?3 % in males). Vitamin D defi-

ciency has been shown to be common in high-school

students and, similarly with our findings, was about four

times common in female than males(19). For religious

reasons, it is usual for females at puberty to cover most of

their body with traditional black veiling, leaving the face

Table 5 Correlation coefficients between 25OHD status and markers of calcium metabolism and bone health in school-aged Saudi Arabian
girls

Girls aged 6–9 years (elementary school)

PTH CTx OC LS-BMD LS-BMC WB-BMD WB-BMC BUA

25OHD (nmol/l) 20?41** NS NS 0?52* 0?46* 0?61*** 0?58** NS
PTH (pmol/l) – NS NS 20?31 20?66*** 20?43* 20?61** 20?56**

Girls aged 13–14 years (middle years)

PTH CTx OC LS-BMD LS-BMC WB-BMD WB-BMC BUA

25OHD (nmol/l) 20?49*** 0?44*** NS 0?55* 0?61* 0?64* 0?55 NS

25OHD, 25-hdroxyvitamin D; PTH, parathyroid hormone; CTx, C-terminal telopeptide of type 1 collagen; OC, osteocalcin; LS, lumbar spine; BMD, bone
mineral density; BMC, bone mineral content; WB, whole body; BUA, broadband ultrasound attenuation.
Significance of Pearson/Spearman correlation coefficients: *P , 0?1, **P , 0?05, ***P , 0?01.

Table 6 Stepwise multiple regression analysis to determine factors which explain the variation in 25OHD status in school-aged
Saudi Arabian boys and girls (6–18 years)

Boys Girls
(n 150) (n 150)

Model 1: R2 5 24?9 % Model 1: R2 5 47?3 %
Constant: 128?5 nmol/l Constant: 31?7 nmol/l

20?49 3 height P , 0?01 26?9 3 veiling P , 0?01
20?625 3 PTH P , 0?005
10?542 3 OC P , 0?05

Model 2: R2 5 51?6 %
Constant: 41?7 nmol/l

21?9 3 age P , 0?002
20?603 3 PTH P , 0?004
10?491 3 OC P , 0?02

Variables entered stepwise into the multiple regression equation: age, parathyroid hormone (PTH), alkaline phosphatase, C-terminal telopeptide of type 1
collagen (CTx), osteocalcin (OC), time spent outside in the sunlight, continuous bone pain, weight, height, socio-economic status, history of fractures, mother’s
history of fractures, veiling (girls only), P , 0?05 to P , 0?001.
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and hands (which are also sometimes covered). Our data

suggest that 25OHD status was lower in fully veiled females

but further research is required to identify the factors

contributing to this. This is a key finding, since females in

the Middle East are deprived of adequate sun exposure

necessary for bone health and other health outcomes.

There are few data in KSA showing an association

between poor vitamin D status and indices of bone health

as we present here. However in a study by El-Desouki

et al.(24), bone mineral density in adult Saudi females

attending a metabolic bone disease clinic was shown to

be markedly affected, which may be due to specific

environmental factors(16,24,25). El-Hajj Fuleihan(1) showed

that low vitamin D levels may be associated with mus-

culoskeletal health across different age groups and with

poor muscle function and increased fall risk and osteo-

porotic fractures in the Middle East. Females tend to have

less sun exposure due to social cultural reasons, lack of

awareness of the importance of sun exposure for bone

health and for cosmetic reasons.

Furthermore, there are few studies showing a link

between 25HOD status and bone/muscle pain as we

report here in both boys and girls. This was an interesting

finding and certainly warrants further investigation. Vita-

min D deficiency has been shown to cause muscle

weakness and muscle aches and pains in both children

and adults. Glerup et al. reported that 88 % of Danish

women of Arab descent who presented with muscle pains

and weakness were severely vitamin D-deficient(26,27).

Bischoff et al. observed that adults with vitamin D defi-

ciency had muscle weakness and were more likely to

fall(28). Few data exist on children/adolescents. The finding

in our boys of more muscle pain with higher vitamin D

levels is difficult to explain and there are very few data in

this age group. Furthermore, it is also difficult to explain

why the oldest boys had the highest sunshine exposure

(about an hour per week, nearly twice as much as the

youngest boys) but their 25OHD status was only half that of

the youngest boys. This requires further investigation and

the potential mechanisms should be more fully explored.

There are a number of limitations of our study. First is

our assessment of pubertal status. Pubertal status was

determined using an interview-based series of discrete

questions rather than the formal use of Tanner staging,

which culturally would have been unacceptable in this

population group. Hence, we categorized children into

school age groupings to enable age-matched compar-

isons. It was not possible to take adequate blood samples

for biochemical confirmation. Second, our 25OHD mea-

surements were not undertaken as part of any vitamin D

external quality assessment scheme (such as DEQAS) as

there is no system for DEQAS or other similar body in

KSA that was available for us to use or indeed for mea-

surements undertaken on children. However, our Elecsys

assays were undertaken with meticulous attention, with

biochemistry expert guidance and all samples were

undertaken in duplicate. The CV of our technique in our

hands was good.

Conclusions

Vitamin D status was significantly lower in the girls than

the boys in all age groups, with the high-school girls

(15–18 years) having the lowest level in comparison to

the high-school boys and the elementary-school girls

(6–9 years). Concomitantly, PTH was highest in the 15–18-

year-old girls in comparison to boys of the same age. A total

of 64% of 15–18-year-old girls had 25OHD status below

25nmol/l in comparison to 31% in the 13–14 years age

category, 26% in the 10–12 years category and 2?5% in the

6–9 years category. No boys had 25OHD ,25nmol/l. Fully

veiled girls had lower 25OHD status than partly veiled or

unveiled girls. Low 25OHD and high PTH was associated

with lower bone mass in the 6–9 years and 13–14 years age

groups. These data suggest significant hypovitaminosis D in

older adolescent females, which is a cause for concern

given that there is currently no public health policy for

vitamin D in KSA.
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