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A B S T R A C T

Objective: Vitamin D deficiency is an unrecognized epidemic and a common health problem worldwide. This study was 
conducted to evaluate the vitamin D status in children living in Jeddah, Saudi Arabia and to study its relation to various variables. 
Materials and Methods: A cross-sectional study was conducted in the pediatric clinic in Jeddah Clinic Hospital-Kandarah, Jeddah, 
KSA, from October through December 2010, in which 510 healthy children aged 4–15 years were enrolled. Serum calcium, phosphorus, 
alkaline phosphatase and 25-hydroxyvitamin D [25(OH)D] were measured. Dietary vitamin D intake and duration of daily sunlight 
exposure were determined. 25(OH)D levels <20 ng/mL and <7 ng/mL were defined as relative and severe vitamin D deficiency, 
respectively. Results: The mean concentration of 25(OH)D was 13.07 ± 7.81 ng/mL. Seventy subjects (13.72%) had normal 25(OH)
D level ranging 20–70 ng/mL. Three hundred (58.82%) had relative 25(OH)D deficiency and 140 (27.45%) had severe deficiency 
(P=0.000). 220 (43.14%) subjects were males and 290 (56.86%) were females having a statistically significant higher incidence of 
25(OH)D deficiency (P=0.019). 54.9% were Saudis, 27.45% were Yemenis and 11.76% were Egyptians. Saudis and Yemenis were 
more subjected to 25(OH)D deficiency in comparison to Egyptians and other nationalities (P=0.01). There were significant inverse 
correlations between 25(OH)D levels and bony aches (P=0.000). 56.25% of asymptomatic children had vitamin D deficiency (P=0.000). 
Duration of sunlight exposure and daily intake of vitamin D had significant effects on serum level of vitamin D (P=0.000). Conclusions: 
A high prevalence of vitamin D deficiency in children living in Jeddah was observed in this study. Vitamin D supplementation of food 
products can prevent vitamin D deficiency in these children.
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IntRoductIon

Vitamin D is a prohormone that is essential for normal 
absorption of  calcium from the gut, and deficiency of  
vitamin D is associated with rickets in growing children 
and osteomalacia in adults.[1]

Various studies have identified potential associations 
between vitamin D deficiency and a variety of  diseases, 
including diabetes mellitus, metabolic syndrome, cancer, 

cardiovascular disease, multiple sclerosis, and neuromuscular 
malfunction.[2]

Vitamin D is primarily made in the skin after exposure 
to ultraviolet radiation (UVR) and <10% is derived from 
dietary sources.[3]

However, there are few dietary sources of  vitamin D 
available to meet the daily recommended requirement.[4] 
In addition, many individual and environmental factors 
interfere with the ability to have sufficient sun exposure 
to produce vitamin D endogenously.[5]

In November 2008, the American Academy of  Pediatrics 
(AAP) doubled the recommended daily intake of  
vitamin D for infants and children from 200 IU/day (2003 
recommendation) to 400 IU/day.[6]

As calcium and vitamin D are primarily important for bone 
growth and development, ensuring their adequate intake 
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is an important nutritional goal for children.[7] Providing 
infants younger than 1 year with a total intake of  400 IU 
vitamin D/day and older children with 600 IU/day is 
advised by the 2011 Institute of  Medicine IOM report 
to meet the needs of  nearly (98%) all children older than 
1 year.[8]

There is controversy, however, about what is the healthy 
level of  25(OH)D for children and even what level of  
25(OH)D should be used to define vitamin D deficiency.[9]

The 2011 IOM committee,[7] in agreement with the Pediatric 
Endocrine Society,[1] targeted a serum value for 25(OH)D 
of  at least 50 nmol/L (20 ng/ml) as meeting the needs of  
nearly all children (and adults).[10]

Currently, individuals with serum levels of  <11 ng/mL4 
are classified as being vitamin D deficient. However, 
there is evidence that biochemical and skeletal sequelae 
of  vitamin D deficiency may actually manifest at a higher 
cutoff  levels of  30–35 ng/mL.[11]

Vitamin D deficiency is an unrecognized epidemic and a 
common health problem worldwide. It has been reported 
from many countries, including those with a lot of  
sunshine. [12] The prevalence of  vitamin D deficiency has 
been reported to range from 15 to 80%.[4]

This study was conducted to evaluate vitamin D status 
in children living in Jeddah, Saudi Arabia, and to study 
its correlation with various variables including, most 
importantly, vitamin D intake, dietary and non-dietary 
sources and possible clinical clues as bony aches.

mateRIals and methods

A cross-sectional study was conducted in the pediatric 
clinic in Jeddah Clinic Hospital-Kandarah (JCH-K), 
Jeddah, KSA, from October through December 2010 after 
obtaining approval from the research ethics committee. 
Five hundred and ten healthy children, aged 4 to 15 years, 
were enrolled. Serum calcium, phosphorus, alkaline 
phosphatase (ALP) and 25-hydroxyvitamin D [25(OH)
D] were measured. Dietary vitamin D intake,[13,14] duration 
of  daily sunlight exposure and the percentage of  body 
surface area (BSA) exposed to sunlight were determined. 
Each parent filled a questionnaire including a 3-day food 
frequency and the children’s daily sunlight exposure 
(minutes/day). The percentage of  BSA exposed to sunlight 
was estimated by asking about the commonly worn daytime 
clothes. Face and neck 3%, plantar surface of  hands 2.5%, 
half  of  the arms besides forearm 4%, feet 2.5% and 
calves 6% were estimated and BSA was calculated using 

the Mosteller formula:[15] BSA (m²) = {[height (cm) × 
weight (kg)]/3600}½. By multiplying the measured 
percentage of  body surface exposed by the result of  the 
formula, the exposed BSA was measured in m2 and then 
converted to cm2.

Levels <20 ng/mL and <7 ng/mL were defined as relative 
and severe vitamin D deficiency, respectively.[10]

The specimen collected consisted of  4mL blood in a plain 
tube and 2 mL serum at 2°C–8°C. 25(OH)D was assessed 
using Diasorin’s chemiluminescent immunoassay liaison. 
Serum calcium, phosphorus and ALP were measured on 
Olympus AU 400 chemistry autoanalyzer, serum calcium by 
photometric color (Arsenazo method) test, serum inorganic 
phosphorus by photometric UV test (phosphomolybdate 
formation method) and serum ALP by kinetic color 
test (p-nitrophenyl phosphate substrate in amino methyl 
propanol buffer or AMP).

Statistical analysis
Data were tabulated and subjected to analysis using 
Microsoft Excel version 5.0 and the Statistical Package for 
Social Science (SPSS) version 11.0. The following methods 
were employed:
• Frequency distributions and percentage distributions.
• Mean, standard deviation and range of  numerical data.
• Comparison of  means using the Student’s t-test; testing 

differences between means for statistical significance.
• Non-numerical data were compared using the chi-

square test.
• In general, P values less than 0.05 were considered 

significant, less than 0.01 as highly significant and those 
below 0.001 as very highly significant.

Results

A cross-sectional study was performed on 510 children 
presenting to pediatric clinic in JCH-K for different reasons 
from September 2010 through December 2010 [Table 1]. 
Their ages ranged between 4 and 15 years, with a mean 
age of  8.36 ± 2.85 years. Of  them, 220 (43.14%) were 
males and 290 (56.86%) were females who had statistically 
significant higher incidence of  25(OH)D deficiency than 
males (P=0.019). 54.9% were Saudis, 27.45% were Yemenis 
and 11.76% were Egyptians. Saudis and Yemenis were 
more subjected to 25(OH)D deficiency in comparison to 
Egyptians and other nationalities (P=0.01). Their mean 
body weight (BW) was 27.68 ± 13.68 kg, mean height was 
123.98 ± 16.6 cm, and the mean body mass index (BMI) 
was 17.12 ± 4.9. The average daily sun exposure was for 
7.64 ± 7.49 min and the mean BSA exposed to the sun 
was 920 ± 1367 cm2. The average daily vitamin D intake 
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was 133 ± 77.18 IU/day with 82.74% of  cases receiving 
less than 200 IU/day. Three hundred and fifty (68.6%) 
had bony aches with 5.9% having history of  fracture. 
The mean serum calcium was 9.95 ± 0.62 mg/dL, with 
6.9% having hypocalcemia (<9 mg/dL). The mean serum 
phosphorus was 4.2 ± 0.8 mg/dL. The mean serum ALP 
was 528.25 ± 210.53 U/L, with 15.7% having serum 
ALP>640 U/L. The mean concentration of  25(OH)
D was 13.07 ± 7.81 ng/mL. Seventy subjects (13.73%) 
had normal 25(OH)D level ranging 20–70 ng/mL. Three 
hundred (58.82%) had relative 25(OH)D deficiency and 
140 (27.45%) had severe deficiency (P=0.000). There were 
significant inverse correlations between 25(OH)D levels 
and both BW and height (P=0.000). There was a significant 
positive correlation between 25(OH)D deficiency and 
bony aches, fractures, decreasing serum calcium level 
and increasing serum phosphorus and serum ALP levels 
(P=0.000). There was a significant inverse correlation 

between 25(OH)D level and BMI (P<0.05), as well as 
significant direct correlation between 25(OH)D level and 
duration of  sunlight exposure, BSA exposed to sun and 
daily vitamin D intake (P=0.000).

Table 2 presents a comparison between symptomatic 
cases having bony aches and asymptomatic cases. It is 
evident that symptomatic children showed statistically 
significant difference from asymptomatic group. They 
are older in age, have more BMI, less duration of  daily 
sunlight exposure, lower BSA exposed to the sun, less daily 
vitamin D intake, higher incidence of  fractures, lower serum 

Table 1: Characteristics and 25(OH) vitamin D status 
in 510 children in Jeddah Clinic Hospital between 
September 2010 through December 2010

Cases (n=510) Percentage
Age (mean±SD) 8.36 ± 2.85*

Sex
Male 220 43.14
Female 290* 56.86

Nationality
Saudi 280* 54.9
Yemeni 140* 27.45
Egyptian 60 11.76
Others 30 5.89

BW in Kg (mean±SD) 27.68 ± 13.68*
below 5th percentile 120 23.5
5th-95th percentile 360 70.6
Above 95th percentile 30 5.9
Height in cm(mean±SD) 123.98 ± 16.60*
below 5th percentile 110 21.0
5th-95th percentile 400 78.4
Above 95th percentile 0 0
Body mass index Mean±SD 17.12 ± 4.9*
Daily sunlight exposure (min/
day) Mean±SD

7.64 ± 7.49*

Body surface area (cm2)exposed 
to sun

920 ± 1367*

Vitamin D intake (IU/day) 
Mean±SD

133 ± 77.18*

Vitamin D intake (<200IU/day) 440 82.74
Bony aches 350* 68.6
History of fracture 30* 5.9
VitaminD ng/mL (mean±SD) 13.07 ± 7.81
Normal 70 13.73
Mild deficiency 300 58.82
Severe deficiency 140 27.45
Serum Ca mg/dL (mean±SD) 9.95 ± 0.62*
Hypocalcemia <9 mg/dL 35 6.9
Serum P mg/dL (mean±SD) 4.2 ± 0.8*
Serum ALP U/L (mean±SD) 528.25 ± 210.53*
Serum ALP>640U/L 80 15.7

*P<0.05 is significant

Table 2: Comparison between Symptomatic cases 
having bony aches and Asymptomatic cases

Symptomatic 
group (350)  

(%)

Asymptomatic 
group (160) 

(%)

P-value

Age in years (mean±SD) 8.82 ± 3.07 7.35 ± 2.02 0.002*
Sex 0.933

Male 150 (42.86) 70 (43.75)
Female 200 (57.14) 90 (56.25)

Nationality 0.316
Saudi 180 (51.4) 100 (62.5)
Yemeni 90 (25.7) 50 (31.25)
Egyptian 50 (14.3) 10 (6.25)
Others 30 (8.6) 0 (0)

BW in Kg (mean±SD) 30.14 ± 15.23 22.28 ± 7.05 0.0002*
below 5th percentile 80 (22.86) 40 (25)
5th-95th percentile 240 (68.57) 120 (75)
Above 95th percentile 30 (8.57) 0 (0%)
Height in cm 
(mean±SD)

126.31 ± 17.4 118.88 ± 13.62 0.01*

below 5th percentile 90 (25.7) 20 (12.5)
5th-95th percentile 260 (74.35) 140 (87.5)
Above 95th percentile 0 (0) 0 (0)
Body mass index
Mean±SD

17.89 ± 5.71 15.44 ± 2.06 0.001*

Daily sunlight 
exposure (min/day) 
Mean±SD

4.61 ± 3.34 14.25 ± 9.61 0.000*

Body surface area 
exposed (cm2) to sun

712.17 ± 674.55 1384 ± 2180 0.048*

Vitamin D intake 
(IU/day)
Mean±SD

107.21 ± 112 216 ± 65.78 0.000*

Vitamin D intake  
(<200 IU/day)

350 (100) 90 (56.25) 0.000*

History of fracture 28 (8) 2 (1.25) 0.003*
Vitamin D ng/ml 
(mean±SD)

9.24 ± 4.69 21.45 ± 6.66 0.000*

Normal 0 (0) 70 (43.75)
Mild deficiency 210 (60) 90 (56.25)
Severe deficiency 140 (40) 0 (0)
Serum Ca mg/dl 
(mean±SD)

9.98 ± 0.5 9.89 ± 0.82 0.27

Hypocalcemia 
<9 mg/dL

30 (8.57) 5 (3.125) 0.035*

Serum P mg/dL 
(mean±SD)

4.28 ± 0.89 3.92 ± 0.51 0.005*

Serum ALP U/L 
(mean±SD)

536.63 ± 228.03 509.94 ± 167.8 0.25

Serum ALP >640 U/L 70 (20) 10 (31.25) 0.000*

*P<0.05 is significant
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level of  vitamin D, higher serum phosphorus level, higher 
incidence of  hypocalcemia and higher ALP levels(P<0.05).

dIscussIon

The prevalence of  vitamin D deficiency in our cases 
was 72.55%, which is similar to that recorded by Khor 
et al. [16] in Malaysia and higher than that reported in other 
series. [4,17] It is lower than the 87% prevalence rate reported 
by McGillivray et al.[18] in East African immigrants living in 
Melbourne. Severe vitamin D deficiency (<7 ng/mL) was 
recorded in 27.45% of  cases, which is a higher incidence 
than that found by Gordon et al.[19] and Das et al.[20]

The interesting issue in this study is the unexpected 
large proportion of  healthy children showing vitamin D 
deficiency (72.55%) although KSA is a sunny country. There 
are increasing studies worldwide reporting on children 
with poor vitamin D status, including those in tropical 
countries. [21-24] The prevalence of  vitamin D deficiency 
has been reported to range from 15 to 80%.[4] Increased 
prevalence among school-aged children and adolescents has 
been reported, reflecting modern-day lifestyle changes.[25]

Poor vitamin D status in children is likely to result from 
low dietary intake and inadequate exposure to sunshine. 
Unless fortified, most foods are poor sources of  vitamin D, 
the exceptions being fish oils, egg yolk, and certain types 
of  fish and sea food. Thus, it is not likely that children in 
KSA will obtain sufficient vitamin D from dietary sources 
alone.[16,26]

In the present study, the mean vitamin D was 
13.07 ± 7.81 ng/mL, which is the lowest among other 
series.[26-28] Vitamin D deficiency is defined as a level <20 
ng/mL as recommended by the 13th Workshop Consensus 
for Vitamin D Nutritional Guidelines held in British 
Columbia, Canada (April 2007).[29]

The age of  our cases ranged between 4 and 15 years, with a 
mean of  8.36 ± 2.85 years. We found a significant increase 
in risk of  vitamin D deficiency with older age (P=0.000) in 
accordance with the literature reports demonstrating that 
intake of  vitamin D decreases with increasing age.[4] This 
is in contrast to the report of  McGillivray[18] who found 
more vitamin D deficiency in younger age group. However, 
he studied only children up to 5 years of  age.

Most children had normal growth and none was 
malnourished, according to the national reference of  
KSA,[30] as 70.6% of  cases were between 5th and 95th 
percentiles and most of  the children (96.5%) had normal 
height for age. This signifies that vitamin D deficiency 

is absolute rather than a part of  general malnutrition 
and that nutrition education is important to avoid its 
deficiency.

In fact, we found significant inverse correlations between 
25(OH)D levels and the BW, height and BMI (P=0.000).[2,4,19] 
This could be explained by the fact that the bioavailability 
of  vitamin D, a fat-soluble vitamin, is decreased in obese 
individuals, which may result in the increased vitamin D 
deficiencies observed in such individuals.[31] This mechanism 
also could account for the inverse relationship between fat 
intake and vitamin D status. In contrast, other studies did 
not find any associations of  BMI and/or fat mass with 
25(OH)D levels in the pediatric population.[32,33]

Saudis and Yemenis were more subjected to 25(OH) D 
deficiency in comparison to Egyptians and other nationalities 
(P=0.01). Other studies found significant difference in the 
vitamin D levels between different ethnic groups,[19,25,26] 
giving special consideration to genetic variation and skin 
color.

There was a significant direct correlation between 
25(OH) D levels and duration of  sunlight exposure,[16,18,20] 
BSA exposed to sun and daily intake of  vitamin D.[16,27,34] 
However, another study found that serum 25(OH)D 
concentration was not related to the estimated intake of  
vitamin D.[2,20]

The mean duration of  sunlight exposure in our study was 
too short (7.64 ± 7.49 min/day) reflecting the absence of  
an important source of  vitamin D as most of  the children 
tend to spend more time indoors than outdoors. Moreover, 
indoor activity is sedentary in nature, e.g. doing homework, 
playing computer games and watching television. The 
same finding was found with Malaysians who generally 
avoid being outdoor during the day as the weather can 
be very hot and humid.[16] Increased urbanization and 
increased time spent indoors at work may lead to decreased 
time spent outdoors, and therefore decreased vitamin D 
synthesis, even in light-skinned populations. Shade reduces 
the amount of  solar radiation by 60% and windowpane 
glass blocks UVR.[1]

Two hundred and twenty children (43.14%) were males and 
290 (56.86%) were females having a statistically significant 
higher incidence of  25(OH)D deficiency (P=0.019).[9,16,18] 
Other series found no correlation of  Vitamin D levels 
with sex.[9,32] This finding is more obvious in Arab Moslem 
countries as most of  the girls follow a dress code of  
covered head, arms, and legs, similar to that found in 
Lebanese girls,[27] Kuwaiti women[1] and Saudi Arabian 
adolescents.[20]
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There was a significant inverse correlation between 25(OH)
D deficiency and BSA exposed to the sun,[20] which had 
an average of  920 ± 1367 cm2. This average was lower 
than that reported in other studies.[12,20] As at least 20% 
of  the body’s surface should be exposed to UV-B for 
blood vitamin D concentrations to increase, women and 
children in KSA, who wear traditional outfits, are at great 
risk for vitamin D deficiency. The nature of  clothing is 
important, for example, black wool is twice as effective in 
absorbing and thus preventing transmission of  incident 
UV-B radiation to the skin as white cotton.[1]

KSA is a tropical country, it has very hot weather in summer 
leading to restricted outdoor activity. So, we conducted 
our study in winter time, whereas sun and better climate 
allowing more outdoor activity and sun exposure; as known 
the majority (80%) of  the vitamin D requirement comes 
from exposure to sunlight.[17] However, the results of  
vitamin D in our study were still very low. The major causes 
of  low vitamin D levels seem to come from insufficient 
vitamin D supplementation, long-sleeved clothing, and 
limited outdoor lifestyle,[26] in addition to the use of  
sunscreen which we did not evaluate in this study as it is 
not usually used in our region due to the use of  face veil 
and the usual avoidance of  outdoor activity due to great 
humidity and hot weather.[1]

Both daily intake of  vitamin D and sun exposure were 
significant predictors of  vitamin D status, which is in 
agreement with other studies[12] and the fact that the main 
source of  vitamin D is exposure to sunlight. The mean 
duration of  sun exposure in our subjects was lower than 
that reported in other studies in Tehran.[20,27,35]

Unfortunately, most natural (unfortified) sources of  
vitamin D are not commonly consumed by children 
and there is possible inadequacy of  the current level of  
vitamin D fortification of  food products.[36] Therefore, 
fortifying food with vitamin D becomes important if  there 
is inadequate sun exposure as in our study.[1]

However, we found that 82.74% of  cases are receiving less 
than 200 IU vitamin D per day.[1,16] These results highlight 
the need to provide children with supplements and a diet rich 
in vitamin D.[12] In USA, where the national prevalence of  
vitamin D deficiency was 14%, approximately 50–60% of  
children receive the recommended USDA intake of  200 IU 
of  vitamin D daily via diet and/or supplementation. [4] 
There is evidence that the recommended daily intake would 
need to be doubled to achieve a minimum serum 25(OH)
D level of  20 ng/mL.[37]

There have been no studies of  children, suggesting a level 

of  sun exposure that would negate the need to comply 
with dietary vitamin D recommendations. Given the high 
prevalence of  hypovitaminosis D, it seems clear that 
renewed attention must be paid to evaluate the adequacy 
of  dietary and supplemental vitamin D intake and how 
much, if  any, unprotected sun exposure is beneficial given 
the associated risks.[38]

In our study, we found a significant positive correlation 
between vitamin D deficiency and increasing level of  
ALP. [39] Elevated ALP was noted in 15.7% of  our cases, 
which is higher than that reported in other studies[34] and 
lower than other reports.[18,40]

6.9% of  cases had hypocalcemia, which is a lower incidence 
than that reported by Marwaha et al.[34] and higher than 
that reported by others.[18] There was significant direct 
correlation between the level of  vitamin D and total serum 
calcium.[41]

In our study, there was a significant positive correlation 
between vitamin D deficiency and the incidence of  bony 
aches as adequate vitamin D intake is of  paramount 
importance to protect against bone metabolic diseases and 
prevent the occurrence of  complications.[36,40]

The possibility of  inadequate vitamin D intake should 
be considered in the differential diagnosis of  chronic 
musculoskeletal pain. The process that links vitamin D 
to musculoskeletal pain is presumed to begin with a lack 
of  circulating calcium due to inadequate vitamin D. This 
calcium deficiency, even if  mild, stimulates increased 
parathormone secretion and sets in motion a cascade of  
biochemical reactions negatively affecting bone metabolism, 
as increased parathormone secretion can lead to softening 
of  bone surfaces which generates pain in periosteal tissues 
covering the skeleton, as well as myopathy. In many cases 
involving pain and myopathy, defects of  bone metabolism 
and osteomalacia may not be clinically detectable, but are 
nonetheless present or subclinical.[42]

Fracture prevalence in our study was 5.9%. Another study 
found a higher prevalence rate 15.4–18.6%.[27] There 
was significant positive correlation between vitamin D 
deficiency and the incidence of  fractures.[36,43] 59% of  
African American children with fractures were vitamin D 
insufficient. This prevalence is higher than the baseline 
levels of  vitamin D insufficiency reported in comparable 
populations. The effect of  these insufficient levels on 
fracture risk in otherwise healthy children merits further 
careful evaluation.[44]

Bowden et al. did not find direct correlation between low 
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vitamin D and fracture rate in their study, but they reported 
that their ability to detect a relationship may have been 
limited by the fact that all of  the children in this referral 
group had previous fractures.[39] Schilling et al., in their 
study, found evidence of  vitamin D deficiency, defined as 
a serum 25(OH)D level of  <20 ng/mL, in >8% of  the 
children with fractures.[45]

The limitations in our study include non-assessment of  
parathormone level and sun block use, and absence of  a 
direct measure of  fat mass besides BMI.

The point of  strength in our study is that according to a 
recent search of  database, this is the first study to evaluate 
vitamin D status in a wide range of  the pediatric population 
and provides the prevalence rate of  vitamin D deficiency 
in pediatric age group in Jeddah, KSA.

conclusIon

High prevalence of  vitamin D deficiency in apparently 
healthy children living in Jeddah was observed in this study. 
Preschool routine screening for vitamin D status is advised 
to be done for all children. Parents and teachers should be 
provided with information on the importance of  vitamin D 
in the growth and development of  children. In addition, it 
is necessary to help parents make the correct dietary choices 
to improve vitamin D status of  their children. Public health 
messages and interventions must educate the population 
about safe sun exposure. Vitamin D supplementation 
of  food products, especially those directed to children, 
need to be enforced to prevent vitamin D deficiency. 
Further studies including larger number of  subjects are 
recommended for proper evaluation; a broader approach 
would help in management of  this unrecognized problem.
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