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ABSTRACT

الأهداف:  تهدف الدراسة إلى تحديد التغيرات الفصلية في فيتامين 
)د( عند الفتيات السعوديات في مدينة الرياض وتأثيرها على الناحية 

الكيميائية والأكلينكية.

الطريقة:  في هذه الدراسة المستقبلية تم استقطاب 2000 فتاة من 
سن 18-12سنة من مختلف المدارس بمدينة الرياض، المملكة العربية 
دم  عينات  أخذت  عامة.  استبيانات  بتعبئة  قمن  حيث  السعودية 
قامت  بينما  الشتاء ديسمبر-فبراير  فتاة في فصل   1618 صائمة من 
499 فتاة بالرجوع لأخذ عينات بالصيف يونيو-أغسطس ،تم قياس 
مستويات فيتامين )د(،هورمون الغده الجاردرقيه، ومواشرات تجديد 

العظام .

فصل  في  أكثر  كان  )د(  فيتامين  نقص  معدل  أن  وُجد  النتائج:  
.p<0.001  )40.8% بالمقارنة   63.5%( الشتاء  فصل  عن  الصيف 
عند  )د(  فيتامين  مع  عكسية  علاقة  الجاردقية  الغده  هورمون  أظهر 
 )2.1%( أن  وجد   .)r=-0.21; p<0.001( نمول/لتر   40 معدلات 
33 فتاة كانت لديهن علامات اكلينكيه وأيضيه تشير إلى احتمالية 

إصابتهن بلين العظام .

الفتيات  عند  )د(  فيتامين  نسبة  في  التغيرات  تؤدي  الخاتمة:  
السعوديات إلى تغيرات في المظاهر الكيميائية. ينبغي زيادة الإهتمام 

بالتوعية الصحية العامة عند الفئات المعرضة لنقص فيتامين )د(.

Objectives: To determine seasonal variations in the 
vitamin D status of Saudi adolescent girls in Riyadh, 
Kingdom of Saudi Arabia (KSA) and its effect in 
biochemical and clinical characteristics.

Methods: In this prospective study, a total of 2000 
Saudi females aged 12-18 years from different schools in 
Riyadh, KSA participated and submitted a generalized 
questionnaire with clinical information. Fasting blood 
samples were obtained in 1618 subjects for the winter 
season (December to February) and only 499 subjects 
returned to submit fasting blood samples for the summer 
season (June-August). Circulating serum 25(OH)D, 
parathyroid hormone (PTH), and other biomarkers of 
bone remodeling were measured during both seasons. 

Results: Vitamin D deficiency (serum 25(OH)D <25 
nmol/L) was significantly higher during summer than 
winter (63.5% versus 40.8%; p<0.001). Mean serum 
PTH was also significantly higher during summer than 
winter (p<0.01). In all subjects, serum PTH showed a 
significant inverse association with 25(OH)D at levels 
below 40 nmol/L (r=-0.21; p<0.001). The prevalence 
of subjects having clinical and metabolic manifestations 
suggestive of osteomalacia was 2.1% (N=33 out of 1548).

Conclusion: Seasonal variations in the vitamin D 
status of Saudi adolescent females significantly modifies 
biochemical parameters as response to vitamin D status 
change. In the meantime, heightened public health 
awareness should be given to populations at higher risk 
for vitamin D deficiency.
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Vitamin D deficiency has reemerged as a major 
health concern in the twenty-first century in both 

developed and developing countries.1-3 It remains 
the most common cause of rickets and osteomalacia, 
making it an important health concern for all ages.4,5 

Furthermore, its occurrence in children and adolescence 
during skeletal growth is even more important. 
Vitamin D deficiency is a common clinical problem 
encountered in the Saudi population, including Saudi 
adolescent females.6-8 Chronic, severe deficiency can lead 
to osteomalacia during adolescence and adulthood.3-5 

The condition is associated with non-specific generalized 
muscle and bone pain, as well as gait abnormalities 
which can be misdiagnosed as fibromyalgia or arthritis. 
The presentation of vitamin D deficiency may range 
from an asymptomatic state to clinical osteomalacia. To 
the best of our knowledge, the nutritional, biochemical 
and clinical impact of vitamin D deficiency among 
Saudi adolescent girls has not been evaluated previously, 
much more so with respect to seasonal changes. This 
study was undertaken to determine the prevalence of 
vitamin D deficiency among this age group and its 
biochemical and clinical characterization as influenced 
by season.

Methods. Subjects. In this prospective study, a 
total of 2000 school girls (aged 12-18 years) from 
intermediate and secondary schools in Riyadh, KSA 
(latitude, 24.6º N) were recruited during the period 
September 2011 to June 2014. Riyadh was stratified 
into 5 administrative regions. Proportional allocation 
method was used to determine the number of students 
recruited from each stratum. Within the stratum, one or 
more schools were selected randomly for recruitment. 
School girls from southern, northern, middle, eastern, 
and western regions were selected. Girls on vitamin 
D and calcium supplements or drugs interfering with 
vitamin D metabolism (for example, anticonvulsants) 
were excluded. Ethical approval was granted by King 
Abdulaziz City for Science and Technology (KACST), 
Riyadh, Kingdom of Saudi Arabia (KSA), in accordance 
to the principles of Helsinki declaration. Permission to 
conduct the study was also obtained from the Ministry 
of Education, Directorate of Schools Health. Informed 
consent was obtained from each student’s parent or 
guardian through an official letter from the principal 
investigator and his team. A written assent was obtained 
from all participants. A detailed flow diagram of subject 
participation is outlined in Figure 1.

All consenting subjects completed a questionnaire 
of 34 items, which included basic demographic data, 
medical history related to bone health and lifestyle 

data. Direct sun exposure to face and arms in minutes 
per day during weekdays and weekend in the last 
week was recorded. Dietary intake with emphasis on 
dietary vitamin D and calcium using the 7-day semi 
quantitative food frequency questionnaires were adapted 
for use from previous local studies.9,10 The questionnaire 
consisted of Saudi food list, definition of portion sizes, 
and frequency of consumption with emphasis on dietary 
calcium - in dairy or nondairy products, supplements 
or foods fortified with vitamin D. Subjects were also 
asked if they had bone pains. Pain was recorded as 
“present” or “absent” as perceived by the adolescent 
girl. Abducting shoulders against resistance tested 
proximal muscle weakness. Weakness was reported if 
muscle strength was less than grade 4 using the Medical 
Research Council (MRC) system.11 Waddling gait was 
reported if there was waddling and exaggerated lumbar 
lordosis, while walking on a straight line. Bowing of the 
legs was identified if there was (outward) bowing of the 
lower leg in relation to the thigh. 

Anthropometrics. A general practitioner obtained 
anthropometric data. Height was measured in 
centimeters and weight (without shoes) - in kilograms. 
Body mass index (BMI) was calculated as weight (kg)/
height in squared meters and classified according to 
Expert Committee Recommendations regarding the 
prevention, assessment, and treatment of child and 
adolescent overweight and obesity.12 

Blood sampling and analysis. Fasting serum samples 
were drawn during winter (December to February), and 
summer months (June to end of August) by 2 experienced 
nurses. Blood samples were frozen at -80ºC. Batches 
were analyzed within 3 days of receiving samples. The 
serum levels of calcium, phosphorous, and alkaline 
phosphatase were determined using Dimension Xpand 
Plus autoanalyzer (Siemens Healthcare Diagnostics, 
Erlangen, Germany). Serum 25(OH)D was measured 
using the electrochemiluminescence binding assay 
using Roche (Cobas e 411 analyzer, Indiana, USA). All 
measurements were performed in A RIQAS - Randox 
International Quality Assessment Scheme-participating 
laboratory of King Khalid University Hospital, 
Riyadh, KSA. The intra assay coefficient variation was 
2.2-6.8, while the inter assay variablity was 3.4-13%. 
Serum parathyroid hormone (PTH) was measured 
using elecrochemiluminescence assay (Roche-modular 
E-170). Bone profile and creatinine were measured 
using the colorimetric method (Dade Behring 
Dimension RxL Max). Carboxy-terminal cllagen 
crosslinks (CTX) and osteocalcin were determined 
using electrchemiluminescence immunoassay by the 
Roche automated system.
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Definitions used. Vitamin D inadequacy was 
defined based on the cut-off recommendations by the 
European Society for Clinical and Economic Aspects 
of Osteoporosis and Osteoarthritis (ESCEO) and the 
Institute of Medicine (IOM) of serum 25(OH)D below 
50 nmol/l.13,14 The biochemical and clinical features 
suggestive of possible osteomalacia were vitamin D 
deficiency (25(OH)D <25 nmol/l) in the presence of 
bone pain and muscle weakness, as well as the following 
biochemical features:15 1) elevations in serum alkaline 
phosphatase; 2) normal or low serum calcium corrected 
for albumin; and 3) normal or low serum phosphorous 
level.

Statistical analysis. This sample size was calculated 
on the assumption that the prevalence of girls with 
clinical findings due to vitamin D deficiency may reach 
10% (8-12%). From the calculation, a sample of N=875 
girls were needed. However, due to the use of stratified 
random sampling method, a design effect of 2 was used 
and 15% for non-participation. The final sample size 
obtained was N=2000. The actual sample size obtained 
was N=1618, which was taken from subjects who 
submitted both questionnaires and fasting blood samples 
during winter season (Figure 1). The Statistical Package 
for Social Sciences version 21 (SPSS Inc., Chicago, IL, 

USA) was used for data analysis. Continuous data were 
presented as mean, median, and standard deviation, 
while frequencies were presented as percentages. 
Independent T-test was used to compare differences of 
normally distributed variables and Mann-Whitney for 
non-Gaussian variables. Chi square test was used to 
test association between categorical variables. Person 
coefficient correlation (R) was used to test correlation 
between 2 continuous variables. A scatter graph using 
the linear model was used to display the correlation. 
Significance was set at p<0.05.

Results. Table 1 highlights the demographic 
characteristics of the all subjects. Most of the subjects 
(55.8%) had minimal sun exposure (<10 minutes). 
Almost half of the subjects (43.5%) reported bone pain, 
and more than half of the subjects reported physical 
inactivity 56.2%). Dairy intake was also minimal, with 
more than half reporting <1 cup/day. The rest of the 
variables are reported in Table 1.

The differences in mean biochemical parameters 
of subjects based on season are presented in Table 2. 
Circulating 25(OH)D levels were significantly higher 
during the winter season than summer (p<0.001). 
Significantly higher mean serum calcium level was also 
observed in the winter than in the summer months 
(p<0.001). Furthermore, mean serum ALP and PTH 

Figure 1 -	Flow diagram of subject recruitment of 2000 Saudi adolescent 
girls from Riyadh, Kingdom of Saudi Arabia.

Table 1 -	 General characteristics of subjects.

Parameter N (%)

N 2000
Education

Intermediate   748 (37.4)
Secondary 1252 (62.6)

Daily sun exposure

<10 minutes 1116 (55.8)
11-20 minutes   294 (14.7)
>20 minutes   590 (29.5)

Physical inactivity 1124 (56.2)
Obesity     75   (3.8)
Bone pain   870 (43.5)
Pain on walking   356 (17.8)
Daily fresh full cream milk intake

<1 cup 1110 (55.5)
1-3 cups   568 (28.4)
4-6 cups   322 (16.1)

Daily intake of carbonated drinks

<1 cup   452 (22.6)
1-3 cups   876 (43.8)
4-6 cups   672 (33.6)

Data presented as frequency (%), N = 2000 was based on the number of 
subjects who filled up the questionnaire
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Table 2 -	 Demographics and differences in biochemical profile of subjects according 
to season.

Parameter
Winter (n=1618) Summer (n=499)

Mean ± SD
Age, years   16.13 ± 1.77
Age at menarche, years 12.76 ± 1.2
25(OH)D (50-125 nmol/l) 30.6 (3.5-155.0) 21.3 (7.5-131.5)†

Calcium (2.1-2.5 mmol/l) 2.29 ± 0.19  2.06 ± 0.74†

Creatinine (50-110 µmol/l) 47.15 ± 10.69 48.16 ± 20.59
ALP (35-100 u/l) 98.21 ± 52.45  130.11 ± 100.67†

PTH (1.3-6.8 pmol/l) 5.06 ± 5.57  5.98 ± 5.55*

Osteocalcin (11.0-43.0 ng/ml) 40.29 ± 21.34 38.53 ± 28.15
CTX (0.10-5.94 ng/ml) 0.37 ± 0.24 0.37 ± 0.26

#Denotes median (minimum-maximum), *denotes p<0.05; †denotes p<0.01, 
SD - standard deviations, PTH - parathyroid hormone, ALP - alkaline phosphatase

Table 3 -	 Vitamin D status according to risk factors.

Risk factors Deficiency Insufficiency Sufficiency P-value
Daily sun exposure (N=1618) <0.001

0 minutes 260 (40.3)   82 (15.0)   41   (9.6)
1-10 minutes 199 (30.9) 240 (44.0)   81 (19.0)
11-20 minutes   87 (13.5) 107 (19.6)   44 (10.3)
21-30 minutes   60   (9.3)   65 (11.9) 238 (55.7)
>30 minutes   39   (6.0)   52   (9.5)   23   (5.4)

Daily fresh full cream milk intake (N=1067) 0.038
<1 cup 251 (56.7) 265 (54.9) 76 (53.9)
1-3 cups 113 (25.5) 138 (28.6) 52 (36.9)
4-6 cups   79 (17.8)   80 (16.5) 13 (9.2)

Daily intake of carbonated drinks (N=1317) <0.001
<1 cup   85 (15.5) 164 (27.8) 48 (26.5)
1-3 cups 250 (45.7) 257 (43.6) 70 (38.7)
4-6 cups 212 (38.8) 168 (28.5) 63 (34.8)

BMI (N=1618) 0.60
Underweight   21   (3.4)   23   (3.4)     5   (2.4)
Normal 497 (80.8) 553 (82.2) 176 (85.4)
Overweight   62 (10.1)   62   (9.2) 144   (9.6)
Obese   35   (5.7)   35   (5.2)     5   (2.4)

Presence of bone pain 270 (40.2) 324 (48.3)   77 (11.5) 0.05

Osteocalcin (N=1439) 0.16
Elevated 190 (33.5) 189 (28.5)   67 (31.9)
Normal 377 (66.5) 473 (71.5) 143 (68.1)

Season (N=2117) <0.001
Summer 317 (63.5) 139 (27.9)   43   (8.4)
Winter 660 (40.8) 460 (28.4) 498 (30.8)

Different sample sizes per risk factor indicate missing values not considered in the calculation of percentages, 
significant at p<0.05. BMI - body max index, N - number of participants

levels were also significantly lower in the winter 
as compared with the summer season (Table 2). A 
significant negative correlation between serum calcium 
and alkaline phosphatase (r=-0.139, p<0.01) was 
observed (not shown in table). There were no significant 

changes in the levels of osteocalcin and CTX between 
summer and winter.

Table 3 shows the vitamin D status of subjects 
stratified and compared according to different risk 
factors. Vitamin D deficiency was most prevalent among 
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subjects with no sun exposure (40.3%) and those with 
minimal intake of fresh milk (56.7%). Furthermore, 
there is a significant difference in the prevalence of 
vitamin D deficiency in relation to carbonated drinks 
consumption, with those consuming more having a 
higher percentage of vitamin D deficiency than those 
who consume less than once per day (p<0.001). The 
prevalence of 25(OH)D deficiency is significantly 
higher in the summer than winter season (p<0.001). 

Table 4 summarizes the prevalence of vitamin D 
deficiency with other clinical abnormalities among 
subjects with complete clinical profile (N=1548). 
Elevated alkaline phosphatase was noted in 27.8% 
of subjects. The combined biochemical and clinical 
features suggestive of possible osteomalacia based on 
the criteria outlined were identified in 33 girls (2.13 %).

Figure 2 shows that the negative but insignificant 
correlation between low 25(OH)D level and PTH levels 
(r=0.024; p=0.351). However, at levels ≤40 nmol/l, the 
negative correlation significantly increased to r=0.15 
(p<0.001). 

Discussion. The present study documented a high 
prevalence of vitamin D deficiency (63.5% in summer 
and 40.8% in winter) among Saudi adolescent girls 
irrespective of season. This confirms many previous 
reports indicating a strikingly high prevalence of 
vitamin D deficiency in different age groups and in 
both genders of the Saudi population.16,17 

The difference in the vitamin D levels between 
summer and winter was striking, and is opposite of what 
has been reported from countries at higher latitudes, 
which found higher vitamin D levels during summer 
months when people are more likely to be outdoors and 
obtaining increased sunlight exposure.18,19 Our findings 
are similar to the local observations made by Al-Daghri 
et al,20 which suggested that although summer sun 
exposure in Middle Eastern and Gulf States are minimal, 
an increase may occur during winter when the weather 
heat is less harsh, and this could raise vitamin D to 
modest levels.20 Worthy to note is that the optimum 
time for vitamin D formation in people living in the 

Riyadh area during summer is from 9:00Am-10: 30Am 
and from 2:00-3:00pm. In winter, it was suggested that 
the optimal time for sun exposure is from 10:00am-
2:00pm.21 

With regards to the seasonal variation, the 
Canadian Health Measures Survey (CHMS) examined 
25(OH)D levels in a representative sample of the 
Canadian population, and in 456 girls aged 12-19 
years, the mean 25(OH)D ranged from 60.8 nmol/l 
(winter, no supplement use) to 76.8 nmol/l (summer, 
no supplement use).22 The IOM report suggested that 
osteomalacia and rickets are most likely to be associated 
with 25(OH)D levels below 30 nmol/l;14 and in CHMS, 
this was found in 3.8% of Caucasian boys and girls, 
and 17.5% of “non-Caucasian” adolescents aged 12-19 
years (non-Caucasian includes people of Chinese, South 
Asian, African, Filipino, Latin American, Southeast 
Asian, Arab, West Asian, Japanese, Korean, Aboriginal, 
and other racial backgrounds). An earlier study23 of 
1753 Québec schoolchildren (871 girls) aged 9, 13, and 
16 years, found a larger proportion had low vitamin D 
status, and in particular, 2%, 8%, and 10% of 9-, 13, 
and 16-year-old girls had frank vitamin D deficiency 
(defined as a serum 25(OH)D ≤27.5 nmol/l).23

The nutritional status of the girls, in relation to 
vitamin D deficiency and osteomalacia, revealed that 
a small number of the girls consume sufficient milk 
or other dairy products. This appears to be cultural or 
related to the currently prevailing dietary habits of girls 
in this age group. This low dairy intake was coupled 
with a relatively high intake of soft drinks. Worthy to 
note is that milk in KSA is fortified with vitamin D at 
400 iu/L of milk. This could further exacerbate a pre-
existing vitamin D insufficient state. 

Table 4 -	Prevalence of 25(OH)D deficiency percentage with other 
conditions suggestive of osteomalacia (n=1548 girls).

Clinical conditions N (%)
25(OHD) deficiency 1021 (66.0)
Elevated alkaline phosphatase   136 (27.8)
25(OH)D deficiency + elevated alkaline phosphatase     69   (4.5)
25(OH)D deficiency + elevated alkaline phosphatase + 
clinical symptoms and signs suggestive of osteomalacia       33   (2.13)

25(OH)D - 25-hydroxy vitamin D, N - number of participants

Figure 2 -	Correlation between vitamin D and parathyroid hormone 
(PTH) among Saudi adolescent girls in Riyadh, Kingdom of 
Saudi Arabia. 25(OH)D - 25-hydroxy vitamin D
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Our study revealed that 2.1% had vitamin D 
deficiency in the presence of elevations in alkaline 
phosphatase consistent with a clinical diagnosis of 
osteomalacia. It is evident that our cohort had variable 
degrees of vitamin D insufficiency, with evidence 
of secondary hyperparathyroidism observed in 
approximately 10% of subjects. A significant percentage 
of these individuals may have had elevations in serum 
PTH within the normal reference range.24 Ardawi et al17 
found no threshold of serum 25(OH)D at which PTH 
levels plateaued in Saudi men. However, secondary 
hyperparathyroidism was evident in 18.5% and 24.6% 
in pre- and post-menopausal women with 25(OH)D 
below 50 nmol/l.16 In our study, the negative correlation 
between serum vitamin D levels and PTH appeared at 
around 40 nmol/l. This is lower than in some other 
studies. However, similar observations have been 
documented before. In Chinese premenopausal women, 
a serum vitamin D level of 40 nmol/l was found to be 
the optimum level to “suppress” PTH.25 In an older 
study by Lips et al,26 a level of 30 nmol/l was enough 
to suppress PTH level in elderly subjects. Interestingly, 
in Finnish adolescent girls, it was observed also that at 
levels of 40 nmol/l or above, PTH would start to be 
suppressed.27 This observation in our girls - in contrast 
with some other studies may be a reflection of elevations 
in serum PTH within the normal reference range. It is 
also evident that many girls were having variable degrees 
of hypocalcemia in summer, which could contribute 
to the clinical observation of osteomalacia. It is also 
possible that magnesium deficiency may be present in 
our study population, resulting in a blunted rise in PTH 
due to low intracellular magnesium.28,29 Intracellular 
reductions in magnesium can result in a paradoxical 
block of PTH secretion.30,31 We did not measure serum 
magnesium in our study population and this requires 
further evaluation. 

This study has several limitations. Boys were not 
included, as the study concentrated on females who 
are at a higher risk for vitamin D deficiency. The 
presumptive diagnosis of osteomalacia was made only 
on biochemical and clinical grounds, and was not 
confirmed by bone biopsy. There is a possibility for 
potential biases regarding the study design, the reporting 
of pain, muscle weakness, and the choices in the dietary 
questionnaire. Nevertheless, this study documents the 
prevalence of vitamin D inadequacy and its potential 
clinical impact amongst Arab adolescent girls in the 
region, and raises the clinical importance of vitamin D 
deficiency in this under- studied population.

In conclusion, a high prevalence of vitamin D 
deficiency amongst Saudi adolescent girls was noted, 

with a greater frequency of this condition in the summer 
months than in the winter months. This significant 
difference in vitamin D status is accompanied by parallel 
changes in biochemical parameters of bone metabolism, 
suggesting seasonal influence. Serious attempts should 
be undertaken to address this serious health care issue 
and its consequences in this population. Girls should 
be encouraged to obtain sun exposure in schools and 
homes, even for a short time. More food fortification 
with vitamin D for different dairy products, cereals, and 
flour is needed in KSA. Further studies are needed to 
further characterize the clinical impact of severe vitamin 
D deficiency in adolescent Saudis.
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