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Abstract: Objective: The purpose of this study was to determine the prevalence of vitamin D 
deficiency and insufficiency among children and adolescents visiting Pediatric Endocrine Clinic, King 
AbdulAziz University Hospital through the years from 2005 to 2008. Material and Methods: One 
thousand and fifty six patient samples (0-18 years old) were collected from (2005 to 2008) at King 
Abdulaziz University Hospital, Endocrinology Department, Pediatric Endocrine Clinic. Inclusion 
criteria were: clinical features suggestive of vitamin D deficiency including; children with symptoms 
and signs suggestive of rickets, children with diet low in calcium and vitamin D, children with very 
limited exposure to sunlight, children living at a high latitude, children with dark-colored skin, children 
with malabsorption, liver disease, renal disease and those with family history of vitamin D deficiency. 
The identified data elements included age, sex, serum 25-hydroxyvitamin D (25[OH] D, and 
Parathyroid hormone (PTH). Results: Vitamin D insufficiency (defined as serum 25-hydroxyvitamin D 
< 30 ng / mL) was observed in 80.0% of patients. Overt vitamin D deficiency (defined as serum 25-
hydroxyvitamin D < 10 ng / mL) was present in 3.5% of patients. Using a more recent definition for 
vitamin D deficiency in adults (defined as serum 25-hydroxyvitamin D < 20 ng / mL), 21.1% of the 
patients had vitamin D deficiency. There was a significant negative correlation between 25-
hydroxyvitamin D and parathyroid hormone levels. There was a positive correlation between 1, 25 
dihydroxy-vitamins D and parathyroid hormone. Conclusion: This study provided useful quantitative 
evidence for the incidence of vitamin D deficiency among children of deferent age groups in our four 
year experience. 
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INTRODUCTION 
 

Vitamin D is produced upon sunlight irradiation of skin, or ingested from the diet (DeLuca, HF., 2004).  
The major dietary sources of vitamin D are oily fish, eggs, and meat. Even in countries where certain foods are 
fortified with vitamin D, dietary intake of vitamin D alone is usually insufficient to maintain adequate serum 
levels of 25-hydroxyvitamin D (Lips, p., 2001; Mathieu, A., 2005; Holick, M.F., 2005). These are usually 
lowest in winter and highest in summer due to differences in day length and thus sun exposure. These decrease 
with advancing age due to reduced sun exposure and skin production in response to sunlight (McKenna, MJ., 
1992; Holick, MF., 2003). 

Vitamin D must be metabolized twice before it can act to regulate mineral ion homeostasis. Vitamin D, 
bound to the vitamin D binding protein (DBP) (Haddad, JG., 1995), is transported to the liver where cytochrome 
P450 25-hydroxylase enzymes (CYP27A1 and/or CYP2R1) add a hydroxyl group on carbon 25 to produce 25-
hydroxyvitamin D [25-(OH)D] (Cheng, J.B., 2003; Ohyama, Y. and Yamasaki, T., 2004). The inactive 25-
(OH)D metabolite also circulates in the bloodstream bound to DBP and it must be further hydroxylated at a 
different site in the convoluted and straight portions of the proximal kidney tubule to gain hormonal bioactivity. 
Hydroxylation at position 1α by the mitochondrial cytochrome (P450) enzyme 25-hydroxyvitamin D-1α-
hydroxylase (CYP27B1) converts 25-(OH) D to 1α, 25-dihydroxyvitamin D [1, 25-(OH) 2D], known as the 
active, hormonal form of vitamin D that plays an essential role in mineral homeostasis (Haussler, M.R., 1998). 
Upon reaching a target tissue, 1,25-(OH)2D binds its receptor vitamin D receptor  (VDR) that acts to regulate 
the transcription of vitamin D target genes responsible for carrying out the physiological actions of 1,25-(OH)2D 
(Norman, A.W., 2006; Makin, G., 1989). Amongst several target genes, the 1, 25-(OH) 2D hormone induces in 
target cells the expression of the gene encoding the key effector of its catabolic breakdown: 25-hydroxyvitamin 
D-24-hydroxylase (CYP24A1) (Omdahl, J.L., 2001; Song, Y., 2003). This insures attenuation of the 1, 25-(OH) 

2D biological signal inside target cells and helps regulate vitamin D homeostasis. 
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As serum 25-hydroxyvitamin D concentrations fall below an optimum level, calcium homeostasis is 
affected and there is a compensatory increase in serum parathyroid hormone (PTH) level. This seems to occur 
most predictably at < 50 nmol / L and this cutoff point is widely considered to represent vitamin D insufficiency 
in need of treatment (Song, Y., 2003). 

Vitamin D deficiency causes rickets in children and osteomalacia in adults. It is associated with increased 
bone turnover, reduced bone density, increased fracture rates, reduced muscle strength, and even myopathy in 
adults. Correction of vitamin D insufficiency or deficiency with vitamin D replacement (often combined with 
calcium) has been shown to increase bone density and reduce fracture rates and, improve muscle strength, and 
reduce the risk of falls. The beneficial effects of vitamin D seem to require a dose of ≥400–600 IU of vitamin D 
daily (Van Cromphaut, S.J., 2001). 

Borderline or inadequate body vitamin D stores are common. For example, in the United States, the 
prevalence of vitamin D insufficiency was up to 57 % during winter in lower latitude regions. In one study 69 % 
to 81 % of South Asian children  living in England had levels of 25-hydroxyvitamin D < 50 nmol / L, with up 
to one-third having 25-hydroxyvitamin D levels < 25 nmol / L (Van Cromphaut, S.J., 2001). 

A number of possible “novel” pathologic consequences of vitamin D deficiency have been identified in 
recent years; these include possible increases in the risk of cancer, particularly of the colon, breast, ovary, and 
prostate, ischemic heart disease and elevations in blood pressure. Vitamin D is immune modulating. Recent in 
vitro studies have revealed vitamin D-dependent pathways in the microbicidal activity of monocytes and 
macrophages (Van Cromphaut, S.J., 2001). 
 

MATERIAL AND METHODS 
Subjects: 

This is a retrospective study where one thousand and fifty six samples (0-18 years old) were collected from 
(2005 to 2008) at King Abdul-Aziz University Hospital, Endocrinology Department, Pediatric Endocrine Clinic, 
children visiting Endocrine clinic were invited to participate in this study. Inclusion criteria were: any patients 
who have clinical suspicion of rickets or medical history including clinical features suggestive of vitamin D 
deficiency including; children with symptoms and signs suggesting rickets (short stature, failure to thrive, 
sweating, and irritability by day and sleeplessness by night, hypotonia, and bone changes for example, 
Craniotabes, frontal bossing ,wide fontanel delay teeth eruption, and rickety rosary), children how have high risk 
to develop rickets (infants nutritional insufficiency with diet low in calcium and phosphorus and vitamin D, very 
limited exposure to sunlight or a source emitting sunlight equivalent light, people at a high latitude, dark-colored 
skin, children with prolonged parenteral nutrition, malabsorption, liver disease, renal disease, family history of 
rickets). The identified data elements included age, sex, serum 25-hydroxyvitamin D (25[OH] D and 
Parathyroid hormone (PTH). Informed consent was obtained from the parent/guardian of each subject and then 
the study was approved by KAAUH Medical Ethic Committee. 
 
Procedures: 

Blood samples were obtained from all the patients who were visiting KAAUH. Serum samples were stored 
at - 70° C before analysis of 25(OH) D. Serum 25(OH) D was analyzed by using a commercially available test 
kit (Immun, Diagnostik, Germany). The test principle is a competitive protein binding assay for the 
measurement of 25-OH Vitamin D. It is based on the competition of 25-OH Vitamin D present in the sample 
with 25-OH Vitamin D tracer, for the binding pocket of vitamin D binding protein (VDBP, Cc-globulin). Since 
all circulating 25-OH Vitamin D is bound to VDBP in vivo, samples have to be precipitated with precipitation 
reagent to extract the analyte. The supernatant can be used without further treatment within the test.  25-OH 
Vitamin D present in the sample then competes with the tracer, coated on the well for the specific binding site of 
the binding protein and the (VDBP) Antibody (s) bound to the vitamin binding protein, Hence, with increasing 
concentrations of 25-OH Vitamin Din the sample, the amount of binding protein, immobilized to the well via 
the tracer, is reduced. After a washing step to remove unbound components, the quantitation of VDBP is 
achieved by incubation with a host specific peroxidase labeled antibody using 1MB (tetramethyl-benzidine) as 
enzyme substrate. An acidic stopping solution is then added to stop the reaction. The color converts to yellow. 
The intensity of the yellow color is indirectly proportional to the concentration of 25-OH Vitamin D in the 
sample. A dose response curve of the absorbance unit vs. concentration is generated using the results obtained 
from the calibrators. PTH was analyzed by using Hitachi (Elecsys 2010, Roche Company, Germany). Statistical 
analysis was performed with STAT1 software. The Student t test or Wilcoxon-Mann-Whitney test was used to 
assess group differences. 
 
Results: 

One thousand and fifty six samples (1056 patients) were collected through the years from 2005 to 2008 and 
were classified into four groups according to age and sex. The number of female patients participated in this 
study were 511 (48.4 %) of the number of the male patients (545). The number of years, the mean and the SD 
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for both genders is demonstrated in Table (1). There was no significant different between male and female 
results at early age from 0 to 3 years old. However, there was a significant difference has been seen from age 4 
to the age of 17 years old and above between the two groups (P < 0.005). 

 
Table 1: Demonstrates the mean and the SD for vitamin D in both male and female patients according to the age of each group from year 

2005 to 2008. N = Number of patients in each year. 
Year S

ex 
Statistics 0-3 4-6 7-9 10-13 14-16 17 

Above 
 
 
 

2005-2008 
 

M Mean 50.3 63.1 50.4 50.9 42.6 44.9 
 SD 14.9 8.7 15.1 11.5 9.8 18.7 
 N 132 121 101 94 61 36 

F Mean 49.8 75 60.4 40.7 35 22.7 
 SD 20.5 10.1 12.7 9.5 12.9 16.3 
 N 103 75 73 97 120 43 

 
For the results related to PTH, have shown the same trend with the same age group, that there was no 

significant difference between male and female children at the age of 0 to 3 years old. However, the P value was 
< 0.005 for the rest of the different age groups as seen in Table (2). 

 
Table 2: Demonstrates the mean and the SD for PTH in both male and female patients according to the age of each group from year 2005 to 

2008. N = Number of patients in each year. 
Year S

ex 
Statistics 0-3 4-6 7-9 10-13 14-16 17 

Above 
 
 
 

2005-
2008 

 

M Mean 6.90 5.92 6.56 6.32 6.95 6.86 
 SD 1.7 0.47 0.8 0.65 0.45 0.6 
 N 123 105 84 87 51 34 

F Mean 6.90 5.45 5.45 7.03 7.25 8.10 
 SD 1.17 0.89 0.89 0.51 0.59 0.49 
 N 103 68 65 91 115 41 

 
The circulating level of the inactive precursor 25-OH vitamin D is the universally accepted indicator of 

vitamin D status because it is easily measured, has the longest half-life in circulation (approximately 2 or 3 
weeks), and the levels of 25-OH vitamin D correlate with clinical disease states (Christakos, S, 2003).  
Currently, although the laboratory range of normal for 25-OH is 20 to 150 nmol / L, there is no universally 
accepted measure of adequate levels of 25-OH vitamin D.  Recently, based on the assumption that human beings 
evolved in an environment of unprotected sun exposure, some have suggested that sufficiency should be defined 
as the mean serum 25-OH vitamin D levels found in lifeguards (161 nmol / L), which is about 2.4 times above 
the mean of a more sun-restricted population (68.3 nmol / L) (Christakos, S, 2003). Deficiency indicates levels 
of 25-OH vitamin D corresponding to clinically evident disease states with respect to skeletal health (i.e. 
osteomalacia or rickets). In general, levels of vitamin D < 20 to 25 nmol / L are associated with deficiency 
(rickets and histological evidence of osteomalacia). Insufficiency is a more recent term, defined by laboratory 
values, specifically serum PTH levels within the normal range that can be decreased by vitamin D 
supplementation, in the absence of clinically evident osteomalacia or rickets (Christakos, S, 2003). In this four-
year experience at KAAUH it has been found that, the number of deficient patients for vitamin D for both 
gender was 317 cases (30 %) of the total number and for the insufficient cases was 392 (37 %). The total 
number of cases for vitamin D deficient for the male children was 154 cases in comparison to 163 cases in the 
female.  The difference is very significant in older age from 10 to 17 years. For the insufficient the total number 
was 392 cases (37 %) of the total number. However, the number of male cases was greater than the female 
number (78 %) were demonstrated to be in the categories of the insufficient as seen from the age of 0 to 16 
years old the mean value for vitamin D was with the limit of insufficiencies boarder line which has a range of 
50.3 ± 14.9 (< 37 to < 50 up to < 80 nmol \ l) (Christakos, S, 2003), the interesting point in this study that the 
female children were having more deficient level  of vitamin D in comparison to more insufficient level seen in 
the male group as seen in Table (3). 

In addition PTH was seen in consistence with the level of vitamin D that there was an increase in the level 
of PTH with less expression of vitamin D in the females in comparison to males in the same age groups as seen 
in Table (4). 

 
Table (3A, B): Demonstrates the number of deficient (A) and insufficient (B), cases for vitamin D in both male and female patients 

according to the age of each group from year 2005 to 2008.  N = Number of patients in each year. 
17 above     14-16 10-13 7-9 4-6 0-3 Year 

F M F M F M F M F M F M 
7 3 14 5 8 6 6 9 3 5 33 5 2005 
7 3 14 7 13 10 3 12 1 12 9 10 2006 
14 9 17 9 13 7 3 6 4 4 9 27 2007 
3 0 5 1 0 1 0 0 2 1 5 2 2008 
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31 15 50 22 34 24 12 27 10 22 26 44 N 
17 above 14-16 10-13 7-9 4-6 0-3 Year 

F M F M F M F M F M F M  
1 1 3 7 6 6 6 11 1 6 1 2 2005 
2 3 11 6 7 8 4 6 3 4 4 4 2006 
0 4 9 5 4 3 8 6 0 5 7 12 2007 
4 1 13 4 15 10 4 4 3 7 9 8 2008 
7 9 36 22 32 27 22 27 7 22 21 26 N 

 
Table 4: Demonstrates the mean and the SD for PTH and Vitamin D in both male and female patients according to the age of each group 

from year 2005 to 2008. 
Year Sex Mean ± SD 0-3 4-6 7-9 10-13 14-16 17 Above 

 
 

2005-2008 
 

M D 50.3±14.9 63.1±8.7 50.4±15.1 50.9±11.5 42.6±9.8 44.9±18.7 
PTH 6.90±1.7 5.92±0.47 6.56±0.8 6.32±0.65 6.95±0.45 6.86±0.6 

F D 49.8±20.5 75±10.1 60.4±12.7 40.7±9.5 35±12.9 22.7±116.3 
PTH 6.90±1.17 5.45±0.89 5.45±0.89 7.03±0.51 7.25±0.59 8.10±0.49 

 
Discussion: 

This study has provided useful quantitative evidence for the incidence of vitamin D deficiency among 
children of deferent age groups in our four year experience. Children how have high risk to develop rickets are: 
(infants nutritional insufficiency with diet low in calcium and phosphorus and vitamin D, very limited exposure 
to sunlight or a source emitting sunlight equivalent light, children with prolonged parenteral nutrition, 
malabsorption, and with liver disease. 

The calcium absorptive performance of the gut is a function of 25(OH) D, which conceder as a biomarker 
for vitamin D stores status of an individual. It has longest half-life in circulation (2-3 weeks). The levels of 25-
OH vitamin D correlate with clinical disease states. Numerous studies examined the relations between serum 

concentrations of 25(OH) D and varied health outcomes and concluded that optimal serum concentrations are 
>30 ng/mL (Raval-Pandya, M., 1998). When the 25(OH) D concentrations are low, the effective calcium 
absorption from the gut is reduced. In children where the calcium requirements are high, in the background of 
low dietary calcium and 25(OH) D levels, the peak one mass achieved is low, which in turn leads to high risk of 
fractures in old age group at a later date. Also, low calcium intake increases PTH which increases conversion of 
25(OH) D2 to 1, 25-dihydroxy vitamin D [1, 25(OH) 2D] which in turn stimulates the intestinal calcium 
absorption. In addition, 1, 25(OH) 2D induces its own destruction by increasing the 24-hydroylase. This 
probably explains the low 25(OH) D levels in individuals on high phytate or low calcium diet (Canadillas, S., 
2007). 

In particular, our results demonstrate the importance of increasing vitamin D intake to (400) IU/day or 
higher, an intake that cannot generally be achieved from diet alone. Many experts now feel that the current 
recommended dietary allowances (RDAs) that range from 200 to 400 IU/day are too low and that many 
individuals need intakes as high as 1,000 IU/day to achieve optimal vitamin D status. Suggesting that clinical 
and public health efforts to increase the use of vitamin D supplementation among uninsured individuals could 
have an important impact on improving vitamin D status. The interventions to improve Vitamin D intake is a 
low-cost public health intervention. The prevention and treatment of vitamin D deficiency may be the first way 
to reduce the risk for and consequences of serious medical conditions in this vulnerable population (Liu, S., 
2007). It has been found that there is persistent need for health education regarding the prevention and treatment 
of vitamin D deficiency in high risk groups. 

It is well-established that prolonged and severe vitamin D deficiency leads to rickets in children and 
osteomalacia in adults. More marginal vitamin D deficiency is likely to be a significant contributing factor to 
osteoporosis risk. However, recent emerging data from studies of adults suggest that low vitamin D status 
(serum 25-hydroxyvitamin D levels < 50 nmol / l) may be contributing to the development of various chronic 
diseases, including cardiovascular disease, hypertension, diabetes mellitus, some inflammatory and autoimmune 
diseases, and certain cancers. Adequacy of vitamin D status in children and adolescents has been the focus of a 
number of recent investigations, and these studies have shown a high prevalence of low vitamin D status during 
the winter (especially in adolescents), with lower prevalence during the summer. There fore, consideration of 
potential corrective strategies to allow children and adolescents to maintain adequate vitamin D status 
throughout the year, even in the absence of adequate summer sun exposure, is warranted. 
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