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ABSTRACT

Background: Although vitamin D deficiency has been documented as a frequent problem in studies of
young adults, elderly persons, and children in other countries, there are limited data on the prevalence of
hypovitaminosis D among apparently healthy Egypt adolescents. Objective: To determine the prevalence of
hypovitaminosis D in apparently healthy adolescents and establish the effect of some predictors like season,
sex, BMI, and age on hypovitaminosis D. Study design: Children ages 10to 16years from Al-Sharkia
Governorate, Egypt, were studied: 50in the Summer of 2009and 40in the Winter of 2010. They had a clinical
examination and blood was drawn for 25-OHD, calcium, phosphorus, and alkaline phosphatase levels. Results:
We found that, the prevalence of hypovitaminosis D was 62.2 % of the children, 38.9% of the children were
vitamin D-insufficient and 23.3% were vitamin D-deficient. Winter group had significantly lower concentration
of 25-OHD and higher percentage of hypovitaminosis D status than did in summer group. Females had
significantly lower concentration of 25-OHD and higher percentage of hypovitaminosis D status than did in
males. Overweight and obese children had significantly lower concentration of 25-OHD and higher percentage
of hypovitaminosis D status than did in normal weight children. Children # 12 years in winter had significantly
lower concentration of 25-OHD and higher percentage of hypovitaminosis D status than did in children <12
years in winter. Conclusion: This might be an important public health problem and in addition to its effect on
the growing skeleton, hypovitaminosis D may affect other organ systems adversely. Recommendations: Our
findings support a recommendation for vitamin D supplementation, for children and adolescents especially
during the fall and winter months. Vitamin D supplementation is an efficient and feasible way to maintain
serum 25(OH)D levels. This supplementation is not for the prevention of hypovitaminosis D only, but also as
a prophylaxis for osteoporosis.
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Introduction

During childhood and adolescence, vitamin D is important for calcium absorption and bone growth and
accretion. In addition to skeletal effects, including maintenance of normal bone turnover, mineralization during
adulthood, and prevention of rickets in children, vitamin D may confer protection against health problems such
as type 1 diabetes mellitus, hypertension, multiple sclerosis, and cancer (Gordon, 2004).

The distance that sunlight travels to the earth's atmosphere is the least in regions nearest the equator. Thus,
ultraviolet B radiation (UVB) rays are the most intense and vitamin D synthesis is possible all year long in
zones extending between latitudes 23.5°N and 23.5°S to the equator (the tropics). In latitudes higher than the
tropics, the angle of light striking the earth is such that UVB intensity becomes insufficient for vitamin D
synthesis (Gordon, 2004). In temperate zones (23.5°–66.5°), people lack sufficient UVB to synthesize vitamin
D for 1month of the year, whereas those nearer to the poles do not get enough UVB radiation for vitamin D
synthesis for most of the year(Gordon, 2004; Holick, 2002). Sun exposure is perhaps the most important source
of vitamin D because exposure to sunlight provides most humans with their vitamin D requirement. 
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Ultraviolet rays from the sun trigger vitamin D synthesis in skin (Ladhani, 2004). Vitamin D-synthesized
by the skin or obtained by food-is metabolized by the liver into 25-hydroxyvitamin D, which is hydroxylated
in the kidney by the enzyme 25-hydroxyvitamin D-1α hydroxylase (encoded by the gene CYP27B1) to the
active form 1,25-dihydroxyvitamin D. The actions of 1,25-dihydroxyvitamin D in multiple target tissues are
mediated by the nuclear vitamin D receptor (VDR), a phosphoprotein that binds the hormone with high affinity
(Crocombe, 2004). Serum 25-hydroxyvitamin D level is the best marker of whole-body vitamin D status
(Ladhani, 2004; Crocombe, 2004). The cut-off to define vitamin D deficiency has been a matter of debate
during the past decade; some consider levels >75 nmol/l to define sufficiency, (Das G, 2005; Ogden, 2002)
while others consider 50 nmol/l an adequate cut-off level (Cole, 2000).

There have been reports of adolescents presenting with symptoms of vitamin D deficiency; carpopedal
spasms, hypocalcaemic seizures, limb pains, muscle weakness, difficulty in walking/climbing stairs and lower
limb deformities (Ladhani, 2004; Crocombe, 20004). These subjects had low serum concentrations of 25-
hydroxycholecalciferol (25OHD; a measure of an individual’s vitamin D status), raised concentrations of serum
parathyroid hormone (PTH) and some had radiological features of rickets (5. Das, 2005).

Patients and Methods:

Our study included 90 apparently healthy Egyptian school children (aged 10 to 16 years) of both sexes
because this is a critical period for skeletal mass accretion. 
We excluded from the study:
1. The subjects with hepatic or renal diseases.
2. The subjects who had taken any drug that interferes with bone mineral metabolism, such as glucocorticoids,

anticonvulsants and antituberculous drugs
3. The subjects who had taken vitamins.

The study was implemented in 2periods: at the end of summer (September 2009) in which 50 subject were
studied (25 male and 25 female) and at the end of winter (March 2010) in which 40 subject were studied (16
male and 24 female).

After Taking Concept from Parents All Children Were Subjected To:
I. Complete History Taking Including:

a. Personal history (name, age, sex and location).
b. Dietetic history (e.g., milk, egg, liver and canned salmon and sardin consumption).
c. Sun ray exposure.
d. Hepatic or renal diseases. 
e. Drugs such as anticonvulsant, glucocorticoids, antituberculous and vitamins.   
f. Symptoms attributable to hypovitaminosis D or hypocalcemia (convulsions or seizures, frequent fractures,

bone ache, back pain, muscle spasm muscle weakness and waddling gait).

II. Thorough Clinical Examination Including:

a. General appearance.
b. Complexion (pallor, cyanosis, jaundice).
c. Observation of any Gait disturbances.
d. Vital signs (pulse, blood pressure, temperature, and respiratory rate).
e. Measurements of (white, height).
f. Chest, heart and abdominal examination.
g. Palpation of the skeletal system to search for tenderness and bony abnormalities.
h. Chvostek, Trousseau, and Erb procedures for detecting latent tetany.

The Subjects Were Divided into Groups According To: 

1. Age into two groups, primary school (# 12 years old), and preparatory and secondary schools (<12 years
old).

2. Sex into two groups, female and male.
3. BMI into two groups, normal group (> 85 percentile) and overweight and obese group (< 85 percentile).
4. Time of examination into two groups, summer and winter. Each season divided into groups according to

age, sex and BMI as before. 
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Overweight in children is defined by a statistical approach used for the Centers of Disease Control (CDC)
2000 growth charts (Ogden, 2002). Overweight and obesity in children were defined as a BMI <85th and
<95th percentile (overweight) and a BMI <95th percentile (obese) for their age and sex (Cole, 2000).

One venous blood sample (3 ml) was obtained for each subject. Blood samples were centrifuged within
2 hours of sampling, and serum was frozen and stored at -20oC until analyzed for measurement of serum 25-
OHD, calcium, phosphorus, and alkaline phosphatase levels. Serum 25-OHD was measured by ECL.
(Electrochemiluminescence) (Roche Diagnostics on ElecsysR 2010 system).

The normal laboratory range for total serum calcium is 8.8–10.8 mg/dl, and that for serum phosphorus is
3.7-5.6 mg/dl (Kalayci, 2001). The normal laboratory range for serum AP is 100–275 IU/L in adults and
180–1200 IU/L in children before epiphyseal closure (Raman, 2005).

Hypovitaminosis D was defined as 25OHD # 50 nmol/L, vitamin D deficiency was defined as a 25OHD
< 25nmol/L, and insufficiency as a 25-OHD between 25nmol/L and 50nmol/L (American Academy of
Pediatrics, 2003).

Statistical Analysis:

Data of the current study was processed using SPSS Ver. 14.0 under Microsoft Windows Xp. Continuous
data were expressed in the form of mean slandered divisions (X±SD). Categorical data were expressed in the
form of number and percent. For comparison of continuous data we used student "t" test, while categorical
data were compared using Chi-square test (χ2). Linear regression analysis was used to determine the value of
certain variables as predictors of the study outcome. Correlation between variables was done using correlation
coefficient “r”. This test detects if the change in one variable was accompanied by a corresponding change
in the other variable or not. Level of significance for all the above statistical tests done, the threshold of
significance is fixed at 5 % level (P value).

Results:

Table 1 showed that there is non significant difference between summer group children and winter group
as regards mean age and percentage of males and females in each group. Also, there are significant difference
between mean height of summer group children and winter group children, and non significant difference as
regards weight and BMI.
In our study we found that the prevalence of hypovitaminosis D in our sample is 62.2%, (38.9 %) of them
have vitamin D insufficiency (25-50 nmol/L), and (23.3 %) have vitamin D deficiency (# 25 nmol/L) (Table
2).

We showed that vitamin D level is significantly lower in the cases of winter group than that of summer
group and there are no significant variations in the other laboratory parameters (Alkaline phosphatase, Calcium
and Phosphorus) (Table 3). Winter cases have significant higher percentage of hypovitaminosis D than summer
case (Table 4).

In this study there is no significant difference between the mean of vitamin D level of the two age groups
(# 12 years and > 12 years) except in winter group (Table 4). Also there is no significant difference between
the percentages of hypovitaminosis D in the two age groups except in winter group (Table 5).

Over weight and obese cases with BMI < 85 percentile have vitamin D level significantly lower than
normal cases with BMI < 85 percentile in the studied cases (Table 6). 

Table 6 showed that female sex and winter season are the main positive predictors of hypovitaminosis D
besides over weight (BMI < 85 percentile). 

Over weight and obese group (BMI > 85 percentile) has significantly higher percentage of hypovitaminosis
D than normal group (BMI < 85 percentile) in the studied cases (Table 7). 
Table 8 showed that there is insignificant positive correlation between serum 25(OH)D and both serum Ca and
P and insignificant negative correlation with alkaline phosphatase.

Discussion:

The prevalence of vitamin D deficiency in the world is on the rise not only in developing but in developed
countries as well (Hochberga, 2003). It was noted that deficiency of vitamin D in infants increasingly depends
on their mother’s vitamin D status in some ethnic groups of developed countries (Shaw, 2002).

Recent reports on vitamin D deficiency and/or rickets in adolescence pointed out a high prevalence in the
Middle East (Narchi, 2001; Du, 2001). Vitamin D deficiency during adolescence may lead to carpopedal
spasms, diffuse limb pains, deformities of the lower limbs, and generalized weakness (Shaw, 2002).
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Serum 25-Hydroxyvitamin D [25(OH)D] is the precursor of the active metabolite calcitriol, and its
concentrations reflect body stores of vitamin D. Serum 25(OH)D levels are dependent on vitamin D intake, and
cutaneous synthesis in the skin upon exposure to solar UV-B radiation (UVB). The vitamin D content of most
conventional food is not adequate for maintaining of normal plasma levels; therefore, cutaneous production is
the most important source (Holick, 2003).   

The vital role of vitamin D in bone mineralization depends on its critical role in the absorption of calcium
and phosphorus in the intestine as well as the differentiation of cells in the osteoblastic lineage (Holick, 2003).

In healthy normal subjects, bone mineralization continues throughout childhood and young adulthood until
peak bone mass is reached. During this process, total body calcium increases from 25 g in newborns to 900
g in women, and 1200 g in men (Leonard, 2002).

The primary objective of this study was to determine the prevalence of hypovitaminosis D among
apparently healthy school children and adolescents aged 10–16 years during their period of most rapid growth.
The secondary objectives were to establish the effect of some predictors like season, sex, BMI, and age on
hypovitaminosis D. Our aim from comparing between primary and both preparatory and secondary schools
subjects is to know the effect of puberty on serum vitamin D level. We preferred the dividing of our subjects
was according to the tanner stage but most of the subjects specially females reject examination of sexual
organs. More studies are needed to show the difference of serum vitamin D level between the two age groups.

There were no consistent definitions of hypovitaminosis D; values corresponding to vitamin D deficiency
ranged from less than 5 ng/mL to less than 12 ng/mL, and those for vitamin D insufficiency ranged from less
than 10 ng/mL to less than 32 ng/mL (to convert 25-hydroxyvitamin D concentrations to nanomoles per liter,
multiply by 2.496). The following assays were used: radioimmunoassay (7 studies), competitive binding protein
assay (3 studies), automated chemiluminescence protein-binding assay (3 studies), and enzyme-linked
immunosorbent assay (1 study). Breastfed infants in winter who did not receive vitamin D supplementation
were the most severely vitamin D deficient (78%). Estimates of the prevalence of hypovitaminosis D ranged
from 1% to 78%. Older age, winter season, higher body mass index, black race/ethnicity, and elevated
parathyroid hormone concentrations were associated with lower 25-hydroxyvitamin D concentrations (Rovner,
2008).

In our study there is non significant difference between summer group children and winter group as
regards mean age and percentage of males and females in each group. There is significant difference between
mean height of summer group children and winter group children, and non significant difference as regards
weight and BMI (Table 1).  

In this study we found that, even in a sunny country like Egypt a significant proportion of children and
adolescents suffered from hyopvitaminosis D. The prevalence of hypovitaminosis D (#50 nmol/L) in this study
was 56 subjects (62.2 %), 35 (38.9 %) of them have vitamin D insufficiency (25-50 nmol/L), and 21(23.3 %)
have vitamin D deficiency (# 25 nmol/L) as shown in Table (2).

Serum 25(OH)D is our best available laboratory aid for diagnosing frank vitamin D deficiency, which
causes rickets in children and osteomalacia in adults. Vitamin D deficiency is typically associated with
25(OH)D levels below 25 nmol/L. However, identification of inadequate levels of vitamin D for optimal bone
health-vitamin D "insufficiency"- is likely of greater clinical importance, which defined as serum 25-OHD level
between 25and 50nmol/L (10-20 ng/mL) (Chapuy, 1997). However, some investigations have suggested that
the threshold for vitamin D insufficiency should be the 25(OH)D level below which parathyroid hormone
secretion begins to rise. The authors of these studies have proposed that the cutoff value for vitamin D
insufficiency may be as high as 80 nmol/L (Lips, 2001). On the basis of the definition of insufficiency (less
than 50 nmol/L), 62.2 % of our subjects had hypovitaminosis D (Table 2). If the proposed 80 nmol/L threshold
is used, 90 % of our subjects would be assessed as having had hypovitaminosis D.

A comparison of serum vitamin D data with other studies may not be entirely appropriate, given the fact
that different studies were conducted in different seasons and using different assays. Nonetheless, according
to the Lips classification (Lips, 2001). Raman et al. (2005) found that hypovitaminosis D (< 50 nmol/L) was
seen in 88 % of apparently healthy adolescents in New Delhi, India, which compares with 62.2 % of children
in the current study (Table 2).

In our study we found that there is a significant variation in the mean of vitamin D level between winter
and summer. The mean vitamin D level of subjects in winter was 35.92 nmol/L which is significantly lower
than that of summer 50.35 nmol/L, (p value = 0.003) (Table 3). Winter cases have significant higher
percentage of hypovitaminosis D than summer cases (80% vs 48%, P=0.002) (Table 4). Table 5 showed that
there is non significant difference between mean of vitamin D level in two groups of age (< 12 years) and
(#12 years) in the studied cases. Vitamin D level is significantly lower in females than males in the studied
cases. Over weight and obese cases with BMI < 85 percentile have vitamin D level significantly lower than
normal cases with BMI < 85 percentile in the studied cases (Table 5).
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In this study, conducted at a latitude of 31°N, the mean 25-OHD level for female group was 33.24 nmol/L
and for male group was 56.72 nmol/L (Table 5), a finding consistent with the decrease noted in other studies
conducted at more northern latitudes: it was 26.1nmol/L in healthy adolescent girls attending an inner city
school  in UK (Das, 2005), and 20.5nmol/L in male adolescents from Northern Paris (49°N).

Foo et al. (2009) recommended that policies be developed to prevent vitamin D deficiency in adolescent
girls. Further studies are needed to identify the mechanisms whereby vitamin D status is related to exercise
and to body composition during growth.

In this study we shows that there is non significant difference between percentage of children have
hypovitaminosis D in two groups of age) # 12 years) and (<12 years) in the studied cases (Table 6). Also,
we found that female group has significantly higher percentage of hypovitaminosis D than male group in the
studied cases. Over weight and obese group (BMI > 85 percentile) has significantly higher percentage of
hypovitaminosis D than normal group (BMI < 85 percentile) in the studied cases (Table 6).

In another study from Finland, Outila et al. (2001) found that (61.8 %) of apparently healthy females aged
14-16 years old had serum 25(OH)D concentration > 40 nmol/L and 13.5 % were considered vitamin D
deficient when the serum 25(OH)D concentration of 25 nmol/L was used as a cutoff. In our study we found
that 85.7 % of apparently healthy females have hypovitaminosis D according to our cutoff for serum 25(OH)D
(< 50 nmol/L) (Table 6). We found that there is no significant relation between age and 25(OH)D in our
sample  by, student T test for the mean of vitamin D level (Table 5), Chi-square test for vitamin D status
(Table 6), linear regression analysis for vitamin D level predictors (Table 8).

In this study we found that there is insignificant positive correlation between serum 25(OH)D and both
serum Ca and P and insignificant negative correlation with alkaline phosphatase (Table 7).

Gordon et al. (2004) using a broader definition (25OHD level, </=20 ng/mL [</=50 nmol/L]), 129 patients
(42.0%) were vitamin D insufficient. Serum 25OHD levels were inversely correlated with parathyroid hormone
levels (r = -0.29), and were 24% lower during winter compared with summer. In a final multivariate model,
season, ethnicity, milk and juice consumption, body mass index, and physical activity were significant
independent predictors of hypovitaminosis D.

In our study, linear regression analysis for vitamin D level predictors, shows that female sex (p = 0.0001)
and winter season (p = 0.0001) are the main positive predictors of hypovitaminosis D besides over weight and
obesity (BMI < 85 percentile) (p = 0.032), while the relation between age and vitamin D level is non
significant (Table 8). 

Table 1: Demographic characteristics of the studied groups.
Summer (n = 50) Winter (n = 40) t p

Age (year)
Mean ± SD 13.16 ± 1.82 12.52 ± 1.85
Range (10 – 16) (10 – 16) 1.630 0.107

Sex
Male 25 (50.0 %) 16 (40.0 %)
Female 25 (50.0 %) 24 (60.0 %) χ 2 = 0.896 0.344
Weight (kg) 55.74 ± 12.01 52.65 ± 12.28 1.201 0.233
Height (m) 1.55 ± 0.11 1.50 ±  0.10 2.312 0.023*
BMI  (kg/m2) 22.86 ± 3.33 23.01 ± 3.16 0.217 0.829

Table 2: Percentage of hypovitaminosis D of children in the studied cases.
No %

Normal vitamin D status (<50 nmol/L) 34 37.8
Hypovitaminosis D (# 50 nmol/L) 56 62.2
Vitamin D insufficiency (25-50 nmol/L) 35 38.9
Vitamin D deficiency (# 25 nmol/L) 21 23.3

Table 3: Laboratory parameters in the studied groups summer and winter.
Summer (n = 50) Winter (n = 40) t p

Vitamin D(nmol/L) 50.35 ± 23.28 35.92 ± 20.58 3.075 0.003*
AP (IU/L) 444.82 ± 100.01 419.37 ± 129.89 1.050 0.297
Calcium (mg/dL) 8.51 ± 0.74 8.39 ± 0.66 0.783 0.436
Phosphorus (mg/dL) 4.29 ± 0.55 4.27 ± 0.53 0.182 0.856

Table 4: Vitamin D status in the winter and summer groups .
Summer (n = 50) Winter (n = 40) χ2 p

Normal vitamin D level ( < 50 nmol/L ) 26 (52.0 %) 8 (20.0 %) 9.68 0.002*
Hypovitaminosis D (#  50 nmol/L ) 24 (48.0) 32 (80.0 %)
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Table 5: Relation of vitamin D level to age, sex and BMI percentile in the studied cases.
Vitamin D level (nmol/L) t p
Age 

# 12 years (n = 38) 44.18 ± 20.85
> 12 years (n = 52) 43.76 ± 24.91 0.085 0.93

Sex 
Male 56.72 ± 22.76
Female 33.24 ± 17.49 5.52 0.0001*

BMI
<85 percentile (n = 38) 53.84 ± 22.42
> 85 percentile (n = 52) 36.69 ± 21.08 3.71 0.0001*

Table 6: Relation of age, sex and BMI percentile to vitamin D status in the studied cases.
Normal vitamin D level (< 50 nmol/L) Hypovitaminosis D (#  50 nmol/L) χ2 p

Age 
# 12 years (n = 38) 16 (42.1 %) 22 (57.9 %)
> 12 years (n = 52) 18 (34.6 %) 34 (65.4 %) 0.52 0.46

Sex 
Male (n = 41) 27 (56.9 %) 14 (43.1 %)
Female (n = 49) 7 (14.3 %) 42 (85.7 %) 25.25 0.0001

BMI
<85 percentile (n = 38) 24 (63.2 %) 14 (36.8 %)
> 85 percentile (n = 52) 10 (19.2 %) 42 (80.8 %) 18.023 0.0001*

Table 7: correlation between serum 25(OH)D and other laboratory parameters.
r P

Serum 25(OH)D versus Ca. 0.0139 0.191
Serum 25(OH)D versus P 0.062 0.559
Serum 25(OH)D versus AP - 0.015 0.889

Table 8: Linear regression analysis for vitamin D level predictors.
t p

Season -5.55 0.0001***
Sex 4.99 0.0001***
BMI -2.18 0.032*
Age 1.47 0.145
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