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Vitamin D status among the juvenile population: A retrospective study
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A B S T R A C T

Vitamin D deficiency is a clinical problem and recently we have shown that 82.5% of our entire study
cohort had inadequate serum 25(OH)D levels. In this study, we analysed serum 25(OH)D levels of juvenile
patients admitted to the Burjeel Hospital of VPS Health care in Abu Dhabi, United Arab Emirates (UAE)
from October 2012 to September 2014. Out of a total of 7883 juvenile patients considered in this study,
almost 58.1% of females and 43.3% of males in the age group of 1–18 years were found to have low serum
25(OH)D levels (<50 nmol/L). According to the coefficient of variation, females had significantly higher
variability among juveniles (63.8%) than males (49.9%). Among the juveniles group of patients, age
appears to be an important determining factor for defining vitamin D deficiency.The risk of deficiency
(<30 nmol/L) was found to be present in 31.4% of patients in the age group of 10–12 years, followed by
50.4% of patients in the age group of 13–15 years and 52.9% of patients in the age group of 16–18 years.
The analysed age groups of females were found to have lower levels of 25(OH)D than males. It is
important and perhaps alarming to note that such high rate of vitamin D deficiency is present in the
juvenile age.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently, we have reported that 82% of 60,979 patients part of
our comprehensive study have vitamin D deficiency or insuffi-
ciency, of which 26% of females and 18% of males have serum 25
(OH)D levels less than 30 nmol/L [1]. Vitamin D deficiency can
cause rickets in children or osteomalacia in adults [2–5]. According
to assessments, individuals with serum 25(OH)D levels between
30 and 50 nmol/L are at risk of developing bone diseases [6]
including osteopenia, osteoporosis with increased rate of fractures
in adults. Bone diseases related to vitamin D deficiency,
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particularly in adolescents with eating disorders,can increase
the risk of bone disorders [7]. Studies have also claimed that
vitamin D deficiency is associated with increasing risk of cancers,
autoimmune diseases, hypertension, and infectious diseases [3].
Nurses’ Health Study II provided the evidence on association
between higher adolescent serum 25(OH)D level with a lower risk
of benign breast disease [8,9]. In children, inadequate 25(OH)D
levels can affect the bone mineralization process and accelerate
bone dysfunction, earlier than the expected age. Adequate vitamin
D status is essential for maintaining musculoskeletal health and
beyond; such beneficial effects of vitamin D are partly exerted by
intestinal calcium and phosphorus absorption and by maintaining
mineral ion homeostasis [4,10–18].

Despite many studies have analysed the status of vitamin D in
adults and elderly, sufficient data on the status of serum 25(OH)D
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levels among juveniles of different age groups is not available from
the gulf region. Therefore,the present study was conducted to
examine the status of vitamin D among the juvenile population of
the United Arab Emirates and other countries.

2. Subjects

This study was conducted to determine serum 25(OH)D status of
juvenile patients admitted to the Burjeel Hospital in Abu Dhabi, UAE
from October 2012 to September 2014. The inclusion criteria
considered for the patients were juveniles suffering from diseases
without any effect on the serum 25(OH)D levels and patients whose
parents/guardians provided consent to participate in the study.
Analysed dataset consisted of 60,979 patients and out of these
patients, 7883 were juveniles. In this analysis, we included juveniles
(patients) in the age group of 1–18 years. The patients were sorted
into six equally distributed intervals of age. The serum 25(OH)D
levels were estimated in a single laboratory by chemiluminescence
technique. The dataset included gender, age and nationality of
patients tested for level of serum 25(OH)D. In the analysed group of
patients,there were 3586 males (45.5%) and 4297 females (54.5%).
4516 (57.2%) of patients in the data set were UAE nationals and 3367
(42.8%) were patients of other nationalities.

3. Study design and methods

According to the Institute of Medicine (IOM) recommendations,
the risk of vitamin D deficiency is defined as serum 25(OH)D level
below 30 nmol/L and efficacy started at 25(OH)D levels of at least
50–125 nmol/L [2]. By Anderson-Darling test, it is confirmed that
there is not a Gaussian distribution in the data on the significance
level of alpha 5%, therefore, the median was used to describe the
data and non-parametric tests and Spearman correlation coeffi-
cient for quantitative variables [age and level of 25(OH)D].
Spearman correlation coefficient below 0.3 represents a weak
dependency, within an interval 0.3–0.8 medium strong dependen-
cy and coefficient above 0.8 a strong dependency between
variables [19]. Statistical tests that do not assume that the data
follow a Gaussian distribution are referred to as non-parametric
tests [20]. Non-parametric tests are independent of the population
distribution [19]. Qualitative variables (gender, nationality and
interval of vitamin D levels) were calculated by coefficients Eta.
Coefficient Eta below 0.09 represents no relationship between
variables, within an interval 0.10–0.29 weak to medium strong
dependency, 0.30-0.49 medium to considerable dependency, 0.50–
0.69 considerable to strong dependency, 0.70–0.89 very strong
dependency and coefficient above 0.90 is considered to beal most a
perfect dependency [1,21]. Statistical softwares SPSS, IBM Statistics
23 and SAS 9.4 have been used for the analysis of data.

3.1. Measurement of total 25(OH)D

The measurement for circulating 25(OH)D is the best diagnostic
test for determining a person’s vitamin D status [22]. Vitamin D
estimation was done by chemiluminescence immunoassay (CLIA),
which is a quantitative immunoassay method used for the
determination of total 25(OH)D in serum on a fully automated
analyser. Currently, the ideal methods for measuring 25(OH)D3 are
based on high-performance liquid chromatography (HPLC) or
liquid chromatography with tandem mass spectrometry detection
(LC–MS/MS). This method simultaneously measures 25(OH)D2
and 25(OH)D3 HPLC and mass spectrometry are capable of
differentiating between these two forms, providing distinct results
for each of the fractions [23]. In practice, however, automated
immunoassays are the methods most commonly used by clinical
laboratories [24].
4. Data analysis

Median for 25(OH)D in patients was 47.9 nmol/L. The minimum
value of vitamin D in this group of patients was 7.5 nmol/L and
maximum 175 nmol/L. 24.6% of patients in the data set had a risk of
deficiency of vitamin D (<30 nmol/L) and 26.8% of patients had 30–
50 nmol/L. 45.8% of patients had serum 25(OH)D levels within the
range of 50–125 nmol/L and the rest of 2.9% had serum 25(OH)D
levels greater than 125 nmol/L.

Age and result value of vitamin D were tested by Kruskal-Wallis
non-parametric test. By p-value (Sig. = < 0.001) was confirmed at a
significance level 0.05 for the alternative hypothesis. That means
with probability 95% there is a statistically significant difference
between age groups in vitamin D, so age can affect the result value
of vitamin D. The age with the result value of vitamin D are
medium strong correlated with Spearman correlation coefficient
�0.615 at a significance level 0.001.

Gender and result value of 25(OH)D were tested by two-tailed
Mann-Whitney test. By p-value (Sig. = < 0.001) the alternative
hypothesis is confirmed, that means there is a statistically
significant difference between gender and vitamin D at a
significance level 0.05, so with probability 95% gender affects
the result value of vitamin D. According to coefficient Eta (0.196)
there was a weak to medium strong dependency between gender
and 25(OH)D.

Nationality and result value of 25(OH)D were tested by Mann-
Whitney non-parametric test. By p-value (Sig. = < 0.001) the
alternative hypothesis is confirmed, that means there was a
statistically significant difference between nationalities and
vitamin D at a significance level 0.05, so with probability 95%
nationality affects the result value of vitamin D. Coefficient Eta
(0.157) showed there is a weak to medium strong dependency
between nationality and vitamin D.

5. Results

5.1. Levels of serum 25(OH)D analysed for gender

According to bar chart (Fig. 1), it is obvious that male patients
have higher median of 25(OH)D than females in all analysed
age groups and this difference between gender is increasing with
age from 4 years till 15 years. According to the chart both, males
and females, had levels of vitamin D decreasing with increasing
age, the blue dotted line depicts the median of 25(OH)D
(47.9 nmol/L).

Risk of deficiency (<30 nmol/L) was observed more for females
(33.1% of females) than males (14.4% of males), as well the sign
scheme revealed significantly more female patients with a level of
serum 25(OH)D less than 30 nmol/L (Table 1). Serum 25(OH)D level
above 30 nmol/L is seen more frequently in males. The presence of
serum 25(OH)D levels (<50 nmol/L) was observed in 58.1% females
and 43.3% males. Significantly a higher number of male patients
had serum 25(OH)D levels in the range of 50–125 nmol/L.

5.2. Levels of serum 25(OH)D analysed for nationality

UAE nationals had a median serum 25(OH)D level of
43.92 nmol/L and patients from other nationalities had
53.64 nmol/L. A high coefficient of variation was found in both
groups of patients. There was a higher variation of vitamin D
between juvenile patients in group of UAE nationals(58.9%)
compared to other nationalities which was 54.8%.

According to Table 2, the risk of deficiency of 25(OH)D
(<30 nmol/L) was found more in UAE nationals (29.5% of UAE
nationals) than other countries (18% of other nationalities). A total
of 27.5% of UAE nationals and 25.7% patients of other nationalities



Fig. 1. Median level of 25(OH)D in Juveniles vis-à-vis different age and gender.
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were found to be suffering from inadequate levels of vitamin D
within the interval of 30–50 nmol/L. The adequate levels (50–
125 nmol/L) were found more in the group of other nationals
(51.9%) as compared to UAE nationals (41.2%). Potentially for
harmful levels of vitamin D (>125 nmol/L) there were 4.4%patients
of other nationalities and 1.8% UAE nationals.The sign scheme
shows that in UAE nationals suffer significantly more than
expected with deficiency and inadequate levels of vitamin D with
serum 25(OH)D level less than 50 nmol/L while higher number of
patients from other nationalities had serum 25(OH)D levels higher
than 50 nmol/L.
Table 1
Vitamin D cross-tabulation with sign scheme in juveniles vis-à-vis gender.
5.3. Levels of serum 25(OH)D analysed for age

Juvenile patients were sorted into 6 age groups, the highest
median of vitamin D was found in age group of patients less than 3
years old (80.4 nmol/L) and the median was decreasing with
increasing age, which was already in the interval of inadequate
level (30–50 nmol/L) among patients older than 7–9 years (median
47.4 nmol/L) and risk of deficiency among older than 13–15 years
(median 29.3 nmol/L). While higher percentage of patients in the
age group of 16–18 years, had low serum 25(OH)D levels and were
found to have a higher risk of deficiency (median 28.3 nmol/L). The
highest coefficient of variation was found in the age group 16–18



Table 2
Vitamin D cross-tabulationwith Sign Schemein juveniles vis-à-vis nationality.
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years (89.5%), 13–15 years (78.0%) and 10–12 years (53.9%), a
higher variation of level of vitamin D among patients in
comparison with other age groups was observed.

Table 3 shows the median levels of 25(OH)D of all 7883 juvenile
patients with age groups.

As shown in Table 4, 52.9% of juvenile patients in the age group
of 16–18 years and 50.4% juvenile patients in the age group of 13–
15 years had deficient serum 25(OH)D (<30 nmol/L). Conversely,
there were only 2.2% of patients in the age group 1–3 years with
risk of deficiency. The frequency of patients with the risk of
deficiency (<30 nmol/L) was increasing with increasing age.
Inadequate levels of vitamin D within the interval 30–50 nmol/L
was found mostly in age groups of 7–9 years (41.7%) and 10–12
years (40.8%).

On the other hand, lowest number of patients under 3 years of
age were found to have inadequate level 30–50 nmol/L (6.7%)
however, this age group had the highest percentage of patients
with 25(OH)D at a level higher than 50 nmol/L (80.4%). The
adequate level was also found for patients in the age group of 4–6
and 7–9 years (69.2% and 44.8%). The lowest number of patients
with vitamin D at a level above 50 nmol/L were found in the age
groups of 13–15 years (20%) and 16–18 years (20.8%).

In the age group of 1–6 years,a significantly higher number of
patients than expected were present with a level of serum 25(OH)
D more than 50 nmol/L. Also in the age group of 7–9 years a
significantly higher number of patients than expected were
present with a level of serum 25(OH)D within an interval 30–
50 nmol/L. In the age group 10–12 years significantly higher
number of patients than expected had serum 25(OH)D levels less
than 50 nmol/L. By coefficient of variation, the highest variation of
serum 25(OH)D was found among patients in age group of 13–18
years.
Table 3
Median levels of 25(OH)D in different age groups.

Age (years) Gender

Female (n = 4297), 25(OH)D nmol/L Ma

1–3 83.53 88.
4–6 59.51 61.2
7–9 43.87 51.1
10–12 32.64 43.
13–15 24.60 37.0
16–18 24.69 34.

Total 42.37 54.
6. Discussion

Adolescence is a period of rapid growth which necessitates the
requirement of vitamin D for skeletal growth and development.
Vitamin D deficiency is highly prevalent, even in countries with
abundant sunshine, when skin exposure to UVB sunlight is limited
by lifestyle and other associated factors. The study was conducted
on a total of 7883 juvenile patients in the age group of 1 to 18 years
selected from a study cohort of 60,979 patients and out of these
patients. The prevalence of severe vitamin D deficiency in juveniles
is inconsistent, but it is much higher countries, especially in the
Middle East and Southeast Asia [25]. The presence of low serum 25
(OH)D levels (<50 nmol/L) in 58.1% females and 43.3% males in our
study is similar to vitamin D deficiency documented by earlier
studies [26,27]. Age is the most important factor of all studied
factors affecting level of vitamin D. With the increase in age, the
number of juvenile patients with sufficient levels of serum 25(OH)
D (50–125 nmol/L) decreased from 80% in the age group of 1–3
years to only 20.8% for the age group of 16 to 18 years. Recent study
on the different ethnic group of adolescent population revealed
similar results [28]. The possible mechanism for the decline in the
status of serum 25 (OH)D with age is not well understood. A higher
percentage (33.1%) of females than males (14.4%) were found to be
suffering from vitamin D deficiency in the present study. Similar
results were found in studies conducted earlier [29–31]. Karoll
et al. [32] studied seasonal variation of 25(OH)D3 for all genders
and latitudes. These authors found that vitamin D deficiency and
insufficiency was common (33% < 20 ng/mL; 60% < 30 ng/mL) as
was elevated iPTH levels (33% > 65 pg/mL). The percentage of
patients deficient in 25(OH)D3 seasonally varied from 21% to 48%
and the percentage with elevated iPTH reciprocally varied from
28% to 38%.

Our results from a relatively large cohort suggest that an effective
strategytopreventriskofdeficiencyandinadequate levelsofvitamin
D is necessary. Juvenile patients with serum 25(OH)D <30 nmol/L
le (n = 3586), 25(OH)D nmol/L Total (n = 7883), 25(OH)D nmol/L

63 86.14
3 60.53
8 47.39
09 37.70
6 29.34
90 28.30

20 47.95
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were providedwithaweeklyoral dose of vitamin D supplementation
(50,000 IU/week). Both observational and experimental studies have
reported benefits of vitamin D supplementation and increased
exposure to safe sunlight as a way to increase 25(OH)D synthesis to
reduce the risk of musculoskeletal diseases. Since hypovitaminosis
of D status usually reflects reduced sunlight exposure [10], the
obvious primary replacement should be safe sunlight exposure,
when available. Of relevance, safe sunlight exposure can reduce the
bone deformities including rickets and osteoporosis. A higher risk for
rickets due to lack of sunlight exposure was noted more than a
century ago [33]. Finally, as our studied cohort of juvenile patients
were admitted patients in the hospital, it is difficult to determine
whether inadequate vitamin D status is a cause or a consequence of
their diseases. More studies are required to be conducted especially
in the Middle East and Southeast Asia regions to strengthen the
findings of the present study.
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