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Abstract:

Vitamin D deficiency is a prevalent health issue among children, with potential consequences for bone health
and overall well-being. This study aimed to investigate the prevalence of vitamin D deficiency in a pediatric
population and identify associated factors. A cross-sectional study was conducted on 400 children (aged 1-10
years) recruited from medical laboratories in Gharyan City, Libya, between January 2022 and June 2024.
Participants were categorized based on their vitamin D levels (deficient, insufficient, adequate, or optimal).
Demographic data (age, gender) and vitamin D levels were collected and analyzed using descriptive statistics
and two-way ANOVA. Approximately half of the study participants (49.75%) exhibited vitamin D deficiency.
Females had a slightly higher prevalence of deficiency (27.5%) compared to males (22.25%). Significant
differences in vitamin D levels were observed across age groups. Infants under 12 months had higher levels
compared to older children (36-72 months). While gender was not a significant predictor of vitamin D
deficiency in our study, previous research has suggested potential gender-related disparities. The findings of
this study highlight the concerning prevalence of vitamin D deficiency among children in the region. Age
appears to be a significant factor influencing vitamin D status, with younger children being more susceptible to
deficiency. While gender may not be a major determinant in this population. The high prevalence of vitamin D
deficiency in our study underscores the importance of promoting sun exposure, dietary intake of vitamin D-rich
foods, and supplementation strategies to address this public health issue. Further research is needed to explore
the underlying factors contributing to vitamin D deficiency in children
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Introduction

Vitamins are necessary nutrients for the best possible growth and function of the body. Water-soluble and fat-
soluble vitamins are the two primary types of vitamins. Vitamins that are fat-soluble, including A, D, E, and K,
are essential for numerous physiological functions. Many health issues can arise from a vitamin deficiency.
These vitamins have different suggested daily intakes; vitamin D, for example, usually needs higher quantities
(8000-5000 micrograms/day) because of its involvement in bone health and calcium absorption [1]. The liver
transforms vitamin D—whether it comes from oral supplements or is produced by exposure to UV radiation—
into 25-hydroxyvitamin D [25(OH)D]. Vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) are the two
main forms of vitamin D. The human body's metabolic pathways for these two types are nearly the same,
despite the minor structural variations in their side chains [2,3]. Vitamin D levels are determined by measuring
this metabolite. Vitamin D has antioxidant qualities in addition to controlling calcium and phosphorus. It also
encourages bone mineralization, boosts phosphate reabsorption, and stimulates cell proliferation [4, 5, 6].
Through its ability to suppress the creation of blood vessels around tumors and so cut off the supply of nutrients
needed for tumor growth; vitamin D also lowers the risk of cancer. In addition, it lowers the risk of
cardiovascular illnesses by blocking the blood pressure-regulating renin-angiotensin system. It also lowers the
chance of respiratory infections including COVID-19 and influenza, as well as type 1 and type 2 diabetes [7].
Low levels of vitamin D cause the intestines to absorb calcium less well, which lowers blood calcium levels. As
a result, several various disorders are caused by vitamin D insufficiency (VDD) [8]. Restricted fetal growth has
also been linked to VDD in pregnant women [9]. Furthermore, this deficit can result in low birth weight, high
incidence of cesarean sections, gestational diabetes, and other health issues for both the mother and the child.
[10, 11, 12], VDD can have grave repercussions. may result in rickets in children, which is characterized by
weak and malformed bones. Adults with a vitamin D deficit may develop osteomalacia (softening of the bones),
osteoporosis, or persistent muscle soreness. Furthermore, vitamin D is essential for the growth of the lungs,
teeth, bones, and nervous system in fetuses [13, 14, 15]. Numerous unfavorable health consequences for the
pregnancy and the baby have been linked to VDD. Hypocalcemia in neonates and heightened vulnerability to
respiratory infections have been associated with intrauterine vitamin D insufficiency [16, 17]. Moreover,
vitamin D insufficiency has been linked to poor growth, type 1 diabetes, asthma, delayed heart growth in
infants, and an elevated risk of HIV transmission [18]. Numerous non-skeletal illnesses, such as neurological
conditions, cardiovascular conditions, autoimmune diseases, and even some forms of cancer, have been closely
associated with VDD [19]. Newborns with VDD have been common, particularly those whose moms did not
take vitamin D supplements or get enough sun exposure [20]. The prevalence of vitamin D deficiency (VDD) in
infants who are exclusively breastfed without supplementation varies greatly, with values ranging from 0.6% in
Nepalese children at seven months of age [22] to as high as 83% in Qatari newborns at one month of age [23].
This variation can be attributed to the low quantities of vitamin D found in breast milk [21]. Numerous factors,
such as geographical location (latitude and season), skin pigmentation, dress behaviors, and methodological
discrepancies, are probably responsible for these disparities [24, 25]. Although vitamin D deficiency (VDD) has
been associated with a number of health issues, vitamin D supplementation has demonstrated potential to
improve a number of health outcomes, including positive effects on total T4 and TSH levels in patients with
type 2 diabetes who also have thyroid abnormalities. Additionally, taking vitamin D supplements is a safe,
affordable way to improve general health [26, 27]. A 25(OH)D level less than 20 ng/mL is considered very low
disease (VDD), according to the National Academy of Sciences (NAS) and the Recommended Dietary
Allowance (RDA). On the other hand, vitamin D deficiency was classified as less than 12 ng/mL, insufficiency
as 12-20 ng/mL, and sufficient as 50 nmol/L (20 ng/mL) in the 2016 Global Consensus Guidelines [25, 28].
Regular sun exposure is essential for maintaining proper amounts of vitamin D because it allows the body to
produce the nutrient. For humans, sunlight is the main source of vitamin D, accounting for about 80% of our
daily requirements. The amount of vitamin D generated in the skin is influenced by the sun's angle, which is
influenced by latitude, season, and time of day [29, 30]. Maintaining a balanced diet full of foods high in
vitamin D, such as eggs, dairy products with added vitamin D, and fatty fish, is also crucial[31]. Liver and
kidney disorders may cause VDD. Enzymes necessary for the synthesis and activation of vitamin D are present
in both organs. Vitamin D levels can be reduced as a result of these processes being disrupted by impaired liver
or kidney function, such as cirrhosis or renal failure [32]. An additional important risk factor for VDD is
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obesity. Adipose tissue stores vitamin D since it is a fat-soluble vitamin. Because vitamin D is sequestered in fat
cells, those with a body mass index higher than 30 kg/m? may have reduced vitamin D distribution. Children
who are overweight or obese, particularly those who have morbid obesity, are more likely to develop VDD [33,
34, 35, 36]. Vitamin D metabolism can be accelerated by several medicines. Cytochrome P450 enzymes, for
instance, are involved in the breakdown of vitamin D. Drugs that cause these enzymes can raise the metabolism
of vitamin D, which lowers blood levels of the vitamin [37, 38]. It is possible for someone with mild or
moderate VDD to not show any obvious symptoms. Severe deficiency, however, can result in a number of
health issues, such as exhaustion, hair loss, and other issues [39, 40]. Particularly for youngsters, the threshold
for classifying vitamin D deficiency (VDD) based on serum 25-hydroxyvitamin D levels is still debatable. This
is because there is insufficient solid clinical data to back up particular cutoff numbers. Because of its lengthy
half-life, generally constant blood levels, and limited sensitivity to variations in parathyroid hormone (PTH), 25-
hydroxyvitamin D is frequently employed to evaluate vitamin D status [41, 42, 43, 44].

VDD is associated with an increased risk of several diseases, making it a well-known public health concern.
Numerous studies have been done by scientists worldwide to solve this issue. The purpose of this study is to
determine the underlying causes of vitamin D deficiency and to measure the levels of vitamin D in a sample of
children in Gharyan. The possible influence of gender on vitamin D status will be examined in this study. The
study will also look at the connection between age and vitamin D levels.

Material and methods

The study sample comprised 400 children, equally divided by gender and age (1-10 years), recruited from
medical laboratories in Gharyan city (Al-Daka Laboratory, Al-Thiga Laboratory, and Al-Safaa Clinic
Laboratory) between January 2022 and June 2024. Participants were categorized as vitamin D deficient,
Insufficient, Adequate and optimum. Data collected included age, and gender, All the subjects were divided into
subgroups according to their age (< 12 months, 12-36 months, 36-72 months, > 72 months) and vitamin D
levels, measured using standard laboratory protocols.

Statistical methods used in the study:

A descriptive approach was employed by calculating frequencies and percentages of the study sample's
responses to all questionnaire items. Two-way ANOVA was used, along with post hoc comparisons for
hypotheses with significant differences. Study hypotheses:

1. There is no statistically significant difference in mean vitamin D levels between males and females.
2. There is no statistically significant difference in mean vitamin D levels between different age groups.
3. There is no statistically significant interaction effect between gender and age on mean vitamin D levels.

Results and discussion
Table (1) Analysis of Descriptive Statistics.

L.vV.D Gender Frequency Percentage
Deficient m 89 22.25%
f 110 27.5%
Insufficient m 86 21.5%
f 66 16.5%
m 21 5.25%
Adequate £ = prv
Optimum m 3 0.75%

f 8 2%

Total 400 100.0%

The table reveals that L.V.D deficiency is more prevalent among females (27.5%) than males (22.25%).
Additionally, L.V.D insufficiency is more common in males (21.5%) compared to females (16.5%). Both
genders exhibit low levels of sufficient (5.25% for males, 4.25% for females) and optimal (0.75% for males, 2%
for females) L.V.D.

Approximately half of our study participants (49.75%) reported vitamin D deficiency. Notably, this prevalence
is similar to the 45.5% rate reported in Saudi Arabia (960/2110)[45] However, a study in the United States of
America (USA) found a lower prevalence of vitamin D deficiency among healthy infants and toddlers, reaching
40% (146/365) [46]. Furthermore, the prevalence of vitamin D deficiency and rickets remains unacceptably
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high in regions such as Asia, Africa, and the Middle East [47]. Another study in China, involving 6008 children
aged 1 to 16 years, observed a lower prevalence of vitamin D deficiency compared to vitamin D
insufficiency.[48]

Gender

H male
W Female

120 {8
100 {8

-~

percent

50 "

40

20 |/

Deficient Insufficient Adequate

V.D_Levels

Optimum

Figure 1 Vitamin D levels according to the gender variable.

These findings suggest that among the study participants, gender had no discernible effect on the existence or
absence of vitamin D insufficiency. Our results conflict with those of a study by [49], which found a statistically
significant difference in the levels of vitamin D deficiency in children, male and female. This difference could
be explained by the fact that our sample of children was not as likely as the male youngsters in their study to be
overweight. However, these results are consistent with a prior study [50] that found gender does not appear to be
a significant determinant in vitamin D deficiency.

Table (2): Two-Way ANOVA)
Tests of Between-Subjects Effects
Dependent Variable: V.D Levels

Type Il Sum . Partial Eta
Source ?)/?Squares Df Mean Square F Sig. Squared
Gender 274 1 274 483 487 .001
Age 9.716 3 3.239 5.720 .001 .042
Gender * Agel 577 3 192 .340 797 .003
Error 221.968 392 .566
Total 1325.000 400
Corrected Total 232.697 399

Analysis of Results:

Gender: The relationship between gender and vitamin D levels was not statistically significant (Sig = 0.487).
With a very small partial eta squared value (0.001), gender was shown to explain very little of the variation in
vitamin D levels.
Age: It was discovered that age had a statistically significant impact on vitamin D levels (Sig = 0.001). The
partial eta squared value of 0.042 indicates a mild to moderate effect, meaning that age explained 4.2% of the
variation in vitamin D levels.

Gender and Age Interaction: There was no statistically significant interaction impact on vitamin D levels
between gender and age (Sig = 0.797). The extremely low partial eta squared value (0.003) suggests that the
variation in  vitamin D levels was only marginally explained by this interaction.
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Overall, we discover that there was no statistically significant difference between gender and vitamin D levels.
Vitamin D levels were statistically significantly impacted by age, with a small to moderate effect size. Between
gender and age, there was no statistically significant interaction.

Table (3): Multiple Comparisons

Dependent Variable: Level V.D

Scheffe

Mean 95% Confidence Interval

(1) Age (J) Age Difference Std. Error Sig. Lower Upper
(1-J) Bound Bound
12-36 months -.0895- 19533 976 -.6379- 4589

< 12 months 36-72 months .5035 .18800 .068 -.0244- 1.0313
> 72months .2884 .18003 464 -.2170- .7939
< 12 months .0895 19533 976 -.4589- .6379

12-36 months 36-72 months .5930" 17062 .008 1140 1.0720
> 72months .3780 16179 143 -.0763- .8322
< 12 months -.5035- .18800 .068 -1.0313- .0244

36-72 months 12-36 months -.5930-" 17062 .008 -1.0720- -.1140-
> 72months -.2150- .15287 577 -.6442- .2142
<12 months -.2884- .18003 464 -.7939- .2170
> 72months 12-36 months -.3780- 16179 143 -.8322- .0763
36-72 months .2150 .15287 577 -.2142- .6442

The table (3) presents the results of post hoc comparisons using the Scheffé method to determine statistically
significant differences in mean vitamin D levels across different age groups. Results indicate a statistically
significant difference in mean vitamin D levels between infants under 12 months and children aged 36-72
months, with the younger group having higher levels. Similarly, there was a statistically significant difference
between children aged 12-36 months and those aged 36-72 months, with the 12-36-month age group having
higher levels. No other significant differences were found between the remaining age groups. These findings
suggest that variations in age between the research populations affect whether vitamin D insufficiency is present
or not. This discovery is predicted, given dietary choices and daily activities vary across different age groups,
which might contribute to vitamin D insufficiency. Contributing reasons could include moms' neglect, not
giving kids vitamin D supplements, and kids' dread of the sun and outside activities. This is confirmed by
[23,51, 52,53] which reported that just 25.6% of newborns in their London-based study were exposed to
sunshine by their mothers, compared to 65.1% who were not. [54] also discovered a link between low sun
exposure and a higher risk of vitamin D insufficiency, nutritional rickets, and rickets in the US. The relationship
between gender and vitamin D levels was not statistically significant. With a small to moderate effect size, age
had a statistically significant impact on vitamin D levels. Age and gender did not interact in a way that was
statistically significant. Research to date backs up the safety and efficacy of pulse therapy, often known as "stoss
therapy," in treating childhood vitamin D deficiency, even if the majority of current recommendations are based
on expert opinion. [55]

Table 4: Vitamin D Dosing for Children's Nutritional Vitamin D Deficiency Prevention and Treatment with
Vitamin D Supplementation (Cholecalciferol).

Vitamin D Supplementation (Cholecalciferol)

Prevention 400 1U/day
< 1 month: 1000 1U/day orally for x 2-3 months
Treatment 1-12 months: 1000-5000 IU/day orally for x 2-3 months
> 12 months: 5000 1U/day orally for x 2-3 months

IU; International Unit

Conclusion

The study highlights the alarming rate of vitamin D deficiency in the region, especially among younger children.
Age appears to be a significant factor, but gender may also play a role, as suggested by previous research. To
address this public health issue, promoting sun exposure, incorporating vitamin D-rich foods into diets, and
implementing supplementation strategies are crucial. Further research is necessary to delve into the underlying
causes of vitamin D deficiency in children and develop effective interventions. Despite its preventability,
vitamin D deficiency continues to be a persistent health concern among children.
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