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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and Aims: Vitamin D and zinc are critical 

micronutrients for growth and neurocognitive development. 
This Case-controlled, single-center, clinical study evaluates 
their associations with anthropometric and mental health 
parameters in Georgian children. The aim of the study was to 
assess the correlation between vitamin D and zinc levels and 
children's growth and mental health indicators.

Methods: The study focused on children's growth and mental 
health. Anthropometric and biochemical data were collected, 
and growth rates as well as mental/emotional indicators were 
assessed. Statistical analysis included group comparisons and 
Pearson correlation. A total of 226 healthy children aged 3 to 10 
years (mean age: 7.4 ± 2.2 years) participated in the study, of 
whom 117 (51.8%) were girls. The participants were randomly 
selected and divided into four groups: Group I – children 
with both vitamin D and zinc deficiency, Group II – children 
with vitamin D deficiency and normal zinc levels, Group III 
– children with normal vitamin D levels and zinc deficiency, 
Group IV – children with both vitamin D and zinc levels within 
the normal range. Among the participants, 82.7% had a socially 
satisfactory status. The study was conducted over an extended 
period without considering seasonality, as vitamin D deficiency 
is common in our population, especially among children. 
Children with chronic illnesses, a history of premature birth, or 
nutritional disorders were excluded from the study.

Results: Children with vitamin D and zinc deficiency exhibited 
significantly lower height, increased BMI, and lower IQ. Strong 
correlations were observed between vitamin D levels and growth 
(height, BMI), vitamin D had positive correlation with height 
(r = 0.148, p < .05), positive correlation with Zinc (r = 0.696, 
p < 0.001) and zinc levels were significantly associated with 
IQ, mood, physical indicators, and metabolic markers. Children 
with zinc deficiency were more likely to show emotional, skin, 
and immune issues. A total of the 226 patients only 30.5%, had 
normal vitamin D and zinc levels, only 23.5% had only vitamin 
D deficiency, 1.3% had only zinc deficiency, 44.7% had both 
deficiencies. 

Conclusion: Although there are studies on the relationship 
between zinc deficiency growth and mental health, as well 
as between vitamin D growth and mental health, there is no 
information on the connection between vitamin D and zinc 
deficiency and their combined effect on child growth and 
mental development. The analysis of our conducted study 
clearly demonstrated that there is a correlational relationship 
between zinc deficiency, vitamin D deficiency, and child growth 
and development. The findings highlight the importance of 
maintaining adequate levels of vitamin D and zinc for optimal 

physical and mental development in children. Therefore, it is 
important to pay attention to a child's healthy nutrition and a 
balanced daily diet in order to provide them with the necessary 
micro- and macroelements for proper development.

Key words. Vitamin D, zinc, child development, mental 
health, growth, pediatrics.
Introduction.

Micronutrients are vitamins and minerals that are required by 
the body in very small amounts. Their impact on bodily health 
is critical, and a deficiency in any of them can lead to serious 
or even irreversible life-threatening conditions. Micronutrient 
deficiency affects approximately two billion people worldwide, 
and the primary cause of this condition is unhealthy nutrition. 
Although dietitians emphasize the importance of healthy eating, 
the World Health Organization (WHO) has published alarming 
data regarding micronutrient deficiencies [1]. About 1.7 million 
deaths (2.8% of global mortality) are caused by micronutrient 
deficiency, ranking it among the top ten causes of death globally 
[2]. According to WHO, the most commonly deficient nutrients 
are iron (Fe), zinc (Zn), vitamin A, vitamin D, selenium (Se), 
and iodine (I).

Childhood is a particularly vulnerable period in terms 
of nutrition, and nutritional vulnerability increases during 
adolescence due to higher dietary demands. However, the 
quality of food consumed by this age group often deteriorates 
significantly. Micronutrients, needed in much smaller amounts, 
are especially important during pediatric years. Rapid 
urbanization, high-calorie diets, sedentary lifestyles [3], and 
unbalanced diets—especially in children—disrupt nutritional 
status, resulting in stunted growth and delayed mental 
development.

Micronutrients like vitamin D and zinc play essential roles 
in child development, affecting both physical growth and 
mental health. Deficiencies in these nutrients are increasingly 
prevalent and have been linked to stunted growth, obesity, 
and neurocognitive impairment. This study seeks to analyze 
the relationship between these deficiencies and development 
indicators among children in Georgia.

Especially in children under the age of 5, proper growth, delayed 
mental development, correct formation of the musculoskeletal 
system [4], rickets, osteomalacia, osteoporosis, early activation 
of the hypothalamic-pituitary-gonadal axis, diabetes, asthma, 
upper respiratory tract infections, autoimmune disorders, and 
food allergies — this is just a partial list of conditions whose 
risk increases in the presence of vitamin D deficiency [5]. 
Maintaining a normal level of vitamin D in the body is vital 
for a child — not only for the proper development of the bone 



14

and joint system but also for overall growth and psychomotor 
development [4].

Zinc is an essential element for the survival of all living 
organisms. In the human body, the total content of zinc is 
estimated at about 30 mmol (2 grams) [6]. Plasma zinc accounts 
for only about 0.1% of the body’s total zinc, yet this small 
percentage plays a critical role in maintaining homeostasis. Zinc 
has been identified in almost all human organs, and it plays a 
crucial role in the function of each one [7,8]. Zinc is present 
in the skin, kidneys, liver, and blood cells. Zinc regulates both 
systemic and intracellular homeostasis, underscoring its vital 
role in maintaining human health. Zinc is involved in over 750 
transcription factors that support gene transcription [9], and it 
serves as a catalyst for more than 2,000 enzymes. Approximately 
8% of the human genome requires zinc for structural integrity. 
Zinc plays a role in smell and taste perception, supports wound 
healing, prevents acne, improves skin structure, and strengthens 
and adds shine to nails and hair. In the brain, zinc is involved 
in structural development and proper functioning, particularly 
in neuronal myelination and signal transmission, and has a 
profound effect on fetal growth and embryonic development 
[10].

Vitamin D and zinc are essential micronutrients that individually 
contribute to various physiological processes, particularly 
those involving growth, and neurological function, they are 
essential for cognitive, behavioral and motor development [11]. 
However, emerging evidence suggests a significant biochemical 
and functional interplay between the two, highlighting the 
importance of evaluating them not in isolation but as part of an 
interdependent nutritional framework. Zinc plays a critical role 
in vitamin D metabolism. Specifically, it serves as a cofactor 
for the enzyme 1α-hydroxylase, which catalyzes the conversion 
of 25-hydroxyvitamin D [25(OH)D] into its biologically 
active form, 1,25-dihydroxyvitamin D [1,25(OH)₂D]. Without 
sufficient zinc, the enzymatic activation of vitamin D may be 
impaired, even when circulating levels of 25(OH)D appear 
adequate [12]. This mechanism suggests that zinc deficiency 
could indirectly contribute to a functional vitamin D deficiency, 
potentially diminishing the effectiveness of vitamin D 
supplementation in populations with marginal zinc status [13]. 
Vitamin D deficiency/insufficiency is observed in the majority 
of the Georgian population, both in children and adolescents, 
regardless of seasonality. It is clear that vitamin D deficiency 
can interfere with the absorption and utilization of essential 
inorganic elements such as iron, zinc, calcium, magnesium, 
phosphorus [14]. Several studies have suggested that vitamin 
D may enhance the bioavailability of certain trace elements by 
influencing intestinal transport and cellular uptake mechanisms. 
Specifically, vitamin D is known to facilitate the absorption 
of zinc, contributing to the maintenance of intracellular zinc 
concentrations necessary for optimal biological function. This 
mechanism is especially relevant for rapidly developing tissues 
and neural cells, where zinc demand is high.

This mutual dependence is especially significant in pediatric 
populations, where growth and mental development require 
precise micronutrient regulation. Children suffering from 
deficiencies in both nutrients are at an increased risk for growth 
failure, and developmental delays. Addressing one deficiency 

without correcting the other may reduce the efficacy of 
interventions, making combined nutritional strategies essential 
for improving health outcomes.

Study description: This study investigates the interrelationship 
between vitamin D and zinc levels, their individual and combined 
deficiencies, and the impact on growth parameters, cognitive 
functioning, and mental health indicators in children. The study 
stems from growing global evidence emphasizing the role of 
micronutrients in children's physical and mental development, 
and from a lack of research addressing their combined effect—
especially in the Georgian pediatric population. Participants 
included 226 children (mean age = 7.43 years), almost evenly 
split between 109 males (48.2%) and 117 females (51.8%). 
Children with chronic diseases, acute infections at the time of 
assessment, or those on vitamin/mineral supplementation were 
excluded.

The findings of this study demonstrate a strong and statistically 
significant positive correlation between vitamin D and zinc 
levels among children aged 3 to 10 years in Georgia. Children 
with deficiencies in both nutrients showed significantly lower 
height, reduced physical performance, and lower IQ scores. 
These results highlight the interconnected role of micronutrients 
in supporting physical growth and mental development. The high 
prevalence of both vitamin D and zinc deficiency underlines an 
urgent need for public health attention.

The study design was reviewed and approved by the Ethics 
Committee. The study was conducted in accordance with the 
concepts of good clinical practice. Each patient that participated 
in the study signed an informed consent form.

Statistical analysis: We studied demographic, anthropometric, 
laboratory data and clinical characteristics. Anthropometric 
data were studied: by studying the physical characteristics of 
the children, measuring, weighing and calculating BMI. IQ was 
determined according to Raven’s Progressive Matrics Test. 
Statistical analysis for quantitative indicators, the mean (Mean) 
and standard deviation (SD) were calculated. For qualitative 
indicators - absolute and percentage values. The difference 
between the groups was determined: for quantitative indicators 
- using the Student's t criterion; for qualitative indicators - using 
the Fisher's exact criteria, the relationship between quantitative 
factors was determined by correlation analysis - Pearson's test; 
for qualitative indicators - Spearman's test. The sensitivity and 
specificity of the test were determined by ROC analysis. Results 
are considered reliable when p<0.05. Data were processed using 
the SPSS-23 software package.
Results.

The data indicates a meaningful relationship between 
micronutrient status and child growth/development. Children 
with deficiencies in vitamin D and zinc were more likely to 
exhibit suboptimal growth and decreased cognitive performance. 
Our findings corroborate global data linking vitamin D 
deficiency with impaired linear growth and higher BMI [15,16], 
and zinc deficiency with poorer cognitive and emotional 
outcomes [17,18]. The observed correlations, although modest, 
underscore the need for integrated micronutrient screening 
in pediatric care. Mechanistically, vitamin D may modulate 
adipogenesis and bone growth via the VDR pathway, while zinc 
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influences neurogenesis and synaptic plasticity [19,20]. These 
findings align with existing global research emphasizing the 
role of nutrition in developmental outcomes.

This study included 226 children aged 3 to 10 years, assessing 
their physical, biochemical, and cognitive health in relation 
to vitamin D and zinc levels. The analysis revealed a high 
prevalence of micronutrient deficiencies: only 66 children 
(30.5%) of participants had normal levels of both vitamin D and 
zinc, while 52 patients (23.5%) had only vitamin D deficiency, 
and a significant 101 children (44.7%) suffered from both 
vitamin D and zinc deficiency. Only 7 patients (1.3%) had 
isolated zinc deficiency.

Zinc levels were significantly lower (71.0 vs. 101.3 mg/dL, p 
< 0.0001) in vitamin D deficiency. Correlation analysis showed 
a positive association between vitamin D and zinc levels (r = 
0.696, p < 0.001).

Children with vitamin D deficiency exhibited significantly 
lower average height (123.9 cm vs. 131.6 cm, r = 0.148 p = 
0.026), weight (r = 0.073 p = 0.275), BMI (21.3 vs. 19.1 r = 
0.255 p = 0.000) compared to children with normal vitamin D 
levels. Zinc was positively correlated with height (r = 0.198 p = 
0.003), weight (r = 0.010 p = 0.883), BMI (r = -0.199 p = 0.003). 
Here’s the chart visualizing the correlation of vitamin D and 
zinc levels with height, weight, and BMI (Table 1).

Both nutrients are positively correlated with height. They 
show negative correlation with weight and BMI, meaning 
deficiencies are linked to higher BMI, there is little correlation 
with weight alone. The analysis confirms that vitamin D and zinc 
are important for child growth and development, particularly 
in promoting height, weight and maintaining a healthy BMI. 
These results underscore the importance of monitoring and 
maintaining adequate levels of these micronutrients in early 
childhood to support optimal growth and prevent malnutrition 
or obesity.

Table 1. Correlation between Nutrient levels and Growth indicators 
(N=226).
Nutrient Variable r p
Vitamin D (ng/mL) Height 0.148 0.026

Weight -0.073 0.275
BMI -0.255 0.000

Zinc (ng/mL) Height 0.198 0.003
Weight -0.010 0.883
BMI -0.199 0.003

Table 2. Comparison of Zinc and vitamin D concentrations according 
to IQ level.

Low IQ 
(N=24)

Low IQ 
(N=24)

High IQ 
(N=202)

High IQ 
(N=202)

IQ Mean SD Mean SD t p
Vitamin 
D 16.39 6.74 26.46 11.6 -4.16 0.0

Zinc 64.96 18.56 82.54 21.32 -4.31 0.0002

Cognitive outcomes were also significantly associated 
with nutritional status. Children with higher IQ scores had 
significantly higher levels of vitamin D (26.1 vs. 19.6 ng/mL, 
p = 0.0097) and zinc (82.3 vs. 66.6 mg/dL, p = 0.0007) than 

those with lower IQs. Here’s the chart comparing vitamin D and 
zinc levels between children with low and high IQ: Children 
with high IQ had higher average levels of both vitamin D and 
zinc. This supports the observed connection between better 
micronutrient status and cognitive performance (Table 2).

Table 3. Area Under the Curve.
Asymptotic 95% Confidence interval
Test result 
(Variable) Area Std.Error p Lower 

Bound
Upper 
Bound

Vitamin D 0.76 0.041 <0.000 0.68 0.84
Zinc 0.747 0.044 <0.000 0.66 0.834

Among the participants in the study, vitamin D and zinc 
levels were analyzed in relation to IQ levels, categorized as low 
IQ (n = 24) and high IQ (n = 202). The results demonstrated 
significantly higher levels of both vitamin D and zinc in children 
with high IQ compared to those with low IQ. Specifically, 
vitamin D levels were 26.07 ng/mL in the high IQ group and 
19.62 ng/mL in the low IQ group (p = 0.00), while zinc levels 
were 82.34 mg/dL and 66.58 mg/dL respectively (p = 0.0002). 
These findings indicate a positive association between both 
nutrient levels and mental development. Children with higher 
IQs tended to have higher vitamin D and zinc levels. The 
low IQ group’s poorer levels (particularly with average zinc 
below normal and vitamin D in the deficient range) highlight 
that micronutrient deficiencies are more prevalent among the 
lower IQ children. This could imply that inadequate nutrition – 
specifically deficiencies in vitamin D and zinc – may adversely 
affect cognitive development or reflect environmental factors 
that influence both nutrition and IQ. Importantly, vitamin D and 
zinc are critical for brain development and function. Both of 
them play a role in neurodevelopment and cognitive ability.

These data allowed us to consider vitamin D and zinc 
concentrations as predictive factors for low IQ in children. The 
diagram shows a ROC Curve showing the diagnostic properties 
(sensitivity and specificity) of vitamin D and zinc for mental 
development (IQ).

The cut-off value for vitamin D is 24.8, with very low sensitivity 
(0.540) and high specificity (0.917). The cut-off value for zinc is 
79.4, with low sensitivity (0.624) and high specificity (0.794).

Furthermore, vitamin D and zinc deficiencies were associated 
with an increased incidence of various physical and psychological 
symptoms. In cases of vitamin D and zinc deficiency, the 
incidence of correlation: hair loss, excessive sweating, and 
skin rashes was significantly higher. These included fatigue, 
emotional instability, poor mood and increased appetite, 
frequent illnesses, dry skin, brittle nails, and reduced physical 
activity. Children with deficiencies also had significantly lower 
IQ scores, more frequent developmental delays, and lower 
general well-being.

In the next stage of the study, we compared the clinical 
characteristics of patients in all four groups Table 4. Statistical 
evaluation of clinical characteristics with patients who had 
everything normal, patients with vitamin D deficiency, zinc 
deficiency, and simultaneous vitamin D and zinc deficiency.

In the case of normal vitamin D and zinc, we did not encounter 
hair loss, skin rash, brittle nails, caries, stunted growth, 
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dizziness. Significantly less were excessive sweating, stretch 
marks, emotional lability, feeling of weakness, increased 
appetite. Significantly higher were high IQ, balanced nutrition, 
high physical activity, positive mood, stunted growth. In the 
case of vitamin D+zinc deficiency, the frequency of hair loss, 
excessive sweating, dry skin, skin rash was significantly higher.

As part of our study, patients were tested not only for zinc, but 
also for seven other micronutrients (Fe, Mg, Na, K, Ca, Cl, P). As 

can be seen from the table, the distribution by IQ did not reveal 
any significant differences between any of the microelements 
we studied; moreover, the concentration of microelements in 
both groups is within the normal range.

The distribution of growth retardation did not reveal any 
significant differences between any of the microelements we 
studied; moreover, the concentrations of microelements in both 
groups were within the normal range.

Factors
Norm
(n=65) Vit. D   (n=53) Zinc

(n=7) Vit.D +Zinc  (n=101)
F P.

n % n % n % N %
Hirsutism 17 26.15 21 39.62 0 0.00 33 32.67 1.94 0.1241
Hair loss 0 0.00 6 11.32 2 28.57 35 34.65 12.99 <0.0001
Hyperhidrosis 15 23.08 28 52.83 2 28.57 57 56.44 7.19 0.0001
Dry skin 20 30.77 16 30.19 0 0.00 52 51.49 5.14 0.0019
Skin rash 0 0.00 8 15.09 1 14.29 34 33.66 11.31 <0.0001
Stretch marks 1 1.54 8 15.09 3 42.86 31 30.69 9.18 <0.0001
Brittle nails 0 0.00 6 11.32 0 0.00 24 23.76 7.52 0.0001
Dental caries 0 0.00 9 16.98 0 0.00 42 41.58 17.31 <0.0001
High IQ 65 100.00 48 90.57 6 85.71 83 82.18 4.67 0.0035
Growth delay 0 0.00 10 18.87 0 0.00 24 23.76 6.93 0.0002
High Physical activity 57 87.69 37 69.81 3 42.86 50 49.50 10.22 <0.0001
Positive mood 65 100.00 41 77.36 2 28.57 67 66.34 13.85 <0.0001
Dizziness 0 0.00 4 7.55 3 42.86 12 11.88 6.55 0.0003
Emotional instability 1 1.54 14 26.42 7 100.00 37 36.63 18.89 <0.0001
Feeling of weakness 2 3.08 11 20.75 3 42.86 35 34.65 8.92 <0.0001
Increased appetite 4 6.15 16 30.19 2 28.57 41 40.59 8.60 <0.0001
Balanced nutrition 59 90.77 19 35.85 0 0.00 8 7.92 83.68 <0.0001
Synthetic fluids 14 21.54 34 64.15 6 85.71 78 77.23 23.21 <0.0001
Norm – Zinc and vitamin D level is normal  
Vit. D  – Vitamin D level is reduced
Zinc   – Zinc level is reduced
Vit. D  + Zinc   – Zinc and vitamin D is reduced

Table 4. Comparison of clinical characteristics with study patients in all four groups.

Group Statistics n=24   n=130
Mean SD Mean SD t P

Fe (37-170 μg/dl)   77.49 45.29 74.85 36.45 0.27 0.7893
Ca (1.12-1.3 mmol/l) 1.23 0.19 1.19 0.23 0.94 0.3527
Mg (1.7-2.5 mg/dl) 1.94 0.41 2.01 0.30 0.91 0.3645
Na (130-156 mmol/l) 139.71 6.72 138.54 5.61 0.80 0.4286
K (3,5-5,1 mmol/l) 4.40 0.52 4.26 0.57 1.20 0.2386
P (4,00-7 mg/dl) 5.34 1.05 5.36 1.14 -0.08 0.9340
Cl (98-110 mmol/l) 101.79 4.09 103.52 4.80 -1.85 0.0721

Table 5. Distribution of micronutrients according to IQ; n=24 Patients with reduced IQ; n=130 Patients with normal IQ.

Group statistic n=120  n=34
t pMean SD Mean SD

Fe (37-170 μg/dl) 77.30 39.14 68.06 32.16 1.41 0.1646
Ca (1.12-1.3 mmol/l) 1.21 0.22 1.12 0.21 2.11 0.0391
Mg (1.7-2.5 mg/dl) 2.01 0.33 1.95 0.27 1.10 0.2751
Na (130-156 mmol/l) 138.69 5.44 138.82 6.97 -0.10 0.9193
K (3,5-5,1 mmol/l) 4.32 0.55 4.17 0.58 1.35 0.1830
P (4,00-7 mg/dl) 5.30 1.14 5.56 1.05 -1.21 0.2312
Cl (98-110 mmol/l) 103.33 4.73 102.97 4.77 0.39 0.6966

Table 6. Distribution of micronutrients in terms of growth retardation; n=120 Patients without growth retardation; n=34 Patients growth 
retardation.
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Figure 1. Distribution of Vitamin D and Zinc Status Among Children.

Figure 2. Correlation between Vitamin D and Zinc levels, P<0.001.

Figure 3. Correlation of Vitamin D and Zinc with Height, Weight, and BMI.
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cm, p = 0.0012). The percentile score was also much lower in 
the deficient group (35.58 vs. 60.74, p < 0.0001). BMI was 
paradoxically higher in vitamin D and/or zinc deficient children, 
suggesting an association between deficiency and increased risk 
of overweight or obesity (p = 0.0044). These findings align with 
previous studies highlighting that both vitamin D and zinc are 
essential for bone growth, hormonal regulation, and metabolic 
health. Interesting effect on mental and cognitive outcomes.

Cognitive functioning, as measured by IQ, was also 
significantly associated with micronutrient status. Children 
with higher IQ scores had: Higher mean vitamin D levels 
(26.07 ng/mL vs. 19.62 ng/mL, p = 0.0097). Higher mean zinc 
levels (82.34 μg/dL vs. 66.58 μg/dL, p = 0.0007). Furthermore, 
children with lower IQ scores exhibited greater deficiencies, 
supporting the hypothesis that these micronutrients play a vital 
role in neurodevelopment, cognitive processing, and executive 
function. The study also examined behavioral variables like 
emotional lability, mood, physical activity, and mental fatigue. 
These indicators were significantly worse in children with dual 
deficiencies. Emotional lability was 100% prevalent in children 
who had both deficiencies, compared to just 1.5% in the normal 
group (p < 0.0001). Such associations point to the psychological 
impact of chronic micronutrient deficiency, possibly mediated 
by oxidative stress, neuroinflammation, or neurotransmitter 
imbalance caused by insufficient zinc and vitamin D levels. A 
significantly higher rate of deficiency was found in children 
from families with lower socioeconomic status, a factor closely 
linked to limited access to nutrient-rich foods, outdoor activity 
(and thus sun exposure), and overall health literacy [21].
Conclusion.

Approximately 2 billion people worldwide suffer from 
micronutrient deficiencies, mainly due to poor nutrition. 
Micronutrient deficiencies, which are often caused by an 
unbalanced diet, are associated with cognitive and motor 

Overall, the findings of this study provide strong evidence that 
vitamin D and zinc deficiencies are common among Georgian 
children and are closely associated with poor growth outcomes, 
and impaired mental development. The observed correlations 
suggest a synergistic effect between vitamin D and zinc, 
emphasizing the need for early detection, nutritional education, 
and targeted supplementation programs to ensure healthy child 
development.
Discussion.

The present study explored the correlation and combined 
effect of vitamin D and zinc deficiencies on physical growth and 
mental development among children aged 3 to 10 years. The 
findings provide compelling evidence of significant relationships 
between these micronutrients and key health indicators, 
underlining their critical role in pediatric health. Vitamin D 
and zinc deficiency prevalence analysis revealed that 44.7% of 
the children had a combined deficiency of both vitamin D and 
zinc, with only 30.5% falling within normal reference ranges. 
This high prevalence of co-deficiency indicates a significant 
public health concern. Zinc deficiency was rarely found in 
isolation (1.3%), suggesting a potential link in the metabolic or 
dietary absorption patterns of these nutrients. The study found 
a strong positive correlation between Vitamin D and zinc (r 
= 0.696, p < 0.001) between vitamin D and zinc levels. This 
relationship may be attributed to shared dietary sources and 
synergistic roles in immune regulation, enzyme activation, and 
cellular signaling pathways. It also indicates that a deficiency 
in one of these nutrients may serve as a biomarker or predictive 
indicator for the other. Had a significant impact on Growth 
parameters, Children with deficiencies in vitamin D and/or zinc 
had significantly lower height, reduced physical development 
than target height. For instance: Height in children with 
vitamin D and zinc deficiency was significantly lower (mean 
= 123.91 cm) than those with sufficient levels (mean = 131.60 

Figure 4. Shows the area under the curve, which is averaged for both vitamin D and zinc.
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development, behavioral problems, and skeletal growth 
disorders. A balanced diet is especially important during 
childhood and adolescence, when nutrient needs are high. 
Vitamin D deficiency is widespread in Georgia, zinc deficiency 
has not been studied before, and even less is zinc tested in the 
laboratory. However, the results are important, especially its 
impact on children's mental and physical development. The 
study was conducted on 226 patients and the results of the 
study established the relationship between vitamin D and zinc 
deficiency (p<0.001) and their combined impact on children's 
growth and mental health, which emphasizes the need for 
improved nutrition and awareness at both medical and social 
levels.
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