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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 1Q. 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
1Q, 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
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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
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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 1a-hydroxylase, which catalyzes the conversion
of 25-hydroxyvitamin D [25(OH)D] into its biologically
active form, 1,25-dihydroxyvitamin D [1,25(0OH).D]. 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
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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 1Q 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



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=10.003).
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 1Q level.
Low IQ LowIQ HighIQ HighIQ

(N=24) (N=24) (N=202) (N=202)
1Q Mean |SD Mean SD t p
g‘tam“‘ 1639 674 2646 116 416 0.0
Zine 6496 1856 8254 2132 -431 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
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those with lower 1Qs. Here’s the chart comparing vitamin D and
zinc levels between children with low and high 1Q: 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 Lower  Upper
(Variable) Area  Std.Error p Bound 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 1Q 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 anincreased 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,



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

Factors a":;s‘) Vit. D (n=53) (Zn‘:;) Vit.D +Zine (n=101) 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 1Q 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 5. Distribution of micronutrients according to 1Q; n=24 Patients with reduced 1Q; n=130 Patients with normal 1Q.

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

Fe (37-170 pg/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/1) 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
CI (98-110 mmol/l) 101.79 4.09 103.52 4.80 -1.85 0.0721

Table 6. Distribution of micronutrients in terms of growth retardation; n=120 Patients without growth retardation; n=34 Patients growth

retardation.
Group statistic n=120 n=34 ¢ .
Mean SD Mean SD

Fe (37-170 pg/dl) 77.30 39.14 68.06 32.16 1.41 0.1646
Ca (1.12-1.3 mmol/1) 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/1) 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
C1 (98-110 mmol/1) 103.33 4.73 102.97 4.77 0.39 0.6966

dizziness. Significantly less were excessive sweating, stretch
marks, emotional lability, feeling of weakness, increased
appetite. Significantly higher were high 1Q, 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

16

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.
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Correlation between Vitamin D and Zinc Levels

L X b
26 %% e x
% x> x
> X X )8"§ ?tx
> % x
X
i E <
H H i H H A H H
20 40 60 80 100 120 140 160

Zinc (mg/dL)
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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
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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 pg/dL vs. 66.58 pg/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



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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