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Abstract: Background: Micronutrient deficiencies, often termed "hidden hunger," pose a severe
threat to child development in the Fergana Valley. Deficiencies in Iron, Iodine, Vitamin A, and
Vitamin D are prevalent despite national fortification programs. This study aims to evaluate the
effectiveness of a comprehensive preventive program integrating dietary diversification,
fortification, and nutritional education in preschool institutions. Methods: A cluster-randomized
controlled trial was conducted in 10 kindergartens in the Andijan region, involving 400 children
aged 3–6 years. The Intervention Group (n=200) implemented a revised menu rich in
micronutrients, used sprinkles (micronutrient powders), and conducted parental workshops. The
Control Group (n=200) followed the standard state menu. Biochemical markers (Hemoglobin,
Urinary Iodine, Vitamin D) and anthropometric data were assessed over 6 months. Results: At
baseline, 32% of children were anemic, and 45% had mild iodine deficiency. Post-intervention,
the prevalence of anemia in the Intervention Group dropped to 12% (vs 28% in Control,
p<0.001). Vitamin D sufficiency levels improved significantly. Children in the intervention
group showed a 25% reduction in respiratory infections and improved growth velocity compared
to controls. Conclusion: A multi-sectoral approach combining food fortification with active
hygienic education for caregivers significantly reduces the burden of micronutrient deficiencies.
Localized strategies are essential to complement national programs.
Keywords: Micronutrients, hidden hunger, iron deficiency anemia, iodine deficiency, vitamins,
child nutrition, prevention, public health.

BOLALAR OVQATLANISHIDA VITAMIN VA MIKROELEMENTLAR
YETISHMOVCHILIGINING OLDINI OLISH: KOMPLEKS GIGIYENIK

YONDASHUV

Annotatsiya: Kirish: "Yashirin ochlik" deb ataluvchi mikronutrientlar yetishmovchiligi
Farg‘ona vodiysida bola rivojlanishiga jiddiy tahdid solmoqda. Milliy boyitish dasturlariga
qaramay, Temir, Yod, A va D vitaminlari yetishmovchiligi keng tarqalgan. Ushbu tadqiqot
maktabgacha ta’lim muassasalarida ovqatlanish ratsionini diversifikatsiya qilish, boyitish
(fortifikatsiya) va gigiyenik ta’limni integratsiya qiluvchi kompleks profilaktika dasturining
samaradorligini baholashga qaratilgan. Usullar: Andijon viloyatidagi 10 ta bog‘chada 3–6 yoshli
400 nafar bola ishtirokida klasterli-randomizatsiyalangan nazoratli sinov o‘tkazildi. Intervensiya
guruhi (n=200) mikronutrientlarga boy qayta ko‘rib chiqilgan menyu, "sprinkles" (mikronutrient
kukunlari) va ota-onalar uchun seminarlarni joriy qildi. Nazorat guruhi (n=200) standart davlat
menyusiga amal qildi. 6 oy davomida biokimyoviy markerlar (Gemoglobin, Siydikdagi yod,
Vitamin D) va antropometrik ma’lumotlar baholandi. Natijalar: Boshlang‘ich davrda bolalarning
32 foizida anemiya va 45 foizida yengil yod tanqisligi aniqlandi. Intervensiyadan so‘ng,
Intervensiya guruhida anemiya tarqalishi 12 foizgacha kamaydi (Nazorat guruhidagi 28 foizga
nisbatan, p<0.001). Vitamin D yetarliligi darajasi sezilarli yaxshilandi. Intervensiya guruhidagi
bolalarda respirator infeksiyalar 25 foizga kamaydi va o‘sish tezligi nazorat guruhiga nisbatan
yaxshiroq bo‘ldi. Xulosa: Oziq-ovqatlarni boyitish va g‘amxo‘rlik qiluvchilar uchun faol
gigiyenik ta’limni birlashtirgan ko‘p tarmoqli yondashuv mikronutrientlar yetishmovchiligi
yukini sezilarli darajada kamaytiradi. Milliy dasturlarni to‘ldirish uchun mahalliy strategiyalar
zarur.
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Kalit so‘zlar: Mikronutrientlar, yashirin ochlik, temir tanqisligi anemiyasi, yod tanqisligi,
vitaminlar, bolalar ovqatlanishi, profilaktika.

ПРОФИЛАКТИКА ДЕФИЦИТА ВИТАМИНОВ ИМИКРОЭЛЕМЕНТОВ В
ПИТАНИИ ДЕТЕЙ: КОМПЛЕКСНЫЙ ГИГИЕНИЧЕСКИЙ ПОДХОД

Аннотация: Введение: Дефицит микронутриентов, часто называемый «скрытым
голодом», представляет серьезную угрозу для развития детей в Ферганской долине.
Несмотря на национальные программы фортификации, дефицит железа, йода, витаминов
А и D остается распространенным. Целью данного исследования является оценка
эффективности комплексной профилактической программы, объединяющей
диверсификацию питания, фортификацию и гигиеническое обучение в дошкольных
учреждениях. Методы: Было проведено кластерное рандомизированное контролируемое
исследование в 10 детских садах Андижанской области с участием 400 детей в возрасте 3–
6 лет. Группа вмешательства (n=200) внедрила пересмотренное меню, богатое
микронутриентами, использовала «спринклы» (порошки микронутриентов) и проводила
семинары для родителей. Контрольная группа (n=200) следовала стандартному
государственному меню. Биохимические маркеры (гемоглобин, йод в моче, витамин D) и
антропометрические данные оценивались в течение 6 месяцев. Результаты: На исходном
уровне у 32% детей была анемия, а у 45% — легкий дефицит йода. После вмешательства
распространенность анемии в группе вмешательства снизилась до 12% (против 28% в
контрольной группе, p<0.001). Уровень обеспеченности витамином D значительно
улучшился. У детей в группе вмешательства наблюдалось снижение респираторных
инфекций на 25% и улучшение темпов роста по сравнению с контрольной группой.
Заключение: Многосекторальный подход, сочетающий обогащение продуктов питания с
активным гигиеническим обучением воспитателей и родителей, значительно снижает
бремя дефицита микронутриентов. Локальные стратегии необходимы для дополнения
национальных программ.
Ключевые слова: Микронутриенты, скрытый голод, железодефицитная анемия,
йододефицит, витамины, детское питание, профилактика.

INTRODUCTION
Adequate nutrition during early childhood is the foundational determinant of physical growth,
cognitive development, and long-term immune competence. While global efforts have
significantly reduced rates of severe protein-energy malnutrition (wasting), a more insidious
form of malnutrition known as "Hidden Hunger"—the deficiency of essential vitamins and
minerals—remains a pervasive and critical public health challenge. This form of malnutrition is
"hidden" because its signs are not always visibly apparent until severe clinical consequences,
such as stunting or intellectual impairment, have already set in.
In the Fergana Valley of Uzbekistan, the epidemiological landscape of child health is
characterized by persistent specific micronutrient gaps. Despite national mandatory flour
fortification laws, Iron Deficiency Anemia (IDA) continues to affect a significant proportion of
preschoolers, impairing cognitive development and reducing physical stamina. Furthermore, the
region is historically endemic for Iodine Deficiency Disorders (IDD) due to the low iodine
content in the soil and water. Recent epidemiological surveillance has also highlighted a re-
emerging concern for Vitamin D deficiency (subclinical rickets) and Vitamin A deficiency,
which critically impairs mucosal immunity and increases susceptibility to infectious diseases.
The etiology of these deficiencies in our region is multifactorial and deeply rooted in socio-
cultural practices. Firstly, there is a distinct dietary monotony, characterized by a heavy reliance
on starchy staples such as white bread, potatoes, and rice. The intake of bioavailable
micronutrient sources—such as red meat, fish, and colorful vegetables—is often limited due to
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economic factors or lack of habit. Secondly, the presence of potent dietary inhibitors is
significant. The cultural norm of consuming strong black or green tea with every meal introduces
tannins that chelate iron and calcium, drastically reducing their absorption. Additionally, the
consumption of phytate-rich unleavened flatbreads further inhibits mineral bioavailability.
Thirdly, there is a noticeable gap in hygienic literacy among parents and caregivers. Many
equate a "full stomach" with "good nutrition," lacking an understanding of "nutrient density"
versus "caloric density."
Kindergartens play a pivotal role in shaping the dietary habits of children aged 3-6 years, as
children consume up to 75% of their daily caloric intake in these institutions. This study
addresses the urgent need to optimize preventive strategies in organized children's collectives.
We hypothesize that a "Dual-Action Strategy"—combining direct dietary modification
(including point-of-use fortification) with targeted educational interventions for caregivers—will
yield superior health outcomes compared to the standard state-mandated care protocols. This
research aims to provide a scientifically grounded, scalable model for eradicating micronutrient
deficiencies in the preschool population of the Andijan region.

LITERATURE REVIEW
The "Big Four" Deficiencies: Clinical and Developmental Impact
Iron - Iron deficiency anemia (IDA) is the single most common nutritional disorder globally. In
young children, the brain is the primary target organ. Research by Black et al. (2013)
demonstrated that iron deficiency during the critical preschool years disrupts myelination and
neurotransmitter synthesis, leading to irreversible deficits in executive function, attention, and
motor skills. Even mild anemia is associated with fatigue and reduced social interaction.
Iodine - Iodine is essential for the synthesis of thyroid hormones, which regulate metabolism and
brain development. The Fergana Valley is an iodine-deficient zone. Even mild maternal or early
childhood deficiency can lower IQ by 10-15 points, limiting a child's future academic and
economic potential. Although Universal Salt Iodization (USI) is policy, household storage
practices (open containers exposed to humidity) often degrade iodine content before
consumption.
Vitamin A - Vitamin A is critical for vision and the maintenance of epithelial integrity (the
body's first line of defense). Subclinical Vitamin A deficiency is a leading driver of morbidity
from common childhood infections like diarrhea and measles. In Central Asia, seasonal
variability in access to fresh fruits and vegetables exacerbates this risk.
Vitamin D - Beyond its classic role in bone health and rickets prevention, Vitamin D is now
recognized as a potent immunomodulator. It activates the innate immune system (cathelicidin
production). Central Asian winters, combined with cultural clothing practices that limit sun
exposure, contribute to widespread hypovitaminosis D, correlating with high rates of respiratory
infections in winter months.
Fortification Strategies: From Policy to Plate Global experience supports the efficacy of
fortification as a public health intervention. While mass fortification (e.g., flour with iron and
folic acid) reaches the general population, it may not meet the high specific needs of rapidly
growing children. Home Fortification or Point-of-Use Fortification with Micronutrient Powders
(MNPs)—sachets containing a mix of vitamins and minerals sprinkled onto food—has been
shown by UNICEF to reduce anemia by 31% and iron deficiency by 51% in children under 5
years of age. This method avoids the sensory changes often associated with iron drops and is
highly suitable for targeted interventions in kindergartens where meals are centrally prepared.
Nutrition Hygiene and Caregiver Education Providing nutrient-rich food is necessary but not
sufficient; the culture of eating matters significantly. Nutrition Hygiene encompasses the
behavioral aspects of diet: proper food combining (e.g., pairing Vitamin C-rich foods with non-
heme iron sources to enhance absorption) and avoiding inhibitors (e.g., not consuming tea within
1 hour of meals). Studies in similar socio-economic settings suggest that parental education is the
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most sustainable way to improve dietary diversity at home. Knowledge regarding the "hidden"
sugar and salt content in processed snacks is also a critical component of modern nutrition
hygiene education. There is a gap in local research regarding the effectiveness of combining
institutional fortification with parental behavioral change communication.

MATERIALS AND METHODS
Study Design A cluster-randomized controlled trial was conducted in the Andijan region over 6
months (Autumn-Winter 2023).
Participants 10 state kindergartens were randomly assigned. Total Sample: 400 children aged 3-6
years. Intervention Group (5 kindergartens, n=200): Implemented the "Micronutrient
Optimization Program." Control Group (5 kindergartens, n=200): Continued with the standard
approved state menu.
The Intervention Protocol The intervention consisted of three components. First, dietary
modification was introduced, including daily "Vitamin Salads" with carrots, beets, and greens
with oil, and the replacement of black tea with rosehip infusion (Vitamin C) or compote during
lunch to boost iron absorption. Second, point-of-use fortification was implemented by adding a
multi-micronutrient powder containing Iron, Zinc, Vitamin A, C, and Folic Acid to the lunch
meal every other day. Third, educational hygiene was addressed through monthly workshops for
parents on topics such as "Cooking to Preserve Vitamins" and "The Danger of Tea for Children."
Collection Biochemical assessments included measuring Hemoglobin levels using HemoCue,
Urinary Iodine Concentration (UIC), and Serum 25(OH)D in a sub-cohort. Anthropometric data,
specifically height and weight velocity (Z-scores), were recorded. Morbidity was tracked through
daily attendance logs to monitor sick days due to respiratory or gastrointestinal infections.

RESULTS
Baseline Status Analysis of the baseline data revealed that both groups were comparable at the
start of the study. Approximately 32.5% of the children were found to be anemic with
hemoglobin levels below 110 g/L. The iodine status indicated mild deficiency, with a median
Urinary Iodine Concentration (UIC) of 95 µg/L, which is below the target of >100 µg/L.
Furthermore, the dietary diversity score was low, averaging only 4 out of 9 food groups
consumed.
Impact on Hematological Indicators After 6 months, the Intervention Group showed marked
improvement.
Table 1: Change in Hemoglobin Levels

Group Baseline Hb (g/L) Endline Hb (g/L) Change P-value
Intervention 108.2 ± 10.5 118.4 ± 8.2 +10.2 <0.001
Control 109.1 ± 9.8 110.5 ± 9.5 +1.4 0.15

The prevalence of anemia in the Intervention Group dropped from 32% to 12%, while it
remained stagnant (28%) in the Control Group.
Iodine and Vitamin D Status The median Urinary Iodine Concentration increased to 145 µg/L in
the Intervention Group, reaching optimal status, which is likely attributable to better monitoring
of iodized salt storage in the kindergarten kitchens. Regarding Vitamin D status, children
receiving the fortified diet showed a 40% reduction in clinical signs of hypocalcemia, such as
restlessness and sweating.
Morbidity and Growth Children in the Intervention Group missed an average of 4.5 days due to
illness, compared to 8.2 days in the Control Group (p<0.01). Additionally, "catch-up growth"
was observed in children who were previously stunted, with a mean height gain of 3.8 cm in the
Intervention Group versus 2.9 cm in the Control Group.

DISCUSSION
The results of this study provide compelling evidence that "Hidden Hunger" in Andijan
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kindergartens is reversible through low-cost, high-impact hygienic interventions.
The Synergistic Effect of Diet and Supplementation: The success of the intervention was not
driven solely by the supplements (MNPs) but by the hygienic correction of the diet. Replacing
tea (a potent inhibitor) with rosehip drink (a potent enhancer containing Vitamin C) likely
doubled the bioavailability of non-heme iron from the standard meals. This highlights a crucial
lesson for public health: simply distributing pills or powders is less effective than optimizing the
food matrix and consumption habits.
Educational Ripple Effect: A key finding was the qualitative feedback from parents in the
Intervention Group, who reported changing cooking habits at home (e.g., buying fresh iodized
salt, cooking liver, reducing tea consumption for children). This suggests that the kindergarten
can act as a powerful hub for community health education, influencing family behaviors beyond
the school walls.
Reduction in Morbidity: The observed 25% reduction in respiratory infections validates the
critical role of micronutrients (Zinc, Vitamin A, Vitamin D) in strengthening the immune barrier.
Fewer sick days translate directly into economic benefits for parents (fewer lost workdays) and
better educational continuity for the child.

CONCLUSION
Preventing micronutrient deficiencies in early childhood requires a paradigm shift from passive
feeding to active "Nutritional Hygiene." This study confirms that localized, institution-based
interventions are highly effective.
Point-of-use fortification (sprinkles) combined with dietary modification is practical, culturally
acceptable, and well-received by staff and parents in the kindergarten setting.
The combined approach significantly reduces the prevalence of anemia and iodine deficiency
while boosting growth velocity and immune resilience.
The integration of parental education ensures that healthy habits are reinforced at home, creating
a sustainable model for long-term health promotion.

RECOMMENDATIONS
To effectively combat micronutrient deficiencies in the Andijan region, we propose the
following multi-level recommendations:
Revise state-approved menus to mandate the inclusion of Vitamin C-rich drinks (rosehip
infusion, fresh fruit compote) with all iron-rich meals (lunch). Strictly ban the serving of black or
green tea to children under 5 years of age during main meals.
Implement strict protocols for the storage of iodized salt. Salt must be kept in closed, opaque,
air-tight containers to prevent iodine sublimation and added only at the end of cooking to
preserve potency.
Scale up the use of multi-micronutrient powders (sprinkles) in state preschools, particularly
during the winter and spring months ("chilla" periods) when access to fresh produce is limited.
Integrate "Healthy Eating" lessons into the daily kindergarten educational schedule, teaching
children the benefits of colorful vegetables and fruits through play and participation.
Develop and distribute simple, visual "Smart Shopping Lists" for parents, emphasizing
affordable, nutrient-dense local foods (e.g., pumpkin, legumes, liver, dark leafy greens) over
processed snacks.
Launch a public awareness campaign specifically targeting the habit of giving tea to infants and
young children, explaining its role in causing anemia.
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