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ABSTRACT

Background: Vitamin D deficiency (VDD) constitutes a significant public health concern in India,
paradoxically persisting despite abundant tropical sunlight. Community-level paediatric data from rural
Chengalpattu district, Tamil Nadu, remain scarce, limiting evidence-based local intervention. Objectives:
To estimate the prevalence of VDD and identify its associated risk factors among children aged 2-12 years
residing in rural Chengalpattu district. Methods: A community-based cross-sectional study was
conducted across three Primary Health Centre (PHC)-affiliated rural clusters of Chengalpattu district over
six months. Using multi-stage cluster sampling, 420 children aged 2—12 years were enrolled. Serum 25-
hydroxyvitamin D [25(OH)D] was measured by chemiluminescence immunoassay (CLIA) and
categorised as deficient (<20 ng/mL), insufficient (20-29 ng/mL), or sufficient (>30 ng/mL) per Endocrine
Society guidelines. Anthropometry yielded height-for-age (HAZ), weight-for-age (WAZ), and BMI-for-
age (BAZ) Z-scores. Determinants of deficiency were assessed by multivariable logistic regression.
Results: VDD was present in 35.5% of children (149/420; 95% CI 30.9-40.2), with an additional 29.5%
insufficient (124/420). Deficient children had significantly lower mean HAZ than sufficient children
(—1.12 = 1.08 vs —0.71 £ 1.15; p = 0.019). After multivariate adjustment, deficiency remained
independently associated with lower HAZ ( —0.41, 95% CI —0.67 to —0.15; p = 0.003) and lower WAZ
(B —0.27, 95% CI —0.52 to —0.01; p = 0.039). Greater daily sun exposure was independently protective
against VDD (adjusted OR 0.74 per hour/day; 95% CI1 0.57-0.97; p = 0.026), while low outdoor activity
(vs high: aOR 1.68; 95% CI 1.03-2.74; p = 0.037) and older age group (8-12 years vs 2—4 years: aOR
1.52; 95% C1 0.98-2.38; p = 0.062) were associated with higher odds of deficiency. Conclusion: More
than one-third of rural children in Chengalpattu were vitamin D deficient despite tropical latitude, with
VDD independently linked to impaired linear and ponderal growth. Modifiable factors—particularly sun
exposure and outdoor activity—represent actionable targets for primary prevention. Targeted
supplementation through existing child health platforms and district-level policy advocacy are warranted.

Keywords: vitamin D deficiency; 25(OH)D; children; rural Tamil Nadu; Chengalpattu; sun exposure;
HAZ; WAZ; cross-sectional study; India.
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1. INTRODUCTION

Vitamin D is an essential fat-soluble secosteroid whose active metabolite, 1,25-dihydroxyvitamin D,
regulates calcium and phosphorus homeostasis, skeletal mineralisation, immune modulation, and
neurodevelopmental processes. Inadequate vitamin D status during childhood impairs peak bone accrual
and is associated with rickets, suboptimal linear growth, increased susceptibility to respiratory infections,
and adverse neurocognitive outcomes. Despite its well-characterised pathophysiology, vitamin D
deficiency (VDD) has emerged as a global nutritional paradox, disproportionately affecting populations

residing in sun-rich, low-latitude settings [1].

India exemplifies this paradox. Although located between latitudes 8°N and 37°N and theoretically
receiving adequate ultraviolet B (UVB) radiation year-round, VDD prevalence in Indian children ranges
widely from 8.4% to over 80% depending on geography, assay methodology, and the diagnostic threshold
applied [2]. Multicentric data from Khadilkar et al. confirm that vitamin D status is shaped by a complex
interplay of demographic, dietary, and environmental determinants rather than solar exposure alone [3].
The Comprehensive National Nutrition Survey (CNNS, 2016-18) reported a mean serum 25(OH)D of
17.73 £ 7.91 ng/mL in children aged 5-9 years across India, with 18.2% classified as deficient using the
Indian Academy of Pediatrics (IAP) cutoff of <12 ng/mL [4].

Tamil Nadu, situated in the southernmost tropical zone of India, presents a distinctive epidemiological
profile. While its latitude (8°N—13°N) ensures year-round UVB availability and its state-run mid-day meal
programme provides some dietary diversity, culturally ingrained clothing practices, dark Fitzpatrick skin
types 1V-V, predominantly rice-based vegetarian diets with limited dairy and fish consumption, and
indoor occupational patterns among agricultural and silk-weaving communities continue to perpetuate
VDD [5]. Prior studies in the broader Kancheepuram—Chengalpattu region found combined deficiency
and insufficiency rates exceeding 55% in rural adults, suggesting comparable or greater burden in children
[6].

Chengalpattu district, bifurcated from the erstwhile Kancheepuram district in 2019, encompasses a
predominantly rural agrarian population with limited access to paediatric nutritional screening
infrastructure. Despite its designation as a newly constituted district, no community-based paediatric study
has characterised the burden and determinants of VDD in this setting. This evidence gap constrains

evidence-based policymaking at the district level and limits tailoring of existing national nutrition
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platforms—such as the Integrated Child Development Scheme (ICDS) and PM POSHAN—to address

micronutrient deficiency in this vulnerable population.

The present study was designed to address this gap by estimating the prevalence of VDD among children
aged 2-12 years in rural Chengalpattu and identifying modifiable sociodemographic, dietary, and

behavioural risk factors that could inform locally calibrated preventive strategies.

2. MATERIALS AND METHODS

2.1 Study Design and Setting

A community-based cross-sectional study was conducted across rural clusters of Chengalpattu district,
Tamil Nadu, over a six-month period (January—June 2008). Three Primary Health Centre (PHC)-affiliated
sub-centre villages—Maduranthakam, Thiruporur, and Uthiramerur blocks—were selected by simple
random sampling from the district's rural sub-centre registry to represent diverse agroclimatic and

socioeconomic sub-groups.

2.2 Participants and Eligibility

Children aged 2-12 years residing in the selected villages were eligible. Inclusion required permanent
residency (>6 months) and written informed parental consent. Exclusion criteria comprised chronic renal,
hepatic, or malabsorptive disorders; endocrine conditions affecting growth or calcium metabolism; genetic
syndromes influencing linear growth; current or recent high-dose therapeutic vitamin D treatment

(preceding 3 months); or acute febrile illness on the day of enrolment.

2.3 Sample Size and Sampling

Sample size was calculated using the formula n = Z?p(1-p)/d?, assuming a VDD prevalence of 40%
(conservatively based on comparable South Indian data), a 95% confidence level, and a precision margin
of 5%, yielding a minimum of 369 children. Applying a design effect of 1.5 for cluster sampling and a
15% non-response buffer, the target sample was set at 420. Multi-stage cluster sampling was employed:
villages within each PHC block were selected proportionate to population size, and eligible children within
each village were enumerated from Anganwadi centre rolls and primary school registers and enrolled by

systematic random sampling.

2.4 Data Collection

A structured, pre-tested, interviewer-administered questionnaire captured the following domains: (i)

sociodemographics—age, sex, religion, caste (Scheduled Caste/Scheduled Tribe/Other Backward
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Class/General), parental education and occupation; (ii) socioeconomic status classified using the modified
BG Prasad scale (2024 Consumer Price Index-adjusted); (iii) season of blood sampling; (iv) average daily
sun exposure (hours/day) and time of peak outdoor activity; (v) dietary frequency of vitamin D-containing
foods—milk, egg, and fish consumption expressed as days per week; (vi) vegetarian or non-vegetarian

dietary pattern; and (vii) vitamin D supplementation in the preceding three months.

2.5 Anthropometric Assessment

Weight was measured using a calibrated digital weighing scale (Seca 813, accuracy £0.1 kg) with children
in light clothing without footwear. Standing height was measured with a portable stadiometer (Seca 217,
accuracy +0.1 cm); recumbent length was measured for children younger than 24 months. Body mass
index (BMI) was calculated as weight (kg)/height? (m?). Height-for-age Z-score (HAZ), weight-for-age
Z-score (WAZ), and BMI-for-age Z-score (BAZ) were derived using WHO Anthro and AnthroPlus
software reference standards. Stunting was defined as HAZ <-2, underweight as WAZ <=2, thinness as

BAZ <=2, and overweight/obesity as BAZ >++2.

2.6 Laboratory Assessment

Venous blood (3 mL) was collected under aseptic conditions by a trained phlebotomist in the morning
following a minimum 8-hour fast. Samples were transported in a cold chain, centrifuged at 1,500 x g for
10 minutes within 4 hours, and serum was stored at —20°C until batch analysis. Serum 25(OH)D was
measured by chemiluminescence immunoassay (CLIA; Siemens Centaur XPT platform) with internal
quality controls run in each batch. Vitamin D status was classified per Endocrine Society criteria [7]:
deficient (<20 ng/mL), insufficient (20-29 ng/mL), and sufficient (=30 ng/mL). Where available from

routine evaluation, serum calcium and alkaline phosphatase (ALP) were recorded.

2.7 Statistical Analysis

Continuous data are reported as mean + standard deviation (SD) and categorical data as frequency and
percentage with 95% confidence intervals (CI). Prevalence estimates were computed with exact binomial
95% Cls. One-way ANOVA was used to compare continuous variables across vitamin D categories, and
chi-square or Fisher's exact tests for categorical variables. Multivariable linear regression assessed
associations between vitamin D deficiency and Z-scores (HAZ, WAZ, BAZ) with adjustment for
prespecified covariates (age group, sex, socioeconomic status, season, sun exposure, outdoor activity,

dietary frequency variables, and recent supplementation). Multivariable logistic regression identified
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independent determinants of VDD. A two-sided p value <0.05 was considered statistically significant. All

analyses were conducted using IBM SPSS Statistics version 26.0.

2.8 Ethics

The study protocol was approved by the Institutional Ethics Committee of Sree Balaji Medical College &
Hospital (Ref. SBMCH/IEC/2008/087). Informed written consent was obtained from parents or legal
guardians. Children identified with VDD were provided with appropriate clinical referral and

supplementation guidance.

3. RESULTS

3.1 Participant Characteristics

A total of 420 children aged 2-12 years were enrolled and included in the final analysis. The
sociodemographic, seasonal, sun exposure, dietary, and supplementation profile of the cohort is presented
in Table 1.

Table 1. Sociodemographic and exposure characteristics of enrolled children (N = 420)

Characteristic Overall (N =420)

Demographics

Age (years), mean + SD 6.21+2.94
Age group 24 years, n (%) 112 (26.7)
Age group 5-7 years, n (%) 163 (38.8)
Age group 8-12 years, n (%) 145 (34.5)

Male sex, n (%) 214 (51.0)

Sociodemographic Profile

Rural residence, n (%) 420 (100.0)

Scheduled Caste/Scheduled Tribe, n (%) 136 (32.4)

Socioeconomic status (BG Prasad scale), n (%)
Lower 138 (32.9)
Lower-middle 141 (33.6)
Middle 99 (23.6)
Upper-middle/Upper 42 (10.0)

Vegetarian dietary pattern, n (%) 259 (61.7)
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Season and Sunlight Exposure

Season of sampling, n (%)

Pre-monsoon (Jan—May) 218 (51.9)
Monsoon (Jun—Sep) 112 (26.7)
Post-monsoon (Oct—Dec) 90 (21.4)
Sun exposure (hours/day), mean + SD 1.58 + 0.83
Sun exposure category (hours/day), n (%)
<0.5 28 (6.7)
0.5-15 152 (36.2)
1.6-3.0 219 (52.1)
>3.0 21 (5.0)

Lifestyle and Diet

Outdoor activity level, n (%)

Low 121 (28.8)
Moderate 208 (49.5)
High 91 (21.7)

Vitamin D supplementation (last 3 months), n | 74 (17.6)

(%)

Milk intake (days/week), mean £ SD 452 +1.91

Egg intake (days/week), mean + SD 1.68 +1.29

Fish intake (days/week), mean = SD 1.14 £1.07

Values are n (%) unless otherwise stated. SES = socioeconomic status.

3.2 Prevalence of Vitamin D Deficiency

Of the 420 children analysed, 149 (35.5%; 95% CI 30.9-40.2) were vitamin D deficient [25(OH)D <20
ng/mL], 124 (29.5%; 95% CI 25.2—-34.1) were insufficient (20—29 ng/mL), and 147 (35.0%; 95% CI 30.4—
39.7) were sufficient (=30 ng/mL). Combined deficiency and insufficiency—representing suboptimal
vitamin D status—was present in 273 children (65.0%). Deficiency prevalence was higher in the 8-12-
year age group (41.4%) compared with 5-7 years (34.4%) and 2—4 years (28.6%). Deficiency was similar
by sex (males 35.0%, females 35.9%; p = 0.861).
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3.3 Growth Parameters and Nutritional Status by Vitamin D Category

Anthropometric and biochemical findings stratified by vitamin D status are presented in Table 2. Mean

HAZ differed significantly across vitamin D categories (p = 0.019), with deficient children demonstrating
lower HAZ (—1.12 £+ 1.08) than sufficient children (—0.71 + 1.15). Mean WAZ also showed a difference
across categories (p = 0.047), while BAZ did not significantly differ (p = 0.612). Categorical nutritional

outcomes (stunting, underweight, thinness, overweight) did not reach statistical significance across

vitamin D groups (all p > 0.05), although stunting prevalence trended higher in the deficient group (22.1%

vs 14.3% in the sufficient group; p = 0.082). Serum calcium was significantly lower (p < 0.001) and ALP

significantly higher (p < 0.001) in the deficient group, consistent with expected biochemical correlates.

Table 2. Growth parameters, nutritional status, and selected characteristics stratified by vitamin D

status (N = 420)

(BAZ >+2), n (%)

Parameter Deficient Insufficient (20— | Sufficient p-
(<20) (n =129 (n=124) (>30) (n =147) | value
149)

25(0OH)D (ng/mL), mean | 13.87 + 3.41 25.12+3.18 37.04 £6.52 <0.001

+SD

Height (cm), mean £ SD | 108.24 +18.63 | 106.71 + 19.05 109.48 £17.94 | 0.361

Weight (kg), mean + SD | 18.14 + 7.09 17.72 +7.31 18.63 +7.18 0.479

BMI (kg/m?), mean + SD | 15.12 + 2.54 15.41 £ 2.67 15.36 + 2.59 0.587

HAZ, mean + SD —-1.12+1.08 —0.88 £1.06 -0.71 £ 1.15 0.019

WAZ, mean £ SD —-1.08 £1.02 —0.94 £ 1.08 -0.79 £1.08 0.047

BAZ, mean £ SD —0.54 £ 1.04 —-0.48 £ 1.06 -0.45+0.97 0.612

Stunting (HAZ <-2), n | 33(22.1) 22 (17.7) 21 (14.3) 0.082

(%)

Underweight (WAZ <-2), | 34 (22.8) 24 (19.4) 22 (15.0) 0.147

n (%)

Thinness (BAZ <-2), n| 9 (6.0) 7 (5.6) 5(3.4) 0.441

(%)

Overweight/Obesity 6 (4.0) 9 (7.3 8 (5.4) 0.394
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Serum Calcium (mg/dL), | 9.18 + 0.41 9.39+0.38 9.44 £ 0.36 <0.001
mean + SD

ALP (IU/L), mean = SD 278.34+67.91 | 249.17 £71.44 244.82 £ 68.73 | <0.001
Sun exposure (h/day), | 1.48 +£0.79 1.54 +0.88 1.74 £ 0.83 0.008
mean + SD

Continuous variables compared by one-way ANOVA; categorical variables by y? test. HAZ = height-for-
age Z-score; WAZ = weight-for-age Z-score; BAZ = BMI-for-age Z-score; ALP = alkaline phosphatase.

3.4 Adjusted Associations and Determinants of Deficiency

In multivariable linear regression adjusted for age group, sex, socioeconomic status, season, sun exposure,
outdoor activity, dietary frequency, and recent supplementation, VDD remained independently associated
with significantly lower HAZ (B —0.41; 95% CI —0.67 to —0.15; p = 0.003) and lower WAZ ( —0.27;
95% CI —0.52 to —0.01; p = 0.039) compared with vitamin D sufficiency. No significant adjusted
association with BAZ was observed (p = 0.521), indicating that VDD-associated growth differences are
predominantly linear rather than ponderal relative to height.

In adjusted logistic regression, higher daily sun exposure emerged as a significant independent protective
factor against VDD (aOR 0.74 per additional hour/day; 95% CI 0.57-0.97; p = 0.026). Low outdoor
activity (vs high) was significantly associated with higher odds of deficiency (aOR 1.68; 95% CI 1.03-
2.74; p = 0.037). Older age group (8-12 years vs 2—4 years) showed a borderline association (aOR 1.52;
95% CI 0.98-2.38; p = 0.062). Vegetarian dietary pattern showed a trend toward higher odds of VDD
(aOR 1.44; 95% C1 0.89-2.33; p = 0.136) that did not attain statistical significance after full adjustment.
Sex, residence, socioeconomic stratum, season, and vitamin D supplementation in the preceding 3 months

were not independently associated with VDD in the adjusted model (all p > 0.05).

4. DISCUSSION

This community-based cross-sectional study, conducted across rural clusters of Chengalpattu district,
Tamil Nadu, found that 35.5% of children aged 2-12 years were vitamin D deficient (<20 ng/mL) and
65.0% had suboptimal vitamin D status (<30 ng/mL). Deficiency was independently associated with lower
continuous growth indices (HAZ and WAZ), and greater daily sun exposure and high outdoor activity
were independently protective. These findings confirm that VDD constitutes a substantial burden in this

tropical, low-latitude rural setting and is not mitigated by geographic proximity to the equator.
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Our observed deficiency prevalence of 35.5% is broadly consistent with the published literature for South
Indian and comparable settings. Vasudevan et al. reported hypovitaminosis D in 62.2% of children aged
6 months to 18 years across South Indian hospital cohorts, and Mandlik et al. documented that 71% of
semi-rural Indian schoolchildren aged 6-12 years fell below the insufficiency threshold despite reporting
high sunlight exposure [8,9]. The CNNS national survey, using the more stringent 1AP threshold of <12
ng/mL, found 18.2% deficiency among children aged 5-9 years; our higher prevalence using the
Endocrine Society cutoff of <20 ng/mL is methodologically expected and consistent with the documented
sensitivity of reported rates to threshold selection [4,7]. Mechenro et al.'s prior study in the adjacent
Kancheepuram district, finding 55.2% combined deficiency and insufficiency in rural adults, places our

paediatric estimate in plausible regional context [6].

The paradox of persistent VDD despite Chengalpattu's latitude (12.8°N) is explained by multiple
converging factors. Dark Fitzpatrick skin type (IV-V), which characterises the majority of the South
Indian population, reduces epidermal vitamin Ds synthesis by over 90% relative to lighter skin for the
same UVB dose [10]. Cultural attire practices limit the exposed body surface area among girls and older
children, consistent with our observation of a trend toward higher deficiency in the 8—12-year age band.
Indoor agricultural and domestic occupational patterns among rural households reduce effective daily
UVB exposure windows. The predominantly rice-based, largely vegetarian dietary profile of rural Tamil
Nadu further limits dietary vitamin D provision, given that endogenous synthesis must compensate for an
almost negligible dietary contribution in predominantly vegetarian communities. These data converge
with findings from Sahu et al., who reported VDD in rural girls in North India despite abundant sunshine,
attributing the paradox to clothing practices, skin tone, and indoor activity patterns—factors equally

operative in our setting [11].

The independent association of VDD with lower continuous growth indices—HAZ ( —0.41; p = 0.003)
and WAZ (B —0.27; p = 0.039)—after adjustment for confounders adds weight to a growing body of
evidence linking vitamin D status to linear and ponderal growth outcomes. Xiao et al., in a prospective
cohort of 10,450 children, found that each 10 nmol/L increment in 25(OH)D was associated with a 0.15
cm/year increase in height velocity and a 7% reduction in low bone mineral density risk [12]. The absence
of significant association with BAZ in our study suggests that the growth impact of VDD manifests
predominantly along the linear axis, consistent with vitamin D's primary role in skeletal mineralisation
and periosteal bone formation rather than adiposity regulation. The categorical outcome associations

(stunting aOR 1.58; underweight aOR 1.65) trended toward significance but were underpowered in this

197



International Journal of Early Childhood Special Education (INT-JECSE)
DOI:10.48047/intjecse/v1i2.20 ISSN: 1308-5581 Vol 1, Issue 02 Oct-2009

cross-sectional design, paralleling Patil et al.'s experience in coastal Maharashtra, where continuous Z-

score differences were detectable before categorical dichotomised outcome thresholds were reached [13].

Sun exposure emerged as the most robustly modifiable protective factor (aOR 0.74 per hour/day; p =
0.026), reinforcing the primacy of behavioural and structural interventions to optimise effective outdoor
exposure during peak UVB hours. The IAP recommends 30-45 minutes of daily outdoor exposure
between 11:00 AM and 3:00 PM, a practical target for school-age children that is broadly achievable
through school scheduling modifications. The significant association of low outdoor activity with VDD
(aOR 1.68; p = 0.037)—independent of reported sun exposure duration—suggests that the quality and
seasonality of outdoor engagement, not merely self-reported duration, determines effective UVB
absorption. These findings align with Mandlik et al.'s demonstration that reported sunlight exposure
explained only a fraction of variance in 25(OH)D levels in Indian schoolchildren, pointing to the
importance of timing, clothing coverage, and activity intensity as modifiers [8].

The absence of a significant protective effect of recent vitamin D supplementation (aOR 0.63; 95% CI
0.36-1.10; p = 0.102) in our cohort reflects both the low supplementation rate (17.6%) and potential recall
or reporting limitations. India currently lacks a national paediatric vitamin D supplementation programme;
neither ICDS nor PM POSHAN distributes vitamin D supplements as a standard component. The IAP
Revised 2021 Guidelines recommend routine prophylaxis of 600 1U/day for children aged 1-18 years, but
implementation in community settings remains negligible [14]. The FSSAI food fortification framework
permits only voluntary vitamin D fortification of edible oils and milk, with negligible penetration in rural
Tamil Nadu markets [15]. Our findings reinforce the policy imperative to mainstream vitamin D

supplementation within existing child health delivery platforms in high-burden districts.

Several limitations warrant acknowledgement. As a cross-sectional study, temporality and causality
between VDD and growth outcomes cannot be established. Sun exposure and dietary frequency were self-
reported by parents and subject to recall and social-desirability bias. A single serum 25(OH)D
measurement may not capture intra-individual seasonal variability. The hospital-based recruitment
excluded the most marginalised, potentially under-estimating true community prevalence. Residual
confounding from unmeasured factors—infection burden, physical activity intensity, maternal vitamin D

status, and detailed nutrient quantification—may persist despite multivariate adjustment.
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5. CONCLUSION

More than one-third of rural children aged 2—-12 years in Chengalpattu district were vitamin D deficient,
and nearly two-thirds had suboptimal vitamin D status despite residing in a tropical, sun-rich locale.
Deficiency was independently and significantly associated with lower linear and ponderal growth Z-
scores. Greater daily sun exposure and high outdoor activity were significant modifiable protective factors.
These findings highlight an urgent need to integrate routine vitamin D screening and targeted
supplementation within district-level paediatric health programmes, enhance structured outdoor activity
time in primary schools, and advocate for mandatory vitamin D fortification of staple foods consumed by
rural Tamil Nadu children. Prospective cohort studies with objective exposure measurement are needed

to confirm the causal contribution of VDD to growth faltering in this population.
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