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Highlights 

• In the complete-case DXA subgroup (n = 485) of a cohort of 768 children and adoles-

cents with overweight or obesity, DXA-derived total body fat percentage was in-

versely associated with serum 25(OH)D after adjustment for BMI z-score, season, 

age, and sex. 

• Adding DXA-derived fat percentage to an age- and sex-adjusted base model contain-

ing BMI z-score and season raised R2 from 0.0498 to 0.0657 (ΔR2 = 0.0159; n = 485, 

complete-case). 

• BMI z-score lost statistical significance once DXA-derived fat percentage entered the 

same model, consistent with BMI z-score acting as a less direct proxy for the adipos-

ity compartment quantified more specifically by DXA. 

• Where DXA data are already available, directly measured adiposity may help char-

acterize the adiposity–25(OH)D relationship more specifically than BMI z-score 

alone. 

Abstract 

Background/Objectives: Lower serum 25-hydroxyvitamin D [25(OH)D] is common in 

pediatric overweight and obesity, but it remains unclear whether direct adiposity assess-

ment adds information beyond an age- and sex-adjusted model containing BMI z-score 

and season. We tested whether DXA-derived total body fat percentage is associated with 

25(OH)D and whether it adds explanatory power to that model. Methods: We analyzed 

cross-sectional data from 768 children/adolescents (10–18 years) with overweight/obesity. 

Anthropometry was available for all; DXA data for 489. The primary analysis used com-

plete-case DXA data (n = 485). Vitamin D supplementation status was not available. Re-

sults: Participants with and without DXA were similar in age, sex, BMI z-score, and serum 

25(OH)D, but blood sampling season differed (p < 0.001). Adding DXA-derived body fat 
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percentage to the age- and sex-adjusted base model increased R2 from 0.0498 to 0.0657 

(ΔR2 = 0.0159). Within the complete-case DXA subgroup (n = 485), DXA-derived total body 

fat percentage was inversely associated with 25(OH)D after adjustment for BMI z-score, 

season, age, and sex (B = −0.265; 95% CI, −0.448 to −0.082; p = 0.005). BMI z-score was sig-

nificant in the base model but not after adjustment for DXA fat percentage. Conclusions: 

DXA-derived total body fat percentage added explanatory value for serum 25(OH)D be-

yond BMI z-score and season, but the incremental gain was small (ΔR2 = 0.0159). The find-

ings are consistent with BMI z-score acting as a less direct proxy for the adiposity com-

partment that DXA quantifies more specifically. Causal interpretation is precluded by the 

cross-sectional design, unknown supplementation status, and non-random DXA availa-

bility. 

Keywords: vitamin D; 25-hydroxyvitamin D; 25(OH)D; overweight; obesity; DXA; body 

fat percentage; BMI z-score; children; adolescents 

 

1. Introduction 

Lower serum 25(OH)D levels in children and adolescents with excess body weight 

are well documented, and the available evidence indicates that this association is not fully 

captured by BMI alone. BMI does not distinguish fat mass from lean mass, which matters 

because vitamin D is lipophilic; its storage, distribution, and clearance depend on the size 

and function of the adipose compartment. Pediatric overweight and obesity also persist 

into adulthood and cluster with cardiometabolic, endocrine, orthopedic, and psychosocial 

comorbidities [1,2]. According to the World Health Organization, more than 390 million 

children and adolescents aged 5–19 years lived with overweight in 2022, including 160 

million with obesity [3]. 

Low serum 25(OH)D is common in pediatric overweight and obesity. The pediatric 

meta-analysis by Fiamenghi and de Mello, covering more than 24,000 children and ado-

lescents, reported a higher risk of vitamin D deficiency in obesity (RR 1.41; 95% CI, 1.26–

1.59) [1]; earlier meta-analytic data across broader populations point to a stronger associ-

ation [4]. Vitamin D deficiency remains a public health concern in Poland, and the current 

national recommendations identify overweight and obesity as risk factors that require 

dose adjustment [5]. 

Serum 25(OH)D concentration is the established marker of vitamin D status. Polish 

guidelines define vitamin D deficiency as <20 ng/mL (<50 nmol/L), insufficiency as 20–29 

ng/mL (50–75 nmol/L), and sufficiency as ≥30 ng/mL (≥75 nmol/L). Current Central Euro-

pean recommendations indicate that obese children and adolescents may require vitamin 

D supplementation at doses approximately twice those recommended for the general pe-

diatric population [5]. 

Three mechanisms could plausibly link excess adiposity to lower circulating 

25(OH)D. Vitamin D is lipophilic and accumulates in adipose tissue, reducing the fraction 

that reaches the bloodstream [6,7]; the same hepatic output is distributed across a larger 

body compartment in heavier children, lowering measured serum concentrations [8]; and 

Roizen et al. showed in animal models that obesity reduced hepatic CYP2R1 activity, the 

rate-limiting 25-hydroxylase, with parallel decreases in circulating 25(OH)D [9]. A recent 

pediatric review reaches similar conclusions regarding volume dilution, adipose seques-

tration, and obesity-related changes in vitamin D hydroxylation [10]. Adipose tissue vita-

min D metabolism and obesity-related inflammation have been proposed as additional 

contributors but are less well quantified [11–13]. Mendelian randomization places adipos-

https://doi.org/10.3390/nu18142334


Nutrients 2026, 18, 2334 3 of 12 
 

https://doi.org/10.3390/nu18142334 

ity upstream of 25(OH)D, although cross-sectional evidence cannot establish causality 

[14,15]. 

In daily clinical practice, BMI—applied as age- and sex-specific percentiles or z-

scores—remains the working tool for classifying excess body weight. Its strengths are sim-

plicity and availability; its main limitation, well documented in pediatric populations, is 

that it sums fat and lean mass [16,17]. DXA, by contrast, provides direct measurement of 

total and regional body composition and is an established reference method in clinical 

research [18–20]. 

Pediatric studies have linked body composition measures, including DXA-derived 

adiposity and NHANES-based adiposity indices, to lower serum 25(OH)D [21–26]. Fewer 

studies address a narrower question: whether DXA-derived total adiposity remains asso-

ciated with 25(OH)D once BMI z-score, season, age, and sex are entered into the same 

pediatric overweight/obesity model, and whether adding DXA-derived fat percentage 

adds measurable explanatory information to that age- and sex-adjusted model. 

Our aim was to determine whether DXA-derived total body fat percentage was as-

sociated with serum 25(OH)D after adjustment for BMI z-score, season, age, and sex in 

the complete-case DXA subgroup, and whether it added explanatory information beyond 

that age- and sex-adjusted base model. 

2. Materials and Methods 

2.1. Study Design and Participants 

This cross-sectional study analyzed data from 768 children and adolescents with 

overweight or obesity. BMI z-scores were calculated in the source anthropometric dataset 

using age- and sex-specific Polish OLAF reference values and the LMS method [27]. Over-

weight and obesity were classified using the International Obesity Task Force (IOTF) age- 

and sex-specific BMI cut-offs, corresponding to adult BMI thresholds of 25 kg/m2 and 30 

kg/m2 at 18 years [16]. Eligible participants were aged 10 to 18 years. Pubertal stage was 

not systematically assessed. 

We consecutively recruited participants from the Obesity Treatment Program at the 

Children’s Memorial Health Institute, Warsaw, Poland (Instytut „Pomnik-Centrum 

Zdrowia Dziecka”, IPCZD). Demographic, anthropometric, body composition, and labor-

atory data were extracted from clinical records covering January 2024 to October 2025. 

The study cohort comprised 768 children and adolescents with overweight or obesity. Se-

rum 25(OH)D measurements were available for 755 participants, and all regression anal-

yses involving serum 25(OH)D were performed using complete-case data. Serum 

25(OH)D concentration and blood sampling season were unavailable for the same 13 par-

ticipants, four of whom belonged to the DXA subgroup. DXA-derived body composition 

was available in 489 participants. 

This was a retrospective study based solely on the analysis of existing medical rec-

ords; no procedures beyond the standard clinical diagnostic work-up of children with 

overweight or obesity were performed. The study followed the Declaration of Helsinki 

and applicable data protection law (Regulation (EU) 2016/679), and the retrospective anal-

ysis was approved by the Bioethics Committee of the Children’s Memorial Health Insti-

tute (see the Institutional Review Board Statement), which found no ethical objections and 

confirmed that the study required no procedures beyond routine care. Consent for the 

clinical evaluation had been obtained from parents or legal guardians, and assent from 

patients aged 13 years or older, at the time of admission; the Committee approved the 

retrospective use of these records and did not require additional consent for the analysis. 

2.2. Measurements 
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The primary exposure was DXA-derived total body fat percentage. We assessed body 

composition using a narrow fan beam iDXA densitometer with SmartFan technology (GE 

Healthcare, Madison, WI, USA) and measured bioelectrical impedance with an X-CON-

TACT 357S analyzer (Jawon Medical, Seoul, Republic of Korea). Both modalities followed 

the manufacturer’s quality control protocol. 

The primary outcome was serum 25(OH)D concentration (ng/mL). The Department 

of Clinical Biochemistry measured total 25(OH)D on an IDS-iSYS analyzer using the IDS 

25 VitDs chemiluminescence assay (Immunodiagnostic Systems Ltd., Boldon, UK). We 

classified vitamin D status as deficiency (<20 ng/mL), insufficiency (20–29 ng/mL), or suf-

ficiency (≥30 ng/mL), in line with current Polish guidelines [5]. 

We recorded age, sex, and date of blood sampling. The season of laboratory assess-

ment was defined by the meteorological classification and entered into the multivariable 

models as a categorical covariate. Vitamin D supplementation, dietary vitamin D intake, 

sun exposure, physical activity, and Tanner stage were not systematically available. 

BMI z-score values were analyzed without truncation or winsorization, and no spe-

cial handling of extreme values was applied. 

BIA data were available, but this analysis was not designed as a head-to-head com-

parison between BIA and DXA. We chose DXA-derived total body fat percentage as the 

primary adiposity exposure because the central question concerned whether directly 

measured adiposity remains associated with 25(OH)D after adjustment for BMI z-score, 

season, age, and sex. 

2.3. Statistical Analysis 

Stata® Software ver. 14.1 (StataCorp, College Station, TX, USA) was used for statisti-

cal analysis. Categorical variables are summarized as counts and percentages. Continuous 

variables are reported as mean ± standard deviation (SD) when normally distributed and 

as median with interquartile range (IQR) otherwise. 

Associations with serum 25(OH)D were evaluated using linear regression. Regres-

sion coefficients are reported as unstandardized B with 95% confidence intervals (CIs). 

We set statistical significance at a two-sided p < 0.05. Missing data were not imputed; each 

model was fitted on the complete-case dataset. Stratified regression by weight status cat-

egory was not performed because of the limited overweight sample size (n = 53; 6.9% of 

the cohort), which would yield unstable estimates. Because participants with obesity con-

stituted 93.1% of the cohort, an obesity-only model would essentially reproduce the pri-

mary analysis. Descriptive characteristics of the overweight and obesity subgroups are 

provided in Table S2. 

The primary analysis used nested models fitted in the same complete-case DXA sub-

group (n = 485). The age- and sex-adjusted base model included BMI z-score, season of 

blood sampling, age, and sex. The DXA model additionally included DXA-derived total 

body fat percentage. Incremental explanatory information was described using R2, ad-

justed R2, and ΔR2. We did not perform an a priori power calculation; sample size was 

determined by data availability during the study period. 

3. Results 

The full cohort included 768 children and adolescents with overweight or obesity. 

DXA-derived body composition was available for 489 participants; the primary complete-

case DXA analysis included 485 participants. Serum 25(OH)D measurements were avail-

able for 755 of the 768 participants. Analyses involving serum 25(OH)D were performed 

using complete-case data. The participant flow is shown in Figure 1. Baseline characteris-

tics of the full cohort are shown in Table 1. 
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Figure 1. Participant flow. From an eligible cohort of children and adolescents with overweight or 

obesity aged 10 to 18 years (n = 768), DXA-derived body composition was available for 489 partici-

pants. The primary complete-case DXA analysis (n = 485) excluded four participants with missing 

season of blood sampling. The non-DXA subgroup (n = 279) was used for between-group compari-

son (Table S1) and was not included in the primary nested-model analysis. 

Table 1. Characteristics of the study population. 

Variable Study Cohort (n = 768) 

Age, years—mean ± SD (range) 14.0 ± 2.2 (10.0–18.0) 

Age, years—median (IQR) 13.9 (12.2–15.8) 

Girls, n (%) 359 (46.7) 

Boys, n (%) 409 (53.3) 

DXA-derived total body fat (%), median (IQR), n = 489                    46.7 (42.9–50.0) 

DXA-derived total body fat (%), mean ± SD (range), n = 489                  46.1 ± 5.6 (30.2–62.6) 

BMI z-score—mean ± SD 2.4 ± 0.6 

BMI z-score—median (IQR) 2.34 (2.0–2.7) 

Serum 25(OH)D, ng/mL—mean ± SD 23.8 ± 8.4 

Serum 25(OH)D, ng/mL—median (IQR) 23.1 (18.2–28.5) 

Vitamin D deficiency, n (%) 238 (31.0) 

Vitamin D insufficiency, n (%) 363 (47.3) 

Vitamin D sufficiency, n (%) 154 (20.1) 

Missing 25(OH)D status, n (%) 13 (1.6) 

Spring sampling, n (%) 294 (38.3) 

Summer sampling, n (%) 111 (14.5) 

Autumn sampling, n (%) 173 (22.5) 

Winter sampling, n (%) 177 (23.0) 

Missing season data, n (%) 13 (1.6) 

Weight status, n (%):  

   Overweight 53 (6.9) 

   Obesity 715 (93.1) 

Data are presented as mean ± SD, median (interquartile range, IQR), or number (percentage), as 

appropriate. Vitamin D status was defined as deficiency (<20 ng/mL), insufficiency (20–29 ng/mL), 

and sufficiency (≥30 ng/mL). DXA-derived total body fat percentage was available only for the DXA 
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subgroup (n = 489). Percentages for vitamin D status and season are calculated against the full cohort 

denominator; missing values are shown explicitly. 

Participants with and without DXA assessment were similar in age, sex distribution, 

BMI z-score, and serum 25(OH)D. The seasonal distribution of blood sampling, however, 

differed between DXA and non-DXA participants (p < 0.001), with autumn over-repre-

sented in the DXA subgroup and spring over-represented in the non-DXA subgroup (Ta-

ble S1). We retained season as a covariate in the primary DXA model. 

Within the DXA subgroup (n = 489), the median age was 13.8 years (IQR, 12.2–15.7), 

45.6% were female, the median BMI z-score was 2.36 (IQR, 2.02–2.69), the median serum 

25(OH)D was 23.3 ng/mL (IQR, 18.7–28.9), and the median DXA-derived total body fat 

percentage was 46.7% (IQR, 42.9–50.0). The DXA-derived total body fat percentage by sex 

and by vitamin D status is reported in Table S3. The DXA subgroup was broadly compa-

rable with the non-DXA subgroup for measured baseline variables, including age, sex, 

BMI z-score, and serum 25(OH)D; however, the seasonal distribution of blood sampling 

differed between groups (Table S1). 

Incremental Value of DXA-Derived Total Body Fat Percentage 

Median DXA-derived total body fat percentage was 46.7% (IQR 42.9–50.0), with a 

mean of 46.1 ± 5.6% and a range of 30.2–62.6%. In the complete-case DXA subgroup (n = 

485), BMI z-score was inversely associated with serum 25(OH)D in the age- and sex-ad-

justed base model (B = −2.98; 95% CI, −4.65 to −1.31; p < 0.001). Winter and spring were 

also associated with lower 25(OH)D than summer. 

Adding DXA-derived total body fat percentage to the age- and sex-adjusted base 

model produced an inverse association with 25(OH)D (B = −0.265; 95% CI, −0.448 to −0.082; 

p = 0.005). In the same model, BMI z-score lost statistical significance (B = −0.98; 95% CI, 

−3.14 to 1.17; p = 0.370). The model R2 rose from 0.0498 to 0.0657, corresponding to ΔR2 = 

0.0159 (Table 2). 

Table 2. Incremental value of DXA-derived total body fat percentage in explaining serum 25(OH)D 

concentration in the complete-case DXA subgroup. 

Variable Base B Base 95% CI Base p DXA B DXA 95% CI DXA p 

DXA—total body fat (%) — — — −0.265 −0.448 to −0.082 0.005 

BMI z-score −2.98 −4.65 to −1.31 <0.001 −0.98 −3.14 to 1.17 0.370 

Age (years) 0.07 −0.31 to 0.45 0.730 −0.20 −0.62 to 0.22 0.345 

Sex (female vs. male) −0.36 −1.90 to 1.18 0.646 0.18 −1.40 to 1.75 0.826 

Season (reference: summer)       

  Autumn −1.52 −3.86 to 0.83 0.204 −1.67 −4.00 to 0.66 0.160 

  Winter −2.92 −5.42 to −0.42 0.022 −3.15 −5.64 to −0.66 0.013 

  Spring −2.94 −5.34 to −0.54 0.016 −2.99 −5.38 to −0.62 0.014 

N 485   485   

R2 0.0498   0.0657   

Adjusted R2 0.0379   0.0520   

ΔR2    0.0159   

Both models were fitted in the DXA complete-case subgroup (n = 485). The base model included 

BMI z-score, season, age, and sex. The DXA model additionally included DXA-derived total body 

fat percentage. B coefficients represent differences in serum 25(OH)D concentration (ng/mL). Ab-

breviations: CI, confidence interval; DXA, dual-energy X-ray absorptiometry; 25(OH)D, 25-hy-

droxyvitamin D. 
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4. Discussion 

In the complete-case DXA subgroup, DXA-derived total body fat percentage added 

explanatory information on serum 25(OH)D beyond the age- and sex-adjusted base model 

containing BMI z-score and season. BMI z-score lost statistical significance when both ad-

iposity variables entered the same model, whereas DXA-derived fat percentage remained 

inversely associated with 25(OH)D after adjustment for BMI z-score, season, age, and sex. 

Adding DXA-derived fat percentage increased R2 from 0.0498 to 0.0657 (ΔR2 = 0.0159). 

This pattern is consistent with BMI z-score serving as a less direct proxy for the adiposity 

compartment that DXA quantifies more specifically. These findings are consistent with 

DXA-derived total body fat percentage capturing the adiposity component more directly 

than BMI z-score in this cohort. 

The size of this incremental gain should be interpreted realistically. A ΔR2 of 0.0159 

represents a small change in explained variance, and no causal conclusion follows from it. 

To put the coefficient in context, a 15% difference in DXA fat corresponds to ~4.0 ng/mL 

lower 25(OH)D. The main finding of the present study is that, within the same participants, 

DXA-derived fat percentage retained explanatory information beyond BMI z-score. We 

used total body fat percentage as the single DXA adiposity index because the research 

question concerned whole-body adiposity rather than fat distribution. Percentage of body 

fat expresses adiposity independently of body size and corresponds directly to the expo-

sure examined here, whereas absolute fat mass and lean mass scale with height and pu-

bertal stage and would require additional height- and maturation-based standardization 

for comparison across a 10-to-18-year range. Regional compartments describe fat distri-

bution, which fell outside the predefined objectives. 

Our results are consistent with, and more specific than, earlier pediatric evidence on 

adiposity and vitamin D status. The pediatric meta-analysis by Fiamenghi and de Mello 

reported an increased risk of vitamin D deficiency among children and adolescents with 

obesity [1]. In NHANES 2005–2006, Moore and Liu found inverse associations between 

serum 25(OH)D and several adiposity measures in children aged 6–18 years; in an 8–18-

year subgroup, DXA-derived body fat, fat mass index, and percent body fat were also 

negatively associated with serum 25(OH)D [25]. Wang et al., using NHANES 2011–2018 

adolescent data, linked vitamin D status to DXA-derived body composition measures, in-

cluding visceral adipose tissue area, appendicular lean mass index, and bone mineral den-

sity [26]. Our analysis sharpens these observations by asking a narrower question: 

whether DXA-derived total body fat percentage adds explanatory information beyond an 

age- and sex-adjusted model containing BMI z-score and season in the same complete-

case pediatric overweight/obesity sample. 

The biological rationale is strongest when adiposity is considered directly rather than 

through BMI. Cholecalciferol and vitamin D metabolites are lipophilic and, once stored in 

the adipose pool, re-enter the circulation slowly [6]. The same hepatic output, distributed 

across a larger body compartment, results in lower measured serum concentrations [8], 

and obesity-related reductions in CYP2R1-mediated 25-hydroxylation further lower 

25(OH)D [9]. Adipose tissue itself expresses vitamin D-metabolizing enzymes (CYP27B1 

and CYP24A1), and obesity-related low-grade inflammation can interfere with VDR-me-

diated transcription [13,28,29]; experimental data from vitamin D receptor knockout mod-

els confirm the centrality of VDR signaling for calcium, bone, and immune homeostasis 

[30]. None of these mechanisms scales cleanly with the BMI z-score because BMI mixes fat 

and lean mass in proportions that vary with sex and pubertal stage; they scale with fat 

mass, which is what DXA measures. 

The adipose context runs in both directions. Vitamin D signaling has been linked 

experimentally to adipocyte differentiation via PPAR-γ, to lipolysis and insulin sensitivity, 

and to attenuated pro-inflammatory cytokine release in adipose tissue [31,32]. None of 
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these associations were tested in our cohort; the point here is that DXA-derived fat per-

centage reflects the compartment in which these processes occur, whereas the BMI z-score 

does not. 

Circulating vitamin D derives mainly from cutaneous synthesis after UVB exposure, 

with only a minor contribution from diet [4,28,33]. In Poland, cutaneous synthesis falls 

markedly in autumn and winter, which is consistent with the seasonal differences in 

25(OH)D observed here. Dietary vitamin D intake, sun exposure, and physical activity 

were not measured in the present study, so their contribution cannot be quantified; resid-

ual confounding from these factors cannot be excluded. 

Season remained relevant in the model. In the DXA model, winter and spring were 

associated with lower 25(OH)D than summer, with effect sizes (winter B = −3.15; spring B 

= −2.99) close to those in the base model. Participants with and without DXA measure-

ments were comparable with respect to age, sex, BMI z-score, and serum 25(OH)D con-

centrations. However, the distribution of blood sampling season differed between groups. 

To minimize potential confounding arising from this imbalance, season was included as 

a covariate in all multivariable analyses, but residual season-related selection bias cannot 

be excluded. The pattern is consistent with Polish pediatric data from central Poland, 

where 25(OH)D shows marked seasonal variation and deficiency clusters in periods of 

lower UVB exposure [34]. 

The recent analysis by Jakubowska-Pietkiewicz et al. and the present study ask dif-

ferent questions [35]. Their study examined whether DXA and BIA yield similar physio-

logical inferences when modeling adiposity–25(OH)D and vitamin D–endocrine/meta-

bolic associations in children with established obesity. Our analysis does not test whether 

DXA outperforms BIA; it asks whether DXA-derived total body fat percentage adds ex-

planatory information beyond an age- and sex-adjusted model containing BMI z-score 

and season in a broader clinical cohort that includes both overweight and obesity. Vitamin 

D deficiency in our overweight/obesity cohort was 31.0%, lower than the 62.4% reported 

by Jakubowska-Pietkiewicz et al. Direct comparison is limited by differences in seasonal 

distribution, supplementation status, cohort composition, and assay methodology. 

Vitamin D supplementation status was unknown in our cohort. Because supplemen-

tation directly affects serum 25(OH)D concentrations, this is an important unmeasured 

source of confounding. Many participants had 25(OH)D levels below the recommended 

threshold, but we could not assess the adequacy of supplementation, adherence, dose, or 

duration. Therefore, the present findings should not be interpreted as evidence that cur-

rent supplementation was ineffective. Polish guidelines explicitly recommend higher vit-

amin D doses for children and adolescents with overweight or obesity than for normal-

weight peers, typically up to two-fold, to reach 25(OH)D concentrations within the rec-

ommended range [5]. Recent Endocrine Society recommendations address empiric vita-

min D supplementation in children and adolescents but do not provide DXA-based dose 

calibration for pediatric obesity. Current clinical guidelines do not recommend routine 

25(OH)D screening, including for individuals with obesity [36]. Randomized trials and 

meta-analyses show that supplementation can raise 25(OH)D, but its effects on adiposity 

or metabolic outcomes are inconsistent and do not replace standard obesity management 

[37–39]. 

Our finding does not mean that every child with overweight or obesity should un-

dergo DXA for vitamin D assessment. It indicates that, where DXA data are already avail-

able in a research or specialist care setting, total body fat percentage is a more direct meas-

ure of adiposity than BMI z-score and describes the adiposity–25(OH)D relationship more 

closely. DXA still has clear constraints—cost, access, specialized equipment, and low-dose 

radiation. Its most defensible role in this context is to characterize adiposity when precise 

body composition assessment is clinically or scientifically justified. The present data do 
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not support DXA-based vitamin D dose calibration because supplementation dose, adher-

ence, and treatment response were unavailable. They suggest, however, that direct adi-

posity assessment carries vitamin D-relevant information that weight-for-height indices 

alone do not retain. 

The study has clear limitations. The cross-sectional design rules out temporal or 

causal claims. We did not have systematic data on vitamin D supplementation, diet, sun 

exposure, physical activity, or pubertal stage, all of which can affect 25(OH)D and act as 

residual confounders. DXA was available only in a subgroup, and selection for DXA was 

non-random; although age, sex, BMI z-score, and 25(OH)D were similar between DXA 

and non-DXA participants, the seasonal distribution of blood sampling differed signifi-

cantly, so season-related selection bias cannot be excluded even after model adjustment. 

The cohort was recruited from a tertiary obesity program, which limits generalizability to 

community pediatric populations. DXA fat mass, lean mass, and regional adiposity were 

not analyzed, so compartment- and distribution-specific associations with 25(OH)D can-

not be addressed by these data. Strengths include DXA-based assessment of adiposity in 

489 children and adolescents with overweight or obesity, the use of complete-case nested 

models within the same DXA subgroup, and simultaneous adjustment for BMI z-score, 

season, age, and sex in the primary model. 

5. Conclusions 

In the complete-case DXA subgroup (n = 485) of a cohort of 768 children and adoles-

cents with overweight or obesity, DXA-derived total body fat percentage added modest 

explanatory information on serum 25(OH)D beyond an age- and sex-adjusted base model 

containing BMI z-score and season (ΔR2 = 0.0159) and remained inversely associated with 

25(OH)D after adjustment for BMI z-score, season, age, and sex, whereas BMI z-score lost 

statistical significance once both adiposity variables were entered. These findings are con-

sistent with BMI z-score serving as a less direct proxy for adiposity than DXA-derived 

total body fat percentage in this cohort. Because the design was cross-sectional and sup-

plementation, dietary, UV exposure, and pubertal stage data were unavailable, causal in-

terpretation is not possible, and DXA-derived total body fat percentage should not be 

used as a basis for routine vitamin D screening or dosing; longitudinal and interventional 

studies with these variables recorded would be the most informative next step. DXA-de-

rived total body fat percentage may help characterize the adiposity–25(OH)D association 

in specialist or research settings where DXA has already been obtained. 
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