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Background: Recent studies have expanded our understanding of the functions
of vitamin D beyond bone health and calcium homeostasis. Limited data exists
on the prevalence of vitamin D insufficiency in Brazil, particularly in children, but
studies have shown deficiencies in a significant percentage of the population.
Some studies have suggested a potential interaction between vitamin D and
platelets, as they share common metabolic pathways, and alterations in platelet
levels have been observed in individuals with vitamin D insufficiency.
Objective: This study aimed to verify if serum levels of 25(0OH)D, platelet count,
and mean platelet volume (MPV), are associated in children and adolescents
aged 6 to 17 years old.

Methods: This is a cross-sectional study in children and adolescents aged
6 to 17 years (first sentence) Serra, Espirito Santo, a metropolitan city in
Southeast Brazil. In total, 659 children and adolescents aged 6 to 17 years old
and registered in a social project called “Estacdo do Conhecimento” in Serra,
Espirito Santo, Brazil. Socioeconomic data were collected in the first interview
using a semi-structured questionnaire. Blood was collected after 12 h of fasting,
25-hydroxyvitamin D [25(OH)D] levels were assessed using achemiluminescence
method, blood cells were analyzed using the counting method by impedance,
and the cell analysis were performed by continuous flow cytometry.

Results: Vitamin D insufficiency was highly prevalent among children and
adolescents. Vitamin D levels and platelets were positively correlated and
independently associated. Surprisingly, insufficient and deficient vitamin D were
associated with higher mean platelet volume.

Conclusion: Our findings suggest that vitamin D’s influence on platelet
parameters is likely indirect, possibly mediated by its role in modulating low-
grade inflammation.
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1 Introduction

Vitamin D, traditionally associated with bone metabolism and calcium homeostasis, has
gained increasing attention for its pleiotropic effects, particularly its involvement in immune
regulation, cardiometabolic processes, and inflammatory (1, 2). Recent evidence has linked
hypovitaminosis D to increased cardiovascular risk, including associations with hypertension,
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metabolic syndrome, and endothelial dysfunction in both adults and
pediatric populations (2-4).

Despite Brazil’s tropical climate, vitamin D insufficiency is
prevalent among children and adolescents, often attributed to
urban lifestyle, reduced sun exposure, and increasing rates of
childhood obesity (5). This has raised public health concerns
regarding its potential role in the early development of
atherothrombotic disease, especially as platelet activation and
volume—represented by mean platelet volume (MPV)—have been
recognized as early biomarkers of vascular inflammation
and thrombosis.

Platelets are not only key players in hemostasis but also participate
in immune signaling and inflammatory cascades. MPV is considered
a dynamic indicator of platelet activation and has been associated with
cardiovascular risk in both adults and children (6, 7). Previous studies
investigating the relationship between vitamin D status and platelet
indices have yielded conflicting results, often focusing on adult
populations or patients with comorbidities, such as type 2 diabetes,
immune thrombocytopenia, or multisystem inflammatory syndrome
in children (6-8).

Previous investigations into the relationship between vitamin D
status and platelet indices have yielded conflicting results and have
predominantly focused on adult populations or children with existing
comorbidities (6-8). Consequently, there is a significant gap in the
literature concerning this association in healthy pediatric cohorts.
Establishing this baseline relationship is essential for understanding
early cardiovascular risk markers without the confounding influence
of underlying disease states.

This study aims to evaluate the relationship between serum
25-hydroxyvitamin D [25(OH)D] concentrations and platelet indices,
including platelet count and MPV, in a large sample of healthy
Brazilian children and adolescents. By focusing exclusively on a
non-pathological population, we seek to contribute novel evidence on
the underlying physiological relationship between vitamin D status
and platelet behavior in youth.

2 Materials and methods

2.1 Study design

This was a cross-sectional study conducted in Serra, Espirito
Santo, Brazil. Participants were children and adolescents enrolled in
the “Estagdo do Conhecimento,” a non-profit community program
funded by the Vale Foundation. The program provides educational
support, music instruction, and sports activities for school-aged youth
from low-income neighborhoods.

2.2 Study setting and period

The study was carried out in Serra, a metropolitan municipality
in the state of Espirito Santo. The Estacio do Conhecimento,
established in 2011, partners with public and private institutions to
provide an extensive social support network. It serves children as
young as 6 years old, offering structured after-school programming,
and includes income-generating activities for older adults. Data
collection occurred between 2017 to 2020.
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2.3 Study population and eligibility criteria

Approximately 1,100 children and adolescents aged 6-18 years were
invited to participate in a study examining cardiovascular parameters
across different ancestry groups. Inclusion criteria were enrollment in the
program, informed consent provided by parents or guardians, and assent
from adolescents aged 12 and above. Data was collected from June 2018
to November 2019 in a non-probabilistic population, and 671 children
and adolescents completed all the stages of the study. For the present
study, participants who did not have biochemical data were excluded.

2.4 Data collection

Demographic and clinical data were collected by trained
interviewers using structured questionnaires. Demographic variables
included age (years), sex, and self-reported race/ethnicity (White,
Black, or Multiracial). Pubertal stage was assessed according to Tanner
criteria and categorized as pre-pubertal, pubertal, or post-pubertal.
Additionally, parents or legal guardians provided the child’s medical
history and information on current medication usage.

2.5 BMI

Fasting blood samples were collected via venipuncture in the early
morning and analyzed by a centralized certified laboratory using
standardized procedures. For this study, platelet count was analyzed as
both a continuous variable (x10°/pL) and a categorical variable
(thrombocytopenia, defined as <150 x10°/pL) (9). Additionally, mean
platelet volume (fL) was included as an analytical parameter. Serum
25-hydroxyvitamin D [25(OH)D] levels were measured using
chemiluminescence with the ARCHITECT® platform (Abbott
Diagnostics, Lake Forest, IL, USA). Results were expressed in ng/mL
and classified into two groups: inadequate (< 20 ng/mL) and adequate
(> 20 ng/mL) (10). The complete blood count was performed using
impedance and continuous flow cytometry (BECKMAN COULTER
DxH800®).

2.6 Statistical analysis

The Kolmogorov-Smirnov test was initially used to assess data
normality, and the results indicated a normal distribution, allowing all
analyses to be conducted using appropriate statistical tests. Continuous
variables are presented as mean + standard deviation; categorical
variables are presented as frequencies and percentages. To compare
characteristics between groups with adequate and inadequate Vitamin
D status, the independent samples t-test and the chi-square test were
used. Effect sizes were calculated using Cohen’s d and Cramér’s V,
respectively. Pearson’s correlation was used to assess the linear
association between continuous variables.

To evaluate the independent association between 25(OH)D levels and
platelet count, a multiple linear regression model was constructed,
adjusting for age, sex, and BMI. Regression results are presented as
unstandardized coefficients (B) with their corresponding 95% confidence
intervals (95% CI). All analyses were performed using SPSS (version 21.0;
SPSS Inc., Chicago, IL, USA), with statistical significance set at p < 0.05.
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2.7 Ethical considerations

The study protocol was approved by the Human Research Ethics
Committee at the Health Sciences Center of the Federal University of
Espirito Santo (CAAE: 30385014.8.0000.5060, protocol no. 725.488).
All participants and their guardians were informed about the study
objectives and procedures. Written informed consent was obtained
from guardians, and assent was provided by adolescents aged
12-18 years in accordance with ethical standards.

3 Results

The study included a total of 659 children and adolescents with a
mean age of 11.1 + 2.8 years. Most participants were female (58.7%),
and the majority were classified in the pubertal stage (59.8%). Vitamin
D deficiency was observed in 71 participants, representing 10.8% of
the total sample.

The demographic and clinical characteristics of the population,
stratified by vitamin D status, are detailed in Table 1. The group with
insufficient vitamin D presented a significantly higher mean age and
BMI in comparison to the group with adequate levels of vitamin D
(p<0.001; ES=0.51 and p=0.031; ES=0.27, respectively).
Additionally, statistically significant associations were observed
between vitamin D status and the variables sex (p = 0.026; ES = 0.08),
and prevalence of thrombocytopenia (p = 0.011; 0.09).

Table 2 shows the comparison between groups with adequate and
inadequate vitamin D levels. The group with inadequate vitamin D
presented a significantly higher MPV compared to the group with
adequate levels (9.35 fL vs. 9.11 fL; p = 0.035; ES = 0.26). The platelet
count was, on average, lower in the group with vitamin D inadequacy
(268.41 x10°/pL) in relation to the adequate group (281.48 x10°/uL);
however, this difference did not reach statistical significance
(p=0.118; ES = 0.19) (see Table 3).

When stratified by sex, correlation analyses revealed a positive
association between serum vitamin D levels and platelet count

10.3389/fnut.2025.1682472

(r=0.119, p = 0.049 M; r = 0.102, p = 0.045 F). Conversely, a negative
correlation was observed between vitamin D levels and MPV
(r=-0.119, p = 0.049 M; r = —0.105, p = 0.038 F).

To evaluate the independent association of vitamin D with
platelet parameters, multiple linear regression models were
constructed, adjusted for age, sex, and BMI. In the adjusted model
for platelet count (Table 4), vitamin D remained a positive and
statistically significant predictor. Specifically, each 1 ng/mL
increase in vitamin D levels was associated with an average
increase of 0.53 x10°/pL in platelet count (95% CI: 0.2, 1.1). For
MPYV, it was observed that each 1 ng/mL increase in vitamin D was
associated with a reduction of 0.08 fL in MPV. However, this
association showed only a trend, not reaching statistical
significance in the adjusted model (95% CI: —0.1, 0.1) (see
Table 5).

4 Discussion

Our main finding demonstrates that, even after adjusting for
potential demographic and anthropometric confounders, higher
25(0OH)D levels remained significantly associated with a higher
platelet count. Concomitantly, an inverse relationship was observed
with MPV, a marker of young and reactive platelets, although this
association showed borderline statistical significance in the
multivariate model. Collectively, this hematological profile,
characterized by a reduced platelet count and an elevated MPV in
states of vitamin D insufficiency, suggests a state of accelerated
platelet turnover. Our findings align with a recent study by Okuyan
etal. (11) in children and adolescents demonstrated that vitamin D
deficiency was associated with higher levels of inflammatory
markers, such as the Platelet-to-Lymphocyte Ratio (PLR), and with
insulin resistance, reinforcing the hypothesis that vitamin D status
modulates systemic inflammation and metabolism. Additionally, in
a large retrospective cohort of over 16,000 children (12) also found
statistically significant, yet weak, correlations between vitamin D

TABLE 1 Demographic and health characteristics of the sample, according to the 25(0OH)D concentration.

Variables Total (N = 659) Vitamin D Vitamin D Effect size
adequate inadequate (N = 71)
(N = 588)
Age, years, Mean + S.D 11.1+£2.7 109 +2.7 124+2.8 <0.001* 0.51
BMLI, kg/m? Mean + S.D 19.2+52 20.5+4.6 19.1£52 0.031%* 0.27
Sex, n (%) 0.026%* 0.08
Masculine 234 (39.8) 38 (53.5)
Feminine 354 (60.2) 33 (46.5)
Race/ethnicity, n (%) 0.177%%* 0.07
White 166 (28.2) 21 (29.6)
Black 170 (28.9) 27 (38.0)
Multiracial 252 (42.9) 23 (32.4)
Platelets, n (%) 0.011%* 0.09
Adequate 586 (99.7) 69 (97.2)
Thrombocytopenia 2(0.3) 2(2.8)

BMI, body mass index. **Chi-square test (ES calculated by Cramér’s V). *Student ¢-test (ES calculated by Cohen’s d).
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TABLE 2 Comparison between groups with adequate and inadequate
vitamin D levels.

Vitamin D
inadequate
(N =71)

Vitamin D

adequate
(N =588)

Variables

Platelet count,

10*/pL, Mean +

S.D 281.48 £ 66.66 268.41 + 66.48 0.118 0.19
Mean platelet

volume, fL,

Mean + S.D 9.11 £0.38 9.35+1.05 0.035 0.26

T-Student test (effect size calculated by Cohen’s d).

TABLE 3 Platelet count and volume according to plasma 25(OH)D levels
in children and adolescents, stratified by sex.

Variables

Vitamin D, ng/mL

Male Female

Platelet count, 10°/

pL, Mean + S.D 0.119 0.049 0.101 0.045
Mean platelet

volume, %, Mean +

S.D -0.119 0.049 —0.105 0.038

Pearson’s correlation.

When stratified by sex, correlation analyses revealed a positive association between serum
vitamin D levels and platelet count (r = 0.119, p = 0.049 M; r = 0.102, p = 0.045 F).
Conversely, a negative correlation was observed between vitamin D levels and MPV
(r=-0.119, p = 0.049 M; r = —0.105, p = 0.038 F).

TABLE 4 Linear regression analysis of the association between 25(0OH)D
levels and platelet count.

Model 1 Model 2

BO5%C)  p

Variables

BO5%C)  p

Vitamin D, ng/

0.72(0.2,1.2) 0.008 0.53(0.2,1.1) 0.043

mL

B, beta; CI, confidence interval. Model 1 was crude model. Model 2 was adjusted for age, sex,
and body mass index.

TABLE 5 Linear regression analysis of the association between 25(OH)D
levels and mean platelet volume.

Model 1 Model 2
P (95%Cl) P

—0.08 (0.1,
0.1)

Variables

B(95%CI  p

—0.11 (-0.1,
—-0.1)

Vitamin D, ng/

mL

0.009 0.051

B, beta; CI, confidence interval. Model 1 was crude model. Model 2 was adjusted for age, sex,
and body mass index.

deficiency and several hemogram-derived inflammatory markers,
including PLR and Platelet Distribution Width. The authors suggest
that the clinical significance of such weak associations should
be interpreted cautiously, as statistical significance may be driven
by the large sample size. This observation supports that vitamin D’s
influence on platelet parameters is likely indirect and subtle, rather
than a clinical effect of large magnitude.
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A higher frequency of hypovitaminosis D was observed among
male participants, which contrasts with much of the existing literature,
where females typically present lower vitamin D levels (13, 14). This
discrepancy may reflect population-specific differences such as body
composition and behavioral factors; for instance, obese male
adolescents may have reduced vitamin D bioavailability due to
increased adiposity (15).

The positive correlation between vitamin D and platelet count
remained statistically significant when stratified by sex. However,
these findings contrast with studies in adult populations. For example,
Park et al. (8) reported a weak but inverse correlation between 25(OH)
D and platelet indices in Korean adults. A critical distinction lies in
the study populations: while Park et al. included adults with varied
health statuses, our study focused exclusively on healthy children and
adolescents. The divergent results may thus reflect age-related
physiological differences, varying hormonal profiles, or the absence of
chronic inflammatory states in our cohort. Moreover, platelet
dynamics and vitamin D metabolism are known to be modulated by
sex hormones such as estrogen, further contributing to population-
specific variability (16, 17).

The multivariate analysis showed that the association between
vitamin D and platelet parameters persists even after adjusting for key
confounders. Our results demonstrate that higher 25(OH)D levels
were independently associated with an increased platelet count.
Conversely, the inverse association with MPV, while suggestive of a
profile of lower platelet turnover with vitamin D sufficiency, showed
only a borderline trend in the fully adjusted model. This hematological
profile suggests that the influence of vitamin D on platelet status is not
direct, but rather mediated by broader systemic pathways, primarily
inflammation (1, 17-19). Mechanistically, vitamin D may exert its
effects on platelet behavior indirectly through its role in modulating
inflammation and immune signaling. Calcitriol—the active form of
vitamin D—can suppress pro-inflammatory pathways by inhibiting
NEF-kB activation and reducing cytokines such as TNF-« and IL-6 (1,
19). These cytokines are known to enhance megakaryopoiesis and
promote the production of larger, more reactive platelets, leading to
elevated MPV and increased thrombotic potential.

An additional hypothesis involves the role of cholesterol sulfate
(Ch-S), a molecule secreted by red blood cells and platelets that
maintains electrostatic repulsion and prevents thrombus formation.
Ch-S synthesis is mediated by the sulfotransferase enzyme SULT2B1b,
whose expression may be induced by vitamin D receptor (VDR)
activation (20). Although this mechanism has been described
primarily in vitro, it presents a plausible pathway by which vitamin D
may influence platelet aggregation through electrochemical
interactions (21).

In summary, our findings suggest that vitamin D does not exert a
direct effect on platelet indices but may influence platelet physiology
through inflammatory and metabolic pathways. The observed
correlations, although statistically significant, are weak, which
supports the view that vitamin D’ relationship with platelet
parameters is mediated by broader immunological and endocrine
mechanisms. In a pediatric population, a chronic low-grade
inflammatory state driven by hypovitaminosis D could have significant
long-term implications for the development of cardiovascular risk.

The use of platelet parameters in our study is situated within a
broader and growing field of research seeking to validate novel,
cost-effective hematological indices as markers of inflammation and
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prognosis in cardiovascular disease (22-24). For instance, a recent
study by Eyiol et al. (22) demonstrated that new hemogram-derived
ratios, such as the Hemoglobin-to-RDW Ratio and the RDW-to-
Albumin Ratio, are valuable biomarkers for assessing severity and
recurrence risk in patients with acute pericarditis. Although the
specific markers and population differ, the underlying principle is
the same: to extract maximal prognostic information from a routine
blood test. In this context, our findings contribute to this field by
suggesting that vitamin D status may modulate accessible platelet
parameters in a pediatric population, highlighting the potential of
these indices for subclinical risk stratification from an early age.

The public health implications of our findings, despite the weak
correlations, relate to primordial prevention. It is suggested that the
observed platelet alterations do not represent an immediate thrombotic
risk, but rather serve as a subclinical biomarker of a low-grade
inflammatory state associated with vitamin D insufficiency (1, 19). The
identification of a pro-inflammatory state in youth is relevant,
considering that pathological processes such as atherosclerosis can
begin at an early age (4). Therefore, our results suggest that monitoring
and maintaining vitamin D sufficiency in pediatric populations can
be considered not only for bone health but also as a strategy to mitigate
chronic inflammation and long-term cardiovascular risk (2, 4). This is
a hypothesis that requires confirmation through longitudinal studies.

The primary limitations of this study include its cross-sectional
design, which precludes causal inference, and the lack of direct
measurement of inflammatory cytokines, which would help clarify the
hypothesized indirect mechanisms. Additionally, residual confounding
may exist due to unmeasured variables such as pubertal and
socioeconomic status, and seasonality of blood collection, which were
not fully accounted for. Also, the mechanistic interpretation is
speculative, as no inflammatory biomarkers were measured. However,
the present study has several strengths. First, our analysis was conducted
in a large and well-characterized cohort, exceeding the sample size of
most previous investigations on this topic. Second, the focus on
apparently healthy children and adolescents minimizes the potential for
confounding by comorbidities, allowing for a clearer assessment of the
association between vitamin D and platelet parameters.

5 Final considerations

This study identified a weak yet positive correlation between
25(OH)D levels and platelet count, as well as higher mean platelet
volume in groups with insufficient vitamin D. Although this direction
contrasts with some findings in adult populations—which report a
negative correlation—the weak association in both contexts suggests
a more nuanced and possibly indirect or population-specific
relationship between vitamin D status and platelet indices.

Crucially, our findings support the hypothesis that the observed
platelet alterations are not directly mediated by serum 25(OH)D levels
per se but rather stem from the metabolic and inflammatory
environment induced by vitamin D insufficiency. This context
promotes low-grade systemic inflammation, which may contribute to
increased platelet activation and the production of larger, immature
platelets, thereby explaining the subtle shifts in MPV.

An additional contribution of this study is the suggestion of a
possible indirect mechanism—via inflammatory pathways—that may
link vitamin D deficiency to changes in platelet activity. This
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interpretation aligns with broader research suggesting that vitamin D
modulates immune and inflammatory responses, which in turn
influence thrombopoiesis and platelet behavior.

To move beyond correlational evidence and deepen our
understanding of the vitamin D-platelet axis, future studies must
adopt more sophisticated, multifaceted designs. These should
include longitudinal and interventional frameworks to establish
temporal and causal links, as well as molecular-level investigations
to unravel the underlying mechanisms. Integrating direct
measurements of inflammatory mediators, comprehensive platelet
phenotyping, and potentially omics-based approaches (e.g.,
transcriptomics or proteomics) will be essential to reveal how
vitamin D status impacts platelet function at the cellular and
biochemical levels.

In conclusion, while the association between vitamin D and
platelet indices remains modest, the proposed indirect mechanism via
inflammation offers a compelling explanation for our findings and a
promising avenue for future research into cardiometabolic health in
pediatric populations.
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