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Abstract

Objective: Systemic lupus erythematosus (SLE) is characterized by loss of immune toler-
ance that is often associated with regulatory T (Treg) cell dysfunction. Vitamin D is known to
enhance Treg differentiation and expansion. This study aimed to investigate the associations
between serum vitamin D and zinc levels, Th17 and Treg cell percentages, and disease activ-
ity in pediatric patients with SLE.

Materials and Methods: A cross-sectional study was conducted among children aged
7.5-18.9 years who were diagnosed with SLE at Dr. Saiful Anwar Hospital, Malang, Indo-
nesia. Serum 25-hydroxyvitamin D [25(0OH)D] levels were measured using an enzyme-linked
immunosorbent assay (ELISA). Treg cell percentages were determined via flow cytometry.
Disease activity was assessed using the Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) score.

Results: The study included 32 pediatric patients with SLE. Among the study participants,
25.0% had sufficient vitamin D levels, whereas 75.0% had suboptimal vitamin D status,
including 28.1% with vitamin D insufficiency and 46.9% with vitamin D deficiency. Mod-
erate-to-severe disease activity (SLEDAI >7) was observed in 84.4% of the participants. A
significant positive correlation was observed between serum 25(0OH)D levels and Treg cell
percentages (r=0.402, p=0.0225), indicating that higher vitamin D levels were associated
with increased Treg cell percentages.

Conclusion: Pediatric patients with SLE show a high prevalence of vitamin D deficiency and
insufficiency. Adequate vitamin D status is associated with increased Treg cell percentages,
suggesting a potential role for vitamin D in enhancing immune regulation and managing
disease severity in pediatric SLE.
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Vitamin D, Treg Cells, and Disease Severity in Pediatric SLE

Introduction

Contrary to its name, vitamin D is not a vitamin, but a ste-
roid hormone (1). Vitamins act as antioxidants or cofac-
tors in enzymatic reactions and are primarily obtained
through the diet. In contrast, vitamin D is produced by
activating sterol fractions derived from plant and ani-
mal sources, namely phytosterols and cholesterol, and
through exposure to sunlight (2). Some food sources,
such as salmon, sardines, tuna, cod liver oil, egg yolks,
and shiitake mushrooms, contain small amounts of vita-
min D (100-200 IU) (3). By contrast, sun exposure can
produce approximately 10,000 to 20,000 IU of vitamin D
if 30% of the total body surface area is exposed to sun-
light for 15 to 30 minutes per day (4). Steroid hormones
regulate gene expression and activate or deactivate pro-
tein production according to the body's needs. Vitamin D
also plays an important role as an immunomodulator (5).

Systemic lupus erythematosus (SLE) is a chronic multisys-
tem autoimmune disease that requires long-term treat-
ment. When it occurs in children under 18 years of age, it
is referred to as childhood-onset SLE (6). The incidence of
SLE in children ranges from 0.3-0.9 per 100,000 children
per year, with a prevalence of 3.3-8.8 per 100,000 children
(7). Compared with adult-onset SLE, childhood-onset SLE
is generally associated with more severe clinical symp-
toms, with a higher prevalence of complications such as
lupus nephritis, hematological anomalies, and photosen-
sitivity (8). The Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) is commonly used to assess dis-
ease activity in patients with SLE. The SLEDAI score is cal-
culated based on clinical and laboratory parameters (9).

SLE is characterized by the production of antibodies that
attack the body itself, including antinuclear antibodies
(ANA), antiphospholipid antibodies, anti-Smith anti-
bodies, and anti-ribonucleoprotein antibodies. These
autoantibodies promote the overproduction of pro-in-
flammatory cytokines and lead to dysregulation of the
innate and adaptive immune systems (10). In addition,
SLE is associated with impaired T-cell function and
imbalance between T helper 17 (Th17) cells and regula-
tory T (Treg) cells (11). An increase in the ratio of Th17
cells to Treg cells has been reported to play a role in
the severity and disease activity of several autoimmune
diseases, including SLE (12).

Several studies have shown that vitamin D levels are
negatively correlated with ANA, anti-dsDNA, and SLEDAI

scores, but positively correlated with bone mineral den-
sity (13). Vitamin D [1,25(0H),D,] suppresses cytokine
responses by Th1l and Th17 cells, induces Treg cells, pro-
motes IL-4 production, and enhances natural killer cell
function (14). Within the innate immune system, vitamin
D enhances cellular chemotaxis and phagocytosis while
activating the transcription of antimicrobial peptides,
such as B-defensin and cathelicidin. Specifically, dendritic
cells are an important target of the immunomodulatory
effects of vitamin D (15). Dendritic cells play a critical role
in maintaining peripheral tolerance by preventing autore-
active T cells, which can cause autoimmune damage (16).
Furthermore, in vitro studies have demonstrated that
vitamin D inhibits IL-17 synthesis, suppresses Th17 cell
differentiation, and increases the number of CD4+*CD25*
Treg cells, which subsequently produce IL-10 and pro-
mote a shift from Th1 cells toward type 1 Treg cells (17).

Besides vitamin D, studies have shown that trace elements
such as zinc may help maintain the optimal function of the
immune system, and that zinc is involved in many aspects
of cellular metabolism (18). The main source of zinc intake
is meat and meat products, but zinc is also present in mol-
Lusks, milk, soybeans, and spinach (19). Zinc depletion may
improve clinical manifestations in patients with SLE and
reduce anti-dsDNA antibody levels (20). Zinc modulates
the pro-inflammatory response by targeting nuclear factor
kappa B (NF-kB), controls oxidative stress, and regulates
inflammatory cytokines. Zinc deficiency reduces both
innate and adaptive immunity. The effects include impaired
host defense through reduced neutrophil and natural killer
cell function, impaired phagocytosis and intracellular kill-
ing, altered cytokine production, and diminished T- and
B-cell-mediated immune responses (21).

Based on these findings, further research is needed to
investigate the relationship between serum vitamin D
and zinc levels and the percentages of Th17 cells and
Treg cells in children with SLE. Accordingly, this study
investigated the associations among serum vitamin D
and zinc status, Th17 and Treg cell percentages, and
disease activity in pediatric patients with SLE.

Materials and Methods

Study Design and Participants

Pediatric patients who met the inclusion criteria were
enrolled in this study. The inclusion criteria were patients
aged 7.5 to 18.9 years with a diagnosis of SLE established
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according to the Systemic Lupus International Collab-
orating Clinics (SLICC) criteria at the Dr. Saiful Anwar
Hospital, Malang, Indonesia, who had either recently
commenced or were currently receiving standard treat-
ment (corticosteroids or immunosuppressants), and had
no other organ disorders (22). The exclusion criteria
included patients with poor nutritional status, congeni-
tal diseases, malignancies, and other immunodeficiency
or autoimmune diseases.

Patients who agreed to participate in this study included
both those who had recently been diagnosed and those
who had previously received treatment for SLE. However,
this study did not include a control group of healthy
children for comparison. Research participants were
enrolled using consecutive sampling.

Written informed consent was obtained from all parents
or legal guardians, and informed assent was obtained
from all patients prior to study initiation. All research
protocols complied with institutional guidelines and
were approved by the Health Research Ethics Commis-
sion, Faculty of Medicine, Universitas Brawijaya (No. 208/
EC/KEPK/07/2021). This study was registered on Clini-
calTrials.gov (NCTO7069348).

Laboratory Measurements and Biochemical
Analysis

Venous blood samples (12 mL in total) were collected
from each participant at baseline at the Central Labo-
ratory of RSUD Dr. Saiful Anwar. The blood was collected
using a closed vacutainer system and distributed into
three designated tubes for the following analyses:

Serum 25-Hydroxyvitamin D [25(0H)D]
Analysis

A 3-mL venous blood sample was collected in a yel-
low-cap Vacutainer Serum Separator Tube (SST) (Becton
Dickinson, Franklin Lakes, NJ, USA) and centrifuged at
3000 rpm for 5 minutes at 4°C to obtain serum. Serum
25(0H)D concentrations were measured using an
enzyme-linked immunosorbent assay (ELISA) kit (Diag-
nostics Biochem Canada Inc., London, Ontario, Canada)
according to the manufacturer’s instructions. The assay
had an analytical sensitivity (lower limit of detection) of
5.5 ng/mL, with a calibration range of 10 to 160 ng/mL
to define its functional linearity. Based on the serum
concentrations, vitamin D status was categorized as
deficient (<20 ng/mL), insufficient (20-<30 ng/mL), or
sufficient (= 30 ng/mL).

Barlianto W et al.
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Serum Zinc Measurement

An additional 3-mL venous blood sample was collected
in a second yellow-cap Vacutainer SST and centrifuged
to obtain serum for zinc measurement. Serum zinc con-
centrations were determined using atomic absorption
spectrophotometry (AA-6200; Shimadzu Corporation,
Kyoto, Japan). These measurements were carried out at
the Analysis and Measurement Unit Laboratory, Depart-
ment of Chemistry, Faculty of Mathematics and Natural
Sciences, Universitas Brawijaya, Malang, Indonesia.

PBMC Cell Isolation Protocol

A 6-mL venous blood sample was collected in a pur-
ple-cap EDTA Vacutainer tube (Becton Dickinson, Frank-
lin Lakes, NJ, USA) and layered onto Ficoll-Hypaque
(density, 1.077 g/mL; Thermo Fisher Scientific, Grand
Island, NY, USA) for density-gradient centrifugation (23).
Samples were centrifuged at 1600 rpm for 30 minutes
at room temperature, resulting in the formation of dis-
tinct cellular layers. The peripheral blood mononuclear
cell (PBMC) layer was carefully aspirated using a micro-
pipette and transferred to a new 15-mL centrifuge tube.
Cells were washed with 1 mL of phosphate-buffered
saline (PBS) and centrifuged again at 1200 rpm for 10
minutes at room temperature. Following centrifugation,
the PBMC pellet was resuspended in PBS. Cell counts
and viability were subsequently assessed using the try-
pan blue exclusion assay with a hemocytometer, con-
firming a viability greater than 95% in all samples prior
to flow cytometric analysis.

Flow Cytometric Analysis of Th17 and

Treg Cells

A 96-well flat-bottom tissue culture plate was coated
with anti-CD3 (sc-1179; Santa Cruz Biotechnology, Dal-
las, TX, USA). PBMCs were suspended in complete RPMI
1640 medium (ATCC modification; Gibco, Thermo Fisher
Scientific, Grand Island, NY, USA) supplemented with
10% fetal bovine serum (FBS), 1% penicillin-strepto-
mycin, and 2 mM L-glutamine. The cell suspension was
adjusted to a concentration of 1 x 106 cells/mL, and 200
uL (approximately 2 x 10° cells) was added to each anti-
CD3-coated well. The plate was incubated overnight at
37°C in a humidified atmosphere containing 5% CO,.

To facilitate intracellular cytokine detection for Th17
cells, BD GolgiStop™ (containing monensin) (BD Biosci-
ences, San Jose, CA, USA) was added during the final 6
hours of stimulation with phorbol 12-myristate 13-ace-
tate (PMA) and ionomycin (Sigma-Aldrich, St. Louis, MO,
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USA) before cell harvest (24). Following stimulation, the
cells were collected and centrifuged at 2500 rpm for
5 minutes at 4°C. The supernatant was collected and
stored for secreted cytokine analysis, while the cell pel-
let was immediately processed for immunophenotyping.

For Th17 enumeration, the pellet was stained using a
Human Th17 Phenotyping Kit (560751; BD Pharmingen,
BD Biosciences, San Jose, CA, USA), targeting the CD4*

IL-17A* population. The detailed hierarchical gating
strategy for Th17 cells is shown in Figure 1. For Treg
identification, the cells were stained for surface mark-
ers CD4 and CD25, followed by intracellular staining
for FoxP3 using the Human FoxP3 Buffer Set (560133,;
BD Pharmingen, BD Biosciences, San Jose, CA, USA), as
shown in Figure 2. For both cell populations, fixation
and permeabilization were performed using BD Cytofix/
Cytoperm™ and Perm/Wash™ buffers to allow antibody

Figure 1. Representative flow cytometry gating strategy for T helper (Th1, Th2,
and Th17) cell subsets in pediatric patients with SLE.

Note: Lymphocytes were initially identified based on forward scatter (FSC) and side scatter
(SSC) characteristics to exclude cellular debris. Single cells were then isolated by doublet dis-
crimination using SSC-W/SSC-H and FSC-W/FSC-H parameters. From the gated singlet popula-
tion, CD4* T cells were identified and subsequently analyzed for intracellular cytokine expres-
sion in the corresponding lower panels: (left) IFN-y for Th1 cells (CD4*IFN-y*), (middle) IL-4 for
Th2 cells (CD4*IL-4%), and (right) IL-17A for Th17 cells (CD4TIL-17A%). Each subset was defined
as the cytokine-positive CD4™ population in the upper-right quadrant.
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Figure 2. Representative flow cytometry gating strategy for regulatory T (Treg) cells in pediatric patients with SLE.

Note: Lymphocytes were initially identified based on forward scatter (FSC) and side scatter (SSC) characteristics to exclude cellular debris. Single cells were
then isolated by doublet discrimination using SSC-W/SSC-H and FSC-W/FSC-H parameters. From the gated singlet population, CD4*CD25" T cells were iden-
tified (left panels). Regulatory T cells were subsequently identified and quantified based on intracellular FoxP3 expression within the CD4*CD25" population

and are shown as CD4*CD25"FoxP3* cells in the upper-right quadrant (right panels).

access to the intracellular IL-17A and nuclear FoxP3 pro-
teins. Data acquisition was performed on a FACSCalibur
flow cytometer and analyzed using CellQuest Pro soft-
ware, version 5.2.1 (BD Biosciences, San Jose, CA, USA).

Statistical Analysis

All data are presented as mean * standard deviation
(SD). Data distribution was assessed for normality using
the Shapiro-Wilk test. Group comparisons were per-
formed using Student’s t test for normally distributed
variables. Correlations between variables were analyzed
using Spearman’s rank correlation test, and correlation
coefficients (r) were reported accordingly. A two-tailed
p<0.05 was considered statistically significant. All sta-
tistical analyses were conducted using GraphPad Prism
software version 10.0.3 (GraphPad Software, San Diego,
CA, USA).

Barlianto W et al.

Results

Pediatric SLE Patient Characteristics

A total of 32 children aged 7.5-18.9 years, with a mean
age of 13.39 years, were included in this study. Other
patient characteristics are presented in Table 1, while
nutritional status is presented in Table 2. Based on the
patients’ medical histories, it was noted that none of the
recruited subjects received vitamin D supplementation
during the study period.

Nutritional status is a complex concept that encom-
passes a variety of factors in children, including body
weight, height, age, and body mass index (BMI). These
factors are interrelated and can be used to assess a
child’s overall health and well-being and to catego-
rize nutritional status according to the World Health
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Table 1. Baseline characteristics of the study participants.

Age (years) 13.39 3.28
Weight (kg) 40.41 14.23
Height (cm) 142.7 15.09
IBW (%) 103.81 22.83
BMI (kg/m?) 19.65 5.73
Baseline SLEDAI score 13.88 5.456
Baseline PedsQL score 79.50 10.34
Vitamin D (ng/mL) 20.29 10.23
Zn (ppm) 432 1.85
Rate of Treg cells (%) 9.17 7.35
Rate of Th17 cells (%) 12.54 13.26
Th17/Treg ratio 1.73 1.72

BMI: Body mass index, IBW: Ideal body weight, PedsQL: Pediatric Quality
of Life Inventory, SD: Standard deviation, SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index, Th17: T-helper 17, Treg: Regulatory
T cells, Zn: Zinc.

Figure 3. Weight-for-age distribution of the study participants.

Note: Participants were categorized into six percentile groups based on stan-
dardized growth charts: (1) <P5; (2) P5-P10; (3) P10-P25; (4) P25-P50; (5)
P50-P75; and (6) P75-P90.

Table 2. Nutritional status of the study participants.

Characteristic Mean SD
Weight-for-age 2.53 1.50
Height-for-age 1.67 0.48
BMI-for-age (WHO) 2.34 1.23
BMI-for-age (CDC) 3.13 1.77
WHO nutritional status 1.25 0.57
CDC nutritional status 1.25 0.57

BMI: Body mass index, CDC: Centers for Disease Control and Prevention, SD:
Standard deviation, WHO: World Health Organization.

Note: Values for nutritional status variables represent the coded categories
used for analysis, Weight-for-age: (1) <P5; (2) P5-P10; (3) P10-P25; (4) P25-
P50; (5) P50-P75; and (6) P75-P90. Height-for-age: (1) Normal; (2) Short.
BMI-for-age (WHO): (1) -2 SD to -1 SD (31%); (2) —1 SD to the mean (28%);
(3) the mean to +1 SD (22%); (4) +1 SD to +2 SD (13%); and (5) >+2 SD
(6%). BMI-for-age (CDC): (1) P5-P10 (22%); (2) P10-P25 (19%); (3) P25-
P50 (22%); (4) P50-P75 (19%); (5) P85-P90 (6%); (6) P90-P95 (6%); and
(7) >P95 (6%). WHO and CDC nutritional status: (1) Normal; (2) Obese; (3)
Overweight.

Table 3. Seasonal sunlight conditions during the study period.

Seasonal sunlight conditions

March Low to moderate sunlight

April-May Moderate to high sunlight

June-July High sunlight levels with intermittent cloudy periods
August Peak sunlight with predominantly clear skies
September Beginning of the rainy season with decreasing sunlight

Organization (WHO) and Centers for Disease Control and
Prevention (CDC) criteria. Samples were collected from
March to September 2025. As a tropical country, Indo-
nesia receives high-intensity sunlight throughout most
of the year, particularly between 10:00 AM and 2:00
PM. Detailed information regarding sun exposure is pre-
sented in Table 3.

Anthropometric Profile and Growth
Distribution

The initial assessment focused on physical development.
As shown in Figure 3, the distribution of weight-for-age
categories revealed a significant trend toward malnutri-
tion, with the largest proportion of subjects (34%) fall-
ing below the 5th percentile (<P5). This was followed by
children in the P5-P10 range (22%), while 16% of par-
ticipants were distributed across each of the P10-P50
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categories. In contrast, higher percentiles were less
common, with only 12% of the subjects in the P50-P90
range.

Complementing these findings, Figure 4 presents the
distribution of height-for-age. While the majority (66%)
exhibited normal height, 34% were classified as having
short height. Together, these data indicate a high prev-
alence of growth impairment and underweight status
among the study participants.

Nutritional Status Assessment Based on
WHO and CDC Criteria

To gain a more detailed understanding of nutritional
status, BMI-for-age was further analyzed using both
the WHO and CDC growth references. Figure 5 shows
the WHO distribution, where the largest group (31%)
fell within the -2 to —1 standard deviation (SD) range,
indicating that most subjects were toward the lower
end of the normal reference range. This pattern
remained consistent when applying the CDC growth
reference (Figure 6), where the majority of participants

Figure 4. Height distribution of the study participants.

Note: The pie chart illustrates the proportions of participants with normal
height (66%) and short stature (34%). Participants were classified according
to height-for-age percentiles using standardized growth charts, with short
stature defined as height below the 3rd percentile for age and sex.

Turkish Journal of Immunology, 14(2):86-98

also clustered in the lower- to mid-percentile ranges
(P5-P75).

Figure 7 summarizes the overall nutritional status. While
81% of the participants were classified as having normal
nutritional status, 19% were categorized as either over-
weight (13%) or obese (6%). These findings suggest that
although underweight-related growth patterns were
common, a subset of participants also exhibited excess
body weight.

Correlation of SLEDAI Score with Vitamin D
and Immunological Parameters

Beyond physical growth, this study evaluated the rela-
tionship between clinical disease activity and biochemi-
cal markers. Figure 8 illustrates the relationship between
the SLEDAI score and the measured biomarkers, show-
ing a strong inverse correlation with serum vitamin D
levels. Unlike zinc levels and the percentages of Treg
and Th17 cells, which showed dispersed distributions,

Figure 5. Distribution of BMI-for-age z-score categories accord-
ing to the WHO growth standards for children and adolescents aged
5-19 years.

Note: The pie chart illustrates the proportions of participants in the follow-
ing BMI-for-age z-score categories: (1) -2 SD to <-1 SD (31%); (2) -1 SD to
<0 SD (28%); (3) 0 SD to <+1 SD (22%); (4) +1 SD to +2 SD (13%); and (5)
>+2 SD (6%).

Barlianto W et al.
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Figure 6. Distribution of BMI-for-age percentile categories ac-
cording to the CDC growth charts.

Note: The pie chart illustrates the proportions of participants aged 2-19
years in the following BMI-for-age percentile categories: (1) P5-P10 (22%);
(2) P10-P25 (19%); (3) P25-P50 (22%); (4) P50-P75 (19%); (5) P85-P90
(6%); (6) P90-P95 (6%); and (7) >P95 (6%).

Table 4. Correlation between SLEDAI score and vitamin D, zinc,
Treg cells, and Th17 cells.

Figure 7. Nutritional status classification based on combined
WHO and CDC criteria.

Note: The pie chart illustrates the proportions of participants classified as
having normal nutritional status (81%), overweight (13%), or obesity (6%).

Table 5. Correlation between vitamin D and zinc, Treg cells, and
Th17 cells.

Variable R p-value 95% CI Zinc 0.2176 0.2316 -0.1525-0.5341
Vitamin D 0.957 <0.0001%** 10.9794 t— -0.9111 Treg cells 0.4021 0.0225* 0.05133 - 0.6646
Zinc 01976 0.2782 05191 - 0.1728 Th17 cells 0.06892 0.7078 0.287 - 0.408
Treg cells -0.345 0.0531 -0.62599 - 0.015 ClI: Confidence interval, Th17: T-helper 17, Treg: Regulatory T cells.
Th17 cells 0.02069 0.9105 0.330-0.366

ClI: Confidence interval, SLEDAI: Systemic Lupus Erythematosus Disease
Activity Index, Th17: T-helper 17, Treg: Regulatory T cells.

vitamin D levels consistently decreased as disease
activity increased. Based on serum 25(0H)D levels, the
patients were categorized into three groups: 8 (25.0%)
with sufficient levels, 9 (28.1%) with insufficient levels,
and 15 (46.9%) with deficient levels.

This observation was confirmed by the statistical anal-
ysis presented in Table 4. Only vitamin D exhibited a

significant relationship with the SLEDAI score (r=-0.957;
p<0.0001), with a 95% confidence interval (Cl) rang-
ing from -0.9794 - -0.9111. In contrast, no significant
correlations were observed between SLEDAI score and
zinc levels (r=-0.1976; p=0.2782), Treg cell percentages
(r=-0.345; p=0.0531), or Th17 cell percentages
(r=0.02069; p=0.9105).

Figure 9 shows the relationship between vitamin D lev-
els and immune cell populations. A positive correlation
was observed between vitamin D levels and Treg cell
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Figure 8. Correlation between SLEDAI score and serum vitamin D and zinc levels, and Treg and Th17 cell percentages.

Note: The scatter plots demonstrate a significant inverse correlation between the SLEDAI score and serum vitamin D levels. No significant correlations were

observed between the SLEDAI score and serum zinc levels, Treg cell percentages, or Th17 cell percentages.

percentages, indicating that higher vitamin D levels were
associated with increased Treg cell percentages.

Table 5 confirmed this association. Vitamin D showed a
significant positive correlation with Treg cell percent-
ages (r=0.4021; p=0.0225; 95% Cl, 0.05133-0.6646),
whereas no significant correlations were found with zinc
levels (r=0.2176; p=0.2316) or Th17 cell percentages
(r=0.06892; p=0.7078). These findings collectively suggest
a selective association between vitamin D status and the
regulatory immune compartment in patients with SLE.

Consistently, the analysis of the Th17/Treg ratio pre-
sented in Table 6 further supported this observation. The
Th17/Treg ratio showed a moderate positive correlation
with SLEDAI score (r=0.483; p=0.005; 95% Cl, 0.161-
0.712), indicating that a higher ratio was associated with
increased disease activity. In contrast, a moderate neg-
ative correlation was observed between the Th17/Treg
ratio and vitamin D levels (r=-0.441; p=0.012; 95% Cl,
-0.684 to -0.109), suggesting that higher vitamin D lev-
els were associated with a lower Th17/Treg ratio.

Barlianto W et al.

Table 6. Correlation between the Th17/Treg ratio, SLEDAI score,
and vitamin D levels.

SLEDAI Score 0.483 0.0051 0.161-0.712

‘ Serum vitamin D -0.441 0.0116 -0.684 - -0.109

SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.

Discussion

Our findings reveal a significant inverse correlation
between serum 25(0H)D concentrations and SLEDAI
scores, reinforcing the hypothesis that vitamin D defi-
ciency is associated with increased SLE disease activity
(25). In our study, the striking prevalence of suboptimal
vitamin D levels, whereby 75% of our pediatric exhibited
insufficiency or deficiency, mirrors the high prevalence
reported in larger adult cohorts, such as the 170-patient
study by Schoindre et al. (26). In the present study, suf-
ficient vitamin D levels (=30 ng/mL) were identified in
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Figure 9. Correlation between serum vitamin D levels and serum zinc levels, and Treg and Th17 cell percentages.

Note: The scatter plots demonstrate a significant positive correlation between serum vitamin D levels and Treg cell percentages. No significant correlations

were observed between serum vitamin D levels and serum zinc levels or Th17 cell percentages.

only 8 patients (25.0%), whereas vitamin D insufficiency
(10<25(0H)D<30 ng/mL) and deficiency (<10 ng/mL)
were found in 9 (28.1%) and 15 patients (46.9%), respec-
tively. The high proportion of patients with suboptimal
vitamin D levels further supports the notion that vita-
min D depletion is not merely an incidental nutritional
deficit but a persistent, disease-related feature of SLE
pathophysiology. These findings are reinforced by pedi-
atric-specific data from a cross-sectional study of 45
children with SLE, which demonstrated significantly
lower serum 25(0OH)D levels than those of 109 healthy
controls (14). Similar findings across pediatric and adult
populations underscore the high prevalence of vitamin D
insufficiency in SLE and suggest that it may reflect both
chronic inflammation and disease-related factors.

This observation suggests that reduced vitamin D levels
in pediatric SLE cannot be explained solely by environ-
mental or age-related factors. Similar findings have also
been reported in Asian populations. A study from Taiwan
reported a mean serum vitamin D5 level of 19.7 + 7.9 ng/
mL (27). Collectively, these consistent findings across

diverse populations support an association between
vitamin D insufficiency and SLE disease activity.

Multiple risk factors predispose patients with SLE to vita-
min D deficiency or insufficiency, reflecting the complex
interplay between disease characteristics, organ involve-
ment, and therapeutic interventions. One of the principal
contributors to vitamin D insufficiency in SLE patients is
photosensitivity, a hallmark clinical feature of the dis-
ease. Exposure to ultraviolet B (UV-B) radiation can trig-
ger photosensitive reactions, leading patients to avoid
sunlight deliberately. In addition to provoking cutane-
ous manifestations, UV-B exposure has been shown to
exacerbate dermatological disorders and precipitate
systemic disease flares in SLE (28). Consequently, strict
photoprotection practices, although clinically neces-
sary, significantly limit cutaneous vitamin D synthesis
and contribute to chronically low serum vitamin D levels.

Beyond photosensitivity, disease-related complica-
tions also play an important role in disrupting vitamin
D metabolism. Renal involvement, particularly lupus
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nephritis, is especially important because the kidneys are
responsible for the 1a-hydroxylation of vitamin D into its
biologically active form. Impaired renal function may
therefore reduce the conversion of circulating 25(0H)D
to active vitamin D, rendering patients with lupus nephri-
tis especially susceptible to deficiency (29). This mecha-
nism highlights how organ damage intrinsic to SLE can
directly influence vitamin D homeostasis.

Pharmacological therapy further compounds this risk. Cor-
ticosteroids, which remain a cornerstone of SLE manage-
ment, adversely affect vitamin D metabolism by reducing
intestinal calcium absorption and accelerating the catab-
olism of both 25(0OH)D and 1,25(0H),D3 (30). As a result,
patients receiving long-term corticosteroid therapy often
exhibit persistently low vitamin D levels despite stan-
dard supplementation. Indeed, these patients frequently
require higher doses of vitamin D to achieve and maintain
adequate serum concentrations (31). Collectively, these
findings indicate that vitamin D deficiency in SLE is multi-
factorial, reflecting the combined effects of disease activ-
ity, organ involvement, and treatment-related factors.

Systemic lupus erythematosus (SLE) is characterized by
profound immune dysregulation, including the presence
of pathogenic autoantibodies, impaired Treg cell func-
tion, and expansion of pro-inflammatory Th17 cells. In
this context, adequate vitamin D status may help main-
tain immune homeostasis. Vitamin D participates in
antimicrobial defense, macrophage differentiation, and
modulation of adaptive immunity, particularly by pro-
moting CD4* T-cell differentiation toward anti-inflam-
matory phenotypes such as Th2 and Treg cells. These
immunomodulatory properties are essential for preserv-
ing immune tolerance and limiting excessive inflamma-
tory responses.

Conversely, vitamin D deficiency may disrupt these reg-
ulatory pathways and contribute to immune imbalance.
Vitamin D insufficiency has been associated with altered
dendritic cell maturation and dysregulated cytokine pro-
duction, including reduced regulation of key inflamma-
tory cytokines such as IL-6, IL-12, and TNF-a, which are
central to SLE pathogenesis (32). Through these mech-
anisms, low vitamin D levels may facilitate persistent
immune activation and autoantibody production.

Clinical interventional studies provide further support for
the immunoregulatory role of vitamin D in SLE. A pro-
spective study in patients with hypovitaminosis D receiv-
ing 100,000 U of cholecalciferol weekly for six months
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demonstrated a significant increase in mean serum
25(0H)D levels, from 18.7 + 6.7 ng/mL at baseline to 41.5
+10.1 ng/mL after treatment (p<0.001) (33). Importantly,
vitamin D supplementation was associated with favorable
immunological changes, including increased proportions
of Treg cells, enhanced FoxP3 and TGFB expression,
expansion of naive CD4* T cells, and reductions in mem-
ory B cells, Thl and Th17 effector cells, IL-6 expression,
and anti-DNA antibodies (34). Collectively, these findings
suggest that vitamin D supplementation may help restore
immune homeostasis in patients with SLE.

Evidence regarding the clinical benefits of vitamin D
supplementation in SLE continues to evolve, with several
studies suggesting a favorable impact on disease activity.
One study demonstrated that vitamin D3 supplementa-
tion at a dose of 8000 IU/day for eight weeks in defi-
cient patients and for four weeks in insufficient patients
resulted in significant improvement in SLEDAI-2K scores
(p=0.028). In the same cohort, anti-double stranded DNA
(anti-dsDNA) antibody titers also decreased significantly
(p=0.045), suggesting potential immunological benefits
alongside clinical improvement (35).

A systematic review further supports these observations.
Three out of four included studies reported improve-
ments in SLEDAI scores together with favorable changes
in inflammatory markers, fatigue, and endothelial func-
tion following vitamin D supplementation. However, one
study did not demonstrate a significant improvement in
disease activity (36). Moreover, other investigations have
failed to identify significant differences between vitamin
D supplementation and placebo groups (37). Collectively,
these mixed findings indicate that the clinical benefit of
vitamin D supplementation may depend on baseline vita-
min D status, supplementation dose, treatment duration,
and disease heterogeneity, underscoring the need for fur-
ther well-designed randomized controlled trials.

Conclusion

In conclusion, vitamin D deficiency is common in pediat-
ric SLE and is significantly associated with higher disease
activity. Although optimizing vitamin D status may con-
tribute to improved immune homeostasis and disease
control, further well-designed prospective studies and
randomized controlled trials are needed to clarify the
therapeutic role of vitamin D supplementation in pedi-
atric SLE.
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