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KEYWORDS ABSTRACT:

. Introduction: Nephrotic syndrome (NS) in children commonly leads to vitamin D deficiency through urinary
Nephrotic loss of vitamin D-binding protein and albumin. Vitamin D regulates cytokine production, including interferon-
syndrome; gamma (IFN-y), a key Th1 pro-inflammatory cytokine in NS immune dysregulation. Evidence on vitamin D
Vitamin D3; supplementation's effect on IFN-y levels in pediatric NS remains limited.

Interferon- L. ] ] o ) )

gamma; .Obje.ctlve: T?ns study alnmed to evaluate the effect of vitamin D3 supplementation on interferon-gamma levels
o in children with nephrotic syndrome.

Pediatric

patients; Methods: A double-blind randomized controlled trial was conducted in children aged 1-18 years with

TS nephrotic syndrome at two hospitals in Makassar, Indonesia. Participants received standard therapy with

regulation vitamin D3 supplementation of 400 IU/day or 1000 IU/day for four weeks. Serum 25-hydroxyvitamin D

[25(OH)D] and interferon-gamma levels were measured before and after supplementation. Data analysis used
Mann—Whitney and Wilcoxon tests (p < 0.05).

Results: A total of 59 participants completed the study (30 in the 400 IU group and 29 in the 1000 IU group).
Baseline IFN-y levels were comparable between groups. After four weeks of supplementation, serum vitamin
D levels increased significantly in both groups (p < 0.05), although most participants remained below the
normal range. The median increase in vitamin D levels was 4.7 ng/mL in the 400 IU group and 5.1 ng/mL in
the 1000 IU group. Changes in IFN-y levels were not statistically significant between groups.

Conclusion: Vitamin D3 supplementation improved serum vitamin D levels in children with nephrotic
syndrome but did not significantly affect interferon-gamma levels within four weeks of intervention. Higher
doses or longer supplementation may be required to achieve meaningful immunomodulatory effects.

through urinary excretion of vitamin D-binding protein
[5,6]. Several studies also suggest that vitamin D
influences treatment response and steroid resistance
through immunomodulatory mechanisms [7,8].

1. Introduction

Nephrotic syndrome (NS) is a glomerular disorder
characterized by massive proteinuria, hypoalbuminemia
(<30 g/L), hyperlipidemia, and edema. Idiopathic

nephrotic syndrome is the most common form in children
and typically occurs between the ages of 2 and 5 years
[1-3]. The incidence of pediatric NS is estimated at 12—
16 cases per 100,000 children globally, while in
Indonesia the annual incidence is approximately 6 cases
per 100,000 children under 14 years of age [1,4].

Vitamin D deficiency is frequently observed in patients
with NS. The relationship is considered bidirectional:
vitamin D deficiency may contribute to podocyte injury,
while nephrotic syndrome itself can cause vitamin D loss
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The pathogenesis of NS involves immune dysregulation
and cytokine imbalance [9]. Interferon-gamma (IFN-y),
a key pro-inflammatory cytokine produced by Thl cells,
plays an important role in cellular immune responses.
Previous studies have shown that IFN-y levels are
significantly lower during the active phase of NS
compared with remission [10].

Vitamin D acts as an immunomodulator through the
vitamin D receptor (VDR) and may regulate cytokine
production, including IFN-y [11]. However, evidence
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regarding the effect of vitamin D supplementation on
IFN-y levels in pediatric nephrotic syndrome remains
limited. Therefore, this study aimed to evaluate the effect
of vitamin D3 supplementation on interferon-gamma
levels in children with nephrotic syndrome.

2. Methods

Study Design

This study was conducted as a double-blind randomized
controlled trial (RCT) to evaluate the effect of vitamin
D3 supplementation on interferon-gamma (IFN-y) levels
in children with nephrotic syndrome.

Study Setting and Period

The study was conducted at Dr. Wahidin Sudirohusodo
Hospital and Jaury Jusuf Putera Academic Hospital,
Makassar, Indonesia. Laboratory analyses were
performed at the Research Laboratory of Hasanuddin
University Hospital. Patient recruitment and data
collection were carried out between August 2025 and
January 2026.

Study Population and Sampling

The target population of this study consisted of pediatric
patients diagnosed with nephrotic syndrome. The
accessible population included children aged 1-18 years
with nephrotic syndrome who were treated at Dr.
Wahidin Sudirohusodo Hospital and Jaury Jusuf Putera
Academic Hospital, Makassar, during the study period.
The required sample size was determined based on
previous studies, with a significance level of 5% and
statistical power of 80%. The minimum sample size
obtained was 18 participants in each group. To account
for a potential 10% dropout rate, the final sample size
was increased to 20 participants per group, resulting in a
total of 40 participants included in the study.

Participants who met the eligibility criteria were
recruited using a consecutive sampling technique.
Eligible subjects were then randomly assigned into two
groups using a double-blind allocation method. The first
group received standard therapy for nephrotic syndrome
along with vitamin D3 supplementation at a dose of 400
IU/day, while the second group received standard
therapy combined with vitamin D3 supplementation at a
dose of 1000 IU/day. Both participants and investigators
were blinded to the treatment allocation throughout the
study period.

Eligibility Criteria
Participants were eligible for inclusion if they were
children aged 1-18 years diagnosed with nephrotic

syndrome and received treatment at Dr. Wahidin
Sudirohusodo Hospital or Jaury Jusuf Putera Academic
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Hospital, Makassar. Written informed consent was
obtained from the parents or legal guardians prior to
participation in the study. Patients were excluded if they
had a history of malignancy, liver dysfunction, or had
received daily vitamin D supplementation for three
consecutive months prior to enrollment. Participants
were considered dropouts if they failed to take vitamin D
supplementation for three consecutive days, voluntarily
withdrew from the study, or died before completion of
the study period.

Data Collection

Clinical and demographic data were collected for all
participants, including age, sex, body weight, height, and
nutritional status. Anthropometric measurements were
performed to determine nutritional status according to
WHO and NCHS standards. Laboratory parameters were
also recorded, including serum albumin levels, urinary
protein levels, serum 25-hydroxyvitamin D [25(OH)D]
levels, and serum IFN-y levels.

Laboratory Analysis

Blood samples (3 mL) were collected from peripheral
veins using sterile disposable syringes. Serum samples
were separated by centrifugation within 30 minutes after
collection and stored at 2—-8°C before analysis.

Serum 25-hydroxyvitamin D [25(OH)D] levels were
measured using chemiluminescence immunoassay
(CLIA). Serum IFN-y levels were measured using the
BioLegend MAX™ Human IFN-y ELISA Kit based on
the sandwich enzyme-linked immunosorbent assay
(ELISA) technique according to the manufacturer's
protocol. Samples and standards were analyzed in
duplicate using a 96-well microplate system.

Ethical Considerations

Ethical approval for this study was obtained from the
Health Research Ethics Committee, Faculty of Medicine,
Hasanuddin University (Protocol No. UH25090721;
Ethical Approval No. 796/UN4.6.4.5.31/PP36/2025,
issued on 15 October 2025). The study was conducted in
accordance with the ethical standards of biomedical
research involving human subjects. Prior to participation,
written informed consent was obtained from the parents
or legal guardians of all participants. Participants were
informed about the study procedures and their right to
withdraw from the study at any time without affecting
their medical care.

Statistical Analysis

Data were analyzed using SPSS version 27. Descriptive
statistics  were used to summarize baseline
characteristics. Continuous variables were expressed as
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mean + standard deviation or median (interquartile
range) depending on data distribution.

Normality was assessed using the Kolmogorov—Smirnov
test. Differences between groups were analyzed using the
independent t-test or Mann—Whitney U test. Within-
group comparisons before and after intervention were
evaluated using the paired t-test or Wilcoxon signed-rank
test. Correlations between vitamin D levels and IFN-y
were analyzed using Pearson or Spearman correlation
tests. A p-value < 0.05 was considered statistically
significant.

3. Results

Study Participants

This clinical trial evaluated the effect of vitamin D
supplementation on interferon-gamma levels in children
with nephrotic syndrome. A total of 66 pediatric patients
aged 1-18 years with nephrotic syndrome from the
outpatient and inpatient departments of Dr. Wahidin
Sudirohusodo Hospital and Jaury Jusuf Putera Academic
Hospital, Makassar, met the inclusion criteria and were
enrolled in the study. During the intervention period, 7
participants dropped out, resulting in 59 patients who
completed the study protocol. The participants were
divided into two groups based on the intervention: 30
patients received vitamin D3 supplementation of 400
IU/day, while 29 patients received vitamin D3
supplementation of 1,000 IU/day.

The characteristics of the study participants are presented
in Table 1. There was a significant difference between
Group I and Group II in terms of nutritional status (p <
0.05). However, no significant differences were observed
between the groups with respect to age, sex, baseline
vitamin D status, post-intervention vitamin D status, and
remission status (p > 0.05).

Comparison of Interferon-Gamma and Vitamin D
Levels Before Vitamin D3 Supplementation

Serum interferon-gamma and vitamin D levels were
measured prior to vitamin D3 supplementation in the 400
IU and 1000 IU groups, as presented in Table 2. Data
normality was assessed using the Kolmogorov—Smirnov
test, which showed that the distributions of pretest,
posttest, and change values for both vitamin D (p =
0.023; p=0.001; p = 0.019) and interferon-gamma (p <
0.001) were not normally distributed.

Before supplementation, the median vitamin D level was
10.2 ng/mL in the 1000 IU group and 8.2 ng/mL in the
400 IU group, with no statistically significant difference
(p = 0.200). Similarly, the median interferon-gamma
level was 8.41 pg/mL in the 1000 IU group and 8.59
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pg/mL in the 400 IU group, also showing no significant
difference between groups (p = 0.559).

Comparison of Interferon-Gamma and Vitamin D
Levels After Vitamin D3 Supplementation

Serum interferon-gamma and vitamin D levels after
vitamin D3 supplementation in the 400 IU and 1000 TU
groups are presented in Table 3. After supplementation,
the median vitamin D level was 14.6 ng/mL in the 1000
IU group and 12.9 ng/mL in the 400 IU group, with no
statistically significant difference between the groups (p
= 0.347). Similarly, the median interferon-gamma level
was 10.02 pg/mL in the 1000 IU group and 9.35 pg/mL
in the 400 IU group, also showing no significant
difference (p = 0.534).

Changes in Interferon-Gamma and Vitamin D Levels
Before and After Vitamin D3 Supplementation

The changes in serum interferon-gamma and vitamin D
levels before and after vitamin D3 supplementation in the
400 IU and 1000 IU groups are presented in Table 4. The
median increase in vitamin D levels was 5.1 ng/mL in the
1000 IU group and 4.7 ng/mL in the 400 IU group, with
no significant difference between groups (p = 0.903).

For interferon-gamma, the 1000 IU group showed a
median increase of 0.57 pg/mL, whereas the 400 U
group showed a median decrease of —1.43 pg/mL.
However, the difference in changes between the two
groups was not statistically significant (p = 0.324).

Based on Table 5, the 1000 [U/day vitamin D3 group
showed a median increase in interferon-gamma levels of
0.57 pg/mL, but the change was not statistically
significant (p = 0.689). In contrast, the 400 IU/day group
showed a median decrease in interferon-gamma levels of
—1.43 pg/mL, which was also not statistically significant
(p =0.237).

Based on Table 6, both groups demonstrated an increase
in vitamin D levels. In the 1000 [U/day group, the median
increase was 5.1 ng/mL, showing a statistically
significant change after intervention (p = 0.018).
Similarly, the 400 IU/day group showed a median
increase of 4.7 ng/mL, which was also statistically
significant (p = 0.001).

4. Discussion

This randomized double-blind clinical trial evaluated the
effect of vitamin D3 supplementation on IFN-y levels in
children with idiopathic nephrotic syndrome (INS). The
baseline characteristics of the study population showed a
predominance of male patients (64.4%), which is
consistent with previous studies reporting that boys have
approximately 1.8-2 times higher risk of developing INS
compared with girls due to genetic variations affecting
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immune pathways [12]. The majority of participants
were in the school-age group (5-12 years), which may
reflect referral patterns in tertiary hospitals where
relapsing or chronic cases are more frequently
encountered. Importantly, age and sex distribution were
comparable between groups, supporting the internal
validity of the study.

A significant difference was observed in nutritional
status between groups. Malnutrition is frequently
encountered in children with nephrotic syndrome and
may influence vitamin D metabolism. Vitamin D
circulates bound to albumin and vitamin D binding
protein (VDBP); therefore, hypoalbuminemia and
protein loss may reduce vitamin D bioavailability [13].
Conversely, obesity has also been associated with lower
circulating vitamin D levels due to sequestration in
adipose tissue, further reducing its bioavailability [14].
These findings highlight the complex interaction
between nutritional status and vitamin D metabolism in
pediatric nephrotic syndrome.

At baseline, most participants had vitamin D deficiency
or severe deficiency, which is consistent with previous
reports indicating that vitamin D deficiency is highly
prevalent in nephrotic syndrome. Massive proteinuria
results in urinary loss of VDBP and albumin, leading to
decreased circulating 25(OH)D levels [15,16]. In
addition, impaired tubular reabsorption of the vitamin D—
VDBP complex due to dysfunction of the megalin—
cubilin receptor system further contributes to vitamin D
depletion [17]. These mechanisms explain why children
with active nephrotic syndrome frequently present with
severe vitamin D deficiency.

Following supplementation, both groups demonstrated a
significant increase in serum vitamin D levels. However,
the magnitude of increase did not differ significantly
between the 400 IU and 1000 IU groups. Despite this
improvement, post-intervention median vitamin D levels
remained below the threshold for sufficiency (>30
ng/mL), suggesting that these doses may be insufficient
for children with active nephrotic syndrome. Previous
studies have suggested that higher doses of vitamin D
supplementation may be required to overcome persistent
urinary losses and achieve optimal serum levels in
nephrotic patients [18,19]. Long-term corticosteroid
therapy may further exacerbate vitamin D deficiency by
inducing CYP24A1-mediated catabolism of vitamin D
metabolites [20].

In terms of immunological response, baseline IFN-y
levels were comparable between groups, indicating
similar immune status prior to intervention. I[FN-y is a
key Thl-associated pro-inflammatory cytokine involved
in immune dysregulation observed in nephrotic
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syndrome [21]. Vitamin D has been shown to exert
immunomodulatory effects through activation of the
vitamin D receptor (VDR), which suppresses Thl
cytokine production, including IFN-y [22].

However, vitamin D supplementation for four weeks did
not significantly alter IFN-y levels in either group.
Several factors may explain this finding. First, all
patients received corticosteroids as part of standard
therapy, which strongly suppress adaptive immune
responses and may mask the immunomodulatory effects
of vitamin D supplementation [22]. Second, persistent
urinary loss of VDBP in active nephrotic syndrome may
prevent serum vitamin D levels from reaching the
threshold required to exert systemic immunomodulatory
effects [19]. Finally, the relatively short duration of
supplementation may not be sufficient to induce
measurable changes in cytokine profiles.

Although the difference in remission rates between
groups was not statistically significant, the 1000 IU
group showed a numerically higher remission
proportion. Previous studies have suggested that
adequate vitamin D status may improve regulatory T-cell
activity and reduce relapse frequency in children with
nephrotic ~ syndrome  [23].  Therefore, longer
supplementation duration or higher doses may be
necessary to achieve meaningful clinical and
immunological effects.

This study has several limitations. The relatively short
intervention period of four weeks may not fully capture
long-term immunological changes. The sample size was
modest and derived from a single center, which may limit
generalizability. In addition, differences in baseline
nutritional status and the universal use of corticosteroids
may have introduced confounding or masking effects on
cytokine responses.

Nevertheless, this study has important strengths. The
double-blind randomized controlled design provides a
high level of evidence, and the study evaluates I[FN-y as
an immunological biomarker that has rarely been
investigated in relation to vitamin D supplementation in
pediatric nephrotic syndrome.

5. Limitations

This study has several limitations. First, adjustments for
potential confounding factors such as dietary intake and
sunlight exposure were not performed. Second, a
significant difference in baseline nutritional status
between the two groups may have influenced the study
outcomes. Finally, outcome measurements were
conducted at a single post-intervention time point,
namely four weeks after the intervention, which may
limit the evaluation of longer-term effects.
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6. Conclusion

This study demonstrated that children with nephrotic
syndrome had low baseline vitamin D levels prior to
supplementation. Although interferon-gamma (IFN-y)
levels were comparable between groups at baseline,
vitamin D deficiency was prevalent among the
participants. Following four weeks of vitamin D3
supplementation, serum vitamin D levels increased
significantly in both the 400 IU and 1000 IU groups;
however, most post-intervention levels remained below
the normal range.

No significant difference was observed in IFN-y levels
between the two supplementation doses after
intervention. While the 1000 IU group showed
numerically higher post-supplementation vitamin D
levels and slightly lower IFN-y levels compared with the
400 IU group, these differences were not statistically
significant. Overall, vitamin D3 supplementation
improved serum vitamin D status in children with
nephrotic syndrome but did not significantly modify
IFN-y levels within the four-week intervention period.
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TABLES
Table 1. Characteristics of Study Participants
Characteristic Vitamin D3 400 IU (n=30) Vitamin D3 1000 IU (n=29) p-value
n (%) n (%)

Sex 0.145
Male 22 (73.3) 16 (55.2)
Female 8 (26.7) 13 (44.8)

Age (years) 0.302
<5 years 2 (6.7) 5(17.2)
5-12 years 15 (50.0) 16 (55.2)
>12 years 13 (43.3) 8 (27.6)

Nutritional Status 0.002
Severely undernourished 2(6.7) 0(0)
Underweight 1(3.3) 9(31.0)
Normal 21 (70.0) 19 (65.5)
Overweight 1(3.4) 1(3.4)
Obese 5(16.7) 0(0)

Vitamin D Status (Pretest) 0.522
Severe deficiency 10 (33.3) 8 (27.6)
Deficiency 15 (50.0) 11 (37.9)
Insufficiency 4 (13.3) 8 (27.6)
Normal 1(3.3) 2 (6.9)

Vitamin D Status (Posttest) 0.783
Severe deficiency 4(13.3) 5(17.2)
Deficiency 14 (46.7) 10 (34.5)
Insufficiency 8 (26.7) 8 (27.6)
Normal 4(13.3) 6 (20.7)

Remission 0.355
Yes 8 (26.7) 11 (37.9)
No 22 (73.3) 18 (62.1)

Table 2. Comparison of Interferon-Gamma and Vitamin D Levels Before Vitamin D3 Supplementation Between the 400
IU and 1000 IU Groups

Group I Group II
Characteristics (Vitamin D3 400IU) (Vitamin D3 10001U) p-value
Median (Min-Maks) Median (Min-Maks)
Vitamin D (ng/mL) 8.2 (0.5-31) 10.2 (1.4-32) 0.200
Interferon Gamma (pg/ml) 8.59 (1.7-498.7) 8.41 (1.2-529.7) 0.559

Mann—Whitney test; statistically significant if p < 0.05.

Table 3. Comparison of Interferon-Gamma and Vitamin D Levels After Vitamin D3 Supplementation Between the
Group Receiving 400 IU Vitamin D3 and the Group Receiving 1000 IU Vitamin D3 Supplementation

Group I Group 11
Characteristics (Vitamin D3 4001U) (Vitamin D3 10001U) p-value
Median (Min-Maks) Median (Min-Maks)
Vitamin D (ng/mL) 12.9 (2-54.9) 14.6 (1.2-42.5) 0.347

1951
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Interferon Gamma (pg/ml) 9.35(0.5-91) 10.02 (0.2-583.8) 0.534

Mann—Whitney test; statistically significant if p < 0.05.

Table 4. Comparison of Changes in Interferon-Gamma and Vitamin D Levels After Vitamin D3 Supplementation
Between the 400 U and 1000 IU Vitamin D3 Groups

Group 1 Group II
Characteristics (Vitamin D3 4001U) (Vitamin D3 10001U) p-value
Median (Min-Maks) Median (Min-Maks)
Vitamin D (ng/mL) 4.7 ((-9.2)-44.4) 5.1((-28.1)-29.4) 0.903
Interferon Gamma (pg/ml) -1.43 ((-490.13)-86.31)  0.57 ((-524.32)- 517.79) 0.324

Mann—Whitney test; statistically significant if p < 0.05.

Table 5. Comparison of Changes in Interferon-Gamma Levels Before and After Vitamin D3 Supplementation Between
the 1000 IU and 400 IU Vitamin D3 Groups

Interferon-Gamma Interferon-Gamma
Deviation
Characteristics Pretest Posttest p-value

Median (Min-Max) Median (Min-Max) Median (Min-Max)

Group I (Vitamin

D3 400 1U) 8.59 (1.7-498.7) 9.35(0.5-91.0)  -1.43 ((-490.13)-86.31) 0.237
Group II (Vitamin
D3 1000 1U) 8.41 (1.2-529.7) 10.02 (0.2-583.8)  0.57 ((-524.32)- 517.79)  0.689

Wilcoxon test; statistically significant if p < 0.05.

Table 6. Comparison of Changes in Serum Vitamin D Levels Before and After Vitamin D3 Supplementation Between
the 400 IU and 1000 IU Vitamin D3 Groups

Vitamin D Vitamin D

Deviation
Characteristics Pretest Posttest p-value

Median (Min-Max) Median (Min-Max) Median (Min-Max)

Group I (Vitamin 8,295 (0,5-31) 12,9 (2-54,9) 4,7((-9,2)-44,4)

D3 400 IU) 0,001
Group II (Vitamin
D3 1000 IU) 10,2 (1,4-32) 14,6 (1,2-42,5) 5,1 ((-28,1)-29.4) 0,018

Wilcoxon test; statistically significant if p <0.05.
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