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Abstract. Background and aim: Vitamin D (VD) reduces interferon-gamma (IFN-y) production and prevents
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) activation, impacting the inhibi-
tion of the autoimmunity process such as autoimmune thyroiditis (AITD). Children with Down syndrome
(DS) are reported to have a higher risk of autoimmunity and lower VD levels than non-DS. Therefore, this
study aimed to evaluate VD levels in Indonesian DS children and their relationship with marker of AITD.
Methods: This study was conducted on DS children at Dr Soetomo Hospital between February 2021-June
2022. Socio-demographic status, amount of milk, fish and meat consumption, and duration of sun expo-
sure were obtained using a self-report questionnaire. Thyroid hormone (TSH and FT4), thyroid antibody
(TPO-Ab and Tg-Ab), 25 (OH)D, IFN-y, and NF-«B levels were measured using ELISA. Results: Of the
80 participants, 53.75% had sufhicient (50.829+17.713 ng/ml) and 46.25% had non-sufficient (20.606+5.974
ng/ml) VD levels. Daily milk consumption, meat and fish consumption were risk factors contributing to VD
levels in multivariate analysis [p=0.003, OR=1.007(1.003-1.012); p=0.004, OR=1.816(1.209- 2.728), respec-
tively]. Participants with sufficient VD had significantly higher TPO-Ab (p=0.007) and Tg-Ab (p=0.016).
Mean of VD levels were significantly negatively correlated with IFN-y levels (r =-0.262, =0.037) and posi-
tively correlated with TPO-Ab (r= 0.432, p=1x10’5,) and Tg-Ab (r= 0.375, p=0.001). Conclusions: Majority
of subjects had sufficient VD levels. VD suppresses IFN-v, but is unable to affect NF-«B levels, presumably
causing high levels of TPO-Ab and Tig-Ab in sufficient VD patient. (www.actabiomedica.it)
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Introduction

Vitamin D (VD) or 25-hydroxy-VD (25(OH)D)
is a secosteroid with pleiotropic roles in various physi-
ological processes. VD’s role in the immune modula-
tion response appears to have immunomodulating
actions in autoimmune diseases (1). VD’s influence on
autoimmune thyroid disease (AITD) has been widely
studied. Most existing data support a relationship
between VD deficiency and an increased tendency

to develop higher titers of AITD-related antibodies
(2-4). The severity of 25-hydroxy VD deficiency was
associated with onset of Hashimoto’s thyroiditis (HT)
and thyroid antibody levels (5). Several VD modu-
lates autoimmunity through specific enhancement of
the innate immune system and inhibition of adaptive
immune responses through the VD receptor (VDR)
that is expressed in all immune cells (6,7). VD adminis-
tration in the early phase of cell differentiation reduces
interferon-gamma (IFN-y) production, inducing type
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2 T helper cells (Th2) and GATA binding protein 3
(GATA3), inhibiting the autoimmune process (8). It
has been shown that VD down-regulates nuclear fac-
tor kappa-light-chain-enhancer of activated B cells
(NF-xB) in lymphocytes (9) and prevents NF-kB
activation in monocytes, regulating the expression of
cellular factors contributing to reduced NF-kB DNA
binding of NF-kB (9-11). NF-«xB is a well-known
transcription factor of proinflammatory mediators
that plays a crucial role in establishing immune tol-
erance, including central tolerance and the peripheral
function of regulatory T cells. Therefore, defective or
deregulated NF-«B activation may contribute to auto-
immunity and inflammation (12).

Down syndrome (DS) is a genetic disorder caused
by trisomy for all or part of chromosome 21, leading to
an excess of phenotypic-influencing genes in the DS
critical regions (DSCRs), including immune system
defects that increase autoimmunity risk such as auto-
immune thyroiditis (AITD) (13). AITD in the pri-
mary forms of autoimmune hypothyroid (Hashimoto
thyroiditis
(Grave’s disease [GD]) is more common at a younger
age in DS than in non-DS children (14). HT is a form
of autoimmune hypothyroidism with a high propor-

[HT]) or autoimmune hyperthyroid

tion of Th1 cells, which secrete proinflammatory cy-
tokines such as IFN-vy (15). Study in non DS patients
with HT reported increased of IFN-y serum levels,
expression of intrathyroidal IFN-y, and high levels of
IFN-y production by clones derived from infiltrating
lymphocytes (16-19) and also level of NF-kB1 protein
as a risk factor for HT disease by directly modulat-
ing interleukin-6 (IL-6) serum levels (20). The world-
wide prevalence of VD deficiency is relatively high
even in countries with plenty of sunlight, ranging from
1%-95%, depending on the threshold used to define
it (21-27). While Indonesia is located on the equator
and has year-round sun exposure, shifts in lifestyle and
sedentary activities and a lack of VD-fortified foods
increase VD deficiency risk. Most Indonesian children
have VD insufficiency (28,29) and lower VD levels
than Malaysia, Vietnam, and Thailand (30). However,
the latest study by Pulungan et al. found that Indo-
nesian children mostly had sufficient VD levels (31).
Several studies have found lower VD levels in DS than
in non-DS children (32-34). Another study showed

that DS children with regular sun exposure do not
require VD supplementation (35). However, DS chil-
dren spend more time indoors and are less physically
active (36). Until recently, there have been no reports
on VD levels in DS children in Indonesia as well as
no published study that evaluated the role of VD and
marker of thyroid autoimmune in DS population.

Therefore, this study aimed to investigate the VD
profile in Indonesian DS children and their correlation
with marker in thyroid autoimmune.

Patients and methods
Study participants

This cross-sectional study enrolled DS aged 1-month
to 18 years at the Pediatric Outpatient Clinic of Child
Health of the Dr Soetomo General Hospital in Sura-
baya, Indonesia, between February 2021 and June 2022.
This study was approved by the Institutional Review
Board of Dr Soetomo General Hospital (0397/KEPK/
I11/2022). The parents of participants provided informed
consent. Participants were enrolled using a consecutive
sampling method. We excluded participants with acute
medical conditions, allergies, malignancy, micronutrient
deficiency, or who had taken VD supplements before
the study. DS children with severe malnutrition-based
growth curves were also excluded. DS was diagnosed
based on karyotyping. Thyroid function was detailed as
hypothyroidism, hyperthyroidism and euthyroid based
on normal value of free thyroxine (F'T4) and thyroid-
stimulating hormone (TSH) (37). Diagnosis of AITD
was based on the positivity of thyroid antibodies, namely
thyroid peroxidase antibody (TPO-ADb) and Thyroglob-
ulin antibody (Tg-Ab). If there was at least one posi-
tive antibody marker with normal or impaired thyroid
function, the diagnosis of AITD had been established
(38). Sex, age, sociodemographic status, amount and type
of milk, fish and meat consumption, and sun exposure
duration were obtained using a self-report questionnaire
completed by the parents. Total sun exposure was cal-
culated as minutes per week based on the average time
of daily sun exposure. The amount of milk consumption
was calculated as mL per day, while fish and meat con-
sumption was calculated as slices per week.
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Five millilitres of blood were drawn from each par-
ticipant. Plasma samples were tested for their 25(OH)
D, TSH, FT4, IFN-y, NF-kB, anti—thyroid peroxi-
dase antibody (TPO-Ab), and anti-thyroglobulin an-
tibody (T'g-Ab) levels. In addition to the examination
of circulating 25(OH)D, TSH, FT4, and IFN- which
are commonly performed, the examination of NFkB
levels uses many methods. Several studies already had
evaluated NFkB level in plasma and serum (39,40).

Measurement of VD levels

VD levels were measured using an enzyme-
linked immunosorbent assay (ELISA) method
(25-hydroxy VD ELISA kit; catalog number (Cat.
No) CAN-VD-510 from DBC Canada). The plasma
concentration of 25-hydroxy vitamin D (25(OH)D) is
considered to be the primary indicator of vitamin D
status. The Pediatric Endocrine Society defines nor-
mal 25(OH)D levels as 30-100 ng/mL, insufficiency
as 21-29 ng/mL, and deficiency as <20 ng/mL (41). In
this study, we categorized participants into sufficient
and nonsuflicient (deficient/insufficient) groups.

Measurement of TSH and F'T4 levels

FT4 levels were measured using free thyrox-
ine (FT4) ELISA; Cat. No CAN-FT4-4340, while
TSH levels were measured using thyroid stimulating
hormone (TSH) ELISA; Cat. No CAN-TSH-4080
by from DBC-Diagnostics Biochem Canada Inc. The
reference range values for pediatric care by Sperling
et al (42).

Measurement of IFN-y and NF-KB levels

ELISA methods were used to measure IFN-y
(Human Interferon y ELISA kit; Cat. No. EO105Hu
from BT Lab) and NF-«kB (Human Nuclear
Factor-Kappa B LAB kit; Cat. No. E0690Hu from
BT Lab) levels.

Measurement of TPO-Ab and Tg-Ab levels

ELISA methods were used to measure TPO-
Ab (TPO-Ab ELISA kit; Cat. No. DE7580 from

Demeditec Diagnostics GmbH) and Tg-Ab (Tg-Ab
ELISA kit; Cat. No. DE7590 from Demeditec Di-
agnostics GmbH). Interpretation of autoimmune
thyroid markers was based on manufacturer specified
cutoff values of >75 IU/mL (positive), 50~75 IU/mL
(borderline), and <50 IU/mL (negative) for TPO-Ab
and >150 IU/mL (positive),100-150 IU/mL (inter-
mediate), and <100 IU/mL (negative) for Tg-Ab,

respectively.
Statistical analysis

The data were examined for normality with the
Kolmogorov-Smirnov test and homogeneity with
the Levene test. Subjects were categorized into two
groups, VD sufficient and non-sufficient groups.
Descriptive analysis was performed to describe the
demographic characteristic of DS patients based on
the 25(OH)D adequacy status. Factors affecting VD
levels were analyzed with univariate and multivarjate
analysis. Group different tests were conducted using
the Chi-square test between VD sufficient and non-
sufficient categories. Levels difference of 25(OH)D,
IFN-y, and NF-«B were analyzed with the T-test and
Man Whitney test. The association between 25(OH)
D and IFN-y, NF-kB, were analyzed with the spear-
man correlation test. Variables were considered statis-
tically significant with a P-value <0.05. The analysis of
data was conducted using the SPSS version 25 (IBM
Co., New York, USA).

Results

This study enrolled 80 DS participant. Among
of them, 14/80 (17.3%) children are deficient, 23/80
(28.4%) are insufficient, and 43/80 (53.1%) are suf-
ficient of 25-hydroxy-VD. After categorized par-
ticipants into sufficient and non-sufficient (deficient/
insufficient) groups, we had 37/80 (46.25%) participant
as non-sufficient versus 43/80 (53.75%) participant as
sufficient VD. Mean level of 25(OH) D was 36.85 *
20.322 ng/mL (Table 1).

We evaluated several factors that could poten-
tially influence VD adequacy in the sufficient and
non-sufficient groups (Table 2) and also comparisons
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Table 1. Demographic characteristics of DS participants.

VD Non-Sufficient VD Sufficient
Characteristic (n=37) (n=43) p-value
Vitamin D level (ng/mL; mean + SD) 20.606+5.974 50.829+17.713 1x10°T
Age at the time of enrollment (months; Median (Min — Max) 46.162 + 50.72 25.465 + 21.473 0.64M
Body mass index (BMI-SDS; mean + SD) 15.601 + 3.065 14.634 + 3.237 0.175T
Sex (n, %) 0.092 €
Male 19 (38.8%) 30 (61.2%)
Female 18 (58.1%) 13 (41.9%)
History of prematurity/low birth weight (n, %) 0.097 €
NO 35 (50%) 35 (50%)
YES 2 (20%) 8 (80%)
Mother’s level of education (n, %) 0.398 ¢
Elementary school 1(25%) 3 (75%)
Junior high school 1(25%) 3 (75%)
Senior high school 18 (42.9%) 24 (57.1%)
Bachelor (higher education) 17 (56.7%) 13 (43.3%)
Associated congenital malformation (n, %) 0.141 ¢
Congenital heart defect 6 (30%) 14 (70%)
Hirschsprung’s disease 0 (0%) 1 (100%)
None 31 (52.5%) 28 (47.5%)
Thyroid function (n, %) 0.365 €
Hypothyroid 23 (45.1%) 28 (54.9%)
Hyperthyroid 1 (20%) 4 (80%)
Euthyroid 13 (54.2%) 11 (45.8%)
Duration of levothyroxine therapy (months, Median (Min — Max)) 15 (10 -63) 15 (0-58) 0.740 M
Daily sun exposure(hours/week); Median (Min — Max)) 15 (5 -100) 35 (15 -240) 1x10°M
Daily Milk consumption (cc/day); Median (Min — Max)) 200 (0 -800) 500 (180 -2100) 1x10°M
Meat and fish consumption (slice/week); Median (Min — Max)) 2 (1-8) 7 (2-8) 1x10°M
Key: *significant with p < 0.05; T Independent t-test; © Chi-square test; ¥ Mann—Whitney test.
Table 2. Univariate and Multivariate Analysis for Risk Factor Contributing for Vitamin D levels.
Bivariate Multivariate
No | Variable p-value OR 95% CI p-value OR 95% CI
1 Age 0.026* 0.985 (0.972 — 0.998) 0.057 0.972 (0.943 — 1.001)
2 BMI 0.970 0.998 (0.890 — 1.119) - -
3 Daily sun exposure (hours/week) 0.003* 1.049 (1.017 - 1.082) 0.108 1.048 (0.990 — 1.110)
4 Daily milk consumption (cc/day) 1x107°* 1.011 (1.006 — 1.016) 0.003* 1.007 (1.003 — 1.012)
5 Meat and fish consumption (slice/week) 1x1075* 1.056 (1.528 — 2.768) 0.004* 1.816 (1.209 — 2.728)

Key: ¥, significant at p<0.05; CI, confidence interval; OR, odds ratio.

of average levels of thyroid autoantibodies against
TPO-ADb and Tg-Ab and of inflammatory mark-
ers IFN-y and NF-«B between sufficient and non-
sufficient VD patients (Figure 1).

The IFN-y and NF-«B levels were desriptively
higher in the nonsufficient group than in the suf-
ficient group but not significantly different (p=0.218
and p=0.556, respectively). Conversely, TPO-Ab and
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Figure 1. Average levels of IFN-y, NF-kB, TPO-Ab, and Tg-Ab in sufficient and nonsufficient VD
participants. Mean (A) IFN-y, (B) NF-«B, (C) TPO-Ab, and (D) Tg-Ab levels.

Table 3. The correlation 25(OH)D with IFN-y, NFxB, TPO-Ab, Tg-Ab.

Mean level of 25(OH)D
Variabel p-value Coeficient Correlation (r)
IFN-y (ng/mL; mean + SD) 0.037* -0.262
NF«B (ng/mL; mean + SD) 0.175 -0.172
TPO-Ab (IU/mlL; mean + SD) 1x10™* 0.432
Tg-Ab (IU/mL; mean + SD) 0.001* 0.375
Key: ¥, Sig p<0.05.
Tg-Ab levels were significantly higher in the sufficient ~ Discussion

group than in the non-sufficient group (p=0.007 and
=0.016, respectively).

In our study, mean level of 25(OH)D was signifi-
cantly negatively correlated with IFN-y and signifi-
cantly positively correlated with TPO-Ab and Tg-Ab
(Table 3).

This cross-sectional study showed that VD
sufficiency was more prevalent than VD insuffi-
ciency in Indonesian DS children, with a mean level
of 36.85 + 20.322 ng/mL. Our finding was similar to
El-Hawary et al., who found their mean VD level to
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be 30.65 + 20.64, but only 40% were in the sufficient
VD category (34). However, Stagi et al. reported a very
high prevalence of VD deficiency in DS children with
a mean VD level of 14.34 + 8.31 (33).

The majority of our participants had thyroid disor-
ders with the most common form being hypothyroid-
ism in 51/80 (63.75%) children, while 24/80 (30.00%)
children being euthyroid. Our data showed no signifi-
cant difference in VD status in each group based on
thyroid function. Thyroid dysfunction in DS children is
reported in 28%-54% of patients with a frequency that
increases with age (43). The effect of 25(OH)D level
on thyroid functions is still controversial. Adequacy of
serum 25(OH)D level is required for the maintenance
of euthyroid functions (44). A large population-based
study reported that increased 25(OH)D levels were as-
sociated with decreased circulating TSH among younger
individuals (45), while a cross-sectional study in 2869
in previously healthy children aged 6-24 months found
that serum 25(OH)D levels had no significant corre-
lation with TSH, FT3 and FT4 levels, however, VD
deficiency was associated with hypothyroidism (44).

Our study found that daily milk consumption and
meat and fish consumption were risk factors contrib-
uting to VD levels in VD sufficiency. These data were
similar to a large Canadian study of 1311 children that
found that increased cow’s milk consumption was as-
sociated with increased 25(OH)D levels. Many chil-
dren in South East Asia (SEA) consume <1% of the
recommended daily VD intake (46,47), and the avail-
ability of natural VD-rich food sources in the region is
limited, with low and infrequent consumption of meat
and dairy products (48,49). However, studies have
shown that it takes at least two cups (500 mL) of cow’s
milk per day to maintain adequate VD levels (50).

We found lower IFN-y levels in patients in the
sufficient VD group and a significant negative corre-
lation between VD and IFN-y levels, meaning that
high levels of vitamin D in our patients were associ-
ated with lower IFN-y levels. Study in-vitro showed
vitamin D inhibited IFN-y production and increased
IL-10 production by peripheral blood mononuclear
cells (PBMCs) derived from healthy individuals (51).
Several other in vitro studies using PBMC culture and
intracellular cytokine staining obtained similar results
(52-54). VD administration in the early phase of cell

differentiation reduces interferon-gamma (IFN-y)
production, inducing type 2 T helper cells (Th2) and
GATA binding protein 3 (GATA3), inhibiting the au-
toimmune process (8). Unfortunately, Ragab et al, in
the same study, found no correlation between serum
vitamin D levels and IFN-y or IL-10 cytokine con-
centration produced in the culture supernatant. How-
ever, the correlation between circulating level of VD
and IFN-y in our study was consistent with what He
et al reported in their study (53). They found that the
IFN-y concentrations were significantly higher in the
vitamin D sufficient athletes.

Defective or deregulated NF-«B activation may
contribute to autoimmunity (12). Descriptively, our
VD sufficient group had lower NF-«B levels than
our non-sufficient group. VD and its VDR complex
can interact with transcription factors such as NF-kB.
VD was able to downregulate NF-kB levels in lym-
phocytes, preventing NF-«kB activation in monocytes
and regulating the expression of cellular factors con-
tributing to reduced NF-kB DNA binding (9-11).
However, our study found no significant correlation
between VD and NF-«kB levels in plasma. An adult
study also reported no significant effect of VD on NF-
KB activity in obese and overweight individuals with
VD deficiency and Diabetes Mellitus (55,56).

TPO-Ab and Tg-Ab are two types of thyroid au-
toantibodies, the levels of which are positively associ-
ated with thyroid inflammation and hypothyroidism
severity (57). Studies in non-DS children showed that
VD deficiency was associated with an increased risk
of autoimmune disease (7). Surprisingly, we found a
significant correlation between mean levels of 25(OH)
D with anti-TPO-Ab and Tg-Ab levels, indicating
that high VD levels are significantly associated with
high autoantibody levels. Many adult studies report
lower levels of 25-hydroxy VD was correlated with
thyroid autoantibodies such as TPO-Ab (58-60) and
Tg-Ab (61). Few studies have reported an associa-
tion between AITD and VD levels with inconclusive
results. However, our conflicting results were consist-
ent with those of Yasmeh et al. and Efframidis et al.
on the adult population (62,63). While Goswami et al.
found only a weak correlation between 25(OH)D and
anti-TPO-ADb levels (64), an absence of correlation
between 25(OH)D, anti-TPO-Ab, and anti-Tg-Ab
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levels was also observed in two population-based stud-
ies in Thailand and China (45,65). A pediatric study
also reported no correlation between 25-hydroxy VD
and anti-TPO-Ab levels (66).

VD plays a small but significant role in AITD
pathogenesis, which may be more apparent when com-
bined with other factors (2). In addition, the most im-
portant factors in AITD development in children are
genetic factors, while non-genetic factors only play a
role in 20% (67), suggesting that VD’s role in AITD is
smaller in children than in adults (68). We hypothesize
that VD suppresses proinflammatory cytokine IFN-y
production by Th1 cells, an important activation mech-
anism in AITD, but is unable to affect NF-kB activity,
which play a major role in proinflammatory cytokine
IL-6 production, allowing the autoimmunity process
to continue, leading to a very high levels of thyroid au-
toantibodies such as TPO-Ab and Tg-Ab.

A major strength of this study is its first-ever ex-
ploration of the association between VD and several
marker of thyroid autoimmune in DS children, a pop-
ulation at high risk of autoimmunity. This study pro-
vides basic data on the VD adequacy in DS children in
Indonesia, a country with abundant exposure to sun-
light but lower natural VD-rich food daily intake. In
addition, its results provide a different perspective on
the role of VD levels in autoimmunity development
processes, especially AITD in children with special
conditions such as DS.

This study has several weaknesses. Firstly, its
cross-sectional design could not determine whether
adequate VD levels in participants with positive thy-
roid autoimmune markers had existed before exami-
nation or were improved at the time of examination.
Secondly, this was a single-centre study, and its find-
ings might not represent all DS children. Therefore,
further studies with larger sample sizes, better designs,
more global scopes, and longer evaluations of VD lev-

els are needed to provide more uniform and consistent
data on the role of VD in DS children.

Conclusions

Our study has shown that children with DS had a
sufficient VD level. Higher VD levels in DS children in

our study are presumably due to daily milk consump-
tion equal to 500 cc daily and daily intake of 1 slice
meat and fish. Higher VD levels are significantly cor-
related with lower IFN-y levels but not with NF-«xB
levels. Since the higher TPO-Ab and Tg-Ab levels
were correlated with VD levels, further case-control
studies with larger sample sizes are needed to provide
more consistent data on the role of VD on AITD
development in DS children.
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