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INTRODUCTION

Patients with Sjogren's syndrome (SS), a systemic autoimmune disorder, experience xerostomia (dry
mouth) and xerophthalmia (dry eyes) as a result of lymphocyte infiltration in the exocrine glands.
Exocrine gland attacks by SS can result in extra glandular symptoms and systemic involvement. With a
ratio of 9:1 to 19:1, SS is most common in women. According to Dumusc et al. (2022) and Radi¢ et al.
(2023), the prevalence is approximately 0.1-0.6%. Primary SS (pSS) occurs on its own, while secondary
SS (sSS) occurs in conjunction with other autoimmune disorders such as systemic lupus erythematosus
(SLE) or rheumatoid arthritis (RA). With a female-to-male ratio ranging from 9:1 to 14:1, this crippling
illness mainly affects women. With an estimated global frequency ranging from 0.1% to 4.8%,
depending on the population under study and the diagnostic standards applied, SS is one of the most
prevalent autoimmune illnesses (Dabravolski et al., 2024). Although SS illness has no known origin,
several factors, including genetics, hormones, environmental factors, alterations in B lymphocytes, and
innate immunity, are implicated. The development of SS is influenced by immune cell activation,
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autoantibody synthesis, and some genetic variables (Espinoza-espinoza et al., 2019; Moreno-quispe
and Moreno, 2020; Athanassiou and Mavragani, 2022).

The production of the pro-inflammatory cytokine tumor necrosis factor-o (TNF-a) rises in several
inflammatory or autoimmune disorders. The salivary glands and saliva exhibit elevated TNF-a
expression in Sjogren's syndrome, an autoimmune illness. Numerous cell types, such as the salivary
gland epithelium, T helper 1 cells that invade salivary glands, and cytotoxic T cells 1, can release TNF-
o in SS patients (Zhou et al., 2017; Tian et al., 2021).

Cholecalciferol, also known as vitamin D3, is produced in the skin (80%) by UVB sun, which
converts 7-dehydrocholesterol into pre-vitamin D3 and initiates the hydroxylation process, or it can
be absorbed by food (20%). Vitamin D is both calcemic and non-calcemic in the body. In its calcemic
action, vitamin D mobilizes calcium from bones to maintain normal blood calcium concentrations and
raises calcium concentrations by triggering proteins involved in phosphate and active intestine
absorption. The vitamin D receptor (VDR), which is present in the parathyroid, pituitary, promyelocyte,
lymphocyte, keratinocyte, ovary, and colon cells, is another way that vitamin D3 works. 1-a-
hydroxylase is also present in vascular smooth muscle cells, macrophages, cancerous cells, and
immune system cells in the colon, breast, and prostate, and it can generate 1,25(0OH),Ds (also known
as calcitriol, is the active form of vitamin D). This indicates that 1,25(0OH),Ds; affects particular
immunological responses and functions as an immunomodulator of the innate and adaptive immune
systems (Radic et al., 2023).

Immune responses, both innate and adaptive, are regulated by vitamin D3. It has a more
comprehensive function in the adaptive immune response, particularly in modulating T cell responses.
1,25(0H),Ds prevents dendritic cells from maturing, which prevents them from activating T cells.
Moreover, 1,25(0OH),Ds suppresses the synthesis of cytokines. By inhibiting 1L-12, 1,25(OH),Ds
indirectly prevents Thl lymphocyte response and development. As a result, IL-2, TNF-a, and IFN-y are
no longer produced. By controlling the activity of Th2 lymphocytes and regulatory T cells (Treg),
1,25(0H),Ds also contributes to the production of the anti-inflammatory cytokine IL-10. By inhibiting
the synthesis of TNF-a and IL-23, 1,25(OH),Ds prevents Th17 cells from developing. Increases in Th17
or Thl lymphocyte activity and quantity have been associated with a range of autoimmune disorders,
including rheumatoid arthritis, multiple sclerosis, Graves' disease, SLE, type | diabetes mellitus, and
connective tissue diseases (Radi¢ et al., 2023).

The connection between vitamin D deficiency, vitamin D supplementation, and immune-
mediated illnesses has long been researched. According to several research, 25(0OH) vitamin D (also
known as 25-hydroyvitamin D, the major circulating form of vitamin D in the serum) levels are lower
in autoimmune disease patients than in healthy individuals (Radi¢ et al., 2023).

Vitamin D contains anti-inflammatory properties, regulates the immune system, and is crucial
for maintaining calcium and phosphorus balance. Lack of vitamin D is thought to trigger the body's
inflammatory response to infections, which initiates numerous defense mechanisms, including the
hemostatic system, leukocytes, and the cytokine network (Ashtari et al., 2022). When immune cells
produce excessive amounts of pro-inflammatory cytokines, such as TNF-a, IL 1b, TNF-a, and IL 8,
systemic inflammatory response syndrome (SIRS) may result (Aridan, 2021). Additionally, vitamin D
can alter the immune system by influencing cytokines such as TNF-a. Sjogren's syndrome activity may
be associated with low vitamin D levels (Wu et al., 2020). The strongest indicator of a person's vitamin
D levels is their 25(OH) vitamin D level, which indicates how much vitamin D they obtain from their
diet, sunlight, and vitamin D reserves in their liver. 25(0OH) vitamin D levels of 20-30 ng/ml, 10-20
ng/ml, and less than 10 mg/ml were considered indicators of vitamin D insufficiency, deficiency, and
severe deficiency (Zheng et al., 2021).

TNF-a antibody treatment was effective in rheumatoid arthritis patients with adequate blood
vitamin D levels (Kim et al., 2020). These outcomes suggest that vitamin D insufficiency may be linked
to elevated TNF-a levels and heightened disease activity (Ashtari et al., 2022). According to other
studies, vitamin D has a negative link with TNF-a during the acute phase of the disease because it
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regulates TNF-a. Because it does not particularly target the TNF-a receptor, vitamin D prevents
negative effects on the anti-inflammatory functions of TNF-al by reducing the synthesis of TNF-q,
which can minimize pro-inflammatory effects (Silberstein, 2021; Visser et al., 2022).

Vitamin D and pSS have a somewhat paradoxical relationship. Accordingly, some meta-analyses
identified a correlation between low vitamin D levels and pSS, whereas other studies found no
correlation. Furthermore, in Korean pSS patients, low serum calcifediol (25(OH)D3) levels were linked
to tear breakup times, Schirmer | values, corneal staining scores, and conjunctival staining scores.
Similarly, a Korean study found that in individuals with pSS, low blood levels of 25(0H)D3 were
associated with the EULAR Sjogren's syndrome disease activity score. Patients with pSS in China and
India, however, did not exhibit this correlation. These results strongly imply that additional studies
involving larger populations are required to identify potential causal relationships and the biological
mechanisms underlying them (Dabravolski et al., 2024). The purpose of this study is to ascertain
whether 25(0OH) vitamin D levels and TNF-a and caspase levels are correlated in patients with Sjogren's
syndrome at Dr. Moewardi General Hospital. We anticipate that this study will provide a basis for the
administration of vitamin D supplements to pSS patients who are vitamin D deficiency. Additionally,
we intend to carry out this study in order to administer vitamin D supplements and track their effects
on the activity of SS illness.

MATERIALS AND METHODS

The study carried out during the period from May, 2020 through June, 2024. Patients meeting the SS
diagnosis criteria based on the American- European Consensus Group criteria (AECG) or ACR/EULAR,
being between the ages of 18 and 59, being willing to participate in the study, and having vitamin D
deficiency or insufficiency were the research subjects. Participants who declined to take part in the
study, passed away during it, had retinitis or conjunctivitis, or had a significant disease were excluded.
About 4 mL of blood was collected through the median cubital vein. 25(0OH) vitamin D levels were
measured from the serum of patients using Enzyme-Linked Fluorescent Assay (ELFA) method with MINI
VIDAS. The levels of TNF-a and caspase were measured using enzyme-linked immunosorbent assay
(ELISA) method with FineTest TNF-a ELISA Kit (Wuhan Fine Biotech, Wuhan, Hubei, China) and Caspase
ELISA Kit (Wuhan Fine Biotech, Wuhan, Hubei, China), respectively. The measurement units of 25(0OH)
vitamin D, TNF-a, and caspase were ng/mL, pg/mL, and ng/mL, respectively. The measurement of TNF-
o and 25(OH) vitamin D levels was conducted at Dr. Moewardi General Hospital, while caspase levels
measurement was conducted at the Biomedical Laboratory, Faculty of Medicine, Gadjah Mada
University, Yogyakarta.

Data analysis using the Pearson correlation test if the data was normally distributed and the
Spearman rank correlation test if the data was not normally distributed. We performed a normality
test using the Shapiro-Wilk test. A p-value of less than 0.05 was considered statistically significant. SPSS
version 26 for Windows (IBM, New York, USA) was used for statistical analysis.

RESULTS
The number of samples in this study was 34 subjects. The baseline characteristics of the subjects in the

study are shown in Table 1.
Table 1. Baseline characteristics of Sjogren’s syndrome patients

Characteristic n %
Gender
Male 4 11.8
Female 30 88.2
Age (y)
<64 22 64.7
>65 12 35.3
Characteristic n %

Continue next page
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Continued
Body weight (kg) 51.1
Duration of Sjégren’s syndrome (y)
<1 7 20.6
1-4 24 70.6
5-9 3 8.8
Dry mouth 25 73.5
Dry eye 31 91.2
Locomotor system 27 79.4
(Arthritis/arthralgia)
Ro-52 positivity 34 100

The following is the table of the TNF-a, caspase and 25(OH) vitamin D levels
Table 2. Description of TNF-a, Caspase and 25(0OH) vitamin D levels

Variabel Mean +SD Minimum Maximum
TNF-a (pg/ml) 61.18 1+2.02 56.63 64.29
Caspase 7.49 +0.08 7.31 7.62
25(0OH) vitamin D (ng/ml) 20.06 16.12 8.00 29.00

The following findings from a scatter plot of 25(0OH) vitamin D and caspase levels provide an
overview of the data on the link between the two variables.

Caspase
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7.709 =Linear
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7.50

7.404
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25(OH) vitamin D

Figure 1. Scatterplot of the Relationship between 25(0OH) vitamin D Levels and Caspase Levels

A straight line from upper left to lower right represents the scatterplot data distribution of the
correlation between 25(0OH) vitamin D levels and caspase levels, as seen in Figure 1. This implies that
caspase levels decrease when 25(0H) vitamin D levels increase.

The results of statistical analysis of the correlation between 25(0OH) vitamin D levels and caspase
levels are as follows.

Table 3. Correlation between 25(0OH) vitamin D levels and Caspase levels
Variable Caspase Levels

r p-value
25(0OH) vitamin D -0.581 <0.001*

Note: Pearson correlation test: *) significant at p<0.05

Table 3 indicates that there is a medium category negative relationship (r = 0.400-0.599)
between vitamin 25(0OH) vitamin D levels and caspase levels, with a correlation value of r =-0.581. The
p-value is less than 0.001 (p-value < 0.05), indicating that the correlation is statistically significant.
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Consequently, a strong negative correlation with a medium strength exists between vitamin D levels
and caspase levels.

The average TNF-a level was 61.18 + 2.02 pg/ml with a minimum of 56.63 pg/ml and a maximum
of 64.29 pg/ml, the average level of caspase was 7.49 + 0.08 pg/ml with a minimum of 7.31 pg/ml and
a maximum of 7.62 pg/ml, and the average level of 25(0OH) vitamin D was 20.06 + 6.12 ng/ml with a
minimum rate of 8.00 ng/ml and a maximum of 29.00 ng/ml.

A scatter plot between 25(0OH) vitamin D levels and TNF-a levels provides an overview of the
data on the link between the two, showing the following findings:

TNF-a
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Figure 2. Scatterplot of the relationship between 25(0OH) vitamin D levels and TNF-a levels

Itis known from Figure 2 that the scatterplot data distribution on the relationship between TNF-
a and 25(0OH) vitamin D levels forms a linear line from top left to bottom right. This indicates that the
lower the 25(0OH) vitamin D levels, the higher the TNF-a levels. This suggests that TNF-a levels and
25(0H) vitamin D levels are negatively correlated.

The results of statistical analysis of the correlation between 25(0OH) vitamin D levels and TNF-a
levels are as follows.

Table 4. Correlation between 25(0OH) vitamin D levels and TNF-a levels
Variable TNF-a

r p-value
25(0OH) vitamin D levels -0.436 <0.001*

Note: Pearson correlation test: *) significant at p<0.05

According to Table 4, there is a moderate negative correlation (r = 0.400-0.599) between 25(0H)
vitamin D and TNF-a levels. The correlation is statistically significant with a p-value of 0.001 (p-value <
0.05). So, there is a moderately strong negative relationship between the levels of 25(0OH) vitamin D in
the blood and the levels of TNF-a.

DISCUSSION

Global epidemiological research has focused a lot of emphasis on the connection between vitamin D
deficiency and autoimmune disorders. Low vitamin D levels have consistently been linked to an
increased risk or severity of autoimmune diseases, according to numerous studies. For example,
people with low vitamin D levels have greater rates of rheumatoid arthritis (RA) and disease activity.
Among other conditions, similar correlations have been identified in inflammatory bowel disease (IBD),
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multiple sclerosis (MS), and systemic lupus erythematosus (SLE) (Dabravolski et al., 2024; Dadaei et al.,
2015). Our study's goal was to determine whether low vitamin D levels and elevated caspase and TNF-
alpha levels were related in pSS patients receiving care at Dr. Moewardi General Hospital, Surakarta.

According to this study, 25(OH) vitamin D levels and caspase levels were found to be negatively
correlated, the lower the 25(0OH) vitamin D levels, the higher the caspase levels. By controlling cell
death pathways and modifying immunological responses, the caspase family plays a crucial role in the
pathogenesis of autoimmune disorders, highlighting its vital role in preserving immune homeostasis.
Because of their dual involvement in cell death and non-cell death, caspases play a critical role in the
onset and progression of autoimmune disorders (Zhang et al., 2025). According to Nakamura et al.
(2018), caspase plays a part in the lacrimal gland apoptosis that occurs in Sjogren's syndrome. By
causing the apoptosis of epithelial cells in the oral and ocular mucosa, elevated saliva levels of TNF-a
and caspase-1 may contribute to the pathogenesis of pSS and reinforce the well-established function
of innate immunity in mucosal inflammation of pSS (Karabulut et al., 2017).

Recent research indicates that the proteolytic maturation of inflammation involves a set of
caspases, including human caspase-1, caspase-4, and caspase-5, as well as murine caspase-11 and
caspase-12. These caspases are called “inflammatory caspases.” It has been shown that the apoptotic
pathway in pSS causes dysfunction in salivary gland endothelial cells, which is primarily characterized
by downregulation of Bcl-2, apoptosis-related activation of caspase-3, and hyperexpression of several
apoptotic proteins, including Fas, Fas-ligand, and Bax (Fasano et al.,, 2020). There is currently no
research that examine the relationship between vitamin D deficiency or insufficiency and caspase
levels in Sjogren's syndrome. Thus, this is the first study to look into the relationship between vitamin
D deficiency or insufficiency and Sjogren's syndrome caspase levels. The results of the study showed a
negative correlation between vitamin D levels and caspase levels in SS patients. This suggests that
when vitamin D levels fall, caspase levels will rise. This supports vitamin D's role in regulating the
immune system.

According to this study, 25(OH) vitamin D levels and TNF-a levels were also found to be
negatively correlated, the lower the 25(0OH) vitamin D levels, the higher the TNF-a levels. Studies have
shown that vitamin D deficiency is associated with increased levels of inflammatory cytokines such as
IL6, TNF-a, and interferon-gamma, which can worsen disease symptoms in autoimmune conditions.
The results of various meta-analyses investigating the link between vitamin D deficiency and
autoimmune disease activity are consistent in showing a significant association. A meta-analysis of
studies on RA, MS, SLE, and T1D found that individuals with these conditions tend to have lower levels
of vitamin D compared to healthy controls, with deficiency correlating with increased disease activity
(Harris, 2024). However, until now there has been no research that has found a relationship between
vitamin D levels and the degree of SS disease activity. Some studies even suggest that low vitamin D
levels are associated with the development of lymphoma and peripheral neuropathy in SS patients
(Radic et al, 2023).

According to earlier studies, the cytokines most frequently associated with pSS include
interleukin (IL)-6 (50%), interferon (IFN)-y (82%), tumor necrosis factor (TNF)-a (70%), and IL-2 (42.5%).
Helper T (Th) 1 cells generate the pro-inflammatory cytokines IL-2, IFN-y, and TNF-a, while Th2 cells
produce the anti-inflammatory cytokines IL-4 and IL-10. B cells can also produce a variety of cytokines,
such as the anti-inflammatory cytokine IL-10 and the pro-inflammatory cytokines IL-6 and TNF-a. A
complicated signaling network made up of several cytokines controls the immunological response.
Severe systemic disease, including pSS, can arise from the overexpression of pro-inflammatory
cytokines and the lack or low levels of anti-inflammatory cytokines (Shang et al., 2023). T cells and
macrophages are the primary producers of TNF-a, which comes in two forms: transmembrane TNF-a
(Tm TNF-a) and soluble TNF-a (sTNF-a). sSTNF-a is a powerful modulator of autoimmune disorders and
inflammation. By activating the NF-kB and MAPK pathways, TNF-a can bind to either TNFR1 or TNFR2
and induce inflammation (Zhan et al., 2023). A class of cytokines known as the tumor necrosis factor
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(TNF) family is responsible for apoptosis, or cell death. CD4+ T cells, monocytes, and epithelial cells
secrete TNF-a, which plays a significant role in the pathophysiology of SS (An et al., 2022).

Resolving vitamin D insufficiency could lead to better health outcomes. Vitamin D
supplementation has been linked to better joint function and a decrease in disease activity in RA. In a
similar vein, MS patients who used vitamin D supplements showed slower disability progression and
reduced recurrence rates. Vitamin D supplementation improved kidney function and decreased flare-
ups in SLE. These results provide credence to the idea that vitamin D protects against autoimmune
disorders by regulating inflammation and immunological function (Harris, 2024). These study results
could be the basis for further research by providing vitamin D supplements to SS patients who have
vitamin D deficiency or insufficiency.

CONCLUSION

Serum vitamin D levels are negatively correlated with TNF-a and caspase levels in SS patients receiving
treatment at RSUD Dr. Moewardi Surakarta. This implies that the serum levels of TNF-a and caspase
decrease with increasing vitamin D levels. This may suggest that among pSS patients receiving
treatment at Dr. Moewardi General Hospital, vitamin D levels are correlated with the level of
inflammatory activity. The connection between vitamin D supplementation and inflammatory
indicators in patients with pSS who suffer from vitamin D deficiency or insufficiency requires more
investigation. Giving vitamin D supplements to SS patients who aren't getting enough of it can be
justified by this negative correlation. The idea is that as the patient's vitamin D levels increase,
apoptosis and inflammatory indicators will decrease and they will feel better.
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