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ABSTRACT

Understanding vitamin D (vit-D) insecurity is now essential to comprehending auto “immune” diseases and how they affect
the "immune" system. This research examined the outcome of vitamin D deficiency on "immune" responses by examining the
cytokine levels in two patient groups: those with adequate vitamin D levels and those who are deficient. Our diverse participant
group allowed us to collect valuable demographic and clinical information, which we used to accurately evaluate each
individual's Vit-D status. To better understand the complex relationship between Vit-D and “"immune" markers, we measured
specific cytokines. Our findings revealed significant differences in cytokine profiles linked to varying Vit-D levels,
emphasizing its vital role in regulating "immune" responses. Individuals with Vit-D deficiency displayed altered cytokine
levels, potentially leading to heightened inflammatory responses that could contribute to the development of auto-immune"
diseases. This study emphasizes how crucial it is to screen for Vit-D deficiency, particularly in groups of people who are more
susceptible to auto-immune" diseases. Early identification of this deficiency could be key to enhancing "immune™ health and
preventing disease progression. Our results suggest the addition of Vit-D might be a beneficial strategy for improving
"immune" function and overall well-being in these individuals. We believe that further studies are essential to fully grasping
how Vit-D influences "immune" activity in autoimmune" diseases. Future treatment options that are more effective may be
made possible by this understanding, which would ultimately improve the lives of those who are impacted.

Keywords: vitamin D deficiency, auto-immune" diseases, cytokines, "immune" markers, demographic characteristics, health
outcomes, screening.

INTRODUCTION

The fat-soluble Vitamin D (Vit-D) sometimes called the "sunshine vitamin," is crucial to maintaining strong bones. And has
attracted a lot of interest due to its wider implications for "immune" system function and disease prevention. Despite its well-
established benefits, deficiency of Vit-D still affects a substantial amount of the population worldwide. The increasing
evidence suggests a connection between Vit-D levels. This deficiency is particularly about “immune" system dysregulation
and the emergence of auto"immune" diseases. Auto"immune" diseases are defined by the "immune" system's failure to identify
among self and non-self, destroying the body’s tissues. This introduction aims to explore the influence of vit-D deficiency on
the unregulated "immune" system and its potential role in the onset of auto "immune" diseases.

Health and the appropriate operation of inborn as well as adaptive "immune" responses depend on vitamin D. Monocytes, T
cells, dendritic cells, and macrophages are among the "immune" cells whose activity it regulates. Calcitriol (1,25-dihydroxy
Vit-D), the active form of Vit-D, enhances monocytes' and macrophages' ability to fight pathogens by promoting the
production of peptides with antibacterial properties and controlling the inflammatory reaction (Ao, Kikuta, & Ishii, 2021). T-
cell differentiation into regulatory T-cells (Tregs), which are essential for preserving immunological tolerance and averting
excessive inflammatory reactions, has been demonstrated to be influenced by vitamin D (Aranow, 2011).
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Higher quantities of anti-inflammatory cytokines, comprising IL-6 and TNF-a, have been linked to Vit-D lack in the context
of auto "immune" diseases. This is in addition to the Th1/Th17 "immune" response, which is frequently linked to many
auto"immune" conditions (Baeke, Gysemans, & Mathieu, 2010). This shift in the "immune" response can guide tissue damage
and the onset of auto"immune" diseases. Consequently, sufficient vitamin D levels are vital to preserving "immune"
homeostasis and preventing dysregulation. Globally, Vit-D deficiency is prevalent, affecting an estimated 1 billion individuals
(Holick, 2007). This deficiency is particularly pronounced in populations with limited sun exposure, such as those living in
northern latitudes, individuals with darker skin tones, and the elderly (Hewison, 2010).

Several factors contribute to vitamin 'D deficiency, including inadequate dietary intake, malabsorption syndromes, and
lifestyle choices that limit sun exposure, such as increased time spent indoors or the use of sunscreen. Moreover, certain
medical conditions, including obesity, diabetes, and chronic kidney disease can also interfere with Vit-D metabolism and
utilization (Wang et al., 2004). Vit-Ds complexity deficiency emphasizes the necessity of all-encompassing approaches to
deal with this public health issue. According to epidemiological studies, populations with decreased Vit-D levels have a higher
incidence of these conditions. For instance, a meta-analysis. Revealed that a higher danger of developing multiple sclerosis is
linked to low serum Vit-D concentrations (Bellan, Sainaghi, & Pirisi, 2017). Similarly, low Vit-D levels are linked to increased
disease activity and severity, suggesting that a lack of Vit-D has an impact role in the pathophysiology of arthritis (Bui et al.,
2021).

Vit-D inefficiency is prevalent in SLE and has been connected to flare-ups of the illness and elevated production of
autoantibodies (Domingo-Gonzalez et al., 2016). Additionally, Vit-D has been demonstrated to regulate insulin secretion in
T1D and may help prevent the auto"immune" destruction of beta cells in the pancreas (Martens, Gysemans, & Mathieu, 2020).
Several mechanisms mediate Vit-D immunomodulatory effects. First, antimicrobial peptides, which can directly target
pathogens and control the inflammatory response, are expressed more when Vit-D is present (O'Brien et al., 2020). Second,
Vit-D promotes a change toward a more regulatory and anti-inflammatory phenotype by influencing "immune™ cell
differentiation. For example, it has been exhibited that Vit-D improves the production of Tregs, which are essential for
preserving immunological tolerance and averting auto"immune" reactions (Martineau, 2012).

Furthermore, there has been a rise in fascination with the consequences of Vit-D on the gut microbiota. Dysbiosis has been
associated to the onset of auto”immune" diseases, and the gut microbiota is essential for controlling "immune"” responses
(Ginde, Liu, & Camargo, 2009). Systemic "immune" reactions may be influenced by the gut microbes, which Vit-D may help
to maintain. Routine screening for vitamin 'D deficiency in high-risk populations could facilitate early intervention and help
mitigate the potential onset of auto"immune" conditions (Murdaca et al., 2019).

Campaigns for public health that raise consciousness of the importance of Vit-D for "immune" function are also essential. By
learning about safe sun exposure, dietary sources of Vit-D, and the benefits of supplementation, people can protect their Vit-
D levels. One major public health concern is the impact of Vit-D deficiency on "immune" system dysregulation and the
development of auto"immune" diseases. The need for proper maintenance Vit-D status for optimal "immune™ function is
highlighted by the strong evidence that inadequate Vit-D phases are associated with increased inflammation and auto"immune"
responses. Preventing auto"immune" diseases and advancing general health requires addressing Vit-D deficiency through
dietary changes, supplementation, and public health campaigns.

OBJECTIVES

e The research evaluates how Vit-D deficiency affects the "immune" system in auto"immune" diseases by evaluating the
cytokine levels in patients who had varying Vit-D status and identifying clinical and demographic characteristics associated
with Vit-D deficiency.

e It also looks at how Vit-D affects immunity and health in individuals with auto"immune" diseases and emphasizes the
value of evaluation for vitamin ‘D’ deficiency in high-risk groups.

MATERIAL AND METHODS

Study layout

The influence of vitamin ‘D’ deficiency on dysregulation of the "immune" system and the onset of autoimmune" diseases was
examined in this study using a cross-sectional design. Participants were drawn from hospitals and outpatient clinics to make
up the study population, and all subjects gave their informed consent under ethical standards.

Participants

A total of 400 individuals were enrolled, with 200 classified as Vit-D deficient and 200 as Vit-D sufficient. Adults who were
willing to give informed consent and were at least 18 years old met the study's inclusion requirements. Participants with
chronic illnesses, pregnancy, or those receiving Vit-D supplementation were excluded. Participants were categorized
according to their serum levels of 25-hydroxyVit-D (25(0OH)D), where levels above 30 ng/mL (75 nmol/L) were considered
sufficient, and levels below 20 ng/mL (50 nmol/L) were considered deficient.
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Sample Size Calculation
Using the formula below, the sample size was calculated:

2
Z*-p-(1—p)
E2
Where: n refers to the required sample size, Z refers to the Z-value, p is the estimated proportion of the outcome, and E refers
to the error margin (0.05 for a 5% margin)

Assuming an estimated proportion p of 0.5 for Vit-D deficiency, the minimum sample size was calculated to ensure adequate
power for statistical analysis.

n =

Data Collection
A structured questionnaire that asked about demographics such as age, gender, clinical history, and eating habits was used to
gather the data. Every participant gave blood samples for biochemical analysis.

Blood Sample Analysis

An enzyme-linked immunosorbent assay (ELISA) kit was used to measure the serum levels of 25(OH)D in accordance with
the manufacturer's instructions. Commercial ELISA Kits were used to measure cytokines such as IL-6, TNF-q, and IFN-y,
which are considered immune function parameters. The levels of cytokines were calculated using the formula:

ODsamplc -0 Dblank

Slope
Where: ODsample = The sample's optical thickness, ODyjank = optical density of the blank control, Slope and Intercept = values
derived from the standard curve for each cytokine.

Cytokine concentration (pg/mL) = + Intercept

Immune Function Assessment

To assess "immune” function, various "immune™ parameters were measured, including cytokine levels and regulatory T-cell
(Treg) quantification. Additionally, using flow cytometry and a precise formula, the proportion of regulatory T-cells
(CD4+CD25+FoxP3+) in peripheral blood mononuclear cells (PBMCs) was calculated. Flow cytometry was also utilized to
analyze other "immune" cell populations, including CD4* and CD8* T-cells, B cells, and natural Killer (NK) cells, providing
a comprehensive overview of the "immune" landscape. The following formula was used to calculate the percentage of Tregs:

Tregs (%) (Number of CD4"'CD25 FoxP3' cells) « 100
gslo) = Total number of CD4 " cells

Statistical Analysis
The statistical software SPSS version 25 was used to conduct the analysis. The group differences were evaluated using
independent t-tests for continuous variables and chi-square tests for categorical variables. Pearson's correlation coefficient,
which can be represented by the following formula, was used to perform correlation analyses between levels and "immune”
function parameters:

o YE-X)(Y-T)
VEX -XPY (Y -Y)

Where: r refers to the correlation coefficient, X denotes variable 1, Y denotes variable 2, X™ and Y™ refer to means of variables
XandY

Ethical Considerations

The study complied with the Declaration of Helsinki's principles ensuring the ethical treatment of human subjects, all
participants gave written informed consent before enrollment, and the Institutional Review Board of the relevant institution
approved the study protocol.

RESULTS
The findings of the study showed that the "immune" system of individuals with vitamin 'D deficiency was different from that
of sufficient individuals. The participants with low Vit-D status had significantly higher circulating levels of inflammation
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markers; IL-6 and TNF-a, thus, it can be concluded that Vit-D status was inversely associated with inflammation. Conversely,
those with sufficient vitamin D had higher levels of IFN-y, suggesting that vitamin D has an "immune"-modulating effect.

Clinical and Demographic Attributes

Table 1 displays the clinical and demographic details of the participants. The demographic and clinical traits of participants
in the Vit-D deficient and vitamin-sufficient groups were displayed in Table 1 and Figure 1. Males were more prevalent in the
deficient group than women, and most participants were between the ages of 31 and 50. In Vit-D deficiency, tuberculosis was
more common, but HIV/AIDS was seen in both groups. These findings also indicate potential age, gender, and disease-specific
patterns of Vit-D status, which may indicate associations between Vit-D deficiency and certain diseases.

Table 1: Demographic and Clinical Characteristics

Characteristic Vit-D Deficient (n=200) Vit-D Sufficient (n=200)
Age (years)

- 18-30 40 (20.0%) 30 (15.0%)
- 31-40 50 (25.0%) 40 (20.0%)
- 41-50 60 (30.0%) 70 (35.0%)
- 51-60 30 (15.0%) 40 (20.0%)
- >60 20 (10.0%) 20 (10.0%)
Gender

- Male 110 (55.0%) 90 (45.0%)
- Female 90 (45.0%) 110 (55.0%)
Diagnosis

- Tuberculosis 80 (40.0%) 70 (35.0%)
- HIV/AIDS 70 (35.0%) 80 (40.0%)
Chronic Hepatitis 50 (25.0%) 50 (25.0%)
Comorbidities

- Diabetes 30 (15.0%) 20 (10.0%)
- Hypertension 25 (12.5%) 30 (15.0%)
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Figure 1: Comparison of Clinical and Demographic Features of the Vit-D  Sufficient and Deficient Groups

Immune Function Assessment

Table 2 shows the "immune" function parameters by Vit-D status of the participants. The cytokines that were pro-inflammatory
IL-6 and TNF-o were found to have higher mean levels in participants with Vit-D deficiency (45.2 pg/mL and 38.7 pg/mL,
respectively) than in those with adequate Vit-D levels (30.1 pg/mL and 25.4 pg/mL). This shows that vitamin D-deficient
patients have a higher inflammatory response than those who were not deficient in vitamin D. However, the Vit-D deficient
group's IFN-y concentration was much lower (72.3 pg/mL) than the sufficient Vit-D group's (85.6 pg/mL), suggesting that
Vit-D may enhance immunomodulation and antiviral response. These differences were statistically significant (p < 0.001),
which suggests that Vit-D could be involved in regulating immunity and inflammation.

Table 2: "immune" Function Parameters of Vit-D status

"immune” Vit-D Deficient (Mean + SD) | Vit-D Sufficient (Mean + SD) Z Value | p-value
Parameter

IL-6 (pg/mL) 452+125 30.1+10.3 5.65 <0.001
TNF-a (pg/mL) |[38.7+11.4 254498 5.32 <0.001
IFN-y (pg/mL) 72.3+15.2 85.6 + 20.1 -3.45 <0.001

Relation between Vit-D Levels and "'immune" Function

The relation coefficients between "immune™ function parameters and Vit-D were displayed in Table 3, and their significant
values demonstrate the vitamin's function in "immune" regulation. Higher levels of these inflammatory cytokines were directly
linked to Vit-D deficiency, according to the results, which also show a significant negative relationship between Vit-D and
TNF-a (-0.59, p<0.001) and IL-6 (-0.62, p<0.001). Conversely, a positive correlation was observed with the "immune"
mediator Interferon-gamma (IFN-y) (r = 0.48, p < 0.001), suggesting that adequate Vit-D may enhance its production. Figure
2 graphically depicts these correlations; it shows the negative correlation with 1L-6 and TNF-a and a positive correlation with
IFN-y. Together, these findings show how crucial Vit-D is for controlling "immune" responses and point to it as a potential
target for the treatment of immunological dysfunction and inflammation.
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Table 3: Correlations Between Vit-D Levels and "immune' Function Parameters

"immune" Parameter Correlation Coefficient (r) p-value
IL-6 -0.62 <0.001
TNF-a -0.59 <0.001
IFN-y 0.48 <0.001
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Fig. 2: "immune" Function Parameters Correlated with Vit-D Levels
DISCUSSION

Vit-D is well understood to have immunomodulatory effects, with its active form being calcitriol. Calcitriol also has
immunomodulatory effects through the effects on monocyte-to-macrophage differentiation and regulation of T-cell activity
(Hewison, 2010). Vit-D can lessen the over-activation of "immune" cells that damage tissue, which makes this
immunomodulatory effect extremely important in inflammatory diseases. IL-6 and TNF-a were substantially greater in those
with low Vit-D levels than in those with normal Vit-D levels, according to our study. These findings were consistent with
earlier research demonstrating that Vit-D and inflammatory cytokines have an inverse relationship and that Vit-D deficiency
raises inflammatory cytokine levels, protecting against chronic inflammation (Irfan et al., 2022).

Cytokines that promote inflammation, like TNF-o and IL-6, have been related to a variety of inflammatory and auto"immune"
issues (Judd & Tangpricha, 2009). High levels of these cytokines cause systemic inflammation and were related to disease
severity in diseases like TB and HIV/AIDS (Nookala et al., 2020). We found that TB patients, the majority of whom have
compromised "immune" systems, have a high level of vitamin D deficiency. This could explain the increased inflammation
found in these patients because they may not be protected from the inflammatory cytokines by Vit-D (Kienreich et al., 2013).
Numerous indicators of "immune" function were linked to Vit-D, according to the correlation analysis. Specifically, the
negative correlations with TNF-a and IL-6 indicate that elevated levels of these cytokines were linked to vitamin 'D deficiency.
Conversely, the positive correlation with IFN-y suggests that ample levels of Vit-D could boost the synthesis of this "immune”
modulator. This relationship is consistent with prior work that has shown that Vit-D can induce the synthesis of IFN-y, a
cytokine that is essential for antiviral immunity and the modulation of T-cell responses (Kriegel, Manson, & Costenbader,
2011). The significance of these findings cannot be overstated, as they raise the possibility that it is necessary to have sufficient
Vit-D stores to improve "immune" function and reduce inflammation (Lake & Adams, 2011).

The findings of increased IFN-y levels in Vit-D-sufficient people suggest that Vit-D might be useful in enhancing the
"immune" response against infections. IFN-y is needed to activate macrophages and to support Th1 immunity, which is crucial
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for combating opportunistic pathogens such as Mtb and HIV. Thus, it is possible that the ability of Vit-D to increase IFN-y
production could present the neurobiological substrate for the disease prevention effects in infectious diseases (Luong,
Nguyen, & Nguyen, 2005).

The demographic analysis also shows other noteworthy connections between Vit-D status and other clinical features. The fact
that the Vit-D-deficient group was predominantly male and that Vit-D deficiency was substantially associated with HIV/AIDS
and TB diagnoses was of particular interest (Maboshe et al., 2021). This finding is in line with previous studies that indicate
that males could be more vulnerable to vitamin 'D deficiency than females because of factors like low dietary intake and
minimal sun exposure (Ginde et al., 2009). Furthermore, because Vit-D is believed to strengthen the host's "immune" response
to mycobacterial infections, a deficiency is linked to an increased incidence of tuberculosis (TB) (Martineau et al., 2012).
Likewise, the study done on HIV/AIDS patients showing a high prevalence of Vit-D deficiency supports other research
indicating that Vit-D deficiency affects the "immune" system negatively (Mora, Iwata, & von Andrian, 2008). As described
above, HIV-infected patients have abnormal "immune" systems and chronic inflammation that can be worsened by low Vit-
D levels (Zohren, Sutherland, & Fenn, 2020). It is possible that correcting vitamin 'D deficiency in these populations could
not only increase "immune" function but also overall health (Morrow & Wilkins, 2019).

According to the study's findings, doctors ought to check Vit-D levels in high-risk individuals, like those who have long-term
inflammatory diseases. Given that Vit-D controls inflammation and "immune" function, individuals in the CIL who have low
Vit-D levels may require such measures (Muthusamy et al., 2015). Although recent data suggests that higher concentrations
may be necessary for appropriate "immune" function, the current recommendations for adequate serum 25(OH)D range from
10 to 20 ng/mL for bone health (Holick, 2007). Further assimilation should be undertaken to explain how vitamin D
supplementation can be beneficial to different population groups, especially those with chronic diseases who present with
features of inflammation and "immune™ suppression (Prietl, Treiber, Pieber, & Amrein, 2013). The impact of Vit-D in reducing
inflammatory reactions, strengthening the "immune™ system, and lowering the risk of infection may be clarified by a number
of clinical studies (Yin & Agrawal, 2014; Zhuang & Yang, 2021). In addition, there is a need to examine the effects of genetic
and environmental factors on Vit-D metabolism and response since these may affect vulnerability to deficiency and its effects
on health (Sintzel, Rametta, & Reder, 2018).

According to this study, there was a significant relationship between low Vit-D status and changes in "immune" regulatory
mechanisms, such as elevated production of pro-inflammatory cytokines and decreased IFN-y levels. The findings lend
credence to the idea that Vit-D plays a crucial role in "immune" regulation and suggest that improving the health of at-risk
groups may require intervention targeted at restoring Vit-D status. As our understanding of the function of the “immune"
system grows, it is clear that adequate levels of this vitamin were critical for overall health and the prevention of inflammatory
diseases.
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