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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Vitamin D plays a crucial role in immune 

regulation and renal physiology. It acts as a modulator of both 
the innate and adaptive immune systems. Vitamin D enhances 
the differentiation of monocytes into macrophages, thereby 
strengthening their phagocytic and chemotactic functions. 
Its deficiency has been associated with the pathogenesis of 
autoimmune renal diseases; however, the clinical and molecular 
mechanisms underlying this association remain insufficiently 
understood. 

Aim: This systematic review focused on systemic lupus 
erythematosus with lupus nephritis (LN), IgA nephropathy 
(IgAN), and ANCA-associated vasculitis (AAV). The objective 
was to identify and synthesize available literature addressing 
the association between autoimmune kidney diseases and the 
dysregulation of vitamin D metabolism.

Methods: Studies published between 2020 and 2025 were 
retrieved from the Cochrane Library, Google Scholar, Scopus, 
Web of Science, and PubMed. The inclusion criteria emphasized 
investigations assessing vitamin D status and metabolism within 
the context of autoimmune kidney diseases.

Results: The analysis demonstrated that patients with LN, 
IgAN, and AAV exhibit a high prevalence of vitamin D 
deficiency, with rates frequently exceeding 70 percent. These 
values serve as descriptive summaries rather than as combined 
or pooled estimates.

Key words. Immune dysregulation, lupus nephritis, 
nephroimmunology, ANCA vasculitis, IgA nephropathy.
Introduction.

Vitamin D deficiency is prevalent in numerous autoimmune 
disorders, including renal autoimmune diseases such as lupus 
nephritis, IgA nephropathy, Goodpasture’s syndrome, and 
ANCA-associated vasculitis [1]. In lupus nephritis, which is one 
of the most common complications of SLE, vitamin D deficiency 
is found to be inversely proportional to disease activity and 
renal involvement [1]. This indicates that low vitamin D levels 
in the body contribute to damage in the kidneys in autoimmune 
diseases. Moreover, vitamin D deficiency has been demonstrated 
to accelerate the development and progression of diabetic 
kidney disease [2]. Vitamin D is required in the metabolism 
process for the differentiation and functioning of T cells which 
plays a major role in the immune system. However, vitamin D 

deficiency can lead to an increase in pro-inflammatory T cells, 
which aggravates autoimmune attacks [3]. Increased sodium and 
water retention in vitamin D deficiency states has been associated 
with chronic renal inflammation and fibrosis which could trigger 
autoimmunity [4]. It has been shown that vitamin D might lower 
some inflammatory markers in patients with kidney autoimmune 
disorders, suggesting a possible therapeutic effect [5,6]. 

The regulatory functions of vitamin D on the immune system 
and the kidneys operates through diverse pathways. In the innate 
immune system, vitamin D augments the differentiation of 
monocytes to macrophages thus strengthening their phagocytic 
and chemotactic activity [7]. In addition, vitamin D enhances the 
synthesis of antimicrobial peptides which form parts of the first 
line defense of the body towards infectious agents [8]. Vitamin 
D affects blood vessel lining functions and podocyte cellular 
maintenance, moderates the renin-angiotensin-aldosterone axis, 
and has anti-inflammatory actions [9]. In chronic kidney disease 
(CKD), vitamin D deficiency is prevalent and postulated to stem 
from restricted absorption through the gut as well as reduced 
dietary intake [10]. Through the transcription of immune-
response genes of macrophages, T cells, and dendritic cells, 
vitamin D modulates inflammatory processes [11]. Southeast 
Asia is one of the regions where vitamin D deficiency poses a 
significant health challenge. Results from 472 studies conducted 
on 746,564 subjects revealed an average 25-hydroxyvitamin 
D [25(OH)D] concentration of 49.39 nmol/L. The prevalence 
rates of deficiency (< 25nmol/L) varied by criteria as follows: 
20.93%, 22.82%, 57.69%, and 76.85% [12]. It is estimated 
that SLE currently affects 3.41 million people worldwide, with 
an incidence rate of 5.14 per 100,000 person-years (8.82 in 
women; 1.53 in men) [13]. These figures further vary by region, 
exhibiting an incidence range of 0.3-8.7 and prevalence range of 
3.2-159 per 100,000 [14].

Vitamin D deficiency occurs frequently with patients suffering 
from SLE because of lack of exposure to sunlight [15]. One 
significant factor that contributes to the development of 
autoimmune diseases is vitamin D deficiency [6,16]. The 
hypothesis of a Mendelian randomization study further 
reinforces the link between vitamin D levels and SLE, which 
reported that every standard deviation decreases in 25(OH)D3 
levels is correlated with an increase in risk of SLE by 14.2% 
[17]. Another large cross-sectional study revealed that out of 
all patients suffering from autoimmune disorders, 82.9% were 
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vitamin D deficient. [18]. Due to lack of large-scale studies and 
over-reliance on small cross-sectional studies, there still exist 
critical gaps in knowledge regarding vitamin D’s immune-
modulatory function in autoimmune kidney diseases. This 
review synthesizes relevant literatures to clarify mechanistic 
pathways, hypothesize relationships with disease activity, 
evaluate polymorphisms within the VDR gene, and expose 
gaps in methodology with the aim of integrating clinical and 
experimental knowledge.
Methodology.

Search Sources: A systematic literature review was performed 
on four primary electronic databases: Scopus, PubMed, Web 
of Science (WoS), Google Scholar, and the Cochrane Library. 
These databases were chosen to achieve comprehensive coverage 
of the clinical and biomedical literature on autoimmune kidney 
diseases and vitamin D metabolism. 
Search Strategy: 

The approach of this search integrated the use of both free 
and controlled terms like MeSH in PubMed, which relate to the 
disorders of metabolism of vitamin D and autoimmune kidney 
diseases. Both the free and controlled vocabulary terms were 
combined using Boolean operators. This review was limited to 
the last five years, from 2020 to 2025, to reflect the most recent 
advancements in diagnostics and treatment, thus only peer 
reviewed English literature from this timeframe was included. 
The systematic methodology used adhered to rigorous standards 
in systematic reviewing which supports transparency and 
replication alongside thorough coverage of the literature. Such 
approaches have also been used successfully in other areas, 
including urology, showing the multidisciplinary applicability 
of some approaches to integration of evidence synthesis 
techniques [19].
Search Terms and Syntax:

The following search string were used across all the databases 
in other to ensure reproducibility: (”Vitamin D”[Mesh] OR 
“Vitamin D deficiency” OR “25-hydroxyvitamin D” OR 
“cholecalciferol” OR “calcitriol” OR “vitamin D metabolism”) 
AND(”Autoimmune Diseases”[Mesh] OR “autoimmune 
kidney disease” OR “systemic lupus erythematosus” OR 
“lupus nephritis” OR “IgA nephropathy” OR “ANCA-
associated vasculitis” OR “autoimmune glomerulonephritis”)
AND(”Kidney Diseases”[Mesh] OR “renal disease” OR 
“nephropathy” OR “glomerulonephritis”). This search was 
limited to only English articles published between the range of 
January 1, 2020 to May 1, 2025. 
Inclusion Criteria:

Studies were included if they focused on autoimmune diseases 
with kidney involvement, evaluated the status and metabolism 
of vitamin D, and published within the date range. 
Exclusion Criteria:

Research that did not consider vitamin D metabolism as well 
as its involvement in the pathophysiology of immune, or kidney 
systems was excluded together with purely editorial pieces, 
letters, commentaries, and non-autoimmune kidney disease 
focused works.

Study identification and Data Collection:
Identification of all articles through database searching 

allowed exporting to a reference managing software where 
duplicates were eliminated. Titles and abstracts were screened. 
All full texts of studies that met preliminary eligibility criteria 
were retrieved and assessed against inclusion/exclusion criteria. 
All disagreements were settled either through agreement or a 
third reviewer.
PRISMA Flowchart:

The entire selection procedure is captured in the PRISMA 
2020 flow diagram which records the total count of records as 
they are identified, screened, included, excluded, and reasons 
for exclusions given at the full-text screening stage (Figure 1).
PRISMA Compliance:

This review adheres to the PRISMA 2020 framework for 
systematic investigations. To ensure a transparent process, 
the authors followed the corresponding PRISMA checklist 
at each stage. Items 1 and 2 appear in the title and abstract. 
The introduction presents the rationale cited in Item 3 as well 
as the specific objectives outlined in Item 4. Items 5 through 
15 are covered in the methods section, including eligibility 
criteria (Item 6), information sources (Item 7), and study 
selection (Item 8). The authors evaluated risk of bias with 
the Newcastle-Ottawa Scale, fulfilling Item 11. The results 
section, in keeping with Items 16 through 22, summarizes study 
selection, characteristics, and synthesis. Finally, the discussion 
addresses Items 23 to 25, offering interpretation of findings, 
acknowledgment of limitations, and conclusions.
Risk of Bias Assessment.

The Newcastle-Ottawa Scale (NOS) was employed to assess 
bias in the observational studies, focussing on three key areas: 
how the study groups were selected, how comparable the 
groups remained, and how outcomes were recorded. Each study 
received a score ranging from 0 to 9 according to these criteria. 
Figure 2 below presents a summary of these NOS ratings for 
all included studies. Most investigations fell within the 6 to 8 
bracket, suggesting overall moderate to high quality. Frequent 
shortcomings were the absence of participant blinding and 
uneven control for possible confounding variables. The NOS 
ratings then informed the strength-of-evidence evaluation 
included in the narrative synthesis. The NOS results were used 
to weigh the strength of evidence in the narrative synthesis.
Results.
Quantitative Overview of Study Characteristics: 

Thirty-one studies met the inclusion criteria. Out of these, 
11 (35%) used prospective cohort designs, 9 (29%) relied on 
retrospective cohorts, 5 (16%) were cross-sectional, 2 (6%) 
were randomized controlled trials, and 4 (13%) were laboratory 
experiments. Almost all observational studies were conducted 
within single hospitals and in a single center. The randomized 
trials employed parallel-group designs, with blinding and 
follow-up periods that varied across studies.

The sample size in individual articles ranged from 2 to 2,400 
participants, with a median of 105 and an interquartile range of 
45 to 288.
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Figure 1. PRISMA flowchart of selection process.

Figure 2. Risk of Bias Assessment of Included Studies (Newcastle-Ottawa Scale).
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Geographically, 16 studies (52%) were based in Asia, 9 (29%) 
in Europe, and the remaining 3 (10%) each in North America 
and in South America combined with Africa.

Methodological quality of observational studies was evaluated 
using the Newcastle-Ottawa Scale. Scores fell between 5 and 9, 
with a median of 7, showing moderate to high quality overall; 
detailed scores are displayed in Figure 2. Lower ratings stemmed 
from weaknesses in outcome assessment or from follow-up that 
was too short or incomplete.
Summary of Included Studies:

Research indicated that both low ambient UVB exposure and 
lower vitamin D levels were associated with AAV relapse and 
activity [20-22]. In lupus nephritis (LN), vitamin D suppressed 
major proinflammatory pathways in mice [23,24]. Moreover, 
high expression of VDR within the kidney tissue was associated 
with better outcomes, while low expression of CYP27B1 was 
a marker for severe disease [25,26]. There were also reports of 
altered VDR and enzyme patterns in the kidneys of patients with 
IgAN [27], and deficiencies were connected to hypoalbuminuria 
[28], although genetic studies did not strongly find these 
associations [29]. Vitamin D analogs were shown to help 
with steroid-induced osteoporosis [30], but many populations 
had high rates of vitamin D insufficiency [31], though some 
other studies found benefit with combined paricalcitol and IL-
17 blockade [32] or with more severe pathology in deficient 
children [33]. FokI polymorphisms were shown to increase the 
risk of aplastic anemia and systemic lupus erythematosus [34], 
while a few systematic reviews confirmed the protective and 
immune regulatory roles of vitamin D on the kidney [35-38]. 
In Egypt, lower levels were found in nephritic SLE patients 
along with associations with lipids and metabolic derangements 
[39-41]; other reviews concentrated on responder status to 
treatment [42,43]. In one of the included studies, vitamin D 
deficiency was associated with immune dysregulation [44], and 
more recently, vitamin D’s role in the progression of LN was 
highlighted [45,46]. In addition, deficiency was associated with 
downregulation of PD-1/PD-L1 alongside VDR expression 
with higher disease activity, notably among FokI polymorphism 
carriers [47,48]. Lastly, new studies revealed relationships 
connecting vitamin D with the modulation of ferroptosis and 
suppression of CDK1 in LN, which supports its modulatory role 
in autoimmunity [49-51]. Table 1 provides a comprehensive 
summary of the included studies.
Discussion.

This review examined how the disorders of vitamin D 
metabolism influence the pathogenesis and the clinical 
manifestations of autoimmune kidney diseases. The aim was 
to assess the available data concerning vitamin D deficiencies, 
polymorphisms in the receptors of vitamin D, immune system 
disorders, and their relationship with the severity of the disease 
and kidney function. 

The studies reviewed showed that patients with LN, IgAN, 
and AAV had a high prevalence of vitamin D deficiency. This 
deficiency is likely associated with greater disease activity, 
poorer kidney outcomes, and heightened immune activation.

In AAV, there was a clear association of low vitamin D levels 

with increased relapse risk in patients with lower exposure to 
UVB radiation [20]. Lower levels of serum 25(OH)D were 
associated with greater activity of the disease and lower quality 
of life [21,22].

For LN, both preclinical and clinical studies demonstrated the 
inhibitory effects of vitamin D on pro-inflammatory signaling 
pathways. Administration of 1,25(OH)₂D₃ led to the inhibition of 
NF-κB, MAPK, and NLRP3 pathways, resulting in diminished 
kidney inflammation [23,24]. In kidney tissues, VDR expression 
correlated with the responsiveness to treatment, suggesting 
its usefulness as a prognostic marker and backbone of kidney 
prognosis [25]. On the other side, lower levels of CYP27B1, 
the enzyme responsible for vitamin D activation, were found in 
patients with greater disease activity [26].

In IgAN, dysregulated expression of VDR and enzymes 
responsible for vitamin D metabolism were identified 
within kidney tissue, indicating potential dysregulation of 
vitamin D signaling in the kidneys [27]. Vitamin D-deficient 
patients exhibited lower serum albumin levels, but GFR and 
proteinuria exhibited inconsistent correlations [28]. One of 
the studies pointed to the absence of vitamin D as an initiator 
for IgAN, though it was not conclusively determined [29]. 
Notwithstanding, prevalence estimates were still quite high, 
with 87.1% prevalence in one Malaysian cohort study [31]. 
Paricalcitol, an IL-17 blockade vitamin D analog, demonstrated 
improvement in treatment-resistant cases [32]. In contrast, 
pediatric patients with lower 25(OH)D levels exhibited more 
severe biopsy findings [33].

Genetic research has shed light on the relation of vitamin D 
with immune functions. The FokI polymorphism in the VDR 
gene was associated with greater disease activity and lower 
receptor expression in lupus nephritis (LN) patients [34,48]. It 
is crucial to recognise that the results summarised here rely on 
observational research and genetic-correlational designs, and 
therefore cannot be taken as evidence of direct cause-and-effect 
links. To clarify their biological meaning, further experiments 
that directly assess gene function are still necessary. This 
polymorphism is hypothesized to alter the functional form of 
the VDR protein and may affect its ability to modulate immune 
responses, although this relationship is yet to be established.

Another proposed mechanism is that vitamin D modulates 
ferroptosis-associated immune dysregulation in LN [49]. In 
addition, low serum vitamin D was shown to inversely relate to 
CDK1 gene expression and also correlate with greater disease 
severity [50,51]. 

The role of vitamin D in immunology expands beyond these 
disorders. It includes the enhancement of regulatory T cells, 
suppression of the immune Th1/Th17 responses, and the 
stabilization of immune equilibrium [52,53]. Moreover, vitamin 
D is important for the survival and functioning of immune cells 
[54], and its absence has shown correlation with increased 
susceptibility to infectious and autoimmune diseases [55]. 

Sufficient concentrations of serum vitamin D work by activating 
regulatory T cells (Tregs) and curbing pro-inflammatory T helper 
17 (Th17) cells. Tregs induce immune tolerance and immune-
protective autoimmune damage, whereas Th17 stimulates 
inflammation and autoimmune injury. Imbalance between these 
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Study 
ID Disease Study Design Type Key Findings Sample Size Geographic 

Location

[20] AAV Ecological cohort Low UVB/vitamin D associated with relapse 
risk.

2400 patients 
(Ireland 439; UK 1,961) UK and Ireland

[21] AAV Cross-sectional Deficiency associated with higher disease 
activity

125 patients (GPA 50; 
EGPA 50; MPA 25) US and Canada 

[22] AAV Observational Cohort Lower 25(OH)D serum levels than healthy 
controls

104 (AAV: 54, controls: 
50) South Korea

[23] LN Experimental 1,25(OH)₂D₃ reduced NF-κB and MAPK 
activation 48 mice China

[24] LN Experimental Vitamin D suppressed inflammasome activity N/A China

[25] LN Biomarker analysis VDR expression predicted treatment response 66 (responders: 50, non-
responders: 16) South Korea 

[26] LN Molecular study Low CYP27B1 associated with higher 
disease activity

112 (77 SLE patients + 
35 controls) Not specified 

[27] IgAN Histological study Altered VDR and vitamin D enzyme 
expression

17 (12 IgAN patients + 
5 controls) Croatia

[28] IgAN Prospective 
observational Deficient patients had lower serum albumin 105 (IgAN patients) India

[29] IgAN Mendelian 
randomization

Weak causal link via Mendelian 
randomization

N/A (Mendelian 
randomization) China

[30] IgAN Retrospective cohort Vitamin D slowed bone loss progression 48 (IgAN patients) Japan

[31] IgAN Cross-sectional 87.1% patients had insufficient/deficient 
vitamin D 70 (IgAN patients) Malaysia

[32] IgAN Case series Paricalcitol + IL-17 therapy improved 
outcomes

 7 (refractory IgA 
nephropathy patients) Spain

[33] IgAN Paediatric observational Low vitamin D associated with worse biopsy 
scores N/A China

[34] LN Genetic association VDR polymorphisms associated with SLE 
risk

266 (SLE 128; 
controls 138) Brazil

[35] GN Narrative review Reviewed vitamin D’s role in 
glomerulonephritis N/A Global review

[36] Nephrolithiasis Clinical safety study High-dose vitamin D deemed safe short-term 2 Brazilnamd Russia

[37] LN Cross-sectional Inverse relation of vitamin D to disease 
activity

166 (SLE: 100; controls: 
66) Egypt 

[38] Autoimmune Narrative review Vitamin D supported immune regulation N/A Global review
[39] LN Observational Deficiency correlated with LN presence 100 (SLE patients) Paraguay
[40] Autoimmune Review Reviewed immunopathology and vitamin D N/A UK

[41] LN Metabolomics Vitamin D deficiency disrupted lipid 
metabolism 31 (SLE patients) China

[42] LN Cross-sectional 
observational study 

Lower serum vitamin D levels were 
significantly associated with higher disease 
activity

150 (LN: 50; non‑LN: 
50; controls: 50) Egypt

[43] LN Narrative review
Vitamin D supplementation may help reduce 
corticosteroid dosage and attenuate disease 
severity in SLE

N/A Taiwan

[44] Autoimmune 
disease Narrative review Vitamin D deficiency disrupts immune 

regulation N/A UK

[45] LN Review
Vitamin D and its analogs can modulate 
innate and adaptive immune responses by 
targeting VDR-expressing immune cells, 

N/A Canada

[46] LN Review Vitamin D impacts lupus nephritis N/A Not specified

[47] LN Molecular study 55% deficient, 100% with >6 yr disease 
duration 72 (SLE patients) Egypt

[48] LN Cross-sectional Deficiency associated with low PD-1/PD-L1, 
high activity 50 (LN: 30; controls: 20) Egypt

[49] LN Genetic association FokI polymorphism associated with high 
activity

390 (SLE 194; 
controls 196) Mexico 

[50] LN Immunological review Vitamin D regulated ferroptosis and T cells N/A China

[51] LN Case control Low vitamin D correlated with CDK1, 
activity

70 (LN: 50; controls: 
20) Egypt

Table 1. Systematic Summary of Included Studies.
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subsets has been associated with autoimmune kidney disease.
In turn, Vitamin D modulates important aspects of kidney 

physiology. It controls the renin-angiotensin-aldosterone 
system, protects podocyte function, and decreases kidney 
fibrosis [56,57]. The role of vitamin D on the immune system is 
very beneficial. The intersection of these pathways emphasizes 
the renal and immunologic protective roles of vitamin D. 
Assessing functionality of the VDR could be done through 
potential biomarkers beyond just serum concentration 25(OH)
D, which may increase precision in diagnosis and therapy [58].

Polymorphisms of VDR genes, especially FokI, BsmI, 
and TaqI polymorphisms, influence the risk of developing 
autoimmune kidney disease. These polymorphisms change the 
VDR protein either by modifying its structure or its expression, 
which affects the immune system and the response to therapy 
[59]. The impact of these polymorphisms is heterogenous 
among different ethnic groups, but some studies show defined 
populations with corresponding distributions and impacts on 
disease prevalence [60,61]. This calls for tailored treatment in 
addition to highlighting the importance of pharmacogenomics 
in nephrology. 

Besides genetic determinants, other more global molecular 
factors have been defined. Genetic studies have shown 
associations between vitamin D pathway genes and the risk of 
autoimmune kidney disease [62]. In addition, social, cultural, and 
ethical dimensions impact clinical outcomes. Even intervention 
strategies, like supplementation with vitamin D or other more 
comprehensive measures, are not decided independently of the 
context [63]. Thus, genetic research needs to be framed within 
ethical boundaries and patient-oriented frameworks [64]. This is 
further supported by the individual paradigm by the development 
of VDR-related biomarkers and multi-omic approaches.

However, methodological inconsistencies limit the 
generalizability of these findings. Most studies were 
observational, with a small number of randomized controlled 
trials (RCTs). The definitions of vitamin D deficiency were 
disparate and ranged from <25 to <50 nmol/L, making a lot 
of them difficult to compare directly. Some studies did not 
attempt to stratify patients based on genetics, comorbid disease 
severity, or concurrent treatments. Moreover, the protocols for 
vitamin D supplementation differed in terms of dosage, length, 
and type, which restricted the conclusions that could be drawn 
on assessment of efficacy. However, associations between 
VDR gene polymorphisms and disease outcomes should be 
interpreted with caution, as most studies were observational and 
may be influenced by certain factors. 

The novel integrative approach of this review is what makes 
it unique. Rather than analyzing a single disease or mechanism 
as previous analyses did, this review conducted a wholistic 
analysis of LN, IgAN, and AAV, revealing shared and unique 
features of the diseases. It integrates immune regulation, kidney 
function, and genetics, offering a coherent framework while 
also introducing novel pathways like ferroptosis and CDK1 
signaling into discussions concerning the therapeutic potential 
of vitamin D.

This review draws on a small pool of randomized controlled 
trials (RCTs), leaving most included research observational 

in nature, and that imbalance naturally raises concern about 
bias. Observational designs, especially when conducted 
retrospectively, are vulnerable to confounding, selection bias, 
and misclassification errors. RCTs, by contrast, aim to minimize 
these problems through random assignment and, when feasible, 
through blinding and placebo arms. Yet even the two RCTs 
featured here were small, and neither consistently documented 
allocation concealment or blinding, weakening their internal 
validity. To appraise quality, the Newcastle–Ottawa Scale 
(NOS) was reserved for the observational work and returned 
an overall rating of moderate to high; however, domains like 
outcome ascertainment and control for confounders displayed 
notable inconsistency. As a result, although the observational 
evidence adds valuable context, findings as such must be 
interpreted cautiously especially when drawing firm causal 
conclusions.

This review underlines the clinical relevance of vitamin D 
beyond that of a simple nutritional supplement. It reveals its 
utility as a marker for certain biological processes and as a risk 
factor which can be altered through appropriate intervention. 
Incorporating polymorphic analysis of VDR and functional 
tests into clinical workflows could enhance the precision and 
efficacy of the therapy [66,67].
Conclusion.

To conclude, the evidence on the role of vitamin D in 
autoimmune kidney diseases is quite diverse. Its deficiency 
is associated with increased disease activity and poor 
kidney outcomes: immune dysregulation in systemic lupus 
erythematosus nephritis and antineutrophil cytoplasmic antibody 
associated vasculitis (AAV). The evidence in IgA nephropathy 
tends to be more variable, but not unreasonably, supports a 
pathogenic role. The genetic variants of the vitamin D receptor 
(VDR) gene modulates the risk and responsiveness to treatment 
to a given disease further. These gaps, particularly the lack of 
longitudinal and interventional studies, strengthen the argument 
for the inclusion of vitamin D levels and VDR genotyping in the 
routine evaluation of patients with autoimmune kidney disease. 
Additionally, the role of vitamin D in immune modulation is 
far beyond renal autoimmunity to endocrine and reproductive 
disorders, including hypothyroidism in adolescents and 
preeclampsia in pregnancy.
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