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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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.
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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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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
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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).Ds led to the inhibition of
NF-xB, 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 CYP27BI,
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 Fokl 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
CDKI1 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/Thl7 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 Thl7 stimulates
inflammation and autoimmune injury. Imbalance between these
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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 Fokl, Bsml,
and Taql 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
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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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