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1. Introduction 

Systemic lupus erythematosus (SLE) is an 

autoimmune disease that affects the skin, joints, 

haematological system, nervous system, serous 

membranes, and kidneys.1 Depending on the type and 

severity of organ involvement, therapeutic options 

include corticosteroids, nonsteroidal anti-

inflammatory drugs, immunosuppressive agents, 

and/or targeted monoclonal antibodies. However, 

long-term use of corticosteroids and/or 

immunosuppressive agents is associated with a high 

incidence of adverse events and complication, thus 

increasing morbidity and mortality.2 SLE is a T and B 

cell-dependent disease marked by the presence of 

pathogenic autoantibodies, secreted by B cells.3 T cells 

play a pivotal role in initiating and maintaining B cell 

function for antibody secretion, particularly against 

double-stranded DNA. 

SLE is associated with a global reduction in 

regulatory T cells (Tregs).4 Tregs have been proposed 

to control immune homeostasis and autoimmune 

reactions by attenuating tolerance to self-antigens. A 

reduction in Treg number or function is thought to 

favour SLE pathology. According to meta-analysis by 

Li et al, the percentages of Tregs in active SLE were 

significantly lower compared to controls when the 

enrolled SLE patients were diagnosed using the 1997 

modified criteria.5 Thus, correction of abnormalities in 
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A B S T R A C T  

Background. Systemic lupus erythematosus (SLE) is associated with a 

global reduction in regulatory T cells (Tregs). Vitamin D supplementation 

that is efficacious, safe, and reasonably priced has the potential to reduce 

morbidity in SLE. This study was aimed to systematically assess the efficacy 

of vitamin D supplementation in enhancing Tregs concentration or Tregs-

related marker. Methods. A systematic review of the literature for clinical 

studies was performed on Pubmed, Proquest, and Google Scholar. Studies 

were assessed for risk of bias using Newcastle Ottawa Scale. All clinical 

studies that investigated the effects of vitamin D supplementation on Tregs 

in SLE patients were included. Key evidence was analyzed and qualitatively 

synthesized. Results. Three relevant studies were included. All studies were 

of high-quality. Vitamin D supplementation consistently increased Tregs 

concentration across all included studies. Conclusion. The current study 

supports the evidence that vitamin D supplementation enhanced Tregs 

concentration in SLE patients. 
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the number or function of Tregs may thus have 

significant therapeutic effects in SLE. 

According to recent research, SLE disease activity 

has a significant inverse correlation with serum 

vitamin D concentration.6,7 As a result, it was 

hypothesized that vitamin D concentration correction 

may be beneficial in SLE. According to evidence from 

human observational studies, higher vitamin D levels 

are associated with greater Tregs and a more 

immunosuppressive trait.8,9 A few preliminary 

studies involving 30 to 60 participants have 

demonstrated that oral vitamin D supplementation at 

doses ranging from 12,000 to 30,000 IU per week 

enhances absolute Tregs concentrations in peripheral 

blood as well as Tregs' functional capacity to suppress 

effector cells in both healthy individuals and patients 

with autoimmune disease.10,11 

Given its potential efficacy, safety, and 

affordability, vitamin D supplementation has the 

potential to reduce morbidity in SLE. To date, no 

published study has reviewed the beneficial effects of 

vitamin D supplementation on Tregs in SLE. 

Therefore, the current study was aimed to 

systematically assess the efficacy of vitamin D 

supplementation in enhancing Tregs concentration or 

Tregs-related marker. 

 

2. Methods 

This study is a systematic review conducted in 

accordance to Preferred Reporting Items for 

Systematic Review and Meta-analysis (PRISMA) 

guideline. Clinical question was formulated using the 

PICO framework as follows: population (P), patients 

with SLE; intervention (I), vitamin D supplementation; 

comparison (C), any comparator; and outcomes (O), 

regulatory T cells and disease activity. 

The literature search was conducted on July 1st to 

September 1st, 2022 on PubMed, ScienceDirect, and 

Google Scholar, using the following keywords: 

“Systemic Lupus Erythematosus” OR “Lupus” AND 

“Vitamin D” OR “cholecalciferol” AND “Regulatory T 

Cells” OR “Tregs” OR “Disease Activity”. A bibliography 

search was also carried out from the studies obtained 

by hand searching and snowballing. 

According to the inclusion and exclusion criteria, 

the studies included in this systematic review were 

those involving individuals with SLE. There was no 

restriction on publication years. The inclusion criteria 

included: 1) human studies or in vitro studies of 

human cells, 2) subjects aged >18 years, and 3) 

studies including quantification of Tregs or associated 

markers and related disease activity. In vivo studies on 

experimental animals, studies not published in 

English or Indonesian and studies without 

interventions were excluded from the study selection. 

To reduce the possibility of assessment bias, two 

independent reviewers, YY and KM, evaluated the 

studies separately. Any disparities were discussed 

together, and if no agreement was reached, a third 

reviewer (RU) was consulted. The risk of bias was also 

minimized by using the Newcastle Ottawa scale (NOS) 

which was adjusted for each research form. 

All gathered studies were thoroughly examined. 

The suitability of the studies was ensured from the 

start by screening the title of the study, and then the 

study's characteristics were presented in tabular form. 

Extraction was done by evaluating the study abstracts 

and assessing the importance of the overall quality of 

the studies obtained. In cases of disagreement 

between two reviewers, a scoring system would be 

formulated based on their agreement. 

 

3. Results 

Description and Characteristics of Studies 

The initial search yielded 2294 s¬tudies, and 78 of 

them were excluded due to duplication in the 

database. After title and abstract screening, 2191 

studies were excluded for the following reasons: 590 

literature reviews, 80 books, 22 paediatrics patients, 

54 studies in non-SLE autoimmune disease, 447 

animal studies and 998 irrelevant original articles (in 

vitro studies). Subsequently, 20 remaining studies 

were assessed for full-text eligibility. Furthermore, 17 

studies were excluded because they did not include 

regulatory T cells, leaving three studies for qualitative 

synthesis. The study selection flow is presented in 
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Figure 1. 

 

Result of Bias Risk Assessment 

Three studies included in the qualitative synthesis 

consisted of two clinical trials without comparator and 

one clinical trial. A risk of bias assessment was carried 

out for the three studies using the Newcastle Ottawa 

Scale (NOS). The NOS used in this study was adapted 

to clinical trial, the research design in three studies 

included. All studies were rated as good based on the 

NOS assessment and was tabulated in Table 1. 

 

Results of Data Extraction 

Of the three studies included in the systematic 

review, two studies evaluated the change of Tregs after 

various regimens of vitamin D supplementation and 

one study compared the dynamics of Treg after two 

different doses of vitamin D supplementation. All 

studies were conducted among European SLE 

patients. The studies included patients diagnosed with 

SLE according to ACR 1997 or 2012 criteria, had 

inactive or mild-moderate disease, had a stable dosage 

of corticosteroids or immunosuppressants, and had 

 

 

Figure 1. Prisma Flow of Systematic Searching 

 

hypovitaminosis D. Hypovitaminosis D was 

diagnosed with different cut-off serum vitamin D 

levels. Meanwhile, the identification of Tregs was 

assessed using varying markers. The results of data 

extraction for each study are summarized in Table 1. 

4. Discussion 

Vitamin D deficiency is now identified as a 

pandemic12, and there is compelling corroboration 

that it plays a role in increasing risk of autoimmune 

disorders.13,14 Vitamin D insufficiency (25-50 nmol/L) 
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and deficiency (less than 25 nmol/L) were defined 

differently across studies, and the extent of 

hypovitaminosis D varied by region. While 25(OH)D 

levels below 75 nmol/L are not uncommon throughout 

the world, levels below 25 nmol/L, which represent 

unequivocal vitamin D deficiency, were most seen in 

at-risk groups, particularly those with autoimmune 

diseases such as SLE.15,16 

Vitamin D deficiency is common in SLE patients, 

and it is linked to an increased risk of disease activity, 

flare-ups, and damage formation.15 Low vitamin D 

levels have been linked to increased pro-inflammatory 

cytokine production, such as IL-6 and TNF-α, and 

decreased anti-inflammatory cytokine production, 

such as IL-10.16 This imbalance can result in chronic 

inflammation, which is a defining feature of SLE. 

Vitamin D has immunomodulatory properties that 

may be useful in SLE. It has the ability to inhibit the 

production of autoantibodies as well as modulate the 

activity of T and B lymphocytes,17 both of which are 

important in the pathogenesis of SLE. Furthermore, 

vitamin D can promote the differentiation of regulatory 

T cells, which play an important role in immune 

tolerance and the prevention of autoimmunity.18 

Some studies in SLE have found an inverse 

correlation between SLE disease activity and serum 

vitamin D levels, but the findings are debatable.19–21 

Despite this, vitamin D supplementation is now 

recommended as a management strategy for certain 

patient populations. However, there was still a lack of 

data on the effects of its administration on immune 

regulation in SLE. T cells are well known for initiating 

and maintaining antibody secretion by B cells. The 

higher degree of hypermutation in patients with SLE 

correlated with autoantibodies development.22 

Pathologically altered immune responses are also 

associated with SLE, with hyperactive B cells playing 

an important role in its pathogenesis. SLE is a T and 

B cell-dependent disease associated with a rather 

functional, not absolute, deficiency of regulatory T 

cells.23 

Vitamin D has been shown to influence Treg 

differentiation and function. Vitamin D can help Treg 

differentiation from naive T cells by increasing the 

expression of Foxp3, a transcription factor required for 

Treg development and function.24 Vitamin D can also 

improve Treg suppressive function by increasing IL-10 

and TGF-β production.25 Tregs are known to be 

deficient in number and function in SLE, contributing 

to immune tolerance breakdown and the development 

of autoimmunity.26 In SLE patients, vitamin D 

supplementation has been shown to restore Treg 

function. 

This review is the first study to summarize the 

effect of vitamin D supplementation on Tregs among 

SLE patients. Vitamin D supplementation consistently 

increased Tregs concentration in SLE patients in all 

studies, and with a significant increase observed in 

two studies. In the study by Piantoni et al., a 

significant increase was shown only for peripheral 

induced T-regs.27 Further studies are required to 

evaluate the effects of vitamin D supplementation on 

Tregs and disease activity in placebo-controlled 

clinical trials with more representative sample. In an 

attempt to retain the accessibility and adherence, oral 

vitamin D supplementation is recommended.30 
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Table 1. Data Extraction Results 

Study, 
Year 

Country 
Study 
Type 

Patients 
Characteristics 

Sample 
Size (n) 

Vitamin D Dosage Comparator 
Regulatory T 

Cells 
Results NOS 

Terrier 
et al, 

201228 

France In Vivo, 
Clinical 
Trials 

without 
Comparator 

Diagnosed with 
ACR 1997 criteria, 
all women, inactive 
or mild-moderate 
disease, stable 
dosage of CS (for 1 
mo) and IS (for 3 
mo) with baseline 
serum 25(OH)D < 
30 ng/mL. 

20 100 000 IU of 
cholecalciferol per 
week for 4 weeks, 
followed by 100 000 
IU of cholecalciferol 
per month for 6 
months. 

- 

CD3+CD4+ 
CD25hiCD127-

FoxP3+ Tregs 

The percentage 
and absolute 
count of Tregs 
was significantly 
increased at 2nd 
and 6th months 
of follow up. The 
expression of 
CD45RA and 
CD25 on CD4+ T 
cells revealed 
that the increase 
involved both 
resting and 
activated 
memory Tregs. 

7 

Piantoni 
et al, 

201527 

Italy In Vivo, 
Cross-over 

Clinical 
Trials 

Diagnosed with 
ACR 1997 criteria, 
all pre-menopausal 
women, inactive or 
mild-moderate 
disease, absent of 
flare in previous 6 
years. 

1st year: 
16 vs 18 
2nd year: 
18 vs 16 

Intensive Regimen: 
300 000 IU of 
cholecalciferol on 
first month followed 
by    50 000 IU of 
cholecalciferol per 
month for 11 
months (total 850 
000 IU annually)  

Standard 
Regimen: 
25 000 IU of 
cholecalciferol 
per month for 
12 months 
(300 000 IU 
annually) 

CD4+CD25high 
CD127low Tregs 
 
CD4+CD25high 
CD127lowCCR7- 
Peripheral 
Induced Tregs 
 
CD4+CD25high 
CD127lowCD31+ 
Thymic Induced 
Tregs 

The percentage 
and absolute 
count of Tregs 
was 
insignificantly 
increased at 12th 
month in both 
groups, but 
peripheral 
induced Tregs 
was significantly 
increased in 
both groups. 

8 

Marinho 
et al, 

201629 

Portugal In Vivo, 
Clinical 
Trials 

without 
Comparator 

Diagnosed with 
ACR 1997 criteria 
and 2012 revised 
criteria, most are 
pre-menopausal 
women, inactive or 
mild-moderate 
disease, absent of 
flare in previous 1 
years. 

24 (1 
male) 

Dosage based on 
baseline Vitamin D 
level 
VitD<50 nmol/L: 
50,000 IUweek/8 
weeks, then 2000 
U/day. 
Vitamin D 50 -75 
nmol/L 4000 
UI/day/8 weeks, 
then 2000 IU/day. 
Vitamin D >75 
nmol/L 2000 
IU/day 
 

- 

CD4+FoxP3+ 
Tregs 

The percentage 
and absolute 
count of Tregs 
was significantly 
increased at 6th 
month 

7 

 

5. Conclusion 

The present study supports the evidence that 

vitamin D supplementation enhanced Tregs 

concentration in SLE patients. The varied dosages of 

vitamin D and different methods employed to identify 

Tregs in SLE patients thus highlight a research gap, 

prompting further exploration of the effects of certain 

dosages of vitamin D supplementation on the 

immunologic parameters of SLE. 
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