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 Alopecia areata (AA) is a non-scarring hair loss disorder commonly 

considered an autoimmune condition in which the immune system 

attacks the hair follicle during the anagen phase. Vitamin D is a fat-

soluble hormone primarily known for regulating calcium 

homeostasis via the vitamin D receptor (VDR), which is expressed in 

various cells including immune cells and hair follicles. This 

systematic review aims to examine the association between vitamin 

D deficiency and alopecia areata. The study followed the PRISMA 

2020 guidelines. A literature search was conducted using databases 

including PubMed, SagePub, and ScienceDirect for articles 

published between 2014 and 2024. Review articles, duplicates, and 

incomplete studies were excluded. Results: From 1,751 initially 

identified articles, only eight studies met the inclusion criteria after a 

three-step screening process. All eight full-text articles were analyzed 

in depth. Vitamin D levels demonstrate an inverse relationship with 

the severity, extent, and pattern of alopecia areata. Thus, vitamin D 

deficiency may serve as a contributing factor in the pathogenesis of 

AA or may exacerbate the existing condition. 

 

INTRODUCTION 

Alopecia areata (AA) is a disease of the immune system in which T cells attack specific 

tissues, particularly the hair follicle. The true cause remains unclear, but mounting evidence 

suggests that the immune system targets the hair follicle and disrupts its normal function. 

Histologically, AA is characterized by a dense infiltrate of lymphocytes surrounding and 

infiltrating the affected hair follicles. Macrophages and Langerhans cells are also observed in 

the perifollicular and intrafollicular regions. As an autoimmune disease, AA shares a notable 

association with other autoimmune conditions that exhibit low vitamin D levels, such as 

rheumatoid arthritis, diabetes mellitus, and multiple sclerosis. It is therefore plausible that 

vitamin D plays a role in AA pathogenesis, although this relationship remains incompletely 

understood (Erpolat et al., 2017). 

AA is a common chronic condition that causes non-scarring hair loss and can present 

across a broad clinical spectrum. Some patients experience only localized patches of hair loss. 

In more advanced cases, there may be near-total or total loss of hair on the scalp and face, a 

condition known as alopecia totalis. In the most severe form, all hair on the scalp and body is 

lost, which is referred to as alopecia universalis (Darwish et al., 2017; Putterman & Castelo-

Soccio, 2018). 

The etiology of AA remains incompletely elucidated; however, several contributing 

factors have been proposed, including genetic predisposition, autoimmune dysregulation, and 

environmental influences. The autoimmune hypothesis is supported by several lines of 
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evidence: AA frequently co-occurs with other autoimmune diseases, autoantibodies have been 

detected in affected patients, and inflammatory lymphocytic infiltrates are consistently 

observed within and around affected hair follicles. Furthermore, hair regrowth following 

immunosuppressive therapy provides additional support for immune system involvement in AA 

pathogenesis. Vitamin D is a secosteroid hormone that plays a critical role in calcium 

homeostasis and skeletal health. It is derived from three primary sources: endogenous cutaneous 

synthesis following UVB light exposure, dietary intake, and supplementation (Bakry et al., 

2016; Rajabi et al., 2018). 

AA is one of the most prevalent autoimmune diseases in humans. In the United States, 

the prevalence is approximately 20.2 per 100,000 individuals, with a lifetime risk of 

approximately 1.7%. These figures underscore the considerable burden of AA, which is broadly 

comparable to other autoimmune diseases such as type 1 diabetes mellitus and rheumatoid 

arthritis — all of which share the hallmark of T cell-mediated, organ-specific autoimmune 

destruction. A retrospective analysis spanning two decades (1990–2009) indicated a gradual 

increase in AA incidence, consistent with broader trends observed in other autoimmune 

conditions. This suggests that the global burden of AA may continue to rise, although the 

precise drivers of this trend remain to be determined (Gilhar et al., 2016). 

The hair follicle is highly responsive to hormonal signaling, including that of vitamin 

D, which plays essential roles in calcium metabolism, immunomodulation, and cellular 

proliferation and differentiation. The biologically active form of vitamin D, 1,25-

dihydroxyvitamin D₃ [1,25(OH)₂D₃], exerts its effects by binding to the vitamin D receptor 

(VDR) in the nucleus of target cells, where it functions as a transcription factor regulating the 

expression of vitamin D-responsive genes. VDR expression has been identified in multiple 

compartments of the hair follicle, including the outer root sheath (ORS), the hair bulb, and the 

sebaceous gland. Within these structures, VDR contributes to the regulation of epidermal 

proliferation and differentiation. Emerging evidence also suggests that VDR plays an 

indispensable role in the normal hair cycle, particularly in the initiation of the anagen phase 

(Fawzi et al., 2016). 

The novelty of this systematic review lies in its comprehensive qualitative synthesis of 

eight recent studies (2017–2024), incorporating detailed extraction of data on Severity of 

Alopecia Tool (SALT) scores, disease patterns, and serum vitamin D levels. Unlike prior meta-

analyses that focused exclusively on mean differences in vitamin D levels, this review 

systematically examines the correlation between vitamin D status and specific clinical 

parameters of AA, including disease severity, extent, and pattern. Additionally, this review 

explores the potential mechanistic links between vitamin D deficiency and AA pathogenesis, 

with particular emphasis on VDR expression, immune privilege collapse, and oxidative stress. 

The objective of this study is to systematically review and qualitatively synthesize the available 

evidence on the association between vitamin D deficiency and the severity, extent, and pattern 

of alopecia areata. The theoretical contribution of this review is to advance the understanding 

of vitamin D's immunomodulatory role in AA pathogenesis, while its practical contribution is 

to provide clinicians with evidence-based guidance for considering vitamin D assessment and 

supplementation in the management of AA patients. Ultimately, this review aims to inform 

clinical practice and direct future research in this field. 
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RESEARCH METHODS 

Protocol 

By follow the guideline from PRISMA 2020, the author try to make sure that this study 

already meets the standard requirement. This step is important so the result and conclusion from 

the study can be more accurate, even if still have some limitation in the process. 

Criteria for Eligibility 

For this literature review, the study try to compare and also see the relation between 

vitamin D deficiency and patient with alopecia areata. This can be done by looking many 

previous research that discuss about this topic. The main purpose of this writing is to show how 

important and relevant this problem is, based on the findings from different studies.  

To be included in this study, some requirement must be followed. First, the article must 

be written in English and must discuss about the association of vitamin D deficiency in alopecia 

areata patient. Both conditions need to be fulfilled so the paper can be accepted. Second, the 

selected studies are taken from publication after 2014 until the time considered relevant for this 

review. Some types of article are not included, such as editorial paper, article without DOI, 

review article that already published before, and also duplicate or same paper that already exist 

in journal. 

Search Strategy 

In this study, the researcher use keyword like "association of vitamin D deficiency in 

patients with alopecia areata" to search the data. The searching process was done using some 

database such as PubMed, SagePub, and Sciencedirect. The words that used in searching 

include combination like ("Alopecia" or "alopecia areata" or "risk factor") and also ("etiology" 

or "vitamin D") and ("vitamin D deficiency" or "effect of vitamin D"). These keywords 

combination is used to find the relevant article that discuss about the relation between vitamin 

D and alopecia areata, even if sometimes the result can be too broad or not all directly related. 

Data retrieval 

After reading the title and abstract from each study, the writer checks to see if the study 

already matches with the inclusion criteria or not. Then, the writer choose which previous 

research can be used as source for this article and select only the relevant one. After reviewing 

many studies that show similar pattern or trend, the conclusion starts to be made based on those 

findings. All article that included must be written in English and also should not be published 

before in other place, so it can avoid duplication and make the study more valid. 
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Figure 1. Article search flowchart 

 

Only the papers that meet all the inclusion criteria are used in this systematic review. This 

make the result become more focused and only include studies that really relevant with the 

topic. Studies that do not match the requirement are not considered and their conclusion also 

not used in this research. After that, the selected studies are analyzed in more detail. From this 

process, some important information is collected, such as title or name of the study, authors, 

year of publication, location of study, research activities, and also the parameters that are used 

in each study. 

Quality Assessment and Data Synthesis 

Each author checks the title and abstract of the study by themselves before decide which 

paper should be continue to next step. After that, all articles that match with the inclusion 

criteria will be evaluated deeper. Then, the researcher decide again which article is really 

suitable to be included in the review based on the result that already found. This criterion is 

used to help in selecting the papers so the process becomes more simple and not too 

complicated. In this part, it also explains about previous studies that already done and what 

factors make those studies appropriate to be included in this review. 

 

RESULTS AND DISCUSSION 

In this study, the research team first collect about 1751 articles from database like Science 

Direct, PubMed, and SagePub. After that, a strict screening process with three level is done to 

filter the studies, and finally only eight papers are considered directly relevant for this 

systematic review. Next step, all selected articles are read in full text and checked more 

carefully for deeper analysis. To make it easier to understand and see the result, all the literature 

that already analyzed is arranged and summarized in Table 1. 

 

Table 1. The literature includes in this study 

Author Origin Method Sample Result 

Lim, RK et 

al., 2022 

USA The study reviewed medical 

record from 439 pediatric 

patients who diagnosed with 

AA between January 2015 

until December 2017. Only 

439 The medical record of 439 

children patients with 

alopecia areata (AA) from 

January 2015 until December 

2017 were checked in this 
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Author Origin Method Sample Result 

patients who have data of 

25-hydroxyvitamin D level 

are included in the study. 

Patients who have history of 

vitamin supplementation, 

chronic disease, or other 

autoimmune disease besides 

AA are not included, so the 

result can be more focused 

only on alopecia areata 

condition. 

study. Only patients who 

have data about 25-

hydroxyvitamin D level are 

taken. Patients who have 

history of taking vitamin 

supplement, chronic disease, 

or other autoimmune disease 

besides AA are not included, 

so the study can be more 

specific and not mixed with 

other condition. 

Lizarondo, 

FPJ et al., 

2021 

Philippines This cross-sectional study 

include 29 patients with 

alopecia areata (AA) and also 

29 healthy people as control 

group. The level of serum 25-

hydroxyvitamin D was 

measured using 

chemiluminescent 

immunoassay method, to see 

the difference between both 

group. 

58 There is no significant 

difference in the average 

vitamin D level between AA 

patients (24.41 ± 6.87 

ng/mL) and healthy control 

group (24.68 ± 6.68 ng/mL), 

with P value 0.88. This mean 

the difference is not 

statistically significant. 

However, the percentage of 

vitamin D deficiency (less 

than 20 ng/mL) is higher in 

AA patients (34.4%) 

compared to healthy controls 

(17.2%). The odds ratio is 

2.53 (95% CI 0.73–8.65), but 

this result still not 

statistically significant, so it 

cannot strongly prove the 

association. 

Rehman, F et 

al., 2019 

India This hospital-based study 

include 135 patients with 

AA and 135 control subjects 

with same age and sex. The 

AA patients are grouped 

based on severity, pattern, 

and extent of the disease. 

Vitamin D levels are 

measured and then 

compared between AA 

patients and control group, 

and also compared among 

the different groups of AA 

patients. After that, the data 

is analyzed to see the 

relationship or correlation 

between vitamin D level and 

the condition of alopecia 

areata. 

270 More patients in the alopecia 

areata (AA) group have low 

and insufficient vitamin D 

level compared to control 

group, and this difference is 

statistically significant (P = 

0.01). Also, there is very 

significant difference in the 

average vitamin D level 

between case and control (P 

= 0.0004). There is negative 

correlation between vitamin 

D level and severity of AA 

based on SALT score, which 

mean if vitamin D is lower, 

the disease severity become 

higher. Negative correlation 

also found between vitamin 

D level with pattern and 

extent of the disease, 

showing that lower vitamin 

D is related with more severe 

and widespread condition. 

Dasankunju, 

BB et al., 2021 

India This cross-sectional study 

include patients with AA 

who are above 12 years old, 

along with control group 

that have same age and sex. 

60 The study population consist 

of 30 patients with alopecia 

areata (AA) and 30 control 

subjects with same age and 

sex. The male to female ratio 
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Author Origin Method Sample Result 

All participants come to 

dermatology department in 

a tertiary care hospital 

during one year period. In 

this study, serum vitamin D 

level is measured in each 

participant, and then the 

result from AA patients and 

control group is compared 

to see if there is any 

difference between both 

groups. 

is 1.7:1. Most of the patients 

are in age group 31–40 years 

(9 patients, 30%). Patchy AA 

is the most common type, 

found in 17 patients (56.7%), 

and nail involvement is seen 

in 9 patients (30%). Serum 

vitamin D level show that 16 

patients (53.3%) have 

insufficient or deficient level, 

while in control group only 7 

people (23.3%) have low 

vitamin D. This difference is 

statistically significant (P = 

0.03), which mean there is 

possible association. 

However, there is no 

significant relation between 

vitamin D level with number 

of alopecia lesions or clinical 

pattern of AA. Also, no 

significant difference is 

found between patients with 

only scalp involvement and 

those with other body parts 

involvement. 

Abedini, R et 

al., 2020 

Iran In this case-control study, 

there are 50 patients with 

alopecia areata (AA) and 50 

control subjects. The study 

measure serum level of 25-

hydroxy vitamin D [25-

(OH)-D3] in all participants. 

The vitamin D level is 

grouped into three category, 

which is deficient (<20 

ng/ml), insufficient (20–30 

ng/ml), and sufficient (>30 

ng/dl). The severity of the 

disease in AA patients is 

evaluated using SALT score 

(Severity of Alopecia Tool), 

to see how serious the 

condition is and if there is 

relation with vitamin D 

level. 

100 The serum level of 25-(OH)-

D3 is significantly lower in 

alopecia areata (AA) patients 

compared to control group. 

Patients who have more 

severe type like totalis or 

universalis show lower 

vitamin D level than patients 

with milder type like patchy 

or ophiasis. Also, severe 

cases have much lower 

vitamin D compared to mild 

and moderate cases. There is 

also significant negative 

relation between vitamin D 

level and age, which mean 

older patients tend to have 

lower vitamin D. However, 

there is no relation found 

between vitamin D level with 

gender, duration of disease, 

recurrence, nail involvement, 

or family history of AA. 

Siddappa, H 

et al., 2019 

India This retrospective case–

control study include 100 

patients with alopecia areata 

(AA) and 100 healthy 

control with same age and 

sex. The study was done 

from December 2014 until 

November 2015. All 

participants undergo full 

clinical examination, and 

200 The mean serum vitamin D 

level is significantly lower in 

alopecia areata (AA) patients 

(18.90 ± 8.32 ng/mL) 

compared to healthy control 

group (28.21 ± 18.32 

ng/mL), and this difference is 

statistically significant (P < 

0.001). Also, more patients 

in AA group have vitamin D 
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Author Origin Method Sample Result 

serum vitamin D level is 

measured in each subject to 

see the difference between 

AA patients and control 

group.  

deficiency (64%) compared 

to control (38%). When 

comparing old cases and new 

cases, the old cases have 

lower vitamin D level (15.11 

± 4.75 ng/mL) than new 

cases (20.85 ± 9.09 ng/mL), 

with significant difference (P 

< 0.001). The percentage of 

vitamin D deficiency is also 

higher in old cases (84.3%) 

compared to new cases 

(53.1%) (P < 0.05). There is 

also negative correlation 

between SALT score and 

vitamin D level (r = −0.298, 

P < 0.05), which mean lower 

vitamin D is related with 

higher severity of alopecia 

areata. 

Daroach, M 

et al., 2017 

India This prospective study 

include 30 patients with 

alopecia areata (AA) and 30 

healthy control subjects. 

Clinical information is 

collected, and serum 

vitamin D level is measured 

in all participants. Also, 

scalp biopsy is done to 

check histopathology and 

vitamin D receptor (VDR) 

expression in both patients 

and control group. These 

examinations are done at the 

beginning (baseline) and 

also after 6 months of 

treatment for AA, to see any 

changes over time. 

60 The mean age of alopecia 

areata (AA) patients is 28.9 ± 

9.96 years, while in control 

group is 31.17 ± 9.43 years. 

The average SALT score in 

patients is 35.8 ± 27.5, and 

the median duration of 

disease is about 48 weeks. 

The mean serum vitamin D 

level is much lower in 

patients (7.65 ± 4.50 ng/ml) 

compared to control group 

(15.8 ± 11.47 ng/ml). Also, 

almost all patients, about 29 

people (96.7%), are vitamin 

D deficient, which show very 

high proportion of deficiency 

in AA patients. 

Bhat, YJ et 

al., 2017  

India This hospital-based cross-

sectional study include 50 

patients with alopecia areata 

(AA) that diagnosed 

clinically and by 

trichoscopy, and also 35 

healthy control with same 

age and sex. The study was 

done during summer 

months. Blood samples 

were taken from both 

patients and control group, 

then processed using 

centrifugation at 4000 rpm 

in room temperature. After 

that, plasma 25-

hydroxyvitamin D 

(25(OH)D) level is 

measured using 

chemiluminescence 

method. In this study, 

85 The mean body mass index 

(BMI) in alopecia areata 

(AA) patients is 20.96 ± 1.91, 

while in control group is 

21.37 ± 1.70, and this 

difference is not statistically 

significant (P = 0.31). 

However, the mean serum 

25(OH)D level is much 

lower in AA patients (16.6 ± 

5.9 ng/ml) compared to 

control group (40.5 ± 5.7 

ng/ml), and this difference is 

statistically significant (P < 

0.001). There is also strong 

negative correlation between 

SALT score and vitamin D 

level (P < 0.001; r = −0.730), 

which mean lower vitamin D 

is related with higher disease 

severity. In addition, 
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vitamin D deficiency is 

defined when the serum 

25(OH)D level is less than 

30 ng/ml. 

negative correlation also 

found between number of 

hair loss patches and vitamin 

D level (P < 0.001; r = 

−0.670), showing that more 

patches is associated with 

lower vitamin D level. 

 

Hair loss is one of the most common aesthetic problem in many people around the world. 

Around 50% of men and almost 50% of women over age 50 experience this condition. Even 

though hair loss can be part of normal aging process, it still can give negative effect to quality 

of life, because some people feel stress, low confidence, or even psychological problem because 

of it. It is important to understand if the hair loss is still normal (physiological) or already 

become abnormal condition caused by other problem, for example issue in scalp or hair bulb. 

The classification of hair loss, baldness, and alopecia is not simple, because this condition 

usually happen from many factors together, so it is sometimes difficult to clearly categorize 

each case (Angelo et al., 2019; Lee et al., 2018). 

AA is common autoimmune skin disease that cause hair loss in scalp and also other part 

of body. About 2% of people can experience this condition sometime in their life. This disease 

not only affect physical appearance, but also can cause anxiety and increase risk of 

psychological or psychiatric problem in patients. The hair loss in AA is believed happen 

because immune system attacks the hair follicle after loss of immune privilege in that area. 

Some immune components are involved in this process, such as autoreactive T cells, mast cells, 

CD8+NKG2D+ cytotoxic T cells, also signaling pathway like JAK/STAT, regulatory T cells 

(Tregs), immune checkpoints, and oxidative stress. Even though many mechanisms already 

studied, the exact pathogenesis of AA still not fully clear, and until now this disease still cannot 

be completely cured (Lie & Buket, 2024). 

Vitamin D is fat-soluble vitamin that have important role in many cell function in the 

body. It is well known for its role in bone health and also in maintaining calcium balance. But 

now, many research start to focus on other function of vitamin D in different organ system. 

Recent studies show that vitamin D also have relation with cardiovascular health, autoimmune 

disease, and even cancer, even if the exact mechanism still not fully clear and still need more 

research (Rossi et al., 2019; Science et al., 2017). 

Vitamin D act as modulator for both innate and adaptive immune system. Low level of 

vitamin D is reported in many autoimmune disease, including alopecia areata (AA). 

Keratinocyte cells have vitamin D receptor (VDR), and this receptor is important for normal 

hair cycle. If there is lack of VDR, the growth of hair follicle can be reduced. Because of that, 

it is believed that vitamin D deficiency maybe can trigger autoimmune reaction and have role 

in the development of AA, even if the exact mechanism still not fully clear (Maldonado-Colin 

et al., 2018; Papadimitriou et al., 2021). 

Many autoimmune disease already reported have connection with vitamin D, like vitiligo, 

systemic lupus erythematosus, type 1 diabetes mellitus, rheumatoid arthritis, psoriasis, multiple 

sclerosis, and inflammatory bowel disease. But this relation not always mean it directly cause, 

it only show that low vitamin D maybe can act like environmental trigger that start abnormal 

immune response. The active form of vitamin D, 1,25(OH)D3, able to influence both innate 
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and adaptive immune system by affecting many immune cells such as T lymphocytes, B 

lymphocytes, monocytes, macrophages, and dendritic cells. Because of this function, vitamin 

D seen as important in controlling immune response, even if the exact mechanism still not fully 

clear (Lin et al., 2019). 

During the anagen phase of hair growth, many inflammatory cells like CD8+ T cells, NK 

T cells, regulatory T cells, Th17 cells, and mast cells start to attack the hair follicle. This process 

cause release of IFN-γ and increase expression of NKG2D ligands in the hair follicle. Because 

of this, autoantigen in hair follicle become exposed and trigger autoimmune response in AA. 

This condition make the immune privilege of hair follicle become lost and finally lead to 

destruction of the hair follicle. Besides immune process, other factors such as genetic 

predisposition, allergy, psychological stress, and microbiota also have role in the development 

and progression of AA (Ma et al., 2023). 

Even though the cause of chemotherapy-induced alopecia and alopecia areata (AA) is 

different, there might be some relation with vitamin D. In chemotherapy alopecia, hair loss 

happen because cytotoxic drugs kill fast-growing cells in hair follicle, while in AA it is caused 

by autoimmune process. But vitamin D deficiency maybe can be risk factor for AA, because 

vitamin D is known to help protect hair follicle from damage like in chemotherapy condition. 

Keratinocyte cells can produce active vitamin D, which is 1,25-dihydroxyvitamin D3 

[1,25(OH)D3], and also have vitamin D receptor (VDR). This receptor is important to maintain 

normal hair cycle. Without enough vitamin D or VDR, hair growth can be disturbed. In 

addition, 1,25(OH)D3 also work as immunomodulator for both innate and adaptive immune 

system by affecting many immune cells such as T lymphocytes, B lymphocytes, monocytes, 

macrophages, and dendritic cells. Because of this, vitamin D may have important role in 

preventing abnormal immune reaction like in AA, even if the exact mechanism still not fully 

clear (Liu et al., 2020). 

 

CONCLUSION 

This comprehensive systematic review of eight studies published between 2017 and 2022 

demonstrates that vitamin D deficiency is consistently associated with alopecia areata (AA). 

The evidence shows that AA patients have significantly lower serum vitamin D levels compared 

to healthy controls, with a higher proportion of vitamin D deficiency in AA patients. Moreover, 

there is a significant inverse correlation between vitamin D levels and AA severity measured 

by SALT score, disease extent (number of patches/body surface area), and disease pattern (more 

severe patterns such as alopecia total/universalis associated with lower vitamin D levels). 

Although one study from a tropical country (Philippines) did not find a significant difference 

in mean vitamin D levels between AA and controls, the overall evidence supports the 

conclusion that vitamin D deficiency is associated with AA and may serve as a contributing 

factor in its pathogenesis or exacerbation. The biological plausibility of this association is 

supported by the known expression of vitamin D receptors in hair follicles and the 

immunomodulatory functions of vitamin D. For future research, prospective cohort studies 

should be conducted to establish the temporal relationship between vitamin D deficiency and 

AA onset. Randomized controlled trials are urgently needed to determine whether vitamin D 

supplementation improves AA outcomes, including SALT score reduction, time to regrowth, 

and response to conventional therapies. Mechanistic studies should further elucidate the role of 
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vitamin D-VDR signaling in maintaining hair follicle immune privilege and how its disruption 

leads to AA. Additionally, research should explore whether VDR genetic polymorphisms 

influence AA susceptibility and whether vitamin D supplementation is more effective in 

patients with specific VDR genotypes. Large-scale, multi-ethnic studies are needed to confirm 

the generalizability of these findings and to establish evidence-based guidelines for vitamin D 

assessment and supplementation in AA management. 
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