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Background: Numerous studies have linked vitamin D deficiency (VDD) to the
pathogenesis of various alopecia disorders.

Objective: This study aimed to investigate whether patients with alopecia
are more likely to have VDD or lower vitamin D levels than controls, and the
prevalence of VDD among patients with certain alopecia disorders.

Methods: Electronic searches were conducted using PubMed, Embase, Scopus,
and Cochrane Library databases from the dates of their inception until September
2024. Studies that reported data allowing for the calculation of odds ratios, mean
differences, or correlation coefficients related to vitamin D levels and alopecia
were included, while studies without a confirmed diagnosis of alopecia or those
involving patients taking vitamin D supplements were excluded.

Results: It was found that 51.94% of patients with alopecia areata (AA), 50.38%
of patients with female pattern hair loss (FPHL), 47.38% of patients with male
androgenic alopecia (MAGA), 53.51% of patients with telogen effluvium (TE),
and 38.85% of patients with primary scarring alopecia had VDD. Compared to
controls, AA patients had a pooled odds ratio (OR) of VDD of 2.84 (95% confidence
interval: 1.89-4.26, I? =84.29%, p <0.01) and a pooled unstandardized mean
difference (UMD) of vitamin D levels of —8.20 (-10.28 - —-6.12, ? =74.25%,
p <0.01) ng/mL. For FPHL patients, a pooled OR of VDD of 5.24 (1.50-18.33,
2 =81.65%, p<0.01) and a pooled UMD of vitamin D levels of —15.67 (=24.55 —
-6.79, I? =91.60%, p <0.01) ng/mL were found. However, for MAGA, a pooled
VDD OR of 442 (0.53-36.61, I? =88.40%, p<0.01), and a pooled UMD of vitamin
D levels of —2.19 ng/mL (—-4.07 - —0.31ng/mL, I? =7.64%, p = 0.37) were found.
For TE patients, pooled UMD of vitamin D levels of =5.71 (-10.10 — -1.32) ng/
mL were found.

Conclusion: People with alopecia frequently have VDD; however, only in patients
with AA or FPHL was the association of VDD and decreased vitamin D levels
statistically significant compared to control. The findings indicate screening for
vitamin D could benefit patients with AA or FPHL, potentially addressing vitamin
D deficiency. Further study on vitamin D supplementation as a treatment for
alopecia is recommended.
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vitamin D insufficiency, vitamin D level, hair loss, non-cicatricial alopecia, cicatricial
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1 Introduction

Vitamin D is a lipophilic hormone widely recognized as essential
for bone development and calcium homeostasis, and it exerts its effect
through the nuclear hormone receptor vitamin D receptor (VDR).
Vitamin D is produced in the skin when exposed to sunlight and can
also be obtained through diet. The liver synthesizes the primary form
of vitamin D, 25-hydroxyvitamin D or 25(OH)D;, which is then
activated in the kidneys by la-hydroxylase to produce its biologically
active form, 1,25-dihydroxyvitamin D or 1,25(OH),D; (1, 2).

VDR is expressed by T and B lymphocytes, dendritic cells, and
macrophages, and 1,25(0OH),D; is known to modulate both innate and
adaptive immune systems (3). Vitamin D deficiency (VDD) is believed
to be an environmental trigger for the onset of autoimmunity, and many
studies have found a link between VDD and autoimmune diseases
(2-4). The VDR plays a crucial role in hair follicle cycling by regulating
hair growth phases, particularly the transition from the anagen phase to
the catagen phase (5). Additionally, VDR modulates the immune
response in alopecia by interacting with key immune cells, such as T and
B lymphocytes, macrophages, and dendritic cells, which are involved in
the pathogenesis of autoimmune disorders (6). Non-immune-mediated
alopecias (e.g., androgenetic alopecia [AGA] and telogen effluvium
[TE]) and immune-mediated hair disorders (e.g., alopecia areata [AA]
and primary cicatricial alopecia [PCA] such as frontal fibrosing alopecia
[FFA], central centrifugal cicatricial alopecia [CCCA], and lichen
planopilaris [LPP]) may therefore be associated with VDD (7, 8).

Alopecia can be classified into non-scarring and scarring types.
Non-scarring alopecias are characterized by hair loss without permanent
damage to hair follicles, while scarring alopecias result in permanent
destruction of hair follicles due to inflammation and fibrosis (9).
Alopecia is a well-known clinical sign of hereditary vitamin D resistant
rickets (HVDRR), a rare disease caused by mutations in VDR. Growing
evidence indicates that VDR plays a crucial role in normal hair cycling
(10, 11). However, the relationship between blood vitamin D levels,
tissue vitamin D concentrations, and VDR function remains to
be researched since the impact of vitamin D levels on VDR function is
complex and may depend on receptor sensitivity, co-regulators, and
target gene expression (12). Although it is unknown whether or not
deficient vitamin D levels in the blood would lead to deficient vitamin D
in the tissue and whether or not this would lead to VDR dysfunction,
numerous studies have linked VDD to the pathogenesis of various
alopecia disorders, with a focus on AA, male androgenetic alopecia
(MAGA), and female pattern hair loss (FPHL). While these studies
demonstrate varying degrees of association between VDD and alopecia,
there is still debate over the causality and consistency of findings (13-16).
We aimed to conduct a systematic review and meta-analysis to determine
the prevalence of VDD among various alopecia disorders, namely AA,
AGA, TE, and PCA, the odds of VDD and differences in vitamin D levels
of patients with various alopecia disorders compared to controls, and
whether vitamin D levels are correlated with the severity of alopecia.

2 Materials and methods
2.1 Study design

The protocol was registered in PROSPERO (International
Prospective Register of Systematic Reviews; CRD42023387901,
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https://www.crd.york.ac.uk/prospero/display_record.php?RecordID
=387901). The systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses guidelines
(Supplementary Document 1) (17). Electronic searches were
conducted from the database’s inception to September 2024 using
the PubMed, Embase, Scopus, and Cochrane Library databases. The
search strategy was designed to retrieve all studies on vitamin D,
VDD, and alopecia using keywords and a controlled vocabulary.
There were no restrictions on the language or publication period of
the searches. Conference abstracts were excluded. The search
included a combination of terms: ‘vitamin D, ‘vitamin D deficiency,
‘alopecia, and ‘hair loss;” with synonyms, related terms, and subject
headings also used. Boolean operators (AND, OR) were used to
combine terms. Grey literature and unpublished data were not
considered. Supplementary Table S1 provides details about the
search strategy.

2.2 Study selection

Two reviewers (TY and KaT) independently evaluated each
article at both the full-text and title/abstract levels. Disagreements
between the two reviewers regarding the studies’ eligibility were
resolved via discussion with a third reviewer (PS). We included
randomized controlled trials, cohort studies, and case—control
studies that provided data for the calculation of the odds ratio (OR)
of VDD, the mean difference in vitamin D level between cases and
controls, the prevalence of VDD among patients with certain
alopecia disorders, or the correlation coefficient (CC) between
vitamin D level and alopecia severity. Studies involving patients
without a confirmed diagnosis of alopecia or those taking vitamin D
supplements were excluded to ensure consistency in the data. Our
review questions in the format of PICO (population, intervention,
comparator, and outcomes) are provided in Supplementary Table S2.
We excluded studies that did not provide a specific type diagnosis of
alopecia as well as those that included patients taking vitamin
D supplements.

2.3 Data extraction

Data were extracted from the included studies using a
standardized form. The following data were collected: bibliographic
data (authors, year of publication), study characteristics (type of
study, single or multicenter, study duration, country), alopecia
group characteristics (number, age, gender, Fitzpatrick skin type
(FST), ethnicity, body mass index (BMI), comorbidity, smoking
status, alcohol consumption status, diet, sun-exposure, sunscreen
usage, disease duration, disease severity score or grading (e.g., mean
Severity of Alopecia Tool (SALT) score), alopecia pattern (e.g., %
single patch, % multiple patches, % patchy type, % ophiasis type, %
alopecia totalis (AT), % alopecia universalis (AU), % body site
involvement), family history of alopecia, % nail involvement, % first
episode, % recurrent episode, % stable/gradual disease, % active
disease, treatment information, whether the diagnosis and severity
assessment were done by dermatologist), control group
characteristics (number, age, gender, FST, ethnicity, BMI,
comorbidity, smoking status, alcohol consumption status, diet, sun
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exposure, sunscreen usage, whether controls were matched for any
relevant factors), vitamin D results data (frequency data of VDD,
vitamin D level, correlation coeflicient, and relevant descriptive
data), vitamin D measurement (VDD definitions, if any conversion
was done, measurement methods), and other (exclusion criteria, if
any conversion or data retrieval was done). Vitamin D levels were
reported in various units across studies (ng/mL and nmol/L). To
maintain consistency, all vitamin D values were converted to ng/mL
using standard conversion methods. This ensured comparability of
results across different vitamin D assays used in the included studies.

Because 1,25(0OH),D; has a half-life of less than 4h and the levels
may remain normal in VDD, whereas 25(OH)D has a half-life of
approximately 2 weeks, 25(OH)D is a stable indicator of vitamin D
status and is routinely measured (18). In this review, the vitamin D
level is therefore referred to as the 25(OH)D level.

Corresponding investigators were contacted via email if there was
missing data. Two independent reviewers (TY and KaT) extracted
data, and discrepancies were resolved with the assistance of a third
reviewer (PS).

2.4 Quality assessment

TY and KaT independently assessed the quality of descriptive
and case-control studies using the adapted version of the Newcastle-
Ottawa Scale (NOS) (19). The NOS is a scoring tool comprised of
seven items with nine scores that assess how well the investigators
selected their participants (score ranges from 0 to 4), the
comparability of their results (score ranges from 0 to 2), and the
applicability of the outcomes (score ranges from 0 to 3). The higher
the score, the higher the study’s quality and the lower the likelihood
of bias. Therefore, we classified studies as having high quality if they
received a total score of 7 or more, fair quality if they received a score
of 4-6, and low quality if they received a score of less than 4. Any
discrepancies between reviewers regarding the risk of bias in specific
studies were resolved through discussion with a third reviewer (PS).
The modified NOS used

Supplementary Table S3.

in our review is shown in

2.5 Statistical analysis

A meta-analysis was performed to pool the effect sizes, including
the OR of a certain alopecia disorder and VDD, the unstandardized
mean difference (UMD) of serum vitamin D level between subjects
with a certain alopecia disorder and those without, the CC between
vitamin D level and the SALT score. Additionally, the “metaprop”
command with the Freeman-Tukey double arcsine transformation to
stabilize the variances was used in Stata to pool the prevalence of
VDD among various alopecia disorders (20). Each alopecia disorder
was analyzed separately, and data from adult and pediatric
populations was pooled independently. However, as a limited number
of studies of scarring alopecia were expected, primary scarring
alopecia diseases were planned to be analyzed based on their etiology,
such as lymphocytic, neutrophilic, and mixed cell scarring
alopecia (9).

Heterogeneity was assessed and considered present if a Cochrane
Q test p-value was <0.1 or Higgins I? >25% (21). Subgroup analyses
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were further performed to explore potential sources of heterogeneity.
Effect sizes were pooled using the DerSimonian and Laird method if
they were heterogeneous; otherwise, the inverse-variance method was
used (21). The sources of heterogeneity were explored by fitting each
covariate (e.g., age, female gender, disease duration, BMI, active
disease, relapse disease, severe AA, and SALT score) at a time in a
meta-regression model. If the 2 was decreased by >50% or
statistically significant f# was revealed, a subgroup analysis was
performed based on that covariate (22). In addition, certain
pre-planned subgroup analyses (country of research origin, age group,
and alopecia severity) were also performed. Severe AA is defined as
AT, AU, or extensive AA, and an AA cohort is considered severe AA
if it has a mean SALT score>50% or>20% severe AA. We also
conducted sensitivity analyses including only studies with high quality
according to the NOS (studies receiving a total NOS score of 7
or more).

To evaluate publication bias, Deeks funnel plots of the primary
outcomes were generated. The Egger linear regression test was applied
when a funnel plot suggested possible asymmetry (23). If Egger’s test
for a regression intercept gave a p-value <0.05, a contour-enhanced
funnel plot was used to determine the cause of the asymmetry (23).
STATA 16.0 (StataCorp LLC, College Station, TX, United States) was
used for all statistical analysis.

3 Results
3.1 Study characteristics

After removing duplicates, 2010 references were screened by
title/abstract. At the full-text stage, 153 full articles met our
predefined selection criteria and were sought. We further excluded
83 references for the following reasons: conference abstracts (n =29),
not outcome of interest (i.e., no documented vitamin D deficiency
prevalence or vitamin D level of the patients, n =30), not population
of interest (i.e., non-specific alopecia diagnosis and specialized hair
loss disorders [e.g., drug-induced alopecia, hair loss associated
congenital disorders, n =15), review articles (n =5), editorial or
commentary (n =3), and case report (n =1)] (Figure 1). Twelve
additional studies were identified by manually searching reference
lists of included studies and relevant review articles, and 1 study was
removed due to insufficient data. The review included 81 studies (79
studies were included in the quantitative analysis; 2 studies of
pediatric non-scarring alopecia (24, 25) were excluded from the
quantitative analysis), enrolling a total of 15,339 patients with
alopecia [8,639 AA patients (13-16, 26-69), 2,943 AGA patients (14,
16,27, 31, 34, 37, 70-86), 3,048 TE patients (27, 31, 34, 37, 78, 81,
84, 87-96), 489 LPP patients (34, 37, 97, 98), 107 FFA patients (37,
70), and 113 CCCA patients (34, 37, 99, 100)] between 2011 and
2024, were included in the review. Characteristic features of the
included Tables 1-4
Supplementary Table S4.

studies are provided in and

3.2 Alopecia areata

Patients with AA were found to have a pooled prevalence of

VDD of 51.94% (95% confidence interval: 41.54-62.25%,
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FIGURE 1
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of search strategy and included studies.

P =97.48%, p <0.01), a pooled OR VDD of 2.84 (1.89-4.26,
P =84.29%, p <0.01), a pooled UMD of —8.20ng/mL (—10.28 -
—6.12ng/mL, P =74.25%, p <0.01), and a pooled CC of vitamin D
level and a SALT score of —0.42 (—0.59 — —0.25, I’ =85.00%,
p <0.01), indicating a significantly higher likelihood of VDD in AA
patients compared to controls.

Meta-regression analysis revealed that disease duration and
relapse may account for heterogeneity in pooled OR analyses,
while the female gender may account for heterogeneity in pooled
UMD analyses. Subsequent subgroup analyses revealed that a
disease duration of 12 months or more had a pooled OR of 2 (1.04-
3.83, I =73.87%, p <0.01), whereas a disease duration of less than
12 months had a pooled OR of 11.53 (5.55-23.96, I =46.31%,
p =0.13). The pooled OR for cohorts with relapse AA of 50% or
more was 8.19 (1.92-35.01, I =71.52%, p =0.03), while the pooled
OR for cohorts with relapse AA of less than 50% was 3.62 (1.74-
7.55, P =76.96%, p <0.01), which was statistically significant
(p <0.01). Cohorts with less than 50% female had a pooled UMD
of —8.44ng/mL (—10.49 - —6.39ng/mL, I =46.78%, p =0.01),
whereas cohorts with more than 50% female had a pooled UMD
of —6.94ng/mL (—10.78-3.11ng/mL, * =81.01%, p <0.01).
Figure 2 demonstrates forest plots for the pooled prevalence of
VDD (Figure 2A), pooled odds ratio of VDD (Figure 2B), pooled
UMD of vitamin D levels (Figure 2C), and pooled CC of vitamin
D level SALT 2D) in  adult
AA. Supplementary Figure S1 shows subgroup analyses based on

and score  (Figure

disease duration, proportion of relapsed AA, and proportion of
females in adult AA.
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3.3 Pediatric alopecia areata

A pooled VDD prevalence and a pooled VDD OR of 38.25%
(7.32-75.68%, I =98.35%, p <0.01) and 3.50 (0.59-20.89, I* =94.02%,
P <0.01) were found, respectively. Figure 3 displays forest plots for the
pooled prevalence (Figure 3A) and pooled odds ratio of VDD
(Figure 3B) in pediatric AA.

3.4 Androgenetic alopecia

A pooled VDD prevalence of 47.27% (32.49-62.29%, I’ =96.06%,
p <0.01) was found for AGA, while a pooled VDD OR of 3.43 (0.95-
12.35, P =94.29%, p <0.01) and a pooled UMD of vitamin D levels of
—6.39ng/mL (—9.81 - —2.97 ng/mL, I’ =88.56%, p <0.01) were found
for AGA compared to controls. For FPHL, a pooled VDD prevalence
of 50.38% (31.56-69.14%, I =93.60%, p <0.01) was found. Also, a
pooled VDD OR of 5.24 (1.50-18.33, I =81.65%, p <0.01) and a
pooled UMD of vitamin D levels of —15.67 ng/mL (—24.55 - —6.79 ng/
mL, P =91.60%, p <0.01) were found compared to controls, showing
a strong association between VDD and FPHL. For MAGA, a pooled
VDD prevalence of 47.38% (20.41-75.17%, I? =94.16%, p <0.01) was
found. For MAGA, a pooled VDD OR of 4.42 (0.53-36.61, I* = 88.40%,
p <0.01), and a pooled UMD of vitamin D levels of —2.19ng/mL
(—4.07 - —0.31 ng/mL, P’ =7.64%, p <0.37) were found compared to
controls. Figure 4 depicts forest plots for the pooled prevalence of
VDD (Figure 4A), pooled odds ratio of VDD (Figure 4B), and pooled
UMD of vitamin D levels (Figure 4C) in AGA.
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TABLE 1 Characteristics of the included studies involving patients with alopecia areata.

Author, year

Country

Study design

Group (case/control)

Mean age (SD)

Female (%)

Severity of alopecia

Hasanbeyzade and Tunca Turkey Case-control Patients with AA (41) 26.80 (7.00) 6 (14.60) AT 10 (24.4%), AU 9 (22.0%), patchy AA 11 (26.8%), diffuse AA 11 (26.8%)
(2024) (68) Age- and sex-matched healthy controls (41) 26.90 (6.90) 5(12.20) -
AbdElneam et al. (2024) Saudi Case-control Patients with AA (82) 25 (3.90) 40 (48.80) Localized patchy 38 (46.4%), Multiple patchy 31 (37.8%), Ophiasis 13 (15.8%)
(63) Arabia Age-matched healthy controls (81) 23.8 (2.80) 45 (55.60) -
Saleem et al. (2023) (69) Pakistan Case-control Patients with AA (45) 22,94 (7.92) 18 (40) SALT class; S1=7 (15.6%), S2=10 (22.2%), S3=18 (40%), S4=3 (6.7%), S5=7
(15.6%), mean SALT score 56.3%°
Age- and sex-matched healthy controls (45) 23.84 (8.46) 18 (40) -
Hamidpour et al. (2023) (67) Iran Descriptive Patients with AA (402) 27.20 (13.40) 192 (47.80) Median SALT score 68 (IQR 40-100)
Gupta et al. (2023) (66) India Case-control Patients with AA (25) 27.64 (9.83) 8(32) SALT class; S1=20 (80%), S2=2 (8%), S3-5=3 (12%)
Age- and sex-matched healthy controls (25) 28.56 (7.95) 8(32) -
Fahim et al. (2023) (65) Pakistan Descriptive Patients with AA (100) 30.50 (8.40) 58 (58) Mean SALT score 20.7 5.4
Alsenaid et al. (2023) (64) Saudi Case-control Patients with AA (59) 27.10 (9.10) 6 (10.20) Moderate 6 (10.2%), severe 9 (15.3%)
Arabia Age-matched healthy controls (60) 27.4(10.30) 9 (15) -
Das (2022) (26) India Case—control Patients with AA (50) 25.07 (7.40) 18 (36) SALT class; S1=35 (70%), S2=10 (20%), S3="5 (10%), mean SALT score
22.3%°
Age- and sex-matched healthy controls (50) 24.48 (6.30) 20 (40) -
deQueiroz et al. (2022) (27) | Brazil Case—control Patients with AA (7) 44.2 (14.90) 7 (100) NR
Unmatched controls with other skin conditions 38.8 (16.00) 37 (100) -
(33)
Gao et al. (2022) (28) China Case-control Patients with AA (672) 31.28 (14.42) 276 (41.08) NR
Age- and sex-matched healthy controls (580) 30.89 (13.00) 238 (41.03) -
Goksin (2022) (29) Turkey Descriptive Patients with AA (218) 27.8 (12.30) 84 (38.5) AU 7 (3.2%), AT 1 (0.5%)
Lim et al. (2022) (30) USA Descriptive Patients with pediatric AA (96) 9 (4.40) 61 (64) NR
Oner and Akdeniz (2022) Turkey Descriptive Patients with AA (99) 26.1(12.3) 25(25.3) NR
(31)
Tran et al. (2022) (16) USA Case—control* Patients with AA (417) 45.70 (NR) 561 (61.60) NR
Age-, sex-, and race-matched patients (3127) 49.40 3,685 (74.50) -
Abedini et al. (2021) (32) Iran Case—control Patients with AA (50) 32.48 (12.61) 23 (46) Opbhiasis 6 (12%), AT 9 (18%), AU 18 (36%)
Age, sex, and BMI-matched healthy controls 32.26 (12.32) 23 (46) -
(50)
Alamoudi et al. (2021) (33) Saudi Descriptive Patients with AA (177) 28.37 (12.68) 92 (52) AU 16 (9%), AT 23 (7%)
Arabia

(Continued)
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TABLE 1 (Continued)

Author, year

Country Study design

Group (case/control)

Mean age (SD)

Female (%)

Severity of alopecia

Conic et al. (2021) (34) USA Descriptive Patients with AA (77) 37.2% (NR) 54 (70.10) NR
Lizarondo et al. (2021) (35) Philippines Case~-control Patients with AA (29) 31.48 (10.82) 19 (65.5) SALT class; S1=20 (68.97%), S2=5 (17.24%), S3=2 (6.90%), S4=2 (6.90%),
mean SALT score 25.24%°
Age-, sex-, and sun exposure per day-matched 31.86 (10.51) 19 (65.5) -
healthy controls (29)
Conic et al. (2020) (36) USA Case—control* Patients with pediatric AA (3510) NR 1940 (55.3) NR
Unmatched pediatric controls without AA NR 4,018,940 (48.4) -
(8310710)
Zhao et al. (2020) (14) China Case—control Patients with AA (443) 41.26 (14.10) 279 (62.98) NR
Age-, sex-, and season-matched healthy 41.76 (11.25) 1,006 (48.60) -
controls (2070)
Conic et al. (2019) (37) USA Descriptive Patients with AA (18) 71.83 (6.34) 15 (83.3) NR
El-Ghareeb (2019) (38) Egypt Case-control Patients with AA (20) NR NR NR
Age-matched healthy controls (20) NR NR -
Marahatta et al. (2019) (39) | Nepal Case-control Patients with AA (30) 28.37 (10.07) 14 (48.3) SALT score=3.56+3.50%
Age- and sex-matched healthy controls (30) 30.50 (9.03) 15 (51.7) -
Namdar and Arikan (2019) Turkey Case-control Patients with AA (60) 31.4 (10.03) 30 (50) SALT class; S1 =43 (71.7%), S2=17 (28.3%), mean SALT score 19.44%°
(40) Unmatched controls without chronic or 36.61 (10.08) 27 (44.3) -
dermatological diseases (61)
Rehman et al. (2019) (41) India Case—control Patients with AA (135) 26 (12.89) 44 (32.59) SALT class; S1 =52 (38.52%), S2=35 (25.93%), S3=17 (12.59%), S4=11
(8.15%), S5=7 (5.19%), mean SALT score 38.09%°
Age- and sex-matched healthy controls (135) 26 (13.20) 44 (32.59) -
Siddappa et al. (2019) - India Case—control Patients with AA (100) 24.52 (10.06) 28 (28) SALT class; S1=75 (99%), S3=1 (1%), mean SALT score 13.14%°
adult AA (42) Age- and sex-matched healthy controls (100) 28.96 (11.49) 42 (42) -
Siddappa et al. (2019) - India Case—-control Patients with pediatric AA (30) 11.13 (4.17) 12 (40) NR
pediatric AA (43) Age- and sex-matched healthy controls (30) 11.46 (4.41) 12 (40) -
Daroach et al. (2018) (44) India Case-control Patients with AA (30) 28.97 (9.96) 19 (63.33) SALT class; S1-2=24 (80%), S3-4=3 (10%), S5=3 (10%), SALT
score=35.8+27.5%
Age- and sex-matched healthy controls (30) 31.17 (9.43) 14 (46.67) -
Gade et al. (2018) (45) India Case-control Patients with AA (45) 32.73 (10.43) 31 (68.89) Median SALT score (%) 4.23 (3.12-6.33)
Age- and sex-matched healthy controls (45) 33.98 (8.48) 31 (68.89) -
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TABLE 1 (Continued)

Author, year

Country

Study design

Group (case/control)

Mean age (SD)

Female (%)

Severity of alopecia

Karaguzel et al. (2018) (46) Turkey Case—control Patients with pediatric AA (30) 10.5 (2.9) 20 (66) NR
Age- and sex-matched healthy pediatric control 10.5 (2.8) 20 (66) -
(30)
Saniee et al. (2018) (15) Iran Case-control Patients with AA (77) 27.38 (11.94) 37 (48.1) Mean involved area=43.51 +20.25
Age- and sex-matched normal controls who 29.54 (13.65) 54 (48.2) -
visited dermatology clinics (112)
Unal and Gonulalan (2018) | Turkey Case—control Patients with pediatric AA (20) 12.67 (4.16) 6 (30) SALT class; S1=6 (30%), S2=9 (45%), S3=5 (25%), S4=0, S5=0, mean SALT
(47) score 35.78%°
Unmatched healthy controls (34) 16.54 (0.91) 19 (55.88) -
Bhat et al. (2017) (48) India Case-control Patients with AA (50) 22.4(8.6) NR SALT class; S1=38 (76%), S2=12 (24%), mean SALT score 18.38%°
Age- and sex-matched healthy controls 29.2 (7.6) NR -
randomly recruited from clinic with no history
of AA (35)
Conic et al. (2017) (49) USA Case—control* Patients with AA (584) 35.54 (19.28) 400 (68.50) AT 12 (2.05%), AU 19 (3.25%)
Age-matched controls with seborrheic 35.80 (15.56) 126 (73.25) -
dermatitis without hair loss (172)
Erpolat et al. (2017) (50) Turkey Case-control Patients with AA (41) 32.8(7.5) 15 (36.59) NR
Unmatched healthy controls (32) 32.7(7.5) 14 (43.75) -
Ghafoor and Anwar (2017) Pakistan Case—control Patients with AA (30) 23.77 (8.86) 18 (60) SALT class; S1=4 (13.33%), S2=7 (23.33%), S3=12 (40%), S4=1 (3.33%),
(51) S5=6 (20%), mean SALT score 57.8%°
Age- and sex-matched healthy volunteers and 24.03 (8.62) 18 (60) -
patients coming to dermatology department for
other disorders (30)
Narang et al. (2017) (52) India Descriptive Patients with AA (22) 30.4 (10.8) 10 (45.5) SALT score ranged 8.4-40
Attawa et al. (2016) (53) Egypt Case-control Patients with AA (23) 26.44 (10.87) 8 (34.8) SALT class; S1 =14 (61%), S2=3 (13%), S3+S4+S5=6 (26%), mean SALT
score 34.04%°
Unmatched healthy controls (23) 29.39 (8.10) 9(39.1) -
Bakry et al. (2016) (54) Egypt Case-control Patients with AA (60) 20.7 (10.85) 24 (40) Opbhiasis 12 (20%), AT/AU 16 (26.7%)
Age-, sex-, FST-, and BMI-matched healthy 23.71 (7.45) 32 (53.3) -
controls (60)
Darwish et al. (2016) (55) Egypt Case-control Patients with AA (30) 28.67 (10) 17 (56.7) SALT score: S1=10 (33.3%), S2=7 (23.3%), S3=4 (13.3%), S4=3 (10%),
S5=1(3.3%), S4 B=3 (10%), S5 B=2 (6.7%), mean SALT score 39.64%°
Age- and sex-matched healthy controls (20) 24.8 (6) 10 (50) -
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TABLE 1 (Continued)

Author, year

Country

Study design

Group (case/control)

Mean age (SD)

Female (%)

Severity of alopecia

Fattah and Darwish (2015) Egypt Case-control Patients with AA (30) 26.8 (6.9) 12 (40) SALT class; S3=15 (50%), S4=3 (10%), S5=12 (40%), BO=27 (90%), B2=3
(56) (10%), mean SALT score 79.45%°
Age-, sex-, FST-, approximate daily amount of 25.1(6.9) 12 (40) -
vitamin D intake-, occupation (indoor or
outdoor)-, and time of blood sampling-
matched healthy controls (30)
Ogrum et al. (2015) (57) Turkey Case-control Patients with AA (40) 31.23(7.34) 21 (52.5) SALT class; S1=35 (87.5%), S2=3 (7.5%), S3=2 (5%), mean SALT score
16.79%°
Age-, sex-, and FST-matched healthy controls 30.58 (7.19) 21(52.5) -
(40)
Cerman et al. (2014) (13) Turkey Case—control Patients with AA (86) 32.21 (9.60) 30 (42) SALT class; S1 =41 (83%), S2=15 (17%), SALT 14.41+9.92%
Age- and sex-matched healthy controls (58) 32.55(9.78) 24 (41.38) -
Mahamid et al. (2014) (58) Israel Case-control Patients with AA (23) 24.2 (12.3) 9(39.13) Extensive 5 (21.74%)
Age- and sex-matched controls without AA 27 (11.26) 7 (35) -
(20)
D’Ovidio et al. (2013) (59) Italy Case-control Patients with AA (70) 27.79 (9.12) 33 (47.1) Opbhiasis 69 (44%), AT/AU 38 (24.5%)
Unmatched healthy controls (70) 30.49 (11.06) 26 (37.1) -
El-Mongy et al. (2013) (60) Egypt Case-control Patients with AA (156) 37.8 (NR) 111 (71.15) SALT class; S1 =30 (42.9%), S2=12 (17.1%), S3 + S4 + S5=28 (40.0%), mean
SALT score 44.83%°
Unmatched healthy controls (148) 34.5 (NR) 130 (87.84) -
Nassiri et al. (2013) (61)! Iran Case—control Patients with AA (28) 27.75(7.97) 9(32.14) SALT (%); 0-24=6 (21.4%), 25-49=4 (14.3%), 50-74=1 (3.6%), and 100=17
(60.7%), mean SALT score 70.79%°
Unmatched healthy controls (44) 33.16 (12.52) 28 (63.63) -
Yilmaz et al. (2012) (62) Turkey Case—control Patients with AA (42) 31.1(8.2) 28 (66.67) SALT class; S1=30 (71.43%), S2=6 (14.29%), S3=3 (7.14%), S4=2 (4.76%),
S5=1(2.38%), mean SALT score 25.13%"°
Unmatched healthy controls (42) 29.3 (7.4) 29 (69.05) -

AA, alopecia areata; BMI, body mass index; FST, Fitzpatrick skin type; NR, not reported; SALT, Severity of Alopecia Tool; USA, United States. * Multicenter studies.  Median age. || Vitamin D deficiency defined as <10 ng/mL. § calculated mean SALT score.
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TABLE 2 Characteristics of the included studies involving patients with androgenetic alopecia.

Author, year Country  Study design = Group (case/control) Mean age Female (%) Severity of alopecia
(SD)
Wang et al. (2024) (86) China Case-control Patients with MAGA (40) 27.3 (5.30) 0 NR
Age- and gender-matched healthy controls (45) 28.3 (4.20) 0 -
Losoya-Jaquez et al. (2024) (25) Mexico Descriptive Patients with pediatric AGA (137) 16.08 (1.30) 42 (21) NR
Wu et al. (2023) (85) China Case-control Patients with MAGA (80) 36.28 (10.49) 0 Mild 36 (45%), moderate alopecia 37 (46.3%), severe alopecia 7 (0.09%)
Age-, gender- and BMI-matched healthy 36.28 (10.98) 0 -
controls (60)
Vandana et al. (2023) (84) India Descriptive Patients with FPHL (24) 28.9 (NR) 24 (100) NR
Okhovat et al. (2023) (83) USA Descriptive Patients with FPHL (54") 50.04 (16.40) 54 (100) NR
Hailat et al. (2023) (82) Pakistan Case—control Patients with FPHL (72) 28.6 (2.40) 72 (100) NR
Sex-matched healthy controls (72) NR 72 (100) -
Arasu et al. (2022) (70) Australia Descriptive Patients with FPHL (100) 51 (NR) 100 (100) NR
deQueiroz et al. (2022) (27) Brazil Case—control Patients with FPHL (37) 54.8 (15.00) 37 (100) NR
Unmatched controls with other skin conditions 38.8 (16.00) 37 (100) -
(33)
Krysiak et al. (2022) (71) Poland Case—control Patients with MAGA (72) 37 (6.00) 0 NR
Age-, blood pressure-, BMI-, insulin sensitivity-, 38 (6.00) 0 -
and plasma lipids-matched controls without hair
loss (75)
Oner and Akdeniz (2022) (31) Turkey Descriptive Patients with AGA (101) 25.6 (7.3) 25(24.8) NR
Tran et al. (2022) (16) USA Case-control* Patients with AGA (404) NR NR NR
Age-, sex-, and race-matched patients (3127) 49.40 3,685 (74.50) -
Conic et al. (2021) (34) USA Descriptive Patients with AGA (73) 53.2F (NR) 65 (89) NR
Danane et al. (2021) (72) India Descriptive Patients with MAGA (50) 24 (NR) 0 NR
El-Tahlawy et al. (2021) (73) Egypt Case-control Patients with MAGA (30) NR 0 NR
Age- and sex-matched healthy controls (30) NR 0 -
Jasim et al. (2021) (74) Iraq Case—control Patients with FPHL (50) NR 50 (100) NR
Unmatched healthy controls (50) NR 50 (100) -
Kerkemeyer et al. (2021) (75) Australia Descriptive Patients with MAGA (317) 28.7 (NR) 0 Sinclair grade; 2.0=15 (17.6%), 2.5=6 (7.1%), 3.0=40 (47.6%), 3.5=0

(0.0%), 4.0= 18 (21.4%), 4.5=2 (2.4%), and 5.0=3 (3.6%)
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TABLE 2 (Continued)

Author, year

Country

Study design

Group (case/control)

Mean age
(SD)

Female (%)

Severity of alopecia

controls (40)

Sanke et al. (2020) (76) India Case-control Patients with MAGA (50) 21.17 (3.66) 0 Hamilton-Norwood grade; ITI =14 (25%), IV =19 (33%), V =20 (35%),
and grade VI=4 (7%)

Age-, sex-, socioeconomic status, and outdoor NR 0 -
exposure-matched healthy controls who
attended dermatology department (50)

Zhao et al. (2020) (14) China Case-control Patients with FPHL (657) 32.59 (10.51) 657 (100) NR
Patients with MAGA (777) 29.89 (7.02) 0 NR
Age-, sex-, and season-matched healthy controls 41.76 (11.25) 1,006 (48.60) -
(2070)

Conic et al. (2019) (37) USA Descriptive Patients with FPHL (27) 70.26 (4.99) 27 (100) NR

Kondrakhina et al. (2019) (77) Russia Case-control Patients with MAGA (50) 26.2 (5.3) 0 NR
Age- and origin-matched healthy controls (25) NR NR -

Sarac and Koca (2018) (78) Turkey Case-control Patients with AGA (58) 30.3 (8.8) 28 (48.28) NR
Unmatched healthy controls (58) 28.5(10.1) 47 (81.03) -

Banihashemi et al. (2016) (79) Iran Case-control Patients with FPHL (45) 29.11 (7.31) 45 (100) NR
Age-, sex-, hours spent under sunlight per day-, 28.82(7.11) 45 (100) -
and BMI-matched healthy controls (45)

Moneib et al. (2014) (80) Egypt Case—control Patients with FPHL (60) 28.67 (10) 60 (100) NR
Age-, sex-, FPT-, socioeconomic status-, outdoor 24.8 (6) 60 (100) -
exposure- matched heatlhy controls (60)

Rasheed et al. (2013) (81) Egypt Case-control Patients with FPHL (38) NR 38 (100)
Age-, sex-, and FST- matched healthy female 30.8 (8.56) 40 (100) -

AGA, androgenetic alopecia; BMI, body mass index; FPHL, female pattern hair loss; FST, Fitzpatrick skin type; MAGA, male androgenetic alopecia; NR, not reported; USA, United States. * Multicenter studies. " Number of patients with vitamin D results. * Median age.
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TABLE 3 Characteristics of the included studies involving patients with telogen effluvium.

Author, year Country Study design Group (case/control) Mean age (SD) Female (%)
Vandana et al. (2023) (84) India Descriptive Patients with TE (76) 24.40 (NR) 76 (100)
Arslan et al. (2023) (96) Turkey Descriptive Patients with TE (58") 27.54 (9.42) 840 (86.3)
Chen et al. (2022) (24) USA Descriptive Patients with pediatric TE (68") 12.3 (NR) 67 (88)
deQueiroz et al. (2022) (27) Brazil Case—control Patients with TE (17) 42.8 (14.55) 17 (100)
Unmatched controls with other skin conditions (33) 38.8 (16.00) 37 (100)
Oner and Akdeniz (2022) (31) Turkey Descriptive Patients with TE (160) 27.7 (8.8) 156 (97.5)
Yorulmaz et al. (2022) (87) Turkey Descriptive Patients with TE (1688") 26 (NR) 2,794 (92.30)
Alizadeh et al. (2021) (88) Iran Case-control Patients with TE (83) 35 (NR) 83 (100)
Age- and sex-matched healthy controls (83) 35' (NR) 83 (100)
Conic et al. (2021) (34) USA Descriptive Patients with TE (121) 46.9* (NR) 120 (99.2)
Naser et al. (2021) (89) Baghdad Case-control Patients with TE (60) 32.6 (6.47) 60 (100)
Age- and sex-matched healthy controls (60) 41.3 (4.59) 60 (100)
Mohammad et al. (2020) (90) Iran Case-control Patients with TE (50) NR 50 (100)
Age- and sex-matched healthy controls who referred to dermatology NR 50 (100)
clinic for cosmetic procedures other than hair loss (50)
Sokmen (2020) (91) Turkey Descriptive Patients with TE (151) 29 (NR) 151 (100)
Conic et al. (2019) (37) USA Descriptive Patients with TE (70) 71.07 (5.35) 68 (97.1)
Cifcia (2018) (92) Turkey Case—control Patients with TE (155) 30.7 (9.80) 149 (96.13)
Age- and sex-matched healthy controls who visited other clinics for 30.76 (8.80) 155 (92.26)
health checkup (168)
Sarac and Koca (2018) (78) Turkey Case-control Patients with TE (71) 26.6 (8.4) 65 (91.55)
Unmatched healthy controls (58) 28.5(10.1) 47 (81.03)
Gurel et al. (2017) (93) Turkey Case—control Patients with TE (80) 26.41 (6.93) 80 (100)
Age- and sex-matched controls without hair loss (80) 25.79 (7.41) 80 (100)
Cheung et al. (2016) (94) USA Descriptive Patients with TE (115") NR 110 (26.63)
Rasheed et al. (2013) (81) Egypt Case—control Patients with TE (42) NR 42 (100)
Age-, sex-, and FST- matched healthy female controls (40) 30.8 (8.56) 40 (100)
Karadag et al. (2011) (95) Turkey Case-control Patients with TE (63) 29.1(11.9) 63 (100)
Sex-matched controls without AA (50) 28.4(9.4) 50 (100)

FST, Fitzpatrick skin type; TE, telogen effluvium; USA, United States. " Number of patients with vitamin D results. * Median age.
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CCCA, central centrifugal cicatricial alopecia; FFA, frontal fibrosing alopecia; LPP, lichen planopilaris; USA, United States. * Median age.
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3.5 Telogen effluvium

A pooled VDD prevalence of 53.51% (37.33-69.33%,
=97.99%, p <0.01) was found for TE patients. A pooled VDD OR
of 1.14 (0.65-1.98, I’ =48.09%, p =0.10) and a pooled UMD of
vitamin D levels of —5.71 ng/mL (—10.10 - —1.32 ng/mL, I =92.46%,
p <0.01) were found compared to controls. Figure 5 shows forest
plots for the pooled prevalence of VDD (Figure 5A), pooled odds
ratio of VDD (Figure 5B), and pooled UMD of vitamin D levels
(Figure 5C) in TE.

3.6 Primary scarring alopecia

A pooled VDD prevalence of 38.85% (24.29-54.40%,
I’ =91.73%, p <0.01) was found for PCA. Subgroup analysis of
specific PCA disorders was performed, and pooled VDD
prevalences of 18.00% (10.57-26.61%), 56.70% (10.23-97.15%), and
37.04% (25.47-49.39%) were found for FFA, CCCA, and LPP,
respectively. Figure 6 illustrates forest plot for pooled prevalence of
VDD in PCA.

3.7 Country of research origin subgroup
analysis

Pooled VDD prevalences of AA, AGA, and TE in eastern
countries of 56.70% (43.04-69.87%, I’ =97.88%, p <0.01), 64.31%
(48.41-78.81%, I =92.10%, p <0.01), and 64.42% (49.17-78.33%,
I?=97.10%, p <0.01), were found, respectively. Whereas pooled VDD
prevalences of 31.36% (23.51-39.74%, I =82.73%, p <0.01), 25.54%
(16.80-35.34%, I =82.88%, p <0.01), and 27.56% (13.59-44.07%,
P =88.11%, p <0.01) were found for AA, AGA, and TE in
western countries.

Pooled VDD ORs of AA, AGA, and TE in eastern countries of
3.18 (2.04-4.97, I =75.74%, p <0.01), 5.65 (1.75-18.18, I’ =79.96%,
p <0.01), and 1.04 (0.56-1.94, I =53.62%, p =0.09) were found,
respectively. While pooled VDD ORs of 1.78 (0.77-4.16, I’ = 91.62%,
p<0.01), 1.00 (0.18-5.59, P =91.52%, p <0.01), and 1.97 (0.60-6.46)
were found for AA, AGA, and TE in western countries.

Pooled UMDs of vitamin D levels of AA, AGA, and TE in
eastern countries of —8.24ng/mL (-10.02 - —6.46ng/mlL,
P =58.11%, p <0.01), —8.13 ng/mL (-11.97 - —4.29ng/mL,
P =87.64%, p <0.01), and — 6.07 ng/mL (—11.02 - —1.13ng/mL,
I? =93.47%, p <0.01) were found, respectively. However, pooled
UMDs of vitamin D levels of —6.67 ng/mL (—23.12-9.77 ng/mL,
P =85.29%, p <0.01), and —0.52ng/mL (—8.58-7.54ng/mL,
P =84.55%, p <0.01) were found for AA and AGA in western
countries. Table 5 summarizes subgroup analyses based on the
country of research origin.

3.8 Age group subgroup analysis

AA and AGA cohorts with mean ages 18-25 years were found to
have pooled VDD prevalences of 47.01% (1.32-96.78%) and 70.69%
(51.32-86.96%), respectively, while AA and AGA cohorts with mean
ages 25-60years were found to have pooled VDD prevalences of
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FIGURE 2

Forest plots for the pooled prevalence of vitamin D deficiency (A), pooled odds ratio of vitamin D deficiency (B), pooled unstandardized mean
difference of vitamin D levels (C), and pooled correlation coefficient of vitamin D level and Severity of Alopecia Tool score (D) in adult alopecia areata.

54.67% (44.56-64.60%, I’ =96.79, p <0.01) and 42.07% (25.49-
59.60%, I’ =96.42, p <0.01), respectively.

AA cohorts with mean age 18-25years were found to have a
pooled VDD OR of 6.65 (1.22-36.35, I? =90.06, p <0.01), while AA
cohorts with mean age 25-60 years were found to have a pooled VDD
OR of 2.57 (1.70-3.88, I’ =82.36%, p <0.01). AA cohorts with mean
age 18-25years were found to have a pooled UMD of vitamin D
levels of —8.98 ng/mL (—12.23 - —5.73ng/mL, I =0.00, p =1.00);
however, AA cohorts with mean age 25-60 years were found to have
a pooled UMD of vitamin D levels of —8.07ng/mL (—10.44 —
—5.70ng/mL, P =78.12, p <0.01). Table 5 presents subgroup analyses
based on age group.
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3.9 Alopecia severity subgroup analysis

Severe AA cohorts were found to have a VDD prevalence of
44.36% (19.70-70.54%, I =98.01%, p <0.01), VDD OR of 3.29 (1.30-
8.34, P =85.53%, p <0.01), a UMD of vitamin D levels of —10.65ng/
mL (—15.23 - —6.39ng/mL, I’ =44.83%, p =0.08), while non-severe
AA cohorts were found to have a VDD prevalence of 63.71% (47.43—-
78.58%, I’ =95.25%, p <0.01), VDD OR of 3.58 (2.20-5.82, I =60.92%,
p <0.01), and a UMD of vitamin D levels of —8.17ng/mL (—9.97 -
—6.37ng/mL, I =15.12%, p =0.28). Due to insufficient information,
subgroup analyses based on other alopecia disorders were not
conducted. Table 5 shows subgroup analyses based on alopecia severity.
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FIGURE 3
Forest plots for the pooled prevalence of vitamin D deficiency (A) and pooled odds ratio of vitamin D deficiency (B) in pediatric alopecia areata.

3.10 Quality assessment

Supplementary Table S3 provides a summary of the quality
assessment scores for comparative and descriptive studies included
in the review. The average quality assessment score was 7.22
(range: 5-9), with 59 high-quality and 22 fair-quality studies.
Sensitivity analyses based on study quality were performed to
assess the robustness of the findings. The results were consistent
with the primary analyses, suggesting that potential biases
did not the

(Supplementary Document 2).

significantly influence pooled estimates

3.11 Publication bias

Some funnel plots were slightly asymmetric when assessing
publication bias for each primary analysis (Supplementary Figure 52).
As aresult, Egger’s tests were conducted, and it was discovered that
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some analyses exhibited possible asymmetry; consequently,
we performed additional contour-enhanced funnel plots.
We discovered that the asymmetry in the VDD OR analyses for
AA and AGA, UMD of vitamin D levels analysis in TE and AA,
and CC of vitamin D level and a SALT score were likely due to
heterogeneity. In the UMD of vitamin D levels analysis in
AGA, however, publication bias is highly likely. Funnel
plots and contour-enhanced funnel plots are shown in
Supplementary Figure S2.

4 Discussion

Our analysis revealed that VDD was prevalent among patients
with various alopecia disorders, including AA, FPHL, MAGA, TE,
and PCA. Statistically significant associations were observed in AA
and FPHL patients, who demonstrated a higher likelihood of VDD
and lower vitamin D levels compared to controls, although MAGA
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FIGURE 4
Forest plots for the pooled prevalence of vitamin D deficiency (A), pooled odds ratio of vitamin D deficiency (B), and pooled unstandardized mean
difference of vitamin D levels (C) in androgenetic alopecia.
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FIGURE 5
Forest plots for the pooled prevalence of vitamin D deficiency (A), pooled odds ratio of vitamin D deficiency (B), and pooled unstandardized mean
difference of vitamin D levels (C) in telogen effluvium.

and TE patients also exhibited lower vitamin D levels compared to  in studies conducted in Eastern countries than in Western countries.
controls. Geographical factors exerted an influence, as the prevalence ~ Furthermore, younger patients aged 18 to 25 years exhibited a higher
of VDD and the reduction in vitamin D levels were more pronounced  prevalence of VDD and more severe reductions in vitamin D levels
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FIGURE 6

Forest plot for the pooled prevalence of vitamin D deficiency in primary lymphocytic scarring alopecia.

compared to older patients. The study also determined that patients
with severe AA exhibited greater reductions in vitamin D levels
compared to controls, though both severe and non-severe AA patients
had comparable VDD prevalence. Overall, the findings suggest a
significant relationship between vitamin D deficiency and certain
types of alopecia, particularly AA and FPHL, underscoring the
necessity for further research into the role of vitamin D in
these conditions.

The role of vitamin D as an immunomodulator is particularly
relevant in AA, in which autoimmune mechanisms are hypothesized
to play a pivotal role. Vitamin D modulates the activity of cytotoxic T
cells, regulatory T cells, and dendritic cells, all of which are involved
in AA pathogenesis. Insufficient vitamin D levels may contribute to
dysregulation of the immune response in AA, potentially resulting in
an autoimmune attack on hair follicles (101).

Previously, there have been a few meta-analyses on VDD and
AA. Similar to previous studies, we found that VDD is prevalent
among AA, and compared to controls, AA had significantly higher
odds of VDD and significantly lower vitamin D levels (102-104). In
addition to updating the previous systematic review, we also pooled
CC of AA disease severity and found a significant negative correlation
between SALT scores and vitamin D levels, and severe AA was found
to have a greater reduction of vitamin D level compared to control (vs
non-severe AA). However, both severe and non-severe AA cohorts

Frontiers in Nutrition

have similar odds of VDD. Currently, no cohort study has investigated
the causal relationship between AA and VDD. Therefore, it is
unknown whether VDD initiates AA pathogenesis or exacerbates AA
conditions or whether AA causes VDD. A longitudinal study that
investigates the connection between AA and VDD would provide
evidence and strengthen the recommendation to screen AA patients
for VDD.

A significantly stronger association between VDD and AA was
observed in cohorts with AA patients with a disease duration of less
than 1year, suggesting that vitamin D status may play a crucial role in
the early stages of AA development. Additionally, studies with age
group of 18-to-25years showed a higher risk of VDD, indicating that
young adults with AA might be especially vulnerable to vitamin D
deficiency. Interestingly, cohorts with a higher proportion of relapsed
AA were found to have a higher risk of VDD, which aligns with the
understanding of AA as an autoimmune disease (7). The relapsed state
may represent compromised immune regulation, potentially
exacerbated by low vitamin D levels (3, 7, 105-107). In contrast,
cohorts with a lower proportion of females had lower vitamin D levels,
hinting at possible gender-specific differences in vitamin D
metabolism or AA pathogenesis. These findings underscore the
complex interplay between vitamin D status and AA, highlighting the
need for further research to elucidate the specific role of age, gender,
and disease duration in this relationship. Such investigations could
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TABLE 5 Pre-planned subgroup analyses based on country of research origin, age group, and alopecia severity.

Subgroup

No. of
studies

Alopecia areata

Prevalence

12 (%)/p-value of Q
test

No. of
studies

Androgenetic alopecia

Prevalence

12 (%)/p-value of

Q test

No. of
studies

Telogen effluvium

Prevalence

12 (%)/p-value

of Q test

Overall 34 ‘ 51.94% (41.54-62.25%) 97.48/<0.01 16 47.27% (32.49-62.29%) 96.06/<0.01 13 53.51% (37.33-69.33%) 97.99/<0.01
Country
Eastern 28 56.70% (43.04-69.87%) 97.88/<0.01 9 64.31% (48.41-78.81%) 92.10/<0.01 9 64.42% (49.17-78.33%) 97.10/<0.01
Western 6 31.36% (23.51-39.74%) 82.73/<0.01 7 25.54% (16.80-35.34%) 82.88/<0.01 4 27.56% (13.59-44.07%) 88.11/<0.01
Age
Mean age 18-25years 3 47.01% (1.32-96.78%) - 3 70.69% (51.32-86.96%) - 0 - -
Mean age 25-60 years 29 54.67% (44.56-64.60%) 96.79/<0.01 11 42.07% (25.49-59.60%) 96.42/<0.01 9 56.00% (38.63-72.67%) 97.70/<0.01
Mean age > 60 years 1 5.56% (0.99-25.76%) - 1 14.81% (5.92-32.48%) - 1 28.57% (19.32-40.05%) -
Unspecified 1 35.00% (18.12-56.71%) - 1 68.00% (54.19-79.24%) - 1 10.43% (6.07-17.36%) -
Severity
Severe cohorts 9 44.36% (19.70-70.54%) 98.01/<0.01 - - - - - -
Non-severe cohorts 13 63.71% (47.43-78.58%) 95.25/<0.01
Unspecified 12 44.64% (31.88-57.75%) 96.90/<0.01
5 e No. of Odds ratio 12 (%)/p-value of  No. Sl Odds ratio 12 (%)/p-value of = No. of Odds ratio 12 (%)/p-value

studies Q test studies Q test studies of Q test
Overall 24 2.84 (1.89-4.26) 84.29/<0.01 7 3.43 (0.95-12.35) 95.16/<0.01 5 1.14 (0.65-1.98) 48.09/0.10
Country
Eastern 20 3.18 (2.04-4.97) 75.74/<0.01 5 5.65 (1.75-18.18) 79.96/<0.01 4 1.04 (0.56-1.94) 53.62/0.09
Western 4 1.78 (0.77-4.16) 91.62/<0.01 2 1.00 (0.18-5.59) 91.52/<0.01 1 1.97 (0.60-6.46) -
Age
Mean age 18-25years 2 6.65 (1.22-36.35) 90.06/<0.01 1 13.50 (4.22-43.21) - 0 - -
Mean age 25-60 years 22 2.57 (1.70-3.88) 82.36/<0.01 6 2.73(0.74-10.15) 93.99/<0.01 5 1.14 (0.65-1.98) 48.09/0.10
Severity
Severe cohorts 8 3.29 (1.30-8.34) 85.53/<0.01 - - - - - -
Non-severe cohorts 11 3.58 (2.20-5.82) 60.92/<0.01
Unspecified 5 1.62 (0.71-3.71) 91.62/<0.01
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provide valuable insights into the pathophysiology of AA and
potentially inform more targeted therapeutic approaches.

As for pediatric AA, current evidence indicates that the prevalence
and likelihood of VDD are lower than in the adult population, with
non-statistically significant odds of having VDD compared to
pediatric controls. Current evidence is relatively limited, and
additional well-controlled studies are required to clarify the
significance of VDD in pediatric AA.

To our knowledge, this is the first systematic review and meta-
analysis to investigate the association between VDD and non-AA hair
loss disorders, specifically AGA, TE, and scarring alopecia. Both TE
and AGA were found to have a VDD prevalence of approximately 50%
and significantly lower vitamin D levels than controls but did not have
an increased risk of VDD compared to controls. However, the
likelihood of VDD in FPHL patients is statistically significantly higher
than in controls. Vitamin D levels in FPHL cohorts are significantly
lower than in controls compared to AGA in general. Although MAGA
data is limited, we hypothesize that gender plays a significant role in
VDD and AGA (108, 109).

Our study found that in Eastern countries, the prevalence of
vitamin D deficiency, the likelihood of VDD, and the degree of lower
vitamin D levels among AA, AGA, and TE were significantly higher
than in Western nations. European Caucasians have a lower prevalence
of VDD than non-white individuals (110). In addition to differences
in skin pigmentation, the use of sunscreen and latitude are also
significant factors that could cause VDD by reducing vitamin D
synthesis (111-113). Melanin in darker skin tones can interfere with
vitamin D synthesis, while widespread sunscreen use and higher
latitudes with less direct sunlight can reduce vitamin D production
(114). Moreover, because these factors are rarely matched but could
significantly influence the results, additional studies matching
sunscreen use and FST are required.

Due to the limited number of case-control studies, the
relationship between VDD and scarring alopecia remains poorly
understood. However, our analysis suggests that the prevalence of
VDD may vary among different types of PCA. Based on available data,
certain PCA diseases may have a higher VDD prevalence than others.
For instance, CCCA has a VDD prevalence of 57%, whereas FFA has
a VDD prevalence of 18%. However, the higher prevalence of VDD
among CCCA patients may not be due to the disease itself but rather
their skin pigmentation, as it almost exclusively affects females with
FST V-VI, which are known to be associated with a higher risk of
VDD due to reduced vitamin D synthesis in darker skin (111, 115).
To establish a more definitive association between scarring alopecia
and VDD, and to better understand the role of confounding factors
such as skin type, additional well-designed controlled studies
are required.

The results of our study should be interpreted with caution due
to the highly heterogeneous study population and setting of the
included studies, as well as the fact that serum vitamin D levels can
be affected by a variety of factors, such as geographic
characteristics, ethnicity, and skin tone (111). Subgroup analyses
were conducted to explore potential sources of heterogeneity;
however, for most alopecia types, significant sources of
heterogeneity were not identified, suggesting that residual
heterogeneity may be attributed to unmeasured variables or other
contextual factors not captured in the included studies. Future
research should focus on more detailed reporting and examination
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of factors contributing to heterogeneity. Also, publication bias
exists in the analyses of the pooled UMD in vitamin D levels
between AGA and controls, which necessitates caution when
interpreting our results.

The study has several strengths and limitations. One of the
strengths is its comprehensive approach, utilizing a systematic review
and meta-analysis to pool data from a wide range of studies. The study
also follows rigorous methodological standards, including the
registration of the protocol in PROSPERO, adherence to PRISMA
guidelines, and the use of validated tools such as the NOS for quality
assessment, which contributes to the robustness of the conclusions.
However, the study has some limitations. The heterogeneity of the
included studies suggests considerable variability in study populations,
settings, and methodologies, which could affect the reliability of the
pooled estimates. Moreover, the study’s reliance on observational data
limits the ability to infer causality. Finally, the limited number of
studies on scarring alopecia and pediatric populations restricts the
generalizability of the findings to these subgroups.

5 Conclusion

Even though VDD is prevalent among alopecia patients, the
likelihood of VDD and decreased vitamin D levels compared to the
control population was statistically significant only in adult AA and
FPHL. Adult AA disease severity was found to be significantly
negatively correlated with vitamin D levels, with severe AA cohorts
showing a higher reduction of vitamin D levels compared to controls;
however, severe and non-severe AA cohorts appear to have
comparable VDD prevalence and VDD likelihood compared to
controls. Cohorts with less than one year of AA duration and a higher
proportion of relapsed AA were found to have a higher risk of VDD,
while cohorts with a lower proportion of females had lower vitamin
D levels. Studies conducted in Eastern nations appear to report a
higher VDD prevalence, VDD likelihood, and vitamin D reduction
than studies conducted in Western nations. Evidence is still lacking
for MAGA, scarring alopecia, and pediatric AA, highlighting the
need for further research in these areas. It is important to
acknowledge the limitations of this study, including the heterogeneity
of the included studies. Given these results, clinicians should consider
routine screening for VDD in patients with severe AA or FPHL,
particularly in Eastern countries or in patients with recent onset or
relapsed AA. Early detection and potential correction of vitamin D
deficiency could play a role in managing the severity and progression
of alopecia. Future studies should focus on addressing the gaps in our
understanding of the role of vitamin D in alopecia, particularly
MAGA, scarring alopecia, and pediatric AA, as well as investigating
of vitamin D

the potential benefits supplementation in

alopecia management.
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