Dermatol Ther (Heidelb) (2020) 10:967-983
https://doi.org/10.1007/s13555-020-00433-4

®

Check for
updates

REVIEW

Association of Alopecia Areata with Vitamin D
and Calcium Levels: A Systematic Review and Meta-

analysis

Yi Liu - Jing Li - Guirong Liang - Chaojiang Cheng - Yue Li -

Xinfeng Wu

Received: May 10, 2020/ Published online: August 9, 2020

© The Author(s) 2020

ABSTRACT

Introduction: To investigate the associations of
alopecia areata (AA) with serum vitamin D and
calcium levels.

Methods: A systematic review of all relevant
articles published up to February 2020 in
PubMed, Embase, and Cochrane Library data-
bases was conducted. Primary endpoints were
serum 25-hydroxyvitamin D [25(OH)D] levels
and vitamin D deficiency, and the secondary
endpoint was serum calcium level. Odds ratio
(OR) and standardized mean difference (SMD)
with 95% CI across studies were analyzed.
Results: Data on 1585 patients with AA and
1114 controls from 16 case—control studies and
three cross-sectional studies were included in
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this meta-analysis. A pooled meta-analysis was
conducted using the random-effects model
because of inter-study heterogeneity (vitamin D
level, I?=87.90%; vitaminD deficiency,
I? = 81.10%; serum calcium level, I? = 83.80%).
A combined analysis revealed that patients with
AA had significantly lower mean serum
25(OH)D level compared with control (WMD
—9.08,95% CI — 11.65, — 6.50, p < 0.001), and
were more likely to have vitamin D deficiency
(OR 4.14, 95% CI 2.34, 7.35, p < 0.001). How-
ever, the pooled analysis revealed that patients
with AA did not have significantly lower serum
calcium levels compared with control (WMD
—0.17, 95% CI — 0.40, 0.06, p = 0.143). Sub-
group analysis suggested that matched control,
mean age, and country might contribute to the
heterogeneity of serum vitamin D level, while
study design, matched control, and country
might contribute to the heterogeneity of vita-
min D deficiency.

Conclusion: Deficiency of serum 25(OH)D
level, rather than calcium level, was present in
patients with AA. Screening for vitamin D
deficiency and vitamin D supplementation may
be beneficial in the treatment of patients with
AA.

Keywords: Alopecia areata; Areata; Calcium;
Vitamin D; 1,25-Dihydroxyvitamin D;  25-
Hydroxyvitamin D

I\ Adis


https://doi.org/10.6084/m9.figshare.12706562
https://doi.org/10.1007/s13555-020-00433-4
https://doi.org/10.1007/s13555-020-00433-4
https://doi.org/10.1007/s13555-020-00433-4
https://doi.org/10.1007/s13555-020-00433-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s13555-020-00433-4&amp;domain=pdf
https://doi.org/10.1007/s13555-020-00433-4

968

Dermatol Ther (Heidelb) (2020) 10:967-983

Key Summary Points

Why carry out this study?

Alopecia areata (AA) is a form of non-
scarring hair loss characterized by an
autoimmune reaction to hair follicles with
disordered, shortened hair cycle

Vitamin D deficiency was considered as a
risk factor for the development of AA

The relationship between vitamin D
deficiency and AA in patients was reported
in two previous meta-analyses but not
comprehensively evaluated because five
subsequent studies were not considered

What was learned from the study?

Deficiency of serum 25(OH)D level, rather
than calcium level, was present in patients
with AA. Screening for vitamin D
deficiency and vitamin D
supplementation may be beneficial in
treatment of patients with AA

INTRODUCTION

Alopecia areata (AA) is a form of non-scarring
hair loss characterized by an autoimmune
reaction to hair follicles with disordered,
shortened hair cycle [1]. The prevalence of AA is
0.1-0.2%, with a calculated lifetime risk of 2%
[2]. The age- and sex-adjusted incidence of AA is
20.9 per 100,000 person-years [3]. About 51% of
patients with AA are female, and the median
age at diagnosis is 33 years, affecting both chil-
dren and adults, and hair of all colors [3]. Earlier
age of onset and male gender appear to have
more severe involvement [4]. The hallmark of
AA is Tcell (CD4" and CD8™") infiltrates and
cytokine production, specifically targeting ana-
phase hair follicles [5, 6]. Autoantibodies tar-
geting hair follicles, especially against
keratin 16 and trichohyalin, are increased in
peripheral blood of patients with AA [7].

Although the etiology is different between
chemotherapy-induced alopecia  (cytotoxic
agents Kkilling the rapidly renewing cells in the
hair follicles) and AA (autoimmunity), vitamin D
deficiency might be considered a risk factor for
the development of AA since vitamin D protects
hair follicles from chemotherapy-induced alope-
cia [8, 9]. Keratinocytes possess the enzymatic
machinery to synthesize active vitamin D, i.e.,
1,25-dihydroxyvitamin D3 [serum 1,25(OH)D3],
and express the vitamin D receptor (VDR), which
is necessary for the maintenance of the normal
hair cycle [10]. Besides, 1,25(OH)D3 acts as an
immunomodulator of innate and adaptive
immune functions targeting various immune
cells such as Tlymphocytes, Blymphocytes,
monocytes, macrophages, and dendritic cells
[11]. The association between vitamin D and
several autoimmune-mediated diseases has been
reported, including vitiligo, systemic lupus ery-
thematosus, type I diabetes mellitus, rheumatoid
arthritis, psoriasis, multiple sclerosis, and
inflammatory bowel disease [12]. Although asso-
ciations are not causative factors, that might
imply that vitamin D deficiency is an environ-
mental trigger for the induction of abnormal
autoimmunity [13]. Therefore, 1,25(0OH)D3
modulates both innate and adaptive immune
responses by targeting various immune cells such
as Tlymphocytes, Blymphocytes, monocytes,
macrophages, and dendritic cells, among others
[11]. In addition, vitamin D synthesis decreases
with age [14-16]. Vitamin D deficiency is com-
mon in both men and women, and can affect
pregnancy outcomes in women and increase the
risk of osteoporosis, especially in menopausal
women [14-17]. Although the relationship
between vitamin D deficiency and AA in patients
was reported in two previous meta-analyses
[18, 19], this relationship has not been compre-
hensively evaluated since five subsequent studies
were not considered [20-24].

Vitamin D is also a secosteroid hormone,
primarily synthesized in epidermal keratinocytes
oracquired from the diet, and plays an important
role in calcium homeostasis and bone health
[25, 26]. Two studies revealed no difference in
serum calcium levels between patients with AA
and controls despite a statistically significant
difference in vitamin D levels [20, 27]. The
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presence of 25-hydroxyvitamin D [25(OH)D]
deficiency in patients with AA correlated with
increased parathyroid hormone (PTH) [24], sug-
gesting a compensatory effect of increased PTH
to maintain normal serum calcium in a state of
vitamin D deficiency. Darwish et al. showed
lower levels of calcium but comparable PTH level
[22], while Yilmaz et al. showed comparable
levels of both calcium and PTH in patients with
AA compared to controls [20].

In this context, the study aimed to evaluate
the serum 25(OH)D levels and calcium levels in
patients with AA in order to identify their
potential roles in the pathogenesis of AA. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

METHODS

Search Strategy

This meta-analysis was performed in accordance
with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
reporting guidelines. An electronic search of the
PubMed, Embase, and Cochrane Library data-
bases was performed up to February 18, 2020,
without language restrictions. We first screened
the abstracts and then chose relevant full-text
articles. The reference lists of selected articles
were manually searched to identify additional
relevant reports.

Selection Criteria

The inclusion criteria were as follows: (1) diag-
noses of AA were based on clinical findings; (2)
studies centered on associations of AA with
vitamin D and calcium; (3) either serum
25-hydroxyvitamin D levels or vitamin D defi-
ciency or calcium level was available for cases
and controls; (4) only the publication with the
largest number of participants was included for
studies involving overlapping data sets; (5)
publication of sufficient information to calcu-
late odds ratios (OR) and weighted mean

difference (WMD); and (6) published in peer-
reviewed journals.

The exclusion criteria were as follows:
(a) studies without a designated control; (b) the
presence of other diseases influencing 25-hy-
droxyvitamin D and calcium level; (¢) sum-
maries, abstracts, case reports, and reviews;
(d) studies reported in a language other than
English.

Data Extraction and Assessment of Risk
of Bias

Two blinded and independent researchers (Yi
Liu and Jing Li) reviewed potentially relevant
publications, and any disagreements were
resolved by a third senior researcher (Xinfeng
Wu). Two investigators independently extrac-
ted the following information using a prede-
fined data collection form: author, year of
publication, patient and control group charac-
teristics, study design, sample size, gender,
country or race, the outcome of interest, etc.
Disagreements were resolved by consensus
between the two investigators. We attempted to
contact the authors for missing primary and
secondary outcomes.

The Agency for Healthcare Research and
Quality (AHRQ) and Newcastle-Ottawa Scale
(NOS) scales were used to independently assess
the methodological quality of cross-sectional
studies and case-control studies, respectively.

Outcomes

The primary outcomes were serum 25-hydrox-
yvitamin D levels and vitamin D deficiency, and
the secondary outcome was the serum calcium
level. Vitamin D deficiency was defined as
serum 25(OH)D level lower than 20 or 30 ng/dL
depending on the study.

Statistical Analysis

The odds ratios (ORs) of having vitamin D
deficiency were estimated for each study by
comparing patients with AA versus healthy
controls and then pooled. The ORs were pooled
using the DerSimonian and Laird method if
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heterogeneity was present; otherwise, they were
pooled using a fixed-effects model. For contin-
uous outcomes, the mean difference of serum
25-hydroxyvitamin D level and calcium level
between patients with AA versus healthy con-
trols was estimated for each study and then
pooled across studies using weighted mean dif-
ference (WMD). Heterogeneity was assessed
using Q statistics, and the degree of hetero-
geneity was quantified using I. If heterogeneity
was detected (p < 0.10 or I? > 50%), a random-
effects model was applied; otherwise, a fixed-
effects model was used. In order to check the
stability of the result, a sensitivity analysis was
performed by sequential deletion of each study.
Rosenthal’s fail-safe N was utilized for sensitiv-
ity analysis. The risk of publication bias was
evaluated via Egger’s test, Begg’s test, and fun-
nel plots. Subgroup analysis was performed to
investigate the potential additional effect of
predefined factors. A two-tailed p < 0.05 was
considered significant. All statistical analyses in
this meta-analysis were performed using the
STATA MP 14.0 software (StataCorp, College
Station, TX, USA).

RESULTS

Characteristics of Included Studies

The flowchart of the study selection process is
shown in Fig. 1. There were 19 eligible publi-
cations (16 case—control studies and three cross-
sectional studies), involving 2699 subjects
(1585 AA cases and 1114 controls)
[20-24, 27-40]. The sample size of the included
studies ranged from 43 to 756, and publication
date from 2012 to 2019. The included studies
were from eight countries, namely Egypt, India,
Israel, Italy, Nepal, Pakistan, Turkey, and the
USA. Eleven studies had age- and sex-matched
controls. Seventeen, thirteen, and six studies
provided data on serum 25(OH)D levels, vita-
min D deficiency, and serum calcium level,
respectively. Detailed characteristics of the
included studies are summarized in Table 1. The
integral quality of the included case-control
and cross-sectional studies was rated as high
(sTables 1 and 2 in the supplementary material).

Heterogeneity and Publication Bias

During pooled meta-analysis, inter-study
heterogeneity (I> > 50%) was found in vita-
minD level (I*=87.90%, p < 0.001, Fig.?2),
vitamin D deficiency (I* = 81.10%, p < 0.001,
Fig. 3), and serum calcium level (I* = 83.80%,
p <0.001, Fig. 4). Therefore, the pooled meta-
analysis for these factors was conducted using
the random-effects model.

No evidence of publication bias was identi-
fied in the meta-analysis of serum vitamin D
level (Begg's test, p=0.650; Egger's test,
p = 0.756) and vitamin D deficiency (Begg’s test,
p=0.583; Egger's test, p=0.257). Visual
inspection of the funnel plots revealed no evi-
dence of publication bias for serum vitamin D
levels and vitamin D deficiency (sFigs. 2 and 4
in the supplementary material). Therefore,
these data indicated that there was no publica-
tion bias in the present meta-analysis, and the
results were statistically robust.

Meta-analysis Results

According to inter-study heterogeneity by Q test
and I? test, the pooled analysis was conducted
using the random-effects model for vitamin D
level, vitamin D deficiency, and calcium level.
Among the 17 studies with serum 25(OH)D
level data, the results showed that patients with
AA had significantly lower mean serum
25(OH)D level compared with controls (WMD
9.08, 95% CI — 11.66, — 6.50, p < 0.001, Fig. 2).
Among the 13 studies with vitamin D defi-
ciency data, the meta-analysis suggested that
patients with AA were more likely to have vita-
min D deficiency with a pooled OR of 4.14 (95%
CI 2.34, 7.35, p < 0.001, Fig. 3). Among the six
included studies with serum calcium level data,
the findings revealed that patients with AA did
not have a statistically lower mean serum cal-
cium level compared with controls (WMD
—0.17, 95% CI — 0.40, 0.06, p = 0.143, Fig. 4).

Subgroup Analysis

For serum 25(OH)D levels, similar statistically
significant findings were obtained for subgroup
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Fig. 1 Flowchart of literature search and study selection

analyses of study design (WMD of case-control
—9.05,95% CI — 12.46, — 5.63; WMD of cross-
sectional — 9.82, 95% CI - 11.91, — 7.72),
sample size (WMD of > 100: — 8.35, 95% CI

- 11.19, — 5.51; WMD of < 100: — 9.59, 95%
CI — 13.44, — 5.74), and male ratio (WMD of
>1/2: —7.79, 95% CI — 11.47, — 4.11; WMD
of <1/2: —12.03, 95% CI - 16.93, — 7.13)
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Fig. 2 Forest plot of the meta-analysis of serum vitamin D level

(Table 2). However, inconsistent results were
found for matched control (WMD of matched
control — 11.38, 95% CI — 13.99, — 8.78; WMD
of non-matched control — 3.18, 95% CI — 8.35,
1.99), mean age (WMD of > 25 years — 10.06,
95% CI — 12.87, — 7.24; WMD of < 25 years
— 3.18, 95% CI — 8.35, 1.99), country (WMD of
Nepal — 9.68, 95% CI — 19.62, 0.26, WMD of
India — 8.73, 95% CI — 11.59, — 5.87; WMD of
Turkey — 3.37, 95% CI — 10.68, 3.94; WMD of
Egypt — 14.75, 95% CI — 22.10, — 7.39; WMD
of Pakistan — 9.00, 95% CI — 15.55, — 2.45;
WMD of Israel — 10.23, 95% CI - 17.51,
— 2.95) (Table 2). These findings suggested that
matched control, mean age, and country might
contribute to a high degree of inter-study
heterogeneity in serum vitamin D level.

For vitamin D deficiency, consistent statisti-
cally significant findings were identified for
subgroup analyses of sample size (OR of > 100:
3.94, 95% CI 2.06, 7.54; OR of < 100: 5.36, 95%
CI 1.29, 22.21), male ratio (OR of > 1/2: 4.51,
95% CI 2.05, 9.93; OR of < 1/2: 3.24, 95% CI
1.37, 7.63), and mean age (OR of > 25 years:
3.58,95% CI 2.04, 6.28; OR of < 25 years: 16.43,
95% CI 6.65, 40.61) (Table 2). However, incon-
sistent results were found for study design (OR
of case—control 3.66, 95% CI 2.06, 6.49; OR of
cross-sectional 6.65, 95% CI 0.65, 68.27), mat-
ched control (OR of matched control 6.96, 95%
CI 3.54, 13.68; OR of non-matched control
1.52, 95% CI 1.00, 2.32), and country (OR of
Nepal 4.38, 95% CI 1.32, 14.50, OR of India
2.55, 95% CI 1.54, 4.21; OR of Turkey 2.97, 95%
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Study Events, Events, %
1D OR (95% CI) Treatment Control Weight

;
Marahatta S,2019 —]0— 4.38 (1.32, 14.50) 25/30 16/30  7.57
Rehman F,2019 -4—: 1.95 (1.15, 3.31) 51/135 32/135 1033

1
Siddappa H,2019 = 2.90 (1.63, 5.15) 64/100 38/100 10.17
Daroach M,2018 —;—0— 10.55 (1.23, 90.66) 29/30 22/30 436
Conic R.Z,2017 —]0— 4.37 (2.71,7.04) 228/584 22/172  10.50
Erpolat S,2017 —_—1 i 0.39(0.07, 2.07) 35/41 30/32 576
Attawa E,2016 ——05— 1.85(0.39, 8.87) 5/23 3/23 6.13
Bakry O.A., 2016 i —— 16.43 (6.65, 40.61) 50/60 14/60  8.83
Fattah N.S.AA, 2015 i ————%——— 695.40 (31.99, 15115.66) 28/30 0/30 2.65
Aksu Cerman A,2014 i —_— 20.01 (8.05, 49.77) 78/86 19/58  8.80
Mahamid M,2014 —EO— 6.86 (1.78, 26.36) 16/23 5/20 6.97
d'Ovidio R,2013 —— i 1.73 (1.08, 2.79) 66/156 44/148 10.51
El-Mongy NN,2013 —O—i 1.22(0.35,4.19) 6/70 5/70 742
Overall (I-squared = 81.1%, p = 0.000) <> 4.14 (2.34,7.35) 681/1368  250/908 100.00

i
NOTE: Weights are from random effects analysis ;

T I I
3 1 5 15

Favours not deficiency

Fig. 3 Forest plot of the meta-analysis of vitamin D deficiency

CI 0.06, 147.87; OR of Egypt 8.91, 95% CI 1.20,
66.39; OR of Israel 6.86, 95% CI 1.78, 26.36; OR
of Italy 1.73, 95% CI 1.08, 2.79; OR of USA 4.37,
95% CI 2.71, 7.04) (Table 2). These data sug-
gested that study design, matched control, and
country might contribute to a high degree of
inter-study  heterogeneity in  vitamin D
deficiency.

Sensitivity Analysis

A sensitivity analysis was performed to check
the robustness of the results. Statistically similar
outcomes were obtained for meta-analysis of
vitamin D level (sFig.1 in the supplementary
material) and vitamin D deficiency (sFig.3 in
the supplementary material) after sequentially
excluding each case—control study, indicating
the stability of the present meta-analysis.

Favours deficiency

DISCUSSION

The present systematic review and meta-analy-
sis indicated that patients with AA had lower
serum 25(OH)D3 level and higher risk of vita-
min D deficiency, but not lower serum calcium
level compared with controls. Thus, screening
for vitamin D deficiency and supplementation
of vitamin D could be beneficial in the treat-
ment of AA. In addition to regulating bone and
calcium metabolism, the biologically active
metabolite of vitamin D3, 1,25(OH)2D3, can
modulate nuclear vitamin D receptor expressed
in antigen-presenting cells (APCs) and activated
T cells via interference with nuclear transcrip-
tion factors such as NF-AT and NF-«B or by
direct interaction with vitamin D responsive
elements in the promoter regions of cytokine
genes [41].
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Study %

D WMD (95% CI) Weight
1

Rehman F,2019 —— -0.06 (-0.23, 0.11) 18.85
1
1
1

Gade V.K.V,,2018 —_— 0.00 (-0.31, 0.31) 15.26
i
1

Bhat Y.J,2017 —— -0.20 (-0.39, -0.01) 18.53
1
1

Darwish NMM,2017 —e—o E -132(-1.81,-0.83)  10.69
1
1

Erpolat S,2017 — 0.00 (-0.21, 0.21) 17.92
1

Yilmaz N,2012 E e 0.10 (-0.08, 0.28) 18.75

Overall (I-squared = 83.8%, p = 0.000) ®> -0.17 (-0.40, 0.06) 100.00
1
i
1

NOTE: Weights are from random effects analysis :

T ' T
-1.81 0 181

Fig. 4 Forest plot of the meta-analysis of serum calcium level

The beneficial effect of vitamin D3 is medi-
ated through the prevention of strong Th1 cell
responses via the action on APCs, while simul-
taneously tilting the T cell response towards
Th2 dominance [41, 42]. The beneficial effect of
vitamin D supplementation was observed in the
prevention and treatment of autoimmune-me-
diated diseases [43-45], but no study was con-
ducted in patients with AA. A 7-year-old patient
with AA and reduced vitaminD receptor
expression recovered after topical application of
calcipotriol, a strong vitamin D analogue [46].
The mechanism of topical application of cal-
cipotriol in the restoration of hair cycle dys-
function is believed to regulate the
differentiation of different cells and the
expression of Toll-like receptors [44]. Therefore,
large prospective studies are required to confirm
the role of vitamin D supplementation in the
treatment of AA, especially the severe form,
which is commonly associated with other
autoimmune diseases [47].

This study had two strengths that likely
increased the reliability and clinical value of the
findings. First, compared with the previous two
studies [18, 19], the results of the present study
were more reliable as we extensively searched to
include all potentially eligible studies. Second,
unlike the two previous studies, our pooled
analysis of six studies revealed that patients
with AA did not have a statistically lower mean
serum calcium level compared with controls. A
plausible explanation of normal calcium level is
the compensatory increase in PTH during vita-
min D deficiency. Nevertheless, Darwish et al.
revealed lower levels of serum 25(OH)D and
calcium but comparable PTH level in patients
with AA compared with controls [22]; they also
showed a positive linear correlation between
serum vitamin D and serum calcium in patients
with AA. Yilmaz et al. also found no significant
difference in PTH level between patients with
AA and controls [20]. Thus, whether there is a
compensatory effect of increased PTH and how
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Vitamin D deficiency

Vitamin D
No. of

Table 2 continued

Y4 heterogeneity

P P (%)

Pheterogeneity No. of OR (95% CI)

IZ

WMD (95%CI)

articles

(%)

articles

0.007
0.006

— 9 (= 15.55, — 2.45)
— 1023 (= 17.51, — 2.95)

Pakistan

0.005

6.86 (1.78, 26.36)
1.73 (1.08, 2.79)
437 (271, 7.04)

Israel

0.023

Italy

< 0.001

USA

WMD weighted mean difference, OR odds ratio, CI confidence interval

it works in patients with AA need further
investigation.

This meta-analysis had several potential
limitations that must be considered when
interpreting the results. First, a meta-analysis is
unable to resolve problems with confounding
factors that could be inherent in the original
studies, although major potential confounders
had been adjusted for in most of the included
studies. Subgroup analysis suggested that the
heterogeneity of serum vitamin D level was
partially explained by matched controls, mean
age, and country, while heterogeneity of vita-
min D deficiency was partly explained by study
design, matched controls, and country. There-
fore, a random-effects model was used for the
synthesis of data in order to mitigate potential
variation between patients at an individual
patient data level. Second, the results of several
subgroups were based on a limited number of
studies, and therefore, the possibility of insuf-
ficient statistical power cannot be ruled out. For
example, the only study on pediatric patients
with AA reported no difference in serum
25(OH)D level between pediatric patients with
AA and pediatric controls [37]. Hence, caution
should be used for generalization of these find-
ings to pediatric patients with AA. Third, serum
25(OH)D concentration might be influenced by
numerous factors such as gender, age, ethnicity,
comorbidity, diet, sun exposure level, the sea-
son of blood sampling, and treatments, such as
phototherapy. Therefore, a Mendelian ran-
domization study might be useful to determine
the causal association between vitamin D and
AA. Fourth, most included studies defined
vitamin D deficiency as serum 25(OH)D level
below 20 ng/dL, but a few studies defined it as
below 30 ng/dL. However, subgroup analysis of
different definitions of vitamin D deficiency
was consistent with the overall analysis. Finally,
only studies published in English were inclu-
ded, and valuable data published in other lan-
guages might have been excluded.

CONCLUSIONS

Deficient serum 25(OH)D level, rather than
calcium level, was present in patients with AA.
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Screening for vitamin D deficiency and vita-
min D supplementation may be beneficial in
the treatment of patients with AA. As a result of
the limited data, we were unable to comment
on the potential additional effect of calcium
monitoring.
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