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Abstract
Background: Research suggests that Alopecia areata (AA) and Major Depressive 
Disorder (MDD) show substantial comorbidity. To date, no study has investigated 
the hypothesis that this is attributable to shared genetic aetiology.
Objectives: To investigate AA- MDD comorbidity on the epidemiological and mo-
lecular genetic levels.
Methods: First, epidemiological analyses were performed using data from a cohort 
of adult German health insurance beneficiaries (n = 1.855 million) to determine the 
population- based prevalence of AA- MDD comorbidity. Second, analyses were per-
formed to determine the prevalence of MDD in a clinical AA case– control sample 
with data on psychiatric phenotypes, stratifying for demographic factors to identify 
possible contributing factors to AA- MDD comorbidity. Third, the genetic overlap 
between AA and MDD was investigated using a polygenic risk score (PRS) approach 
and linkage disequilibrium score (LDSC) regression. For PRS, summary statistics 
from a large MDD GWAS meta- analysis (PGC- MD2) were used as the training sam-
ple, while a Central European AA cohort, including the above- mentioned AA pa-
tients, and an independent replication US- AA cohort were used as target samples. 
LDSC was performed using summary statistics of PGC- MD2 and the largest AA 
meta- analysis to date.
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I N TRODUC TION

Alopecia areata (AA) is a common non- scarring hair loss 
disease. It is characterized by reversible, recurrent or non- 
reversible patchy hair loss that can affect the entire scalp (al-
opecia totalis [AT]) or body (alopecia universalis [AU]).1 It is 
a polygenic autoimmune disease and its onset has been as-
sociated with infections and psychological stress; triggering 
factors are uncertain and the efficacy of available therapies 
is limited.2 While the course of the condition is medically 
benign, the loss of hair can be a main source of psycholog-
ical stress, a well- known risk factor for developing Major 
Depressive Disorder (MDD).3

Major Depressive Disorder is a common mental health 
disorder with a complex genetic aetiology. The leading 
symptoms are a constant feeling of low mood and/or loss 
of interest in all otherwise pleasurable activities (https://
www.who.int/news- room/fact- sheet s/detai l/depre ssion); 
MDD episodes differ from usual mood f luctuations and 
short- lived emotional responses, and at worst can lead 
to suicide. MDD is also characterized by a wider range 
of symptoms including feelings of guilt, delusions, and 
disturbances of cognition, activity levels, sleep and appe-
tite. Lifetime prevalence of MDD is ~20%,4 with females 
being affected almost twice as often as males.5 Main risk 
factors include traumatic events, chronic stress, being fe-
male and having a first- degree relative with an affective 
disorder.

Multiple studies have reported comorbidity between AA 
and MDD. This comorbidity was first observed in clinical 
AA collectives, with cross- study variation in lifetime MDD 
prevalence.6– 13 While findings in these clinical samples 
could have been biased, e.g., by a preponderance of indi-
viduals with psychological problems seeking help for AA, 
findings from population and register- based studies support 
such comorbidity.6,8,14,15 The direction of causality, however, 
is an open question, as MDD itself has been reported to be 
a risk factor for the development of AA.16,17 AA- MDD co-
morbidity may result from: (i) common aetiology, (ii) one 
disorder being a risk factor for the other, (iii) both disorders 
increasing the risk for the other, or (iv) ascertainment bias.

Clinical findings indicate that the immune system may 
play a crucial role in the comorbidity between AA and 

MDD.1 And so do genetics studies: Genome wide association 
studies (GWAS) for AA show that most of the 14 susceptibil-
ity loci identified to date are implicated in immunological 
processes.18,19 For MDD, the involvement of immunologi-
cal processes is widely suggested,20 and the extended Major 
Histocompatibility Complex (MHC) region, which is host-
ing many immune related genes, is one of the 101 inde-
pendent genome- wide significant loci identified to date via 
large- scale GWAS meta- analyses.21,22

The aim of the present study was to investigate comorbid-
ity of AA and MDD, identify influencing factors, and explore 
possible genetic basis underlying this comorbidity. First, 
routine healthcare data from a large population- based co-
hort of adult health insurance beneficiaries from the state of 
Saxony were analysed in order to generate population- based 
data on AA- MDD comorbidity in Germany. Second, anal-
yses were performed to determine the prevalence of MDD 
in an AA case– control cohort that had undergone extensive 
characterization of psychiatric disorder related phenotypes 
in order to identify possible moderating or confounding fac-
tors for AA- MDD comorbidity and to determine whether 
one disorder precedes the other. Third, at the molecular 
genetic level, large- scale GWAS data were leveraged to de-
termine a possible common genetic basis by calculating PRS 
for MDD and testing whether these could predict AA status. 
In the meta- analysed samples, genetic correlations between 
AA and MDD were calculated in order to identify a potential 
overlap.

M ATER I A L S A N D M ETHODS

Samples

Routine healthcare sample for the 
epidemiological analyses

Epidemiological analyses were performed using data com-
prising adults who were beneficiaries of the health insurance 
scheme of the German health insurance AOK PLUS between 
2005 and 2014 (n = 1,855,230; 54% female; average age [±SD]: 
46 [±26] years). These routine healthcare data were available 
due to a cooperation agreement between AOK PLUS and TU 

Results: High levels of AA- MDD comorbidity were reported in the population- based 
(MDD in 24% of AA patients), and clinical samples (MDD in 44% of AA patients). 
MDD- PRS explained a modest proportion of variance in AA case– control status 
(R2 = 1%). This signal was limited to the major histocompatibility complex (MHC) 
region on chromosome 6. LDSC regression (excluding MHC) revealed no significant 
genetic correlation between AA and MDD.
Conclusions: As in previous research, AA patients showed an increased prevalence 
of MDD. The present analyses suggest that genetic overlap may be confined to the 
MHC region, which is implicated in immune function. More detailed investigation 
is required to refine understanding of how the MHC is involved in the development 
of AA and MDD comorbidity.
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Dresden. The use of these data in medical research was ap-
proved by the Saxon State Ministry for Social Affairs and 
Social Cohesion.

For the present analyses, quarterly data on the onset of 
MDD and AA were drawn. Individuals who had received 
a minimum of two outpatient diagnoses of MDD or AA 
in different quarters within any 4- quarter period were 
defined as AA or MDD cases. To restrict the analyses to 
newly- incident cases, individuals who fulfilled this crite-
rion within the baseline period 2005– 2006 were excluded. 
All diagnoses in the AOK Cohort were assigned based on 
International Classification of Diseases (ICD)- 10 criteria 
(Alopecia Areata [AA]: L63, Major Depressive Disorder 
[MDD]: F32/F33).

BoMa AA cohort (clinical AA sample and 
controls)

In the BoMa AA cohort investigating comorbidity between 
AA and MDD, Central European (CEU) AA patients un-
derwent an assessment of MDD according to DSM criteria 
using telephone interviews and a comprehensive self- report 
questionnaire. AA cases (n = 606) were recruited via out-
patient clinics, dermatology practitioners, and AA self- 
support groups. Population- based controls (n  =  1204) for 
this sample were recruited from blood donation events 
hosted by the German Red Cross (DRK) in the state of 
Baden- Württemberg between 2009 and 2012. Data on 
MDD- related phenotypes were obtained from controls 
using detailed self- report questionnaires. Ethical approval 
for the study was obtained from the respective local inter-
nal review boards.

AA GWAS sample

A detailed description of the cohort is provided elsewhere.18 
Briefly, the cohort combined two previously established 
GWAS case– control cohorts from: (i) Central Europe 
(CEU- AA; 1387 cases and 1986 controls); and (ii) the US (US- 
AA; 1054 cases, 3255 controls). Together, these comprised a 
total of >3000 patients and >7500 controls. CEU- AA cases 
were recruited via outpatient clinics, dermatology practi-
tioners, and AA self- support groups; the AA patients in the 
BoMa AA cohort were a subsample of the CEU- AA cases. US- 
AA cases were recruited via the US National Alopecia Areata 
Registry (NAAR).23 CEU- AA controls were drawn from 
three large population- based epidemiological cohorts,24– 26 
which were established as universal GWAS controls within 
the German National Genome Research Network. US- AA 
controls were drawn from the New York Cancer Project27 
and the Cancer Genetic Markers of Susceptibility (CGEMS) 
breast and prostate cancer studies.28– 30

The GWAS and downstream analyses for the CEU- AA 
and US- AA samples were reviewed and approved by the 

respective institutional review boards, and were performed 
in accordance with the principles of the Declaration of 
Helsinki.

DNA preparation, genotyping, and quality control

A detailed description of all DNA extraction and geno-
typing methods is provided elsewhere.18 Briefly, DNA was 
extracted from whole blood using standard methods, in ac-
cordance with the manufacturers' recommendations. For 
the CEU- AA cohort, genotyping was performed in two 
batches, using Illumina 660 or Illumina Omni Express for 
patients, and Illumina HumanHap550 or Illumina Omni 
Express BeadChips for controls. For the US- AA cohort, 
Illumina HumanHap610 and HumanHap 550v2 BeadChips 
were used for cases and controls respectively, as described 
elsewhere.19 The CEU- AA and US- AA data were subjected 
to a stringent quality control (QC) procedure using PLINK 
1.90,18,31 (for details, see Appendix S1).

Statistical analysis

Epidemiological analysis in the routine 
healthcare sample

Poisson regression models with robust standard errors were 
calculated for both AA and MDD as binary response vari-
ables. For both disorders and across all models, sex was used 
as a covariate. Using available incidence data, Kaplan– Meier 
survival curves were calculated to evaluate survival time 
(age at onset) for AA and MD. As the proportional hazard 
assumption is violated in subjects aged >85 years, patients 
above this age cut- off were excluded.

Analysis of MDD prevalence in AA and 
moderating factors in the BoMa AA cohort

Demographic analyses were performed to determine the 
prevalence of MDD in the AA patients and DRK controls, 
with stratification for sex and first- degree family history 
of psychiatric disorders. In addition, in subjects with co-
morbid AA and MDD, ages at onset were examined to 
determine which disorder had developed first (age at 
onset for the first major depressive episode in the case 
of MDD), and whether the difference was sex- dependent. 
An index variable was calculated (AaO MDD –  AaO AA), 
and testing for differences from 0 was performed using 
t- tests.

In addition, analyses were performed to determine as-
sociations between AA severity and MDD prevalence. For 
this purpose, AA was stratified into: (i) patchy AA; and 
(ii) alopecia totalis (AT) and alopecia universalis (AU) 
combined.

 14683083, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18921 by Forschungszentrum

 Jülich G
m

bH
 R

esearch C
enter, W

iley O
nline L

ibrary on [22/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1550 |   
EXPLORING THE OVERLAP BETWEEN ALOPECIA AREATA AND MAJOR DEPRESSIVE DISORDER: 

EPIDEMIOLOGICAL AND GENETIC PERSPECTIVES

Genetic analyses

Polygenic risk scores (PRS) for MDD in  
CEU- AA sample

In PRS profiling, risk variants and effect sizes are identified 
in a GWAS of a particular disease, performed in a so- called 
training sample. These are used to generate risk scores re-
flecting risk burden for this disease for each individual in an 
independent sample, that is, the so- called target sample.32 In 
the present study, a large MDD sample from the Psychiatric 
Genomics Consortium (PGC- MD2 sample)22 was used as 
the training sample and the target sample was the CEU- AA. 
As an overlap in German controls existed between the 
training and target samples, all German samples from the 
PGC- MD2 dataset were excluded to avoid biased test results. 
The final training sample comprised 56,686 MDD cases and 
108,545 controls.

PRS were calculated using PRSice- 2.33 PRS analyses used 
a complete genome approach with clumping in order to re-
tain only one representative variant per region of Linkage 
Disequilibrium (LD) using a threshold of pairwise r2 < 0.1 
within a maximum distance of 500 kb. Three approaches 
were used: (i) regular clumping, keeping the whole MHC 
region, (ii) removing all but the top- SNP contained in the 
target data set from the extended MHC region (Chr6: 25– 
35 Mb), and (iii) completely removing the extended MHC 
region. For all three approaches, PRSs were calculated for a 
range of p- value thresholds (5 × 10−8, 1 × 10−6, 1 × 10−4, 0.001, 
0.01, 0.05, 0.1, 0.2, 0.5, 1.0).

Logistic regression analysis was performed to deter-
mine the contribution of MDD- PRS to AA status ad-
justing for population stratification (see Appendix  S1). 
Case– control status was specified as the dependent 
variable. Explained variability was estimated using 
Nagelkerke pseudo- R.

Replication of MDD- PRS in an independent 
sample (US- AA)

Using the above methods, PRS estimates were tested for 
association with AA status in the independent US- AA 
sample.18

Linkage disequilibrium score regression

LDSC incorporates information on LD structure in order 
to generate estimates for heritability of a disorder and ge-
netic correlations between disorders.34 For details, please 
see Bulik- Sullivan et al.34 and the SI. LDSC was applied to 
the AA- Meta18 and PGC- MD222 meta- analyses summary 
statistics. The 1000 Genomes dataset served as a refer-
ence panel for LD structure (https://www.inter natio nalge 
nome.org/data). The analyses involved a total of 1,057,819 
variants.

R E SU LTS

Epidemiological analysis in the routine 
healthcare sample

In the routine healthcare sample of n = 1.855 million, a total 
of n = 279,264 (15%) individuals fulfilled ICD- 10 criteria for 
MDD, and n = 6388 individuals (0.34%) for AA, respectively. 
N  =  1529 (0.55%) had comorbid AA- MDD corresponding 
to 0.34% of all MDD patients and 24% of all AA patients. 
The relative risk ratios for MDD (i) having AA and (ii) being 
female were: 1.39 (95% CI: 1.33– 1.45); and 2.23 (2.21– 2.25), 
respectively. For AA, the relative risk ratios (i) having MDD 
and (ii) being female were: 1.57 (95% CI: 1.47– 1.67) and 2.26 
(95% CI: 2.13– 2.39), respectively.

Figure  1a,b show Kaplan– Meier survival curves of 
MDD and AA, respectively, as stratified for sex, over the 
process variable (age). Figure  1c,d show Kaplan– Meier 
survival curves for MDD and AA, respectively, as strati-
fied for comorbid disease status. The incidence of AA in-
creased gradually from early childhood, while for MDD, 
an abrupt increase in incidence was observed in adoles-
cence. (Figure 1c,d).

MDD prevalence in AA and contributing factors 
in clinical sample

In the BoMa AA cohort, prevalence of MDD was higher in 
AA patients than in controls (44% versus 20%; Odds Ratio 
(OR) = 3.2, 95% confidence interval (CI) = [2.5– 3.9]). Females 

F I G U R E  1  Kaplan– Meier- Plots showing survival time until 
development of major depressive disorder (MDD) and alopecia areata 
(AA) in the routine healthcare sample. x- Axis shows age, y- axis depicts 
proportion of individuals still unaffected. (a) Time of survival until onset 
of MDD for males and females. (b) Time of survival until onset of AA for 
males and females. (c) Time of survival until onset of MDD for controls 
and AA patients. (d) Time of survival until onset of AA for controls and 
MDD patients.

(a) (b)

(c) (d)
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showed higher rates of MDD (34%) than males (18%). This 
was true for both AA cases (females 47% MDD, males 31% 
MDD; OR = 1.9, CI = [1.2– 3.0]) and controls (females 24% 
MDD, males 15% MDD, OR = 1.7, CI = [1.3– 2.3]; Figure 2).

Significantly higher rates of MDD were observed in indi-
viduals with a family history of psychiatric disorders (FH+: 
58%) than in those without (FH−: 31%, p = 1.5 × 10−10). This 
was observed in both AA cases (FH+: 61% MDD, FH−: 37% 
MDD, p = 1.1 × 10−6) and controls (FH+: 48% MDD, FH−: 
7.9% MDD, p = 1.3 × 10−6). Among AA patients, FH+ females 
had the highest rates of MDD (FH+female: 60%, FH+male: 50%, 
FH−female: 34%, FH−male: 20%; Figure 3).

In female but not male patients, hair loss severity was as-
sociated with MDD: a higher prevalence of MDD was ob-
served among AT/AU patients compared to patients with 
patchy AA (Figure 4).

Ages at onset of AA and MDD were strongly correlated 
in both males (r  =  0.73, p < 0.001) and females (r  =  0.55, 
p < 0.001; Figure 5).

A comparison of the difference in age at onset between 
AA and MDD revealed that on average, the first MDD ep-
isode occurred prior to AA onset (absolute mean of differ-
ences: 2.46 years, p = 0.013). No sex difference was observed 
for this finding (p = 0.96).

Polygenic risk scores

In the CEU- AA cohort, when all clumped SNPs from the 
MHC region were retained, the most informative threshold 
was the genome- wide significance level of 5 × 10−8, which 
generated an R2 of 1% (Figure 6a, p = 4 × 10−7). Removing all 
but the top SNP of this region led to a substantial reduction 
in R2, and the association test showed only a trend towards 
significance (p = 0.06, Figure 6b). When PRS were calculated 
with the complete exclusion of the extended MHC region, no 
signal was observed at any significance threshold (Figure 6c).

PRS replication

PRS results in the US- AA cohort were very similar. Again, 
the most informative threshold was 5 × 10−8, with an 

explained proportion of variance in AA case– control status 
of R2 = 0.3% (with the MHC included; p = 0.004; Figure 7a). 
When all but the top SNP of the MHC region (Figure  7b) 
and the entire MHC (Figure 7c) were removed, PRS were no 
longer informative of AA case– control status.

F I G U R E  2  Prevalence of major depressive disorder (MDD) in the 
BoMa AA cohort, as stratified according to alopecia areata (AA) case– 
control status and sex.
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F I G U R E  3  Prevalence of major depressive disorder (MDD) in 
alopecia areata patients of the BoMa AA cohort, as stratified according to 
family history (FH) of psychiatric disorders in first- degree relatives and 
sex.

No MDD
MDD

FH
Female
N = 149

FH
Male
N = 34

No FH
Female
N = 351

No FH
Male
N = 119

P
ro

po
rt

io
n 

of
 M

D
D

 in
 %

0

20

40

60

80

100

F I G U R E  4  Prevalence of major depressive disorder (MDD) in 
alopecia areata (AA) patients of the BoMa AA cohort, as stratified 
according to sex and AA severity (AT, Alopecia totalis; AU, alopecia 
universalis).
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F I G U R E  5  Ages at onset for alopecia areata (AA) and major 
depressive disorder (MDD) in comorbid cases within the BoMa AA 
cohort. Solid diagonal line denotes the point at which the two ages at 
onset were equal.

0 10 20 30 40 50 60 70

0
10

30
50

70

Age at onset AA

A
ge

 a
t o

ns
et

 M
D

D

Female
Male

 14683083, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18921 by Forschungszentrum

 Jülich G
m

bH
 R

esearch C
enter, W

iley O
nline L

ibrary on [22/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1552 |   
EXPLORING THE OVERLAP BETWEEN ALOPECIA AREATA AND MAJOR DEPRESSIVE DISORDER: 

EPIDEMIOLOGICAL AND GENETIC PERSPECTIVES

LDSC regression

SNP- based heritability was 0.45 (SE = 0.08, z = 5.6) for AA 
and 0.08 for MD (SE = 0.005, z = 16) on the observed scale. 
No significant genetic correlation was observed between AA 
and MDD (rg = 0.01, SE = 0.07, z = 0.14, p = 0.89).

DISCUSSION

The present analyses generated evidence for a relationship 
between AA and MDD at the population level as well as in 
a clinical sample. The genetic analyses indicated a possible 
genetic overlap confined to the MHC region.

Epidemiological studies have shown an association be-
tween autoimmune diseases and mood disorders, although 
the issue of whether the potential relationship is uni-  or bi- 
directional remains unclear. Depending on the disease, the 
relationship may be either or both,17,35– 38 with some more 
recent publications on AA and MDD having generated data 
in support of the latter.17,38 The present study confirms prior 
findings also for Germany that individuals with AA or MDD 
are at increased risk of developing the other disease. With 

respect to the relationship of the two disorders, neither the 
population- based models nor the results from the BoMa AA 
cohort did generate an unequivocal indication of direction. 
However, the following observation may be of interest: In the 
BoMa AA cohort, in patients comorbid for AA and MDD, a 
strong correlation was observed between the ages at onset. 
The age at onset for MDD was on average earlier than that 
for AA, a finding that needs replication.

Our further findings in the BoMa AA cohort may be of 
potential clinical value, raising awareness of risk for MDD in 
AA patients, especially in female patients, and also in those 
who have a family history of psychiatric disorders.

The genetic analyses revealed that the MD2- PRS ex-
plained a small proportion of AA case– control status. This 
finding was replicated in an independent sample. The ob-
servation that in both samples this signal vanished when the 
MHC region was removed from the SNP set suggests that 
any possible genetic overlap between AA and MDD is con-
fined to the MHC region on chromosome 6.

The MHC encodes many of the molecules that are in-
volved in the immune response.39 Alleles of HLA (human 
leukocyte antigen) genes within the MHC have shown 
strong associations with AA in several studies, with 

F I G U R E  6  Results of polygenic risk score (PRS) association tests in the CEU- AA sample. Values indicated above the bars denote the p- value for the 
association of PRS with alopecia areata case control status after adjustment for population stratification.
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HLA- DR representing the key etiological driver.18,19,40,41 
Significant correlations between MDD and variants in the 
MHC region have been found in recent GWAS.21,22,42– 44 
However, recent work suggests that HLA variants asso-
ciated with MDD are either rare or have only modest ef-
fect sizes.45 Although the use of summary statistics and 
genome- level methods precludes a close examination of 
the implicated risk alleles, the present results point to the 
involvement of the MHC in both AA and MDD. Given 
the heterogeneous nature of MDD phenotypes, the ob-
served genetic overlap at the MHC region may represent 
a distinct disease (sub)phenotype (or constellation of 
specific symptoms) where individuals who are enriched 
for autoimmune risk alleles develop both MDD and AA. 
This suggests that the comorbidity observed on the epi-
demiological level may be attributable to this enrichment 
in a subgroup of patients and in others to one disorder 
acting as a stressor or trigger for the onset of the other, 
rather than to the presence of a broad shared genetic 
aetiology.

One of the strengths of the present study was the use of 
a routine healthcare sample that enabled a selection/recall- 
bias free assessment and verification of the previously re-
ported AA- MDD comorbidity in the literature.

Data from the routine healthcare sample were drawn 
from 2005– 2014. While this is a considerable length of 
time, people who have developed MDD or AA outside of 
the study period are not captured. We observed in our 
clinical sample that while in many cases the onset of both 
disorders occurs within such a time frame, it can also 
occur farther apart. A full picture of correlation across 
the lifespan would be desirable, and may be possible in na-
tional registers.

Next, the routine healthcare sample was taken from a 
public health insurance institution which represents the vast 
majority of the population in Germany but may not general-
ize to all social backgrounds.

Another limitation of the present study was the size of 
the clinical/genetic analysis sample. While larger than those 
used in many studies to date, we are unable to exclude that a 
possible genetic overlap remained undetected. It should also 
be noted that the genetic results are derived from analysis of 
individuals of European ancestry, and it is of interest to test 
if these results can generalize to people of other ancestries.

Finally, this analysis accounted for sex as a contributing 
factor, but did not consider other covariates with potential 
effects, such as socio- economic status, childhood trauma, 
somatic disorders, etc. and future research should incorpo-
rate parameters such as these to better dissect underlying 
factors.

In conclusion, our study confirms that AA patients have a 
substantially increased prevalence of MDD compared to the 
general population, with MDD being especially prevalent in 
females and individuals with a family history of psychiatric 
disorders. This comorbidity appears not to be due to a broad 
genetic overlap; if at all, shared genetic predisposition seems 
to be confined to the MHC region.

AC K NO W L E  D G E  M E N T S
We thank the survey respondents and telephone inter-
viewees of the BoMa AA cohort who took valuable time to 
participate in the study. Open Access funding enabled and 
organized by Projekt DEAL.

F U N DI NG I N FOR M AT ION
This work was supported by the German Federal Ministry 
of Education and Research through grants 01EW1904 
EMBED (to MR), Integrament 01ZX1314A & 01ZX1614A 
(to MMN), Integrament 01ZX1314G & 01ZX1614G (to MR), 
Target- OXY 031L0190A (to JCF) and Moods 01GS08147 
(to MR). RCB and MMN are funded by the German re-
search Foundation, under the auspices of the Germany 
Excellence Strategy (EXC2151 –  3 908 730 48).  Funding  
from the United States National I nst itu tes of Health include
d K01AR075111 (to LP) and P50AR070588 (to AMC).

C ON F L IC T OF I N T E R E S T S TAT E M E N T
JS reports institutional grants for investigator- initiated re-
search from the German GBA, the BMG, BMBF, EU, Federal 
State of Saxony, Novartis, Sanofi, ALK, and Pfizer. He also 
participated in advisory board meetings as a paid consultant 
for Sanofi, Lilly, and ALK. AMC reports research grant sup-
port from Bristol Myers Squibb, Pfizer, and Sanofi Genzyme. 
She has received fees as consultant/scientific advisor from 
Aclaris Therapeutics, Almirall, Arcutis Biotherapeutics, 
Bioniz Therapeutics, Dermira, Intrinsic Medicine, Janssen 
Pharmaceuticals and Pfizer, is named as coinventor on 
several patents for methods of hair follicle neogenesis and 
the use of JAK inhibitors in hairloss disorders. Further she 
serves as secretary treasurer of the American Hair Research 
Society and previously served as president of the Society 
for Investigative Dermatology, serves on/chairs the scien-
tific advisory boards for the Dystrophobic EB Research 
Association of America, and the National Alopecia Areata 
Foundation. She also is a shareholder of Aclaris Therapeutics 
and Intrinsic Medicine. The other authors have no conflicts 
of interest to declare.

DATA AVA I L A BI L I T Y S TAT E M E N T
Summary statistics for MDD used in this study are available 
for download at https://pgc.unc.edu/for- resea rcher s/downl 
oad- resul ts/. Individual clinical data, genotypes and health 
insurance data from AOK PLUS are not available due to 
German data protection and privacy regulations. Summary 
statistics may be available on reasonable request.

ORC I D
J. C. Foo   https://orcid.org/0000-0003-1067-5725 
J. Guo   https://orcid.org/0000-0002-9774-9856 
R. C. Betz   https://orcid.org/0000-0001-5024-3623 

R E F E R E N C E S
 1. Bain KA, McDonald E, Moffat F, Tutino M, Castelino M, Barton 

A, et al. Alopecia areata is characterized by dysregulation in 
systemic type 17 and type 2 cytokines, which may contribute 

 14683083, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18921 by Forschungszentrum

 Jülich G
m

bH
 R

esearch C
enter, W

iley O
nline L

ibrary on [22/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://pgc.unc.edu/for-researchers/download-results/
https://pgc.unc.edu/for-researchers/download-results/
https://orcid.org/0000-0003-1067-5725
https://orcid.org/0000-0003-1067-5725
https://orcid.org/0000-0002-9774-9856
https://orcid.org/0000-0002-9774-9856
https://orcid.org/0000-0001-5024-3623
https://orcid.org/0000-0001-5024-3623


1554 |   
EXPLORING THE OVERLAP BETWEEN ALOPECIA AREATA AND MAJOR DEPRESSIVE DISORDER: 

EPIDEMIOLOGICAL AND GENETIC PERSPECTIVES

to disease- associated psychological morbidity. Br J Dermatol. 
2020;182(1):130– 7.

 2. Meah N, Wall D, York K, Bhoyrul B, Bokhari L, Asz- Sigall D, et al. 
The alopecia Areata consensus of experts (ACE) study part II: results 
of an international expert opinion on diagnosis and laboratory evalu-
ation for alopecia areata. J Am Acad Dermatol. 2021;84(6):1594– 601.

 3. Hunt N, McHale S. The psychological impact of alopecia. BMJ. 
2005;331(7522):951– 3.

 4. Schneider F, Härter M, Schorr S. S3- Leitlinie/Nationale 
VersorgungsLeitlinie Unipolare depression. Berlin: Springer- Verlag; 
2017.

 5. Steffen A, Thom J, Jacobi F, Holstiege J, Batzing J. Trends in preva-
lence of depression in Germany between 2009 and 2017 based on na-
tionwide ambulatory claims data. J Affect Disord. 2020;271:239– 47.

 6. Koo JY, Shellow WV, Hallman CP, Edwards JE. Alopecia areata 
and increased prevalence of psychiatric disorders. Int J Dermatol. 
1994;33(12):849– 50.

 7. Ruiz- Doblado S, Carrizosa A, Garcia- Hernandez MJ. Alopecia areata: 
psychiatric comorbidity and adjustment to illness. Int J Dermatol. 
2003;42(6):434– 7.

 8. Singam V, Patel KR, Lee HH, Rastogi S, Silverberg JI. Association of 
alopecia areata with hospitalization for mental health disorders in US 
adults. J Am Acad Dermatol. 2019;80(3):792– 4.

 9. Toussi A, Barton VR, Le ST, Agbai ON, Kiuru M. Psychosocial and 
psychiatric comorbidities and health- related quality of life in alopecia 
areata: a systematic review. J Am Acad Dermatol. 2021;85(1):162– 75.

 10. Tucker P. Bald is beautiful?: the psychosocial impact of alopecia 
areata. J Health Psychol. 2009;14(1):142– 51.

 11. Colon EA, Popkin MK, Callies AL, Dessert NJ, Hordinsky MK. 
Lifetime prevalence of psychiatric disorders in patients with alopecia 
areata. Compr Psychiatry. 1991;32(3):245– 51.

 12. Ghanizadeh A. Comorbidity of psychiatric disorders in children and 
adolescents with alopecia areata in a child and adolescent psychiatry 
clinical sample. Int J Dermatol. 2008;47(11):1118– 20.

 13. Montgomery K, White C, Thompson A. A mixed methods survey 
of social anxiety, anxiety, depression and wig use in alopecia. BMJ 
Open. 2017;7(4):e015468.

 14. Tzur Bitan D, Berzin D, Kridin K, Cohen A. The association be-
tween alopecia areata and anxiety, depression, schizophrenia, and 
bipolar disorder: a population- based study. Arch Dermatol Res. 
2021;314(5):463– 8.

 15. Chu SY, Chen YJ, Tseng WC, Lin MW, Chen TJ, Hwang CY, et al. 
Psychiatric comorbidities in patients with alopecia areata in Taiwan: 
a case- control study. Br J Dermatol. 2012;166(3):525– 31.

 16. Cohen S, Janicki- Deverts D, Doyle WJ, Miller GE, Frank E, 
Rabin BS, et al. Chronic stress, glucocorticoid receptor resis-
tance, inf lammation, and disease risk. Proc Natl Acad Sci USA. 
2012;109(16):5995– 9.

 17. Vallerand IA, Lewinson RT, Parsons LM, Hardin J, Haber RM, 
Lowerison MW, et al. Assessment of a bidirectional association 
between major depressive disorder and alopecia Areata. JAMA 
Dermatol. 2019;155(4):475– 9.

 18. Betz RC, Petukhova L, Ripke S, Huang H, Menelaou A, Redler S, 
et al. Genome- wide meta- analysis in alopecia areata resolves HLA 
associations and reveals two new susceptibility loci. Nat Commun. 
2015;6:5966.

 19. Petukhova L, Duvic M, Hordinsky M, Norris D, Price V, Shimomura 
Y, et al. Genome- wide association study in alopecia areata implicates 
both innate and adaptive immunity. Nature. 2010;466(7302):113– 7.

 20. Beurel E, Toups M, Nemeroff CB. The bidirectional relation-
ship of depression and inflammation: double trouble. Neuron. 
2020;107(2):234– 56.

 21. Howard DM, Adams MJ, Clarke TK, Hafferty JD, Gibson J, Shirali 
M, et al. Genome- wide meta- analysis of depression identifies 102 in-
dependent variants and highlights the importance of the prefrontal 
brain regions. Nat Neurosci. 2019;22(3):343– 52.

 22. Wray NR, Ripke S, Mattheisen M, Trzaskowski M, Byrne EM, 
Abdellaoui A, et al. Genome- wide association analyses identify 44 

risk variants and refine the genetic architecture of major depression. 
Nat Genet. 2018;50(5):668– 81.

 23. Duvic M, Norris D, Christiano A, Hordinsky M, Price V. Alopecia 
areata registry: an overview. J Investig Dermatol Symp Proc. 
2003;8(2):219– 21.

 24. Schmermund A, Mohlenkamp S, Stang A, Gronemeyer D, Seibel R, 
Hirche H, et al. Assessment of clinically silent atherosclerotic disease 
and established and novel risk factors for predicting myocardial in-
farction and cardiac death in healthy middle- aged subjects: rationale 
and design of the Heinz Nixdorf RECALL study. Risk factors, evalua-
tion of coronary calcium and lifestyle. Am Heart J. 2002;144(2):212– 8.

 25. Wichmann HE, Gieger C, Illig T, Group MKS. KORA- gen- - resource 
for population genetics, controls and a broad spectrum of disease 
phenotypes. Gesundheitswesen. 2005;67(Suppl 1):S26– 30.

 26. Krawczak M, Nikolaus S, von Eberstein H, Croucher PJ, El Mokhtari 
NE, Schreiber S. PopGen: population- based recruitment of patients 
and controls for the analysis of complex genotype- phenotype rela-
tionships. Community Genet. 2006;9(1):55– 61.

 27. Mitchell MK, Gregersen PK, Johnson S, Parsons R, Vlahov D, New York 
Cancer Project. The New York Cancer project: rationale, organization, 
design, and baseline characteristics. J Urban Health. 2004;81(2):301– 10.

 28. Hunter DJ, Kraft P, Jacobs KB, Cox DG, Yeager M, Hankinson SE, 
et al. A genome- wide association study identifies alleles in FGFR2 
associated with risk of sporadic postmenopausal breast cancer. Nat 
Genet. 2007;39(7):870– 4.

 29. Plenge RM, Seielstad M, Padyukov L, Lee AT, Remmers EF, Ding 
B, et al. TRAF1– C5as a risk locus for rheumatoid arthritis— a 
Genomewide study. N Engl J Med. 2007;357(12):1199– 209.

 30. Yeager M, Orr N, Hayes RB, Jacobs KB, Kraft P, Wacholder S, et al. 
Genome- wide association study of prostate cancer identifies a second 
risk locus at 8q24. Nat Genet. 2007;39(5):645– 9.

 31. Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ. 
Second- generation PLINK: rising to the challenge of larger and richer 
datasets. Gigascience. 2015;4:7.

 32. International Schizophrenia Consortium, Purcell SM, Wray NR, 
Stone JL, Visscher PM, O'Donovan MC, et al. Common polygenic 
variation contributes to risk of schizophrenia and bipolar disorder. 
Nature. 2009;460(7256):748– 52.

 33. Choi SW, O'Reilly PF. PRSice- 2: polygenic risk score software for 
biobank- scale data. Gigascience. 2019;8(7):giz082.

 34. Bulik- Sullivan BK, Loh PR, Finucane HK, Ripke S, Yang J, Schizophrenia 
Working Group of the Psychiatric Genomics Consortium, et al. LD 
score regression distinguishes confounding from polygenicity in 
genome- wide association studies. Nat Genet. 2015;47(3):291– 5.

 35. Andersson NW, Gustafsson LN, Okkels N, Taha F, Cole SW, Munk- 
Jorgensen P, et al. Depression and the risk of autoimmune disease: 
a nationally representative, prospective longitudinal study. Psychol 
Med. 2015;45(16):3559– 69.

 36. Benros ME. Autoimmune diseases can be associated with depression. 
Evid Based Ment Health. 2016;19(4):e27.

 37. Euesden J, Danese A, Lewis CM, Maughan B. A bidirectional rela-
tionship between depression and the autoimmune disorders –  new 
perspectives from the national child development study. PLoS ONE. 
2017;12(3):e0173015.

 38. Dai YX, Tai YH, Chen CC, Chang YT, Chen TJ, Chen MH. 
Bidirectional association between alopecia areata and major depres-
sive disorder among probands and unaffected siblings: a nationwide 
population- based study. J Am Acad Dermatol. 2020;82(5):1131– 7.

 39. Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. The major his-
tocompatibility complex and its functions. Immunobiology: the im-
mune system in health and disease. 5th ed. New York, NY: Garland 
Science; 2001. p. 155– 84.

 40. Forstbauer LM, Brockschmidt FF, Moskvina V, Herold C, Redler S, 
Herzog A, et al. Genome- wide pooling approach identifies SPATA5 
as a new susceptibility locus for alopecia areata. Eur J Hum Genet. 
2012;20(3):326– 32.

 41. Oka A, Takagi A, Komiyama E, Yoshihara N, Mano S, Hosomichi K, 
et al. Alopecia areata susceptibility variant in MHC region impacts 

 14683083, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18921 by Forschungszentrum

 Jülich G
m

bH
 R

esearch C
enter, W

iley O
nline L

ibrary on [22/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 1555FOO et al.

expressions of genes contributing to hair keratinization and is in-
volved in hair loss. EBioMedicine. 2020;57:102810.

 42. Howard DM, Adams MJ, Shirali M, Clarke TK, Marioni RE, Davies 
G, et al. Genome- wide association study of depression phenotypes in 
UK biobank identifies variants in excitatory synaptic pathways. Nat 
Commun. 2018;9(1):1470.

 43. Hyde CL, Nagle MW, Tian C, Chen X, Paciga SA, Wendland JR, et al. 
Identification of 15 genetic loci associated with risk of major depres-
sion in individuals of European descent. Nat Genet. 2016;48(9):1031– 6.

 44. Li H, Chang H, Song X, Liu W, Li L, Wang L, et al. Integrative analyses 
of major histocompatibility complex loci in the genome- wide associa-
tion studies of major depressive disorder. Neuropsychopharmacology. 
2019;44(9):1552– 61.

 45. Glanville KP, Coleman JRI, Hanscombe KB, Euesden J, Choi SW, 
Purves KL, et al. Classical human leukocyte antigen alleles and C4 
haplotypes are not significantly associated with depression. Biol 
Psychiatry. 2020;87(5):419– 30.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Foo JC, Redler S, Forstner AJ, 
Basmanav FB, Pethukova L, Guo J, et al. Exploring 
the overlap between alopecia areata and major 
depressive disorder: Epidemiological and genetic 
perspectives. J Eur Acad Dermatol Venereol. 
2023;37:1547– 1555. https://doi.org/10.1111/jdv.18921

 14683083, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18921 by Forschungszentrum

 Jülich G
m

bH
 R

esearch C
enter, W

iley O
nline L

ibrary on [22/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/jdv.18921

	Exploring the overlap between alopecia areata and major depressive disorder: Epidemiological and genetic perspectives
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Samples
	Routine healthcare sample for the epidemiological analyses
	BoMa AA cohort (clinical AA sample and controls)
	AA GWAS sample
	DNA preparation, genotyping, and quality control

	Statistical analysis
	Epidemiological analysis in the routine healthcare sample
	Analysis of MDD prevalence in AA and moderating factors in the BoMa AA cohort

	Genetic analyses
	Polygenic risk scores (PRS) for MDD in CEU-­AA sample
	Replication of MDD-­PRS in an independent sample (US-­AA)
	Linkage disequilibrium score regression


	RESULTS
	Epidemiological analysis in the routine healthcare sample
	MDD prevalence in AA and contributing factors in clinical sample
	Polygenic risk scores
	PRS replication
	LDSC regression

	DISCUSSION
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


