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Abstract

Background: Evidence of Thl/interferon (IFM)over-activation as major pathogenic driver
somewhat conflicts with data supporting robustrgitebackground in alopecia areata (AA)
patients. Previous investigations of immunologisrégulations show both Thl and Th2-
related markers are over-expressed in AA. Clinbcaielations in large populations may shed
light on the immune pathways most likely to resulthe clinical phenotype of AA.

Objective: To investigate the atopic comorbidities among gua with AA in a large,
population-based study.

Methods: This is a cross-sectional retrospective study & patients and a matched
comparison group, analyzing the associations betwe& and four atopic comorbidities:
asthma, atopic dermatitis (AD), allergic rhiniteg)d allergic conjunctivitis. Chi-square and t-
tests were used for univariate analysis, and liogistgression model was used for
multivariate analysis. The study was performedainiyy the computerized database of Clalit
Health Services ensuring 4.4 million subjects.

Results: The study population includes 51,561 AA patientsl &1,410 matched control
subjects. The prevalence of asthma (7.8% vs. 66R;1.22; 95%CI 1.17-1.2$<0.001),
AD (3.9% vs. 2.6%; OR 1.55; 95%CI 1.44-1,.$60.001), allergic rhinitis (16.0% vs. 12.8%;
OR 1.29; 95%CI 1.25-1.34<0.001), and allergic conjunctivitis (23.5% vs.@%; OR 1.27;
95%CI 1.23-1.30p <0.001) was significantly higher among patients with as compared to
matched control subject8A patients also had significantly higher probailio have more
than one atopic comorbidity, with increasing OR the number of concomitant atopic

conditions increases.
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Conclusion: Our analysis supports the previous literature @odides strong generalizability
of significant atopy in AA patients, suggesting Tpgthogenicity in AA, and challenging the

traditional view of AA as a single axis, Thl-cemigdisease.
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Highlights box - no longer than 35 wordsin each

* What is already known about this topic? There i#latiing evidence for both
Thl/interferon (IFNy and Th2-related markers as drivers of the inflatonygorocess of
alopecia areata (AA).

* What is already known about this topic? AA patidmd significant atopic associations
as compared to a matched control group, in liné wievious, smaller-scale publications.
These findings lend weight to the concept of Thevsikg in AA.

* What is already known about this topic? Our stwegforces a rationale for Th2-
targeting approaches in patients with AA.

Key words: Alopecia areata, population based, atopic dermmasisthma, allergic rhinitis,

allergic conjunctivitis, comorbidities, atopy, bigta.

Abbreviations used:

AA: Alopecia areata

AD: Atopic dermatitis

CHS: Clalit Health Services
Cl: Confidence interval

OR: Odds ratio
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I ntroduction
Alopecia areata (AA) is a common dermatologic diseaffecting up to 2% of the population,
and is characterized by non-scarring hair f65<linical presentations range from patchy,
circumscribed hair loss to alopecia totalis or ensalis (complete loss of scalp hair or scalp and
body hair, respectively) Despite significant emotional and psychosociaress for patients and
their families’ AA has no definitive, safe, and effective treathféhand the incomplete
understanding of AA pathogenesis hinders furtherapeutic developments® While consensus
exists for the hair follicle immune privilege diption as a trigger of hair follicle immune
attack!! the immune pathways driving the inflammatory res@oresulting in hair loss are not
yet fully elucidated. Traditionally, Thl/interferbRNy-related cytokines and chemokines have
been viewed as chief players in AA initiation andiimtenance, as supported by animal
modelst?*3The newly introduced Janus kinase/JAK inhibitoesevalso shown to downregulate
Th1/IFNy and associated markers, along with other immumes,ssuch as Th2 coupled with up-
regulations of hair keratiné:*® Moreover, dysregulations of Th1/IFNTh2, IL-9, PDE4, and
Th17/IL-23 were found in several human and in mo@gestudies'**”*®Increasing evidence
for a possible role of Th2 immune pathway in Afsigoported by the high levels of Th2- related
cytokines (e.g. IL-4, IL-5, IL-10) in skin and semuof AA patients, as well as findings of
eosinophilia and elevated IgE levels in blood fram patients'’****Moreover, genetic studies
have identified polymorphisms in filaggrin, IL-4nc 1L-13 (key players of the Th2 pathway) in
AA patients, and associated filaggrin mutationsw#A severity*®?%23

Few preliminary epidemiological studies and metakges have shown a higher
prevalence of atopic diseases, such as atopic tgsm@D), asthma, and allergic rhinitis

(commonly driven by Th2-skewing) in patients withAA hinting towards a shared
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immunological background in these conditidi$?® Last, the therapeutic armamentarium
available for patients with atopic conditions, inding AD, is rapidly expanding,and it is thus
important to further understand the associatiomadxen these conditions and AA.

We investigated the association between AA and rEtéted diseases in a uniquely large
and detailed database from Israel, in which patidate long-term follow-up of various health-
related systems. We opted to complement previotesssigygesting Th2 skewing in AA patients.
To the best of our knowledge, this is the largegiypation-based study investigating the atopic

comorbidities of AA patients, encompassing more tha million patients.

M ethods
Study design and setting

The current study was designed as a cross-secti@iadspective study utilizing
information from the Clalit Health Services (CHSatabase. CHS is the largest health
maintenance organization in Israel, serving a patmn of approximately 4,400,000 as for 2017.
CHS has a comprehensive computerized databasanggksant real-time input from medical,
administrative, and pharmaceutical computerizedaipgy systems that enables data collection
for epidemiological studies. The validity of diages in this dataset, which are based on reports
from both hospital and primary care physicians specialists, was proven highly reliailé
chronic disease register is gathered from thesa datirces and continuously updated and
validated through algorithmic checksThe current study was approved by the institaion
ethical board of Ben-Gurion University and CHS.

Study population and covariates
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All medical records of CHS enrollees were scredoedhe diagnosis of AA, and data on
prevalent cases of AA was retrieved. The diagnofsSA was based on the documentation of an
AA-specific diagnostic code registered by a boadified dermatologist. A comparison group
of individuals without AA was selected through Inhtching based on age, sex, ethnicity, and
primary care practice. The control group was rangaalected from the list of CHS enrollees'
frequency-matched to cases, excluding case patmtiisAA. Age matching was grounded on
the exact year of birth (1-year strata).

Other covariates in the analysis included: comortmehditions as determined using
Charlson comorbidity inde¥, a weighted index used to categorize the degreembrbidity of
a patient by taking into account the number andogeness of comorbid conditions. This
validated method has been shown to be a robusicpredf mortality and it correlates positively
with a fatal outcomé® Socioeconomic status was defined according tgptverty index of the
patient's residence area as defined during the R@@i®nal Census. The population was divided
into 3 categories according to their poverty indew, intermediate, and high) Data on
ethnicity was based on the address of the patignit'sary care clinic. The vast majority of the
Arab population in Israel resides in highly homogen Arab towns and villages. Patients
affiliated to healthcare facilities in these tovare designated as belonging to the “Arab Sector”.
Thus, primary care clinic location represents athetly precise measure of the ethnicity of
patients in Israel.

Statistical analysis

The distribution of sociodemographic and clinicadtires was compared between case

and control subjects using chi-square test for a@k socioeconomic status, and t-test for age.

Conditional logistic regression was then used foutate adjusted odds ratio (OR), and 95%



156 confidence interval (Cl), to compare cases androtmivith respect to the presence of atopic
157 comorbidities. All statistical analyses were pemfed using SPSS software, version 23 (SPSS,

158 Chicago, IL, USA).

159
160 Results
161 Our study population comprised of 51,561 patienith \A and 51,410 age- and sex-

162 matched control subjects. The mean age (tfstandavéhattbn/SD) of patients with AA was
163 34.1+17.1, which is identical to that of controbgacts at the date of enrollment. Overall, 20,476
164 (39.7%) of AA patients were females and a similapprtion was documented among controls.
165 No significant differences in ethnic background @odioeconomic status were noted between
166 the two groups. Comorbidity rates, measured by @ftearlson comorbidity index, were
167 comparable between the two groups, with 1,352 (2.8% patients and 1,354 (2.6%) control
168 subjects experiencing severe comorbidities. Thennheay mass index (BMI) was lower among
169 patients with AA Table 1).

170 We evaluated the presence of four atopic conditi@i3, asthma, allergic rhinitis, and
171 allergic conjunctivitis) among AA patients and amhtgroups. Table 2 demonstrates the
172 proportions of AA patients and controls with atogiemorbidities stratified by sex and age
173 category. The prevalence of asthma (7.8% vs. 6{5%0;001), AD (3.9% vs. 2.6%; p<0.001),
174  allergic rhinitis (16.0% vs. 12.8%; p<0.001), ankergic conjunctivitis (23.5% vs. 19.6%;
175 p<0.001) was significantly higher among patients with as compared to matched control
176 subjects. In both AA and controls, the highest plence of both AD and Allergic conjunctivitis
177 was reported in patients younger than 20 yeargefTaable 3 presents the results of univariate

178 and logistic regression models, and summarizes fORatopic conditions in patients with AA
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and controls across the entire study sample. Anioclgded atopic diseases, AD demonstrated
the strongest association with AA (OR, 1.55; 95% 1C44-1.66). A milder, but still statistically
significant increase, was observed in the oddsthfea (OR, 1.22; 95% CI, 1.17-1.28), allergic
rhinitis (OR, 1.29; 95% CI, 1.25-1.34), and allerigonjuncitivits (OR, 1.27; 95% CI, 1.23-
1.30) among patients with AA relative to controbgcts. In a multivariate logistic regression
model, adjustment for age, sex, ethnicity, socioeauc status, and comorbidities did not
interfere with any of the aforementioned significassociationsT{able 3).

We compared the characteristics of patients with gxAsenting with comorbid atopic
diseases relative to patients with isolated AAlfle 4). Patients with comorbid asthma and AD
presented with their AA at a significantly earlege, whereas patients with comorbid allergic
rhinitis developed AA at an older age. An overwhelgnmale preponderance was observed
among patients with AA and comorbid allergic rhmitwhereas a slighter female predominance
emerged among patients with AA and comorbid AD alfefgic conjunctivitis. Notably, patients
with AA and comorbid allergic rhinitis, AD and, & lesser extent, allergic conjunctivitis were
less frequently exposed to cigarette smokihgo{e 4).

Lastly, we investigated the association betweernngaone or more atopic comorbidities
in AA patients as compared to controls. The prewadeof at least a single atopic comorbidity
was greater among patients with AA as compared awatral subjects (39.5% vs. 32.9%,
respectively; OR, 1.33; 95% CI, 1.30-1.37; p<0.00mhe prevalence of two or more?2)
concomitant atopic conditions was significantlytleg among AA patients than controls (10.1%
vs. 7.5%, respectively; OR, 1.39; 95% CI, 1.34—1p¥0.001). When the probability of having
three or moreX3) concomitant atopic conditions was compared, everore robust association

was revealed (1.5% vs. 1.0%, respectively; OR, ;1%4% CI, 1.37-1.72; p<0.001). All the
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aforementioned associations were robust to a nawitite analysis adjusting for age, sex,

ethnicity, socioeconomic status, and comorbidifieable 5).

Discussion

Various comorbidities been reported in patientshwhA, including psychological,
autoimmune, and atopic disea$&8>%°>* However, the association between AA and atopic
diseases has been evaluated in small cofitf¥sin the current population-based study, we
investigated the prevalence of atopic comorbidiiiess1,561 patients with AA and 51,410
matched controls, to better characterize thesecmdmms. Of all four atopic comorbidities
included in this study, the most robust associaibAA was with concomitant AD. The most
prevalent atopic disease in the entire cohort wksgéc conjunctivitis, similar to previous
publications®® and AA was also significantly associated with ttosdition, although to a lesser
extent in comparison with.

AA patients with concomitant AD and asthma wereoaisded with an earlier onset of
AA, similar to prior report$>? This together with the fact that early AA onsetdsognized as a
risk factor for more recalcitrant diseaSepotentially support a shared underlying immune
dysregulation in the disease burden of AA and tiopia comorbidities. Notably, significanly
more AA patients with concomitant AD, allergic riig, and allergic conjuctivitis were non-
smokers, theoratically hinting towards an antianfimatory, nicotine-mediated effect, as seen in
ulcerative colitis and pemphigd$®® Despite these findings, because the overall hazafd
smoking are well known, and lung cancer-related tatiity is particularly higher in AA

patients®® smoking cessation recommendations should stiitfEssed in AA patients.
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Since atopic diseases are often manifested conaottyit a phenomenon referred to as
the “atopic march” in the pediatric populatifnwe evaluated the OR of patients with AA to
have several atopic comorbidities in comparisopatents without AA. We found that patients
with AA are more likely to suffer from concomitaatopic comorbidities with increasing OR as
the number of concomitant atopic conditions incesas

The mechanisms leading to the clinical manifesteatiof AA are still elusive, although
recent research efforts portray an immune-medidiszhse with variable activation of polar
cytokine axes, including both Th1 and THZh2 upregulations can be anticipated in patients
with concomitant atopic diseases, specifically ABthma, and allergic rhinitis patients, in which
Th2 pathway pathogenicity has been recently dematest by the efficacy of Th2-targeting
agents’®*° Of note, a large study evaluating scalp of AA gt with and without AD, did not
show differences in Th2 activation in AA patientsgardless of their atopic statls.

Furthermore, in a large genome-wide associatiomystilL.-13 has been the strongest association
in AA patients, regardless of concomitant ADThe atopic associations in AA patients have led
to testing of anti-histamines with beneficial etie some AA patients, leading to several
reports advocating for concomitant antihistamine tagiether with other treatments in AA
patients* 3

AA management presents significant unmet needticplarly in patients with moderate
to severe hair loss, where intra-lesional and cotiweal therapeutics have limited applicability
and efficacy’****Due to significant associations between atopieaties and AA, as well as the
increasing evidence of up-regulations of Th2-relgteoducts in AA skin and blodd;*%%14>4%

rationale for possible anti-Th2 approaches emerg@#\ patients. This is also supported by few

case reports of significant hair regrowth in AA ipats with totalis/universalis AA with the

12
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specific Th2 antagonist dupilumab (targeting ILeteptora), given for concomitant AD’>°
Nevertheless, hair loss with dupilumab has also lEumented:™* The hypothesis of Th2
targeting in AA patients is currently tested in Egebo-controlled trial GlinicalTrial.gov
identifier: NCT03359356).

The immune signature of AA is complex, includingobgulations of Th1/IF) Th2, IL-
9, PDE4, and IL-23-related cytokin&s:"*® While JAK inhibitors are effective, the long term
safety is unknowr® Furthermore, these agents cannot dissect theilwotion of specific
immune axes to the AA phenotype, due to their witi-specific, down-stream suppression.
The strong Th2 up-regulation in AA, together wille tsignificant associations with other atopic
comorbidities and particularly AD, suggest that treglitional view of AA as a primarily Thl-
centered disease, should be expanded. Th2-targegiegts may hold promise in AA, and the
relevance of this axis should be revealed throhghohgoing and future therapeutic testing with
dupilumab and other Th2 targeting agents.

Our study has several limitations. The cross-seatidesign does not enable to evaluate
a temporal relationship between AA and atopic dissaso that causal relationship cannot be
drawn. Data concerning the severity of AA is noaitable in CHS registry, as it designed for
clinical purposes and not for research purposesthn drawback of the current study is the
lack of direct validation of the diagnosis of AAdaatopic comorbidities. Nevertheless, we used
stringent rules for diagnosis of AA in our study a®& used only diagnoses made by
dermatologists. Moreover, previous studies basetherCHS registry have shown that the data
is of high reliability and external validityf. A detection bias may stem from the fact that pasie
with frequent physician contact for one conditioaynibe more likely to have their diagnoses of

other conditions recorded. Unfortunately, we weveable to adjust for healthcare utilization in
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the current study, and, thus, could not exclude gtesence of some sort of a detection or
ascertainment bias.

In conclusion, our large-scale study revealed aifstgint association between AA and
several atopic comorbidities (table E1). Futuraichl trials should ascertain whether AA can be
considered as part of the “atopic” umbrella. Nevelgss, physicians managing patients with AA

should be encouraged to evaluate these patientisd@resence of atopic manifestations.
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Tables

Table 1- Descriptive characteristics of the study popolati

Characteristic Alopecia areata Controls
(n=51,561) (n=51,410)
Age, years
Mean+SD 34.1+17.1 34.1+£17.0
Median (range) 34.0 (0-99.0) 34.0 (0-99.0)

Male sex, n (%)

31,085 (60.3%)

31,001 (60.3%

Ethnicity, n (%)

Jews 34,800 (67.5%) 34,656 (67.4%)
Arabs 16,761 (32.5%) 16,754 (32.6%)
SES, n (%)
Low 25,218 (48.9%) 25,179 (48.9%)
Intermediate 17,396 (33.7%) 17,328 (33.7%)
High 8,758 (17.0%) 8,720 (17.0%)
Unknown 189 (0.4%) 183 (0.4%)

Charlson comorbidity score, n (%)

None (0) 42,076 (81.6%) 42,383 (82.4%)
Moderate (1-2) 8,133 (15.8%) 7,673 (14.9%)
Severe X3) 1,352 (2.6%) 1,354 (2.6%)

Body mass index
(Kg/m2), MeanzSD

255+6.3

259+5.6

22

Abbreviations. n, number; SD, standard deviation; BMI, body madex; SES, socioeconomic

status



Table 2 - Demographic distribution of cases and controls \attspic comorbidities.

23

Asthma
(n=7,386), n (%)

Atopic der matitis

(n=3,363), n (%)

Allergicrhinitis
(n=14,822), n (%)

Allergic

conjunctivitis
(n=22,199), n (%)

Character AA Control AA Control AA Control AA Control
istic (n=51,5 | (n=51,4 | (n=51,5 | (n=51,4 | (n=51,5 | (n=51,4 | (n=51,5 | (n=51,4
61) 10) 61) 10) 61) 10) 61) 10)

All 4,040 | 3,346 | 2,034 | 1,329 | 8,230 | 6,592 | 12,137 | 10,062

(n=102,97 | (7.8) (6.5) (3.9 (2.6) (16.0) | (12.8) | (23.5) | (19.6)
1)

Male 2507 2,136 | 1,094 664 4,763 | 3,768 | 6,719 | 5,445
(n=62,086) | (8.1) (6.9) (3.5) (2.1) (15.3) | (12.2) | (21.6) | (17.6)
Female 1,533 | 1,210 940 665 3,467 | 2,824 | 5,418 | 4,617
(n=40,885) | (7.5) (5.9 (4.6) (3.3) (16.9) | (13.8) | (26.5) | (22.6)

Abbreviations: AA, alopecia areata; n, numb@&old: significant value




Table 3 - The association between alopecia areata and atopiorbidities

Disease AA Controls OR Univariate | Male-specific | Female-specific | Adjusted OR
(n=51,561), | (n=51,410), | (95%CI) | pvalue | OR(95%CI) | OR(95%CI) (95%Cl)*
n (%) n (%)

Asthma 4,040 (7.8) | 3,346 (6.5) 1.22(1.17- | <0.001 119 (1.12- | 1.28(1.19-1.39) | 1.24(0.18
1.28) 1.26) 1.31)

Atopic 2,034 (3.9)| 1,329 (2.6) 1.55(1.44- | <0.001 1.67 (1.51- | 1.43(1.29-1.58) | 1.56(1.45
dermatitis 1.66) 1.84) 1.67)

Allergic | 8,230 (16.0)] 6,592 (12.4) 1.29 (1.25- | <0.001 1.31(1.25- | 1.27(1.20-1.34) | 1.29(1.25
rhinitis 1.34) 1.37) 1.34)

Allergic 1,2137 10,062 | 1.27(1.23- | <0.001 1.29 (1.24- | 1.23(118-1.29) | 1.27(1.23
conjunctivitis (23.5) (19.6) 1.30) 1.35) 1.31)

Abbreviations: AA, alopecia areata; N, Number; OR, odds ratiq;d8hfidence intervaBold: significant value

LMultivariate logistic regression model adjustimg &ge, sex, ethnicity, socioeconomic status, amatl€on comorbidity index.
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Table 4 - Comparison between patients with alopecia areatatopic comorbidities relative to those with i¢ethalopecia areata

AA w/ AA w/o pvalue | AAw/AD AA w/o p value AA w/ AA w/o pvalue | AA w/allergic AA w/o p value
asthma asthma (n=2,034) AD allergic allergic conjunctivitis allergic
(n=4,040) | (n=47,521) (n=49,527) rhinitis rhinitis (n=12,137) conjunctivitis
(n=8,230) | (n=43331) (n=39,424)
Ageat 33.4+17.2| 34.1+12.0 0.011 26.5+17.3 34.5+17.0| <0.001 | 37.0+16.2 34.0£17.0| <0.001 34.0+17.1 34.2+17.1 0.259
AA onset
Fsex,n 1,533 18,943 0.013 | 940 (46.2) 19,536 | <0.001 | 894 (10.9) 19,582 | <0.001 | 5,418 (44.6) | 15,058 (38.2) <0.001

(%) (37.9) (39.9) (39.4) (45.2)

BMI 25455 | 253%53 0.265 23.7154 25.3+5.3 <0.001 25.415.0 25.3+5.3 0.099 25.445.3 25.245.3| <0.001
Smoking 1,437 16,489 0.249 420 (20.6) 17,506 | <0.001 647 (7.9) 17,279 <0.001 3,635 (29.9) 1,4291 (36.2) <0.001
status, n (35.6) (34.7) (35.3) (39.9)

(%)

Abbreviations: AA, alopecia areata; AD, atopic dermatitis; F, &e) n, number; BMI, body mass index; w/, with; ywathout.

Bold: significant value.



Table5 - The association between alopecia areata and neuditppic comorbidities

Disease AA Controls OR (95%Cl) | Univariate | Male-specific Female- Adjusted OR
(n=51,561), (n=51,410), p value OR(95%Cl) specific (95%Cl)*
n (%) n (%) OR(95%Cl)
Any atopic comor bidity 20,372 (39.5)| 16,931 (32.9) 1.33(1.30- <0.001 1.35(1.31- 1.31 (1.25- 1.34 (1.30-
1.37) 1.40) 1.36) 1.38)
>2 concomitant atopic 5,232 (10.1) 3,852 (7.5)| 1.39(1.34- <0.001 1.40 (1.32- 1.39 (1.30- 1.40 (1.34-
>3 concomitant atopic 772 (1.5) 504 (1.0) 1.54 (1.37- <0.001 1.55 (1.33- 1.52 (1.28- 1.52 (1.36-
comor bidities 1.72) 1.79) 1.81) 1.71)

Abbreviations: AA, alopecia areata; N, Number; OR, odds ratiq;d@hfidence interval;

Bold: significant value

1-Multivariate logistic regression model adjustiogage, sex, ethnicity, socioeconomic status,@narlson comorbidity index.
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Table E1- Digtribution of cases and controls with atopic comorbidities stratified by age.

Asthma Atopic der matitis Allergicrhinitis Allergic conjunctivitis
(n=7,386), n (%) (n=3,363), n (%) (n=14,822), n (% (n=22,199), n (%)
AA Control AA Control AA Control AA Control
(n=51,561) | (n=51,410) | (n=51,561) | (n=51,410) | (n=51,561) | (n=51,410) | (n=51,561) | (n=51,410)
Age category
(years)
<20 (n=22960) 967(8.4) | 848(7.4) | 932(81) | 695(6.1) | 1,193(10.4) | 948(8.3) | 3,168(27.6) | 2,764 (24.1)
20-39 (n=44002) | 1,824 (8.3) | 1,526 (6.9) | 628(2.9) | 371(1.7) | 3,818(17.3) | 3,143 (14.3) | 4,817 (21.9) | 3,911 (17.8)
40-59 (n=27307) | 877(6.4) | 649(4.8) | 375(2.7) | 200(1.5) |2376(17.4) | 1,842 (13.5) | 3,053 (22.3) | 2,435(17.9)
>60 (n=8702) 372(85) | 323(7.5) 99 (2.3 63 (1.5) 843(19.3) | 659(15.2) | 1,099 (25.2) | 952(22.0)




