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Abstract

Background: While alopecia areata (AA) has been associat-
ed with atopy, the immunological relationship is unclear,
with the association of specific atopic and systemic respira-
tory diseases not established. The relationship between T-
helper (Th)1-mediated AA and Th2-mediated atopy chal-
lenges the conventional Th1/Th2 paradigm of autoimmune
disease categorization. Objectives: To determine the asso-
ciation between AA and atopic respiratory diseases in adults
and children, and respiratory diseases in general. Method:
All primary literature, excluding case reports, were identified
within PubMed/MEDLINE, CINAHL, and Web of Science in
May 2018 using the following search terms: “(alopecia OR
hair loss) AND (respiratory OR pulmonary OR lungs OR asth-
ma OR rhinitis OR bronchitis OR COPD OR atopy OR atopic).”
Information from 32 articles meeting the inclusion and ex-
clusion criteria was reviewed. Results: Among the 32 articles
identified for inclusion, the prevalence of AA was more
strongly associated with allergic rhinitis compared to asth-
ma among pediatric and adult populations. While a signifi-

cant association was identified between AA, allergic rhinitis,
and a late age of onset, the association of AA and asthma
remains controversial despite asthma'’s prevalence among
AA patients. No significant difference was identified with re-
gard to the association of AA and non-atopic respiratory dis-
eases between adult and pediatric patients. Conclusions:
Adult and pediatric patients with AA warrant further workup
for atopic respiratory diseases such as allergic rhinitis. AA
may have an underlying Th2-mediated immunological com-
ponent, which supports its association with atopic respira-
tory diseases and provides a new avenue for targeted thera-
pies in select cases. ©2019 S. Karger AG, Basel

Introduction

Alopecia areata (AA) is a prevalent autoimmune dis-
order characterized by patchy hair loss and may be asso-
ciated with medical comorbidities including atopy, thy-
roid, gastrointestinal, metabolic, and cardiovascular dis-
ease [1]. While AA is commonly thought to be a T-helper
(Th)1 and cytotoxic T-cell-mediated nonscarring form of
hair loss, it is often encountered in the presence of atopy.

© 2019 S. Karger AG, Basel
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PubMed
1949-2018
2,019 citations

CINAHL
1984-2018
214 citations

Web of Science
1921-2018
2,818 citations

'

3,359 nonduplicate
citations screened

Inclusion/exclusion
criteria applied

3,308 articles excluded
after title/abstract screen

| 51 articles retrieved |

Inclusion/exclusion
criteria applied

0 articles excluded
during data extraction

19 articles excluded
after full-text screen

Fig. 1. PRISMA flow diagram for the litera-
ture review of AA and associated respira-

| 32 articles included |

tory diseases.

Limited research is available to explain this immunologi-
cal association with respiratory disease, including allergic
rhinitis (AR) and asthma.

Conventionally, AA belongs to the Thl axis of the
adaptive immune system while atopy is a Th2-mediated
process [2]. The overgeneralized underlying immunolog-
ical relationship between AA and atopy calls for a revision
of the traditional Th1/Th2 paradigm [3]. This review ar-
ticle seeks to analyze: (1) whether there is an association
between AA and atopy (AR and asthma) and (2) con-
comitant hair loss in systemic diseases with respiratory
involvement (e.g., sarcoidosis, connective tissue diseases,
and systemic lupus erythematosus [SLE]). This manu-
script will focus on extrapolating quantitative as well as
qualitative information from pertinent studies and it will
provide an immunological explanation for why AA may
be significantly associated with certain respiratory diseas-
es over others.

Materials and Methods

A primary literature search was conducted in May 2018 using
the bibliographical databases PubMed/MEDLINE, CINAHL, and
Web of Science with the following search terms: “(alopecia OR
hair loss) AND (respiratory OR pulmonary OR lungs OR asthma
OR rhinitis OR bronchitis OR COPD OR atopy OR atopic)” ac-
cording to PRISMA reporting guidelines for systematic reviews
[4]. All available studies prior to May 2018 were considered for
inclusion. Given the clinical focus of this article, the inclusion cri-
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teria were: (1) relevant human studies on AA and its association
with respiratory-related disease and (2) articles pertaining to sys-
temic diseases with respiratory involvement and AA as a second-
ary manifestation. Exclusion criteria were: studies written in lan-
guages other than English, case reports, secondary articles (e.g.,
reviews), articles discussing atopy only in the context of eczema
or atopic dermatitis (AD), and articles not pertaining to both AA
and respiratory diseases. Case-control, cohort, case series, and
cross-sectional studies were included. No randomized controlled
trials were available. Studies included for review were graded us-
ing the Oxford Center for Evidence-Based Medicine 2011 Levels
of Evidence [5].

Results

A total of 51 nonduplicated article citations were re-
viewed in their entirety; 32 articles (Fig. 1) met the inclu-
sion/exclusion criteria, with a total 17,623 patients (7,841
men and 9,782 women). Of these studies, 12 were case-
control and 20 were cross-sectional (Table 1) [5].

Twenty-six (8 case-control and 18 cross-sectional)
studies involved adult patients, while 6 focused on the
pediatric population (4 case-control and 2 cross-section-
al). Additionally, 9 studies (5 case-control and 4 cross-
sectional) stratified patients based on the type of atopic
respiratory disease (i.e., AR vs. asthma), and 7 studies (1
case-control and 6 cross-sectional) reported hair loss in
patients with systemic disease with pulmonary manifes-
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Table 1. Summary of the studies included in a systematic review of AA and respiratory disorders

Study Type of study Patients, n Male/female ratio  Controls, n  Patient description Prevalence of patients vs. controls (OR; 95% CI)
(evidence level)

Prevalence of atopy in adult AA patients

Sharma Case-control (3) 808 532/276 572 North Indian patients with AA 18 vs. 20% (0.89; 0.67-1.16, p = 0.39)

etal. [19]

Huang Cross-sectional (4) 2,115 811/1,304 Boston, MA, USA, tertiary hospital AA 38.20%

etal. [14] patients

Tan Cross-sectional (4) 219 97/122 Singaporean patients with AA 27.8 (limited alopecia) vs. 32.9% (severe alopecia)

etal. [13]

De Waard-van der Spek  Cross-sectional (4) 209 94/115 Dutch patients with AA 34%

etal. [16]

Sukhjot Cross-sectional (4) 100 76/24 North Indian patients with AA, aged 23%

etal. [2] >12 years

De Weert Cross-sectional (4) 100 66/34 Belgian patients with AA 22%

etal. [15]

Late-Onset AA

Lyakhovitsky Cross-sectional (4) 29 4/25 Israeli patients with late-onset AA (onset  6.90%

etal. [17] age >50 years)

Wu Cross-sectional (4) 73 24/49 Northern Taiwan patients with late-onset 0%

etal. [18] AA (onset age >50 years)

Prevalence of asthma and AR in adult AA patients

Chu Case-control (3) 4,334 2,123/2,211 784,158 Taiwanese patients with AA Asthma: 5.7 vs. 5.6% (1.07; 0.93-1.22, p = 0.90)

etal. [21] AR: 14.3 vs. 11.1% (1.29; 1.18-1.41, p < 0.01)

Barahmani Case-control (3) 2,055 579/1,476 558 Patients from the National AA Registry Asthma: 10.3 vs. 7.7% (1.36; 1.00-1.85, p = 0.064)

etal. [28] AR: 18.7 vs. 14.2% (1.14; 0.90-1.44, p = 0.013)
Atopy: 30.5 vs. 20.8% (1.22; 0.99-1.50, p < 0.001)

Magen Case-control (3) 1,751 865/886 3,502 Israeli patients with AA Asthma: 9.9 vs. 6.5% (p < 0.001) (1.57; 1.28-1.93,

etal. [27] p<0.001)
AR: 24.3vs.12.9% (p < 0.001) (2.15; 1.85-2.49,
p<0.001)

Miller Case-control (3) 584 184/400 172 Cleveland, OH, USA, tertiary hospital AA  Asthma: 13.5 vs. 8.14% (1.77; 0.97-3.20, p = 0.06)

etal. [29] patients AR:17.12 vs. 11.62% (1.57; 0.94-2.6, p = 0.083)

Ghaffari Case-control (3) 50 37/13 150 Tranian patients aged <18 years with AA Asthma: 22 vs. 12.5% (p = 0.109) (1.95; 0.85-4.43,

etal. [30] p=0.11)
AR: 20-22 vs. 8-10% (p = 0.046) (2.64; 1.07-6.46,
p=0.03)

Ro. Cross-sectional (4) 905 512/393 Korean patients with AA Pulmonary diseases: 3.8%

[12]

Shellow Cross-sectional (4) 800 224/576 AA patients via Help Alopecia Asthma: 14.50%

etal. [31] International Research (HAIR) AR: 24.90%

Goh Cross-sectional (4) 513 132/381 Patients in New York, NY, USA, with AA  Asthma: 23.11%

etal. [32] AR: 25.10%
Atopy: 46.41%

Cho Cross-sectional (4) 287 154/133 Korean patients with alopecia totalis or Asthma: 1.34%

etal. [20] alopecia universalis AR: 9.40%

Prevalence of atopy in pediatric AA patients

Nanda Case-control (3) 215 62/153 100 Children (aged <12 years) in Kuwait with 20 vs. 34% (0.49; 0.29-0.83, p = 0.008)

etal. [23] AA

Sharma Case-control (3) 201 84/117 100 Children aged <16 years with AA 17.5 vs. 18% (0.96; 0.51-1.80, p = 0.90)

etal. [19]

Kakourou Case-control (3) 157 83/74 100 Children aged <16 years with AA 11.4 vs. 18% (p =0.14) (0.59; 0.29-1.20, p = 0.14)

etal. [24]

Al-Khawajah Case-control (3) 92 45/ 47 88 Saudi Arabian patients with AA of 13.04 vs. 1.14% (p < 0.05) (13.05; 1.66-102.65,

[22] different severities p=0.015)

Tan Cross-sectional (4) 392 231/161 Singaporean children with AA diagnosed ~ 26.60%

etal. [13] before age 16 years

Alzolibani Cross-sectional (4) 114 54/60 Pakistani children aged <15 years with AA  20%

et al. [40]

Prevalence of atopy comparing adult and pediatric AA patients

Serarslan Case-control (3) 124 69/55 114 Turkish patients with AA; Adults: 27.2%, children: 34.9% (total: 29.8%) vs. adults:

etal. [25] 43 children aged <18 years and 81 adults 35.5%, children: 26.3% (total: 32.5%) (0.89; 0.51-1.53,
p=0.66)

Muller Cross-sectional (4) 736 324/412 Patients in Rochester, NY, USA, with AA;  Adults: 18%, children: 9% (total: 11%)

etal. [26] 158 children aged <16 years and 578 adults
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Table 1 (continued)

Study Type of study Patients, n Male/female ratio  Controls, n  Patient description Prevalence of patients vs. controls (OR; 95% CI)
(evidence level)
Prevalence of alopecia in patients with pulmonary disease
Buechner Case-control (3) 213 213/0 255 Hair patterns in patients with diffuse Diffuse obstructive pulmonary emphysema group: 41%
etal. [56] obstructive pulmonary emphysema fronto-coronal-occipital baldness, 41% frontal baldness,
18% complete baldness
Control group: 22% fronto-coronal-occipital baldness,
50% frontal baldness, 28% complete baldness; the greatest
number of severe emphysema patients was found in the
group with pure frontal baldness, suggesting a greater
susceptibility of noncoronally bald individuals to
obstructive pulmonary diseases
Boddaert Cross-sectional (4) 161 21/140 Pulmonary involvement and alopecia Late-onset SLE: 24% with alopecia, 21.2% with
etal. [11] in French tertiary hospital SLE patients pulmonary involvement
stratified by onset age Early-onset SLE: 44% with alopecia and 11.3% with
pulmonary involvement
Zhang Cross-sectional (4) 108 88/20 Pulmonary involvement and alopecia in SLE patients with ES: 40.7% with alopecia, 25.9% with
etal. [10] Chinese Han patients with SLE stratified pulmonary involvement
based on the presence of ES SLE patients without ES: 29.6% with alopecia, 16% with
pulmonary involvement
Fiorentino Cross-sectional (4) 77 26/51 Interstitial lung disease and alopecia 349% (22 patients) had alopecia and 25% (16 patients) had
etal. [9] in Stanford, CA, USA, tertiary hospital interstitial lung disease in addition to dermatomyositis
dermatomyositis patients
Prystowsky Cross-sectional (4) 46 7139 Pulmonary involvement and alopecia in 46% with alopecia, 59% with pulmonary involvement
[8] patients with high-titer serum antibody to
ribonucleoprotein and mixed connective
tissue disorder
Mosam and Morar Cross-sectional (4) 30 5/25 Pulmonary involvement and alopecia 3.33% (1 patient) with alopecia and 10% (3 patients) with
[7] in Black South African patients with pulmonary involvement
cutaneous sarcoidosis
Chong Cross-sectional (4) 25 15/10 Pulmonary involvement and alopecia 4% (1 patient) with alopecia and 32% (8 patients) with
etal. [6] in Singaporean Asians with cutaneous pulmonary involvement

sarcoidosis

tations (e.g., sarcoidosis [6, 7], mixed connective tissue
disease [MCTD] [8], dermatomyositis [DM] [9], SLE [10,
11], and emphysema) [12].

AA, Atopy and Asthma

Seven cross-sectional studies reported that the preva-
lence of both AA and personal history of atopy in adults
ranges from 22 to 38% when confounding variables are
considered [2, 13-18]. Results regarding the association
of AA and atopy in adults is controversial, with some
studies suggesting that patients with atopy also present
more frequently with severe AA [2, 16] and other studies
reporting a lack of an association between patients with
AA and a personal history of atopy [13, 19].

Of note, a late age of AA onset (>50 years) is a major
confounding variable associated with a significantly re-
duced prevalence of AA and atopy [17, 18, 20, 21]. For
example, one cross-sectional study of Taiwanese late-on-
set AA patients (n = 73) reported no association with cur-
rently active disease or personal or family history of atopy
[18], while another Israeli study (n = 29) reported a prev-
alence of atopy in 6.90% of late-onset AA patients [17],
Interestingly, juvenile AA (<16 years) may be associated

AA and Immunologic Respiratory
Association

with a more severe disease course than that of patients
with disease onset after 16 years of age [16].

Four case-control studies discussed atopy in the con-
text of pediatric AA populations, with contradictory re-
sults. One study (92 AA patients and 88 control patients)
reported a statistically significant positive association be-
tween AA and atopy (p = 0.015) [22], while another (n =
215) described a significant negative association (p =
0.008), with non-AA patients having a higher prevalence
of atopy (34%) than AA patients (20%) [23]. However, 2
other studies failed to identify any significant relationship
(19, 24].

In one case-control study, no significant differences
were reported in the severity or pattern of AA between
pediatric and adult patients based on personal or family
history of atopy. In adults, 27.2% of AA patients had ato-
py compared to 35.5% of controls while 34.9% pediatric
AA patients had atopy compared to 26.3% of controls. In
addition, no statistically significant difference was identi-
fied in terms of disease duration between adult and pedi-
atric AA patients [25]. Furthermore, one cross-sectional
study reported that the prevalence of atopy and AA in the
total population, adults, and children was 11, 18, and 9%,
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respectively [26]. A Korean cross-sectional study identi-
fied a 3.8% prevalence of pulmonary disease among AA
patients (n = 905), although the specific nature of pulmo-
nary disease was unspecified [12].

A statistically significant association between asthma
and hairloss was identified in one case-control study (3,806
AA patients and 4,060 control patients) [27]. The preva-
lence of asthma in hair loss patients ranged from 9.9 to
10.3%, compared to 6.5-7.7% for controls (p < 0.001-
0.064) [27, 28]. No statistical association was identified in
4 other case-control studies (4,918 AA patients and 784,330
control patients) [21,28-30]. The nationwide study of Chu
et al. [21] derived from the Taiwanese National Insurance
Registry identified a statistically significant association be-
tween AA and several autoimmune diseases including AD,
AR, psoriasis, thyroid disease, vitiligo, SLE, and diabetes
mellitus. However, there was no statistical association be-
tween AA and asthma; furthermore, no statistically signif-
icant differences were identified upon stratification be-
tween men and women [21]. The case-control study of
Ghalffari et al. [30] (50 Iranians with AA and 150 control
patients) described significant differences in both mean
eosinophil levels (38% of the AA group had high eosino-
phils vs. 12% of controls; p = 0.004) and mean IgE levels
(36% of the AA group vs. 15% of the controls; p = 0.046).

A significant association was found between family
history of atopy and allergic disorders and AA, with 28%
of AA patients reporting a positive family history com-
pared to 4% of controls (p = 0.046) [21, 27-30]. Three
cross-sectional studies regarding asthma and hair loss
with a total 1,600 patients reported the prevalence of asth-
ma among AA patients of 1.34-14.5%; however there was
no reported association with early onset of AA or devel-
opment of alopecia totalis or universalis [20, 31, 32].

AA and AR

Three case-control studies (6,135 AA patients and
787,810 controls) demonstrated a statistically significant
associated between AR and hair loss, with a prevalence in
AA patients ranging from 14.3 to 24.3% compared to
8-12.9% in controls (p < 0.01-0.05) [21, 27, 30]. However,
2 further case-control studies (2,639 AA patients and 730
controls) did not report a statistically significant associa-
tion between AR and AA [29, 28]. Two cross-sectional
studies (n = 2,915) reported a prevalence of AA and AR
ranging from 24.9 to 38.2% [14, 31].

Alopecia and Pulmonary Disease
Six cross-sectional studies analyzed the association of
sarcoidosis (n = 2), SLE (n=2), MCTD (n = 1), and DM
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(n = 1) with AA. In 2 studies in Singaporean Asian and
Black South African sarcoidosis patients (n = 55), 3.33—
4% of patients had AA while 10-32% had sarcoid-associ-
ated pulmonary disease [6, 7]. Evans syndrome (ES) is a
rare hematological manifestation of autoimmune hemo-
lytic anemia or immune thrombocytopenia in the pres-
ence of SLE. Out of 108 patients with SLE, those with ES
demonstrated a 40.7% prevalence of alopecia, while 25.9%
had pulmonary disease, which represents an increase
compared to those without ES (alopecia in 29.6% of pa-
tients and 16% with pulmonary disease) [10]. A further
study of 161 SLE patients (114 with early onset, i.e., <50
years, and 47 with late onset, i.e., >50 years) reported that
those with early-onset disease had a greater prevalence of
alopecia (44%) compared to those with late-onset disease
(24%), but they had less pulmonary disease (11.3% of ear-
ly-onset patients compared to 21.2% of late-onset pa-
tients) [11]. Patients with MCTD (n = 46) have a high
prevalence of alopecia and abnormal pulmonary func-
tion, including restrictive and diffusion defects (i.e., 46
and 59%, respectively) [8]. The reported prevalence of
alopecia in DM patients (n = 77) is slightly lower (34%),
while the prevalence of interstitial lung disease is signifi-
cantly lower (25%) than that of MCTD [9].

Discussion

The strength of the association between AA and atop-
ic respiratory disease varies. Case-control and cross-sec-
tional studies report a much higher correlation between
AA and AR than AA and asthma. However, based on the
nature of these studies, evidence must be carefully inter-
preted. Nonetheless, the authors of this review postulate
that AA, and hair loss in general, should be evaluated as
a medical disease with the possibility of existing comor-
bidities. This hypothesis holds particularly true for dis-
eases where hair loss precedes primary cutaneous, endo-
crine, immunological, infectious, oncologic, psychologi-
cal, or other systemic manifestations [21].

Limited research exists linking alopecia to nonatopic
respiratory disease. Patterns of alopecia have been associ-
ated with the severity of obstructive pulmonary disease,
and multiple autoimmune diseases that manifest with
pulmonary disease also demonstrate an association with
AA including sarcoidosis, SLE, MCTD, and DM [6-11].
Immunologically, active MCTD, sarcoidosis, and SLE fa-
vor CD4+/interleukin (IL)-4/Th2 pathways, while AA is
considered a Thl disease state [33-35]. However, the
Th1/Th2 paradigm alone may underscore the complexity
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of the immune system, as Th17 cells have been demon-
strated to suppress regulatory T cells, which is associated
with SLE pathogenesis [36]. Thus, the Th1/Th2 paradigm
used to describe the relationship between respiratory dis-
eases and AA should be used as a reference point. Further
research has shown that MCTD and sarcoidosis patho-
genesis may involve a complex balance between Th1 and
Th2 cells, which may explain their association with AA
[3]. In SLE, the finding of increased alopecia and pulmo-
nary involvement in younger patients may be better un-
derstood due to increased SLE severity compared to the
elderly [11]. However, based on the current literature, no
association can be extrapolated with regard to the rela-
tionship between alopecia and respiratory disease in sar-
coidosis, SLE, MCTD, and DM.

The atopic triad conventionally alludes to the following
3 diseases associated with defects in the adaptive immune
system: (1) AR, (2) AD, and (3) asthma [37]. While the
current literature alludes to a casual association between
AA and atopy, it should be noted that atopy is broadly de-
fined as bronchial allergy, asthma, and AD. The symp-
toms of atopy decline with age, so many studies use a per-
sonal or family history of atopy, as opposed to current
signs/symptoms of atopy, to account for a possible dis-
crepancy in the time of presentation of atopy versus AA.

Atopy is also generally classified as a Th2-associated
disease. This again raises an important discussion regard-
ing the traditional Th1/Th2 disease paradigm and their
mutual exclusivity, thus creating the erroneous conclu-
sion that atopy and AA are also therefore mutually exclu-
sive [3, 38]. While AR and asthma are both atopic dis-
eases, their underlying immunological pathophysiology
differs. Asthma has a relatively robust Th1-mediated re-
sponse relative to the Th2-mediated AR. The convention-
al Th1/Th2 association thus fails to explain why AA, a
Th1- mediated process, would be more closely associated
with AR than asthma [39]. This supports the role of Th2/
IL-4, in addition to Th1/IFNYy, in the pathogenesis of both
AA and AR [40-47].

A history of atopy and allergic disease has been identified
as factors increasing AA susceptibility [38]. A strong ge-
netic links exists between AA and atopy (AR and asthma)
through the IL-13 and KIAA0350/CLEC16A susceptibility
loci which have been identified in AA, as well as other au-
toimmune diseases [27, 48]. Additionally, AA and atopy
share a Th2 cytokine pattern with increased levels of IgE,
antibodies, mast cells, and eosinophils [49, 50]. Notably,
Th2/IL-4 stimulates IgE production and eosinophil activa-
tion indirectly by promoting IL-5 production [51]. The role
of Th2 in AA may be further elucidated after experimental

AA and Immunologic Respiratory
Association

treatment with targeted therapies, in select individuals with
concomitant atopy, with anti-Th2 (anti-IL-4/IL-13) thera-
pies such as dupilumab, currently approved for AD and a
possible novel therapy for asthma [52].

AA is associated with late-onset atopic diseases among
adult patients with disease occurring between 21 and 60
years [21]. Late-onset AA is characterized by a marked fe-
male predominance, and disease severity is inversely pro-
portional to age [17, 18], which is supported by the clinical
consensus that young patients are often afflicted with a
rapid disease progression, more extensive involvement,
and a worse prognosis [53]. The association between AA
and atopy among the pediatric population is controversial
considering that an early disease onset often signifies a
worse prognosis, while an increased age of onset is associ-
ated with a more mild disease course [16]. Children with
AA and a family history of autoimmune disease usually
present with a short (<6 month) episode of AA before the
age of 5 years, and up to 60% will present of AA prior to
20 years of age [16, 24]. However, no significant difference
was identified with regard to the severity, pattern, or dura-
tion of disease or gender between adult and pediatric pa-
tient groups [25], highlighting the robust underlying im-
munological association between AA and atopy.

Age of atopy onset and disease severity are independent
factors whose association with AA should be explored fur-
ther, in addition to the mere presence of atopy [54]. Strat-
ification of atopy and AA prevalence by population demo-
graphics should also be undertaken given that the reported
prevalence of atopy differs significantly depending on the
patient population being studied, especially since atopy is
more common in industrialized versus developing nations
(2,14, 16, 19, 55]. Of note, an increased frequency of AA is
associated with more severe atopy [2-4].

Conclusions

Results regarding the association of AA with asthma
are controversial; however, it is well-established that AA
and AR occur more frequently together than AA and
asthma. There is no established association between AA
and systemic autoimmune disease involving the pulmo-
nary system including sarcoidosis, SLE, MCTD, or DM.

Further research from an immunological standpoint is
necessary to better understand the association between
AA and respiratory diseases, as well as the other associ-
ated medical comorbidities beyond determining statisti-
cal significance. Elucidation of the involvement of Th2
cytokines in AA pathogenesis may even lead to the pos-
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sibility of utilizing therapeutics specifically targeting
IL-4/IL-13 pathways to temporarily treat patients with se-

vere concomitant AA and atopy.
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