ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/357128234

Atopic dermatitis associated with autoimmune, cardiovascular and mental
health comorbidities: a systematic review and meta-analysis

Article in European journal of dermatology: EJD - December 2021

DOI: 10.1684/ejd.2021.4168

CITATIONS READS
3 55

9 authors, including:

@ Johanna Chester @ Shaniko Kaleci
72 PUBLICATIONS 623 CITATIONS Universita degli Studi di Modena e Reggio Emilia

125 PUBLICATIONS 1,358 CITATIONS
SEE PROFILE
SEE PROFILE

Serena Liberati Tatiana Alicandro

6 PUBLICATIONS 113 CITATIONS Polyclinic of Modena

8 PUBLICATIONS 55 CITATIONS
SEE PROFILE
SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et OCT in inflammatory skin disease research View project

et Allergology View project

All content following this page was uploaded by Shaniko Kaleci on 03 August 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/357128234_Atopic_dermatitis_associated_with_autoimmune_cardiovascular_and_mental_health_comorbidities_a_systematic_review_and_meta-analysis?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/357128234_Atopic_dermatitis_associated_with_autoimmune_cardiovascular_and_mental_health_comorbidities_a_systematic_review_and_meta-analysis?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/OCT-in-inflammatory-skin-disease-research?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Allergology-7?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Johanna-Chester?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Johanna-Chester?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Johanna-Chester?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shaniko-Kaleci?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shaniko-Kaleci?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universita-degli-Studi-di-Modena-e-Reggio-Emilia?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shaniko-Kaleci?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Serena-Liberati?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Serena-Liberati?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Serena-Liberati?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Alicandro?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Alicandro?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Polyclinic_of_Modena?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatiana-Alicandro?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shaniko-Kaleci?enrichId=rgreq-d282b9b28ab08c7b69df8fdd84006ce2-XXX&enrichSource=Y292ZXJQYWdlOzM1NzEyODIzNDtBUzoxMTg0ODc3NjE3NjU5OTEwQDE2NTk1MDgyNDY3NTU%3D&el=1_x_10&_esc=publicationCoverPdf

Clinical report

Johanna CHESTER!
Shaniko KALECI'
Serena LIBERATI'
Tatiana ALICANDRO!
Marco RIVI!

Laura BONZANO!
Mario GUANTI!

Pietro ANDREONE?
Giovanni PELLACANI!

! Department of Dermatology, University of
Modena and Reggio Emilia, Policlinico of
Modena, Via del Pozzo 71, 41124 Modena
(MO), Italy

2 Internal and Metabolic Medicine,
Graduate School of Allergy and Clinical
Immunology, University of Modena and
Reggio Emilia, Policlinico of Modena, Via
del Pozzo 71, 41124 Modena (MO), Italy

Reprints: Johanna Chester
<johanna.chester @ gmail.com>

Article accepted on 02/05/2021

Eur J Dermatol 2022; 32(1): 34-48

Atopic dermatitis associated with autoimmune,
cardiovascular and mental health comorbidities:
a systematic review and meta-analysis

Background: Previous studies have reported conflicting estimates of
associations between atopic dermatitis (AD) and autoimmune, cardio-
vascular and mental health comorbidities. Objectives: Our objective was
to determine and report these global associations based on a systematic
literature review. Materials & Methods: A systematic search of stud-
ies published in PubMed/MEDLINE and Cochrane Library (January
1990 - April 2020) including patients with physician-diagnosed AD and
concurrent populations, were identified. The metanalysis (random-effect
model) included 37 studies. Studies originated from Europe, UK, Asia,
The USA and Canada, including 237,226,993 patients and subjects with
20 autoimmune, eight cardiovascular and eight mental illnesses. Results:
Pooled analyses revealed significantly higher overall odds of autoim-
mune diseases (OR: 1.74;95% CI: 1.55-1.94, p < 0.001;12: 98.39%) and
mental illnesses (OR: 1.62; 95% CI: 1.53-1.72; p < 0.001; 12: 98.86%)
and a smaller increased risk for cardiovascular diseases (OR: 1.08;
95% CI: 0.01-1.16, p < 0.001; 12: 99.45%). Conclusion: Our system-
atic review highlights that AD patients are at significantly increased risk
for many autoimmune diseases and mental illnesses and at a relatively
lower risk for cardiovascular diseases. Updated global estimates should
encourage physician/patient empowerment to seek further medical and
wellness interventions for optimal patient care

Key words: atopic dermatitis, eczema, autoimmune diseases, systemic
diseases, mental health, epidemiology

disorder [1], which usually begins in childhood

[2] and has a lifetime prevalence between 7%
and 13% [1-3]. The etiopathogenesis of AD is commonly
accepted to be multifactorial, including a genetic pre-
disposition to skin barrier deficiency, immune-mediated
inflammation and environmental factors [1]. Gene map-
ping studies have identified FLG as a dominant risk gene
involved in skin barrier function, as well as numerous loci
associated with immune dysregulation [4]. These loci are
not specific to AD and are shared with several other immune
inflammatory diseases that are thought to be THI1/TH17
mediated, such as psoriasis, rheumatoid arthritis and alope-
cia areata.
AD has been associated with numerous cardiovascular (CV)
risk factors [5-7] and is reportedly at a general higher risk
for many CV diseases [8]. AD has also been associated
with numerous other systemic diseases, including allergic,
metabolic [9-11], rheumatological [12], and inflammatory
and mental illnesses [13, 14]. These previously unrecog-
nized disease associations have promoted the hypothesis of
an autoimmune mechanism in AD pathogenesis [14] and
that AD is itself a systemic disease [2].
The relationship between AD and comorbid diseases has
implications for the understanding of underlying mecha-

34

ﬁ topic dermatitis (AD) is a chronic inflammatory

nisms. However, previous metanalyses and observational
studies have found conflicting results, and pooled estimates
are often reported independently or as a group of disor-
ders associated with a single etiopathogenesis or national
population.

This study aimed to systematically analyse the incidence
of physician-diagnosed AD with non-atopic disorders,
grouped according to aetiopathogenetics, particularly
cardio-vascular, autoimmune and mental health disorders,
compared to concurrent control populations in published
studies over the last 30 years.

Materials and methods

We report a systematic review and meta-analysis according
to the recommendations indicated in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [15].

Search strategy and selection criteria

We systematically searched the electronic PubMed/ MED-
LINE database and the Cochrane Central Register of
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Controlled Trials (CENTRAL) with the following search
terms (MeSH): (“atopic dermatitis” OR “atopic eczema”)
AND (“cardiovascular” OR “heart” OR “myocardial” OR
“stroke” OR “hypertension” OR “ischemia” OR “angina”
OR “diabetes” OR “mortality” OR “death” OR “mental
disorders” OR “depression” OR “attention deficit hyper-
activity disorder” OR “autism” OR “autoimmune” OR
“comorbidities”). The last search was run in April 2020.
‘We considered observational, case-control and cohort stud-
ies including a concurrent control population, according to
the following criteria: (1) human subjects of any age, pub-
lished in English or French from 1990 to April 2020; (2)
enrolled patients with self-reported/registered clinical diag-
nosis of systemic AD and “non-atopic” comorbidities; (3)
topical and/or systemic therapies or without any therapy;
(4) any study regardless of duration of follow-up; and (5)
any study regardless of AD severity or presence/absence of
genetic analysis.

We excluded studies according to the following criteria:
(1) a non-AD condition as the primary focus; (2) gen-
eral symptoms and un-codified diseases; (3) unsuitable
statistical risk comparison for meta-analysis methodol-
ogy; (4) physiopathological mechanisms and atopic or
therapy-linked comorbidities; (5) no population control; (6)
case reports/small populations (<30 cases), meta-analyses,
surveys, and short communications; and (7) manuscripts
without abstract(s) or full article(s) available online.

To identify any additional studies, reference lists of included
articles were also screened and evaluated according to the
above selection criteria.

Study selection and data extraction

From selected studies, relevant data were extracted indepen-
dently (SL and SK). AD was the dependent variable, defined
by patient self-reports of physician diagnosis, physician-
diagnosed reports and/or previous physician reporting
in medical records, databases and registries. Non-atopic
comorbidities were included when clinically diagnosed,
self-reported or assessed according to questionnaires for
symptoms over a period of >12 months. In the case of mul-
tiple data sets, each set was assessed according to inclusion
criteria. Additional information was requested from authors
by email, when required.

Any disagreements were resolved with other authors.
Data extracted from each study included: (1) study
characteristics- author, year, country of patient residence,
number of involved centres/registries, type of study;
(2) population characteristics- median age, gender, total
sample size; and (3) non-atopic comorbidities- cardiovas-
cular, autoimmune, and psychiatric. Non-specific disease
information (e.g. “diabetes”, “arthritis” or “autoimmune
disease”) were not considered. All individual comorbidities
were analysed with meta-analysis.

Quality assessment

Methodological quality was assessed by adapting the qual-
ity assessment tool of the National Institute of Health in
an ad hoc checklist to evaluate the risk of bias [16]. Check-
list questions and assessment are outlined in supplementary
table 1.
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Statistical analysis

Data were analysed with OpenMetaAnalyst and Opine
statistical software. Heterogeneity was assessed using
Dorsmanin and Laird test (Q-statistic) and inconsistency
index (I2) with >25%, >50%, and >75% designated
as small, medium, and high heterogeneity, respectively.
A random-effects model (REM) was used to ascertain
pooled-effect estimates, and robustness was determined
with sensitivity analysis (leave-one-out analysis). Evidence
of publication bias was assessed using funnel plots and
visually examined. Subgroup analysis was performed for
reported individual disorders in AD patients and control
populations.

Results

Literature search

The initial database search generated 2,794 records,
screened according to inclusion and exclusion criteria. The
PRISMA flowchart outlines the study selection process
(figure 1). A total of 37 studies (including 237,226,993
people; 3,741,101 patients) and 36 comorbid disorders (20
autoimmune, eight CV and eight psychiatric) were finally
included [17-53]. Data concerning the incidence of any
autoimmune, CV or mental health comorbidity for AD
patients and concurrent control subjects were extrapolated
and stored in a dedicated database.

Study characteristics

Selected studies were mostly published after 2010 (two
were published prior) and included patients and subjects
from Europe (Denmark [6], mixed [1], Germany [6], Swe-
den [1]), UK [3], Asia (Japan [1], Korea [5], Taiwan [7]),
USA [6] and Canada [1]. Reported non-atopic comor-
bidities included autoimmune diseases from 13 studies
[20-22,27,28,33-36, 38, 41,43, 46, 52], CV diseases from
16 studies [17, 22, 24, 27-29, 32, 33, 36, 37, 39, 41, 44-
46, 50] and mental illnesses from 17 studies [17-
19, , 22, 23, 25, 30, 31, 36, 40-42, 47-49, 51, 53]. Study
characteristics are outlined in fable 1 and supplementary
table 2.

Methodological quality

Overall methodological quality was classified as good in
>80% (30), fair in 16% (6) and poor in a single study (sup-
plementary table I). All studies clearly defined the research
question and control subjects were selected from a concur-
rent population.

AD and autoimmune diseases

Autoimmune diseases were reported in 13 studies
(eight dedicated to autoimmune diseases only), involving
93,620,378 subjects, of whom 1,969,765 were AD patients
(2.1%) from six countries (Denmark, Germany, Japan, Tai-
wan, UK and USA).

Overall, AD was significantly associated with autoimmune
disorders (OR: 1.74; 95% CI: 1.55 -1.94; p < 0.001) with
high heterogeneity among the studies (I2: 98.39%). The
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Figure 1. Workflow diagram describing the systematic search of papers and inclusion for meta-analysis.

autoimmune diseases with the largest effect sizes were AA
(OR:8.56;95% CI: 1.5-48.79, p < 0.001,12: 98.96), vitiligo
(OR: 3.48;95% CI: 1.66 - 7.3, p < 0.001; 12: 98.47%) and
celiac disease (OR: 2.18; 95% CI: 1.35-3.47; p <0.001;
12: 93.42); all included studies reported positive associa-
tions between AD and the respective autoimmune disorder.
AD was also significantly associated with inflammatory
bowel disease (IBD), systemic lupus erythematosus (SLE),
systemic sclerosis, thromboctopenia, and autoimmune thy-
roiditis; all included studies reported positive associations
between AD and the respective comorbidities. Other sig-
nificant positive associations with a smaller effect size
included Sjogrens syndrome, chronic glomerulonephritis,

and rheumatoid arthritis (RA). Significant negative asso-
ciations included multiple sclerosis (MS), type I diabetes,
giant cell arthritis, and myasthenic gravis (see figure 2A).

AD and cardiovascular (CV) diseases

CV diseases were reported in 16 studies (10 dedicated to
CV diseases only), involving 77,943,272 subjects, of which
812,141 were AD patients (1.04%) from eight countries
(Canada, Denmark, Germany, Japan, South Korea, Sweden,
UK and USA). Overall, a slight significant association was
found with CV disorders (OR: 1.08; 95% CI: 1.01-1.16,
p <0.001) with high heterogeneity among the studies
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Studies Estimate (95 % C.I)  Ev/Group with AD  Ev/Group without AD
Augustin et al. 2015 234 (178, 3.09) 64/30355 237/262828 ——
Andersen et all. JAAD 2016 29.89 (16.60, 53.82) 77/8112 13/40560 _—
Drucker et al. Allergy 2017 182 (119, 2.78) 26/9234 121/78172 —_—
Narla et al 2018 4275 (32.61, 56.05) 53/19486 5552/87033669 —_—
Subgroup Alopecia areata (AA) (1°2=98.96 %, P=0.00) 856 (1.50, 48.79) 220/67187 5923/87415229
Andersen et al. JAAD 2016-2 255 (160, 4.06) 27/8112 53/40560 —
Narla et al 2018-2 157 (118, 2.09) 47/19486 134114/87033669 —e
Subgroup Ankylosing spondylitis (1*2=67.51 %, P=0.08) 193 (120, 3.10) 74/27598 134167/87074229 —_—
Andersen et al. JAAD 2016-3 585 (3.39, 10.10) 28/8112 24/40560 : R
Narla et al 2018-3 175 (142,  2.16) 90/19486 229895/87033669 —-—
Krishna et al. 2019 139 (132, 146) 2876/1393570 3221/2170618 =
Subgroup Celiac disease (1"2=93.42 %, P=0.00) 218 (136, 3.47) 2994/1421168 233140/89244847 _
Andersen et al. JAAD 2016-4 476 (254, 8.92) 19/8112 20/40560 P ——
Narla et al 2018-4 044 (0.30, 0.65) 25/19486 255102/87033669 —— :
Subgroup Chronic glomerulonephritis (1°2=97.49 %, P=0.00) 142 (0.14, 14.77) 44/27598 255122/87074229
Andersen et al. JAAD 2016-5 171 (7.68, 17.85) 72/8112 31/40560 —_—
Narla et al 2018-5 886 (791, 9.91) 309/19486 158073/87033669 -
Subgroup Chronic Urticaria (1"2=36.39 %, P=0.21) 943 (7.50, 11.84) 381/27598 158104/87074229
Andersen et al. JAAD 2016-6 216 (1.26, 3.70) 19/0112 44/40560 -
Narla et al 2018-6 034 (021, 0.54) 18/19486 235511/87033669 _—
Subgroup Giant cell artitis (1°2=96.16 %, P=0.00) 085 (0.14, 5.22) 37/27598 235555/87074229
Narla et al 2018-7 0.86  (0.60, 1.25) 28/19486 144855/87033669
Andersen et al. JAAD 2016-7 143 (047, 434) 4/8112
Subgroup Hemolytic anemia (1°2=0 %, P=0.40) 091  (0.64, 1.29) 32/27598 144869/87074229
Wu et al. 2014 118 (0.82, 1.71) 37/41950 125/167800
Augustin et al. 2015-2 148 (108, 2.03) 45/0356 263/262828
Schmitt et al. 2015 L18 (104, 1.34) 252/49847 2596/605968
Andersen et al. JAAD 2016-8 216 (1.83, 2.54) 205/8112 482/40560
Andersen et al. JACI 2016 258 (2.08, 321) 123/29425 236/145372
Egeberg et al. 2017 198 (167, 2.35) 161/7937 820/79370
Narla et al 2018-8 102 (0.94, 111 635/19486 2777013/87033669
Treudler et al. 2018 L7 (0.79, 3.71)
Krishna et al. 2019-2 128 (125, 1.32) 7848/1393570 9537/2170618
Subgroup Inflammatory bowel disease (IBD) (1"2=94.16 %, P=0.00) 1.53 (1.28, 1.83) 9313/1581055 2791173/90515294
Andersen et al. JAAD 2016-9 116 (0.81, 1.67) 37/8112 159/40560
Narla et al 2018-9 077 (0.68, 0.87) 238/19486 1377472/87033669
Krishna et al. 2019-3 100 (0.95, 1.05) 2204/1393570 34392170618
Subgroup Multiple sclerosis (MS) (1°2=86.41 %, P=0.00) 093 (075, 1.16) 2479/1421168 1381070/89244847
Narla et al 2018-10 050 (0.36, 0.69) 38/19486 338262/87033669
Krishna et al. 2019-4 0.85 (0.73, 0.99) 251/1393570 460/2170618
Subgroup Myasthenia gravis (1'2=88.37 %, P=0.00) 0.66 (0.40, 1.12) 289/1413056 338722/89204287
Wu et al. 2014-2 109 (0.44, 2.69) 6/41950 22/167800
Narla et al 2018-11 122 (0.99, 1.49) 96/19486 352988/87033669
Krishna et al. 2019-5 109 (104, 115 2079/1393570 41012170610
Subgroup Pernicious anemia (1'2=0 %, P=0.60) 110 (105, 1.15) 2981/1455006 357111/89372087
Wu et al. 2014-3 171 (145, 2.02) 200/41950 469/167800
Schmitt et al. 2015-2 0.87 (0.56, 1.36) 21/49847 292/605968
Andersen et al. JAAD 2016-10 170 (138, 2.08) 126/8112 374/40560
Narla et al 2018-12 070 (0.65, 0.76) 712/19486 4452925/87033669
Krishna et al. 2019-6 105 (102, 1.08) 6933/1393570 10321/2170618
Subgroup Rheumatoid arthritis (RA) (1'2=97.48 %, P=0.00) 114 (085, 152) 7992/1512965 4464381/90018615

4464381/90018615
Andersen et al. JAAD 2016-11 438 (288, 6.66) 41/8112 E
Narla et al 2018-13 089 (0.69, 1.14) 63/19486 317106/87033669
Krishna et al. 2019-7 133 (120, 1.47) 693/1393570 813/217068
Subgroup Sjogrens syndrome (1*2=95.16 %, P=0.00) 167 (0.0, 3.08) 797/14211.68 317966/89244847
Wei et al. 2014 291 (105, 4.59) 32/192357 44/769420
Wu et al. 2014-4 264 (205, 342) 97/41950 147/167800
Andersen et al. JAAD 2016-12 3.16 (198, 5.03) 29/8112 46/40560
Narla et al 2018-14 106 (0.96, 1.16) 414/19486 1754290/87033669
Krishna et al. 2019-8 140 (1.30, 1.50) 1445/1393570 1610/2170618
Subgroup Systemic lupus erythematosus (SLE) (1"2=95.16 %, P=0.00) 1.91  (1.39,  2.62) 2017/1655475 1756137/90182075
Narla et al 2018-15 134 (110, 1.63) 101/19486 336201/87033669
Andersen et al. JAAD 2016-13 297 (160, 5.51) 16/8112
Subgroup Systemic sclerosis (1'2=82.53 %, P=0.02) 189 (0.87, 4.07) 117/27598 336228/87074229
Andersen et al. JAAD 2016-14 271 (138, 5.33) 13/8112 24/40560
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Figure 2. Forest plot for autoimmune diseases meta-analysis. A random-effects model (REM) was used to ascertain a pooled-
effect estimates compared to control populations with within-studies and between-studies variance plus sampling error for
non-atopic disorders according to autoimmune diseases (A), cardiovascular diseases (B) and mental illnesses (C). For each listed
study, estimates and 95% CI are represented by squares and horizontal lines; the size of each square is proportional to the weight
of the individual study. The yellow diamond symbolizes the overall pooled estimate for each disorder and according to grouped
disorders.
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Figure 2. Forest plot for autoimmune diseases meta-analysis. A random-effects model (REM) was used to ascertain a pooled-
effect estimates compared to control populations with within-studies and between-studies variance plus sampling error for
non-atopic disorders according to autoimmune diseases (A), cardiovascular diseases (B) and mental illnesses (C). For each listed
study, estimates and 95% CI are represented by squares and horizontal lines; the size of each square is proportional to the weight
of the individual study. The yellow diamond symbolizes the overall pooled estimate for each disorder and according to grouped

disorders.

(I2: 99.45%). CV diseases with the largest effect sizes
included angina pectoris (OR: 1.31; 95% CI: 1.18-1.46,
p < 0.001;12:92.64%) and heart failure (OR: 1.29; 95% CI:
0.95-1.75; p<0.001; 12: 99.7%); all included studies
reported positive associations between AD and the respec-
tive CV disorder. Other positive associations were found
for stroke and hypertension and negative associations were
estimated for carotid artery disease (CAD), myocardial
infarction (MI) and type 2 diabetes. A negative associa-
tion between AD and type 2 diabetes was reported in all
included studies (figure 2B).

EJD, vol. 32, n° 1, January-February 2022

AD and mental illnesses

Mental illnesses were reported in 17 studies (13 dedicated
to mental illnesses only), involving 68,474,524 subjects,
of whom 1,441,731 were AD patients (2.1%) from eight
countries (Denmark, France, Germany, Italy, Japan, Korea,
Spain, Taiwan, UK and USA). Overall, a significant asso-
ciation was estimated with mental illnesses (OR: 1.62;
95% CI: 1.53-1.72; p <0.001), with high heterogeneity
among the studies (I2: 98.85%). All included studies,
with the exception of Ahn et al. [47] reported a positive
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Figure 2. Forest plot for autoimmune diseases meta-analysis. A random-effects model (REM) was used to ascertain a pooled-
effect estimates compared to control populations with within-studies and between-studies variance plus sampling error for
non-atopic disorders according to autoimmune diseases (A), cardiovascular diseases (B) and mental illnesses (C). For each listed
study, estimates and 95% CI are represented by squares and horizontal lines; the size of each square is proportional to the weight
of the individual study. The yellow diamond symbolizes the overall pooled estimate for each disorder and according to grouped

disorders.
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association between AD and all mental illnesses. Disor-
ders with the greatest effect sizes were autism (OR: 2.14;
95% CI: 1.39-3.29; p <0.001; 12: 96.39%) and ADHD
(OR: 1.78;95% CI: 1.21-2.62; p < 0.001; 12: 99.64%). AD
was also significantly associated with anxiety, depression,
personality and behavioural disorders and schizophrenia
(figure 2C).

Publication bias

Publication bias was not detected (plots are close to sym-
metrical), as a relatively large number of unpublished
studies would be required to change statistically significant
effects (supplementary figure 1).

Sensitivity analysis

Leave-one-out meta-analysis revealed that individual stud-
ies included in the present meta-analysis did not influence
the outcomes based on the primary analysis (supplementary

figure 2).

Discussion

Overall significant positive associations were established
for autoimmune and mental health comorbidities and
to a lesser extent, cardiovascular disorders. The mecha-
nism of the association between autoimmunity and AD
is unclear [54]. Recently, positive correlations between
immunoglobin (Ig)E autoreactivity and T-helper cell dys-
regulation have been suggested, supporting the hypothesis
that there is an autoimmune mechanism of involvement in
AD [15, 43] Further, AD and autoimmune disorders share
a chronic relapsing-remitting pattern of disease, supporting
the hypothesis of a pathogenic link [15]. Gene mapping has
associated many loci with AD, which are not AD-specific
but are shared with many other immune-related inflamma-
tory diseases, and the effects of these loci may be agonistic
or opposing [26].

The largest association effect between AD and immune dis-
eases in the current study was estimated for AA (OR: 8.56)
and vitiligo (OR: 3.48) and all included studies reported
positive associations. A previous meta-analysis [55], which
included studies with self-reported AD, smaller cohorts and
only 12% of the studies included control groups, reported
considerably different effect estimates (2.57 and 7.82,
respectively). More recently, Acharya et al. [56] reported
similar estimates of association with vitiligo in their anal-
ysis of case-control/cross-sectional studies (OR: 3.21), but
not for those reported in cohort studies (OR: 1.64).

Shi et al. [57] very recently reported a significant bidi-
rectional association between AD and IBD based on a
meta-analysis of 14 studies. Despite issues of heterogene-
ity among the studies, a similar risk ratio was estimated
(RR: 1.44) in comparison to our current meta-analysis
(OR: 1.53). Further, AD as a potential protective factor
for the development of type I diabetes has been reported
in many single studies and a metanalysis [9, 58, 59]. Our
study confirms this inverse relationship. Further, the current
study presents other estimates previously not included in
meta-analyses, including positive associations with celiac
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disease, SLE, systemic sclerosis, Sjorgens’s syndrome,
thrombocytopenia, chronic glomerulonephritis, autoim-
mune thyroiditis and RA, and negative associations with
MS, giant cell arthritis and myasthenic gravis.

There are inconsistent associations between AD and CV in
the literature, which may be heavily influenced by ethnic
group, patient age and race, and risk estimates seem greater
in more severe and persistent disease [59, 60]. Explana-
tions for these findings include differences in dose-response
effect, pathogenesis of disease severity, or effects of sys-
temic therapies used for AD treatment [59, 61]. Some
authors have also hypothesized that the main drivers for
this association are often poor health behaviours of AD
patients, and in studies in which outcomes are adjusted for
these factors, generally no augmented CV risks for AD
patients are reported [29, 37, 62]. Ascott et al. [60] sug-
gests that AD is a chronic inflammatory disease associated
with a greater prevalence of some mediators involved in the
pathway of CV diseases. Disease-specific estimates in our
meta-analysis confirm previously reported meta-analysis
results for heart failure [60] and stroke [8, 60, 61]. How-
ever, current estimates for angina pectoris (OR: 1.31) and
hypertension (OR: 1.11) were lower than previous estimates
reported by meta-analyses [60, 61]. Interestingly, this is the
first meta-analysis to report significant negative associa-
tions between AD and MI and type 2 diabetes [60, 61], and
to report pooled negative association estimates for CAD
(0.96).

Recently, the concept of psycho-neuro-immune-
endocrinology has been used to explain the many
associations between atopy, immune dysregulation and
the mind [63]. AD has been constantly associated with
significantly impaired levels of quality of life, sleep
disturbance [64], perceptions of stigmatization [65],
anxiety [65-67] and suicide [3]. Any association may be
explained by shared inflammatory pathways, over secretion
of pro-inflammatory Th1 cytokines (IL-1, IL-6 and TNFe,
INFy) and Thl-related mechanisms (increased INFy
production), contributing to the risk of mental illnesses by
penetrating the blood-brain barrier [68, 69]. Other shared
biological factors, such as excessive histamine production,
genetic predisposition [70] and finally, the psychological
impact of such disorders, may also explain this shared
comorbidity [63], without a definite role of cause and effect
[71]. The 2019 meta-analysis investigating risk estimates
for multiple mental illnesses in children (<18 years) [72]
reported overall risk estimates similar to those reported
in the current study (1.65 vs 1.62, respectively), despite
study design differences. For specific mental illnesses,
current anxiety and depression estimates (1.60 and 2.14
respectively) were within estimate ranges reported by
Roonstad et al. [13] for adults and Xie et al. [72] for
children. Xie et al. [72] concluded higher current estimates
for ADHD, lower estimates for autism and significant
associations for conduct disorder, which in the current
study was assessed as insignificant; marked differences
in meta-analysis design may account for these singular
estimate differences. The temporal relationship needs to be
investigated in prospective studies and the impact of AD
on quality of life is not restricted to mental illnesses alone,
and recent estimates suggest that AD patients have a 36%
higher likelihood of attempting suicide [3].

The present study has several limitations. Information
regarding time of disease and comorbidity onset was gen-

— 45




erally unavailable and cause and effect or different risks of
adult or juvenile-onset AD cannot be hypothesized. Given
the stigmatization and often underdiagnosis of mental
health, current estimates may not represent the full psycho-
logical impact of AD. However, this meta-analysis reports
high heterogeneity amongst the included studies from 12
countries with low publication bias, including an extremely
large AD patient and concurrent control population. Such
pooled data in a single meta-analysis provides an important
update of global estimations for some AD-associated dis-
orders, previously not included in meta-analyses. The data
provided by this study are important for future association
studies and guidelines for the role of the dermatologist in
managing AD.

Conclusions

Global pooled estimates of 3.7 million AD patients from 12
countries confirm the association of AD with many autoim-
mune and mental illnesses and limited associations with
some CV diseases. The pooled estimates for many associ-
ated illnesses may assist the dermatologist and patient in
considering further medical and wellness interventions for
optimal patient care. Bl
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