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A

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; I2: 98.39%) and
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mental illnesses (OR: 1.62; 95% CI: 1.53-1.72; p < 0.001; I2: 98.86%)
and a smaller increased risk for cardiovascular diseases (OR: 1.08;
95% CI: 0.01-1.16, p < 0.001; I2: 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

topi
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rticle accepted on 02/05/2021

Key words: a
diseases, ment

topic dermatitis (AD) is a chronic inflammatory
disorder [1], which usually begins in childhood
[2] and has a lifetime prevalence between 7%

nd 13% [1-3]. The etiopathogenesis of AD is commonly
ccepted to be multifactorial, including a genetic pre-
isposition to skin barrier deficiency, immune-mediated
nflammation and environmental factors [1]. Gene map-
ing studies have identified FLG as a dominant risk gene
nvolved in skin barrier function, as well as numerous loci
ssociated with immune dysregulation [4]. These loci are
ot specific to AD and are shared with several other immune
nflammatory diseases that are thought to be TH1/TH17

ediated, such as psoriasis, rheumatoid arthritis and alope-
ia areata.
D has been associated with numerous cardiovascular (CV)

isk factors [5-7] and is reportedly at a general higher risk
or many CV diseases [8]. AD has also been associated
ith numerous other systemic diseases, including allergic,
4
To cite this article: Chester J, Kaleci S, Liberati S, Alicandro T, Rivi M, Bonzano L, Gu
cardiovascular and mental health comorbidities: a systematic review and meta-analysis.

etabolic [9-11], rheumatological [12], and inflammatory
nd mental illnesses [13, 14]. These previously unrecog-
ized disease associations have promoted the hypothesis of
n autoimmune mechanism in AD pathogenesis [14] and
hat AD is itself a systemic disease [2].
he relationship between AD and comorbid diseases has

mplications for the understanding of underlying mecha-
c dermatitis, eczema, autoimmune diseases, systemic
ealth, epidemiology

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-
doi:10.1684/ejd.2021.4168

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

anti M, Andreone P, Pellacani G. Atopic dermatitis associated with autoimmune,
Eur J Dermatol 2022; 32(1): 34-48 doi:10.1684/ejd.2021.4168

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

dx.doi.org/10.1684/ejd.2021.4168
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tification = EJD Article Identification = 4168 Date: April 15, 20

ontrolled Trials (CENTRAL) with the following search
erms (MeSH): (“atopic dermatitis” OR “atopic eczema”)
ND (“cardiovascular” OR “heart” OR “myocardial” OR

stroke” OR “hypertension” OR “ischemia” OR “angina”
R “diabetes” OR “mortality” OR “death” OR “mental
isorders” OR “depression” OR “attention deficit hyper-
ctivity disorder” OR “autism” OR “autoimmune” OR
comorbidities”). The last search was run in April 2020.
e considered observational, case-control and cohort stud-

es including a concurrent control population, according to
he following criteria: (1) human subjects of any age, pub-
ished in English or French from 1990 to April 2020; (2)
nrolled patients with self-reported/registered clinical diag-
osis of systemic AD and “non-atopic” comorbidities; (3)
opical and/or systemic therapies or without any therapy;
4) any study regardless of duration of follow-up; and (5)
ny study regardless of AD severity or presence/absence of
enetic analysis.
e excluded studies according to the following criteria:

1) a non-AD condition as the primary focus; (2) gen-
ral symptoms and un-codified diseases; (3) unsuitable
tatistical risk comparison for meta-analysis methodol-
gy; (4) physiopathological mechanisms and atopic or
herapy-linked comorbidities; (5) no population control; (6)
ase reports/small populations (<30 cases), meta-analyses,
urveys, and short communications; and (7) manuscripts
ithout abstract(s) or full article(s) available online.
o identify any additional studies, reference lists of included
rticles were also screened and evaluated according to the
bove selection criteria.

tudy selection and data extraction
rom selected studies, relevant data were extracted indepen-
ently (SL and SK). AD was the dependent variable, defined
y patient self-reports of physician diagnosis, physician-
iagnosed reports and/or previous physician reporting
n medical records, databases and registries. Non-atopic
omorbidities were included when clinically diagnosed,
elf-reported or assessed according to questionnaires for
ymptoms over a period of >12 months. In the case of mul-
iple data sets, each set was assessed according to inclusion
riteria. Additional information was requested from authors
y email, when required.
ny disagreements were resolved with other authors.
ata extracted from each study included: (1) study

haracteristics- author, year, country of patient residence,
umber of involved centres/registries, type of study;
2) population characteristics- median age, gender, total
ample size; and (3) non-atopic comorbidities- cardiovas-
ular, autoimmune, and psychiatric. Non-specific disease
nformation (e.g. “diabetes”, “arthritis” or “autoimmune
isease”) were not considered. All individual comorbidities
ere analysed with meta-analysis.
JD, vol. 32, n◦ 1, January-February 2022

uality assessment
ethodological quality was assessed by adapting the qual-

ty assessment tool of the National Institute of Health in
n ad hoc checklist to evaluate the risk of bias [16]. Check-
ist questions and assessment are outlined in supplementary
able 1.
Time: 3:11 pm

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 table 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 1). All studies clearly defined the research
question and control subjects were selected from a concur-
rent population.

AD and autoimmune diseases
35

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



Journal Identification = EJD Article Identification = 4168 Date: April 15, 2022 Time: 3:11 pm

3

Id
en

tif
ic

at
io

n 2794 Total records retrieved
from electronic databases 

Sc
re

en
in

g

872 Records excluded for not meeting
inclusion criteria: duplicates, language,
study period 

1922 Records screened by
title/abstract  
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89 Full-text articles assessed
for eligibility

53 Full-text articles excluded:
5 No full-text
5 Study type (Review, Metanalysis)
7 Self-report of diagnosis of AD
3 Sleep disturbance
3 No control group
3 Cases were selected not based on
AD diagnosis
2 Pruritus, sleep disturbance
1 Diagnosis of depression and
anxiety together
24 other criteria 
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bibliography search of included papers  
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37 Studies include
quantative synthe

igure 1. Workflow diagram describing the systematic search

utoimmune diseases with the largest effect sizes were AA
OR: 8.56; 95% CI: 1.5-48.79, p < 0.001, I2: 98.96), vitiligo
OR: 3.48; 95% CI: 1.66 - 7.3, p < 0.001; I2: 98.47%) and
eliac disease (OR: 2.18; 95% CI: 1.35-3.47; p < 0.001;
2: 93.42); all included studies reported positive associa-
ions between AD and the respective autoimmune disorder.
6

D was also significantly associated with inflammatory
owel disease (IBD), systemic lupus erythematosus (SLE),
ystemic sclerosis, thromboctopenia, and autoimmune thy-
oiditis; all included studies reported positive associations
etween AD and the respective comorbidities. Other sig-
ificant positive associations with a smaller effect size
ncluded Sjogrens syndrome, chronic glomerulonephritis,
apers and inclusion for meta-analysis.

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

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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.95-1.75; p < 0.001; I2: 99.7%); all included studies
eported positive associations between AD and the respec-
JD, vol. 32, n◦ 1, January-February 2022

ive CV disorder. Other positive associations were found
or stroke and hypertension and negative associations were
stimated for carotid artery disease (CAD), myocardial
nfarction (MI) and type 2 diabetes. A negative associa-
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AD and mental illnesses

Mental illnesses were reported in 17 studies (13 dedicated
to mental illnesses only), involving 68,474,524 subjects,
43

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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Subgroup Attention deficit hyperactivity disorder (ADHD) (I^2=99.64 %,
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igure 2. Forest plot for autoimmune diseases meta-analysis. A r
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tudy, estimates and 95% CI are represented by squares and horizo
f the individual study. The yellow diamond symbolizes the overa
isorders.
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andom-effects model (REM) was used to ascertain a pooled-
dies and between-studies variance plus sampling error for

vascular diseases (B) and mental illnesses (C). For each listed
ntal lines; the size of each square is proportional to the weight
ll pooled estimate for each disorder and according to grouped
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ssociation between AD and all mental illnesses. Disor-
ers with the greatest effect sizes were autism (OR: 2.14;
5% CI: 1.39-3.29; p < 0.001; I2: 96.39%) and ADHD
OR: 1.78; 95% CI: 1.21-2.62; p < 0.001; I2: 99.64%). AD
as also significantly associated with anxiety, depression,
ersonality and behavioural disorders and schizophrenia
figure 2C).

ublication bias
ublication bias was not detected (plots are close to sym-
etrical), as a relatively large number of unpublished

tudies would be required to change statistically significant
ffects (supplementary figure 1).

ensitivity analysis
eave-one-out meta-analysis revealed that individual stud-

es included in the present meta-analysis did not influence
he outcomes based on the primary analysis (supplementary
gure 2).

iscussion

verall significant positive associations were established
or autoimmune and mental health comorbidities and
o a lesser extent, cardiovascular disorders. The mecha-
ism of the association between autoimmunity and AD
s unclear [54]. Recently, positive correlations between
mmunoglobin (Ig)E autoreactivity and T-helper cell dys-
egulation have been suggested, supporting the hypothesis
hat there is an autoimmune mechanism of involvement in
D [15, 43] Further, AD and autoimmune disorders share
chronic relapsing-remitting pattern of disease, supporting

he hypothesis of a pathogenic link [15]. Gene mapping has
ssociated many loci with AD, which are not AD-specific
ut are shared with many other immune-related inflamma-
ory diseases, and the effects of these loci may be agonistic
r opposing [26].
he largest association effect between AD and immune dis-
ases in the current study was estimated for AA (OR: 8.56)
nd vitiligo (OR: 3.48) and all included studies reported
ositive associations. A previous meta-analysis [55], which
ncluded studies with self-reported AD, smaller cohorts and
nly 12% of the studies included control groups, reported
onsiderably different effect estimates (2.57 and 7.82,
espectively). More recently, Acharya et al. [56] reported
imilar estimates of association with vitiligo in their anal-
sis of case-control/cross-sectional studies (OR: 3.21), but
ot for those reported in cohort studies (OR: 1.64).
hi et al. [57] very recently reported a significant bidi-
ectional association between AD and IBD based on a
eta-analysis of 14 studies. Despite issues of heterogene-
JD, vol. 32, n◦ 1, January-February 2022

ty 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
or the development of type I diabetes has been reported
n many single studies and a metanalysis [9, 58, 59]. Our
tudy confirms this inverse relationship. Further, the current
tudy presents other estimates previously not included in
eta-analyses, including positive associations with celiac
Time: 3:11 pm

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 TNF�,
INF�) and Th1-related mechanisms (increased INF�
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
45

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-
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rally unavailable and cause and effect or different risks of
dult or juvenile-onset AD cannot be hypothesized. Given
he stigmatization and often underdiagnosis of mental
ealth, current estimates may not represent the full psycho-
ogical impact of AD. However, this meta-analysis reports
igh heterogeneity amongst the included studies from 12
ountries with low publication bias, including an extremely
arge AD patient and concurrent control population. Such
ooled data in a single meta-analysis provides an important
pdate of global estimations for some AD-associated dis-
rders, previously not included in meta-analyses. The data
rovided by this study are important for future association
tudies and guidelines for the role of the dermatologist in
anaging AD.

onclusions

lobal pooled estimates of 3.7 million AD patients from 12
ountries confirm the association of AD with many autoim-
une and mental illnesses and limited associations with

ome CV diseases. The pooled estimates for many associ-
ted illnesses may assist the dermatologist and patient in
onsidering further medical and wellness interventions for
ptimal patient care. �
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