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Review article

Comorbidities of atopic dermatitis—what does

the evidence say?

Jacob P. Thyssen, MD, PhD, DMSc,a,b Anne-Sofie Halling, MD,a Peter Schmid-Grendelmeier, MD,c

Emma Guttman-Yassky, MD, PhD,d and Jonathan I. Silverberg, MD, PhD, MPHe
Copenhagen, Denmark; Z€urich,

Switzerland; New York, NY; and Washington, DC

Atopic dermatitis (AD) is a common disease that is associated

with atopic and nonatopic comorbidities. There has been a

growing interest in this area of AD, because presence or risk of

comorbidities can in many ways impact the management of

patients with AD. Thus, some treatments for AD may improve

its comorbidities as well, whereas others may increase their risk.

In this review article, we discuss various comorbidities of AD

mostly on the basis of the results of recent multiple systematic

reviews and meta-analyses to update readers about this rapidly

developing area of dermatology. We emphasize the important

information provided by studies presenting both relative risk

and absolute risk, and show that AD is associated with, among

others, atopic comorbidities such as asthma, rhinitis, and food

allergy, nonatopic comorbidities such as ocular, psychiatric,

infectious, endocrine, autoimmune, and cardiovascular diseases,

and certain cancers. Clinicians need to be aware of these and be

cognizant about positive and negative effects of existing and new

treatments for AD. (J Allergy Clin Immunol 2023;151:1155-62.)

Key words: Atopic dermatitis, atopy, asthma, burden, comorbidity,
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Atopic dermatitis (AD) is a common disease affecting about

one-fifth of young children at some point and 3% to 5% of adults.1

Patients with AD typically experience itch, skin pain, and sleep

problems, leading to an impaired quality of life.2 Childhood

AD may either persist or resolve by adulthood.3-7 Onset or recur-

rence of AD commonly occurs in adulthood.8-10 Several disease

trajectories may occur in children with AD.11-13 Some of these

are associated with higher rates of atopic comorbidities such as

food allergy, asthma, and rhinitis (Christensen et al, unpublished

data, 2022).14,15

There is a growing interest in the comorbidities of AD, which

in many ways can impact the management of patients with AD.

In some patients, a cross-specialty approach should be encour-

aged, wherein the overall burden of AD and its atopic and

nonatopic comorbidities are diagnosed and treated in the same

setting. Old and new treatments for moderate to severe AD may

improve not only the signs and symptoms of AD but also

comorbid atopic/allergic and autoimmune conditions. Some of

these improvements are frequently observed in patients with AD

(eg, cyclosporinmay improve conjunctivitis and dupilumabmay

improve asthma), whereas others are infrequently observed (eg,

methotrexate and baricitinib may improve RA and baricitinib

may improve AA). Comorbid conditions of AD may in turn

affect treatment selection. Moreover, adverse risk (in this

context, comorbidities) from some newer systemic AD treat-

ments, such as conjunctivitis, viral infections, and cardiovascu-

lar disease (CVD), may be particularly increased in patients with

more severe disease, either because they are more often treated

with these systemics or because they tend to have, for example,

more cardiovascular risk factors or suffer from more severe

inflammatory diseases of, for example, the eyes.16This narrative

review article updates the reader on the comorbidities of AD.
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Abbreviations used

AA: Alopecia areata

AD: Atopic dermatitis

AR: Absolute risk

CCI: Charlson comorbidity index

CVD: Cardiovascular disease

IBD: Inflammatory bowel disease

JAK: Janus kinase

MOF: Major osteoporotic fracture

RA: Rheumatoid arthritis

SR: Systematic review

Selected association data presented in Fig 1 provide an over-

view of overall effect sizes from large systematic reviews (SRs)

and meta-analyses. Guidelines are beginning to recommend that

health care providers address nonatopic comorbidities also in

their patients.17

METHODOLOGICAL CONSIDERATIONS
When interpreting data from various epidemiological studies

as well as SRs and meta-analyses, it is important to acknowledge

that inherent limitations exist. The quality of an SR is based on the

quality of the included studies (‘‘garbage in–garbage out’’); for

example, ascertainment bias in the underlying clinical and survey

studies of an SRmay affect the outcome of the meta-analysis; that

is, some members of a target population are more likely than

others to be selected in a sample. Moreover, in some studies,

severity categorization of patients with AD is based on clinical

observation, whereas in other studies, it is based on medication

use. Relative risk (RR) estimates show the ratio of a given

outcome in the exposed group (patients with AD) in comparison

with that in an unexposed group (controls). RR estimates allow

for comparison across different studies because these estimates

are stable across various populations with different baseline risk

estimates. RR estimates are often presented as odds ratios in

cross-sectional studies and as hazard ratios in prospective studies

and are useful in meta-analyses. As RR estimates cannot discrim-

inate between large and small absolute differences, studies should

preferably also present absolute risk (AR) estimates. These are

particularly important for clinicians because these can be used

to assess how frequently they may come across a given comorbid-

ity in their patients. Although one cannot extrapolate AR esti-

mates in 1 study, combining AR and RR can allow clinicians to

calculate the risk in their own patient population. For example,

an RR of 2 is calculated not only if an event occurs in 2 of 100

in the case group and 1 of 100 in the control group but also if

the event occurs in 200 of 100 in the case group and 100 of 100

in the control group. Therefore, absolute numbers are also needed

for proper interpretation of overall risk. An illustrative example of

the fundamental difference between AR and RR can be seen in a

nicely conducted UK study that showed significantly increased

RR of CVD in patients with severe AD.18 News media reported

this novel finding widely, but when analyzing the AR in the UK

data set, it was apparent that it was very low, and that clinicians

would need to see thousands of patients with AD each year to

come across the 1 patient in whom AD was responsible for

myocardial infarction.19Clinicians should be wary of statistically

significant differences between groups in large data sets that have

low AR or clinical significance. SRs often do not provide AR es-

timates, so it is often possible to get such data only from looking

into individual studies. In this article, we therefore refer to lowAR

from specific articles, but acknowledge that AR is dependent on

AD severity of the source population as well as age, ethnicity,

and many other factors.

Efforts were recently made to identify the best search terms

algorithms for AD research using SRs, because this may pro-

foundly impact the number of articles retrieved and hence the

outcome of a meta-analysis.20 The number of languages used dur-

ing the screening, the number of databases included, as well as

their origin are key to ensure broad inclusion of studies from all

around the world. The diagnostic criteria for AD are important

because these may dramatically impact risk estimates (as in a

Danish survey on CVD risk).21 When possible, stratification for

clinical characteristics, most notably, disease severity, disease ac-

tivity, and lifestyle factors, should be done because these will

impact the risk of having or developing comorbidities.

Atopic comorbidities
Recent comprehensive SRs and meta-analyses informed in

detail about the overlap between AD and atopic conditions. In

individuals with AD, the overall pooled prevalence of rhinitis,

asthma, or both is 40.5%, 25.7%, and 14.2%, respectively.22,23 In

adults with AD, 28.6% and 24.1% have food sensitivity and food

allergy, and even higher proportions were observed in children

with AD (Christensen et al, unpublished data, 2022). Food

challenge–proven food allergy is also common in children and

adults; egg was found to be the most common allergen. Patients

with AD have 3- to 4-fold increased odds of having an atopic dis-

ease (Christensen et al, unpublished data, 2022),22,23 which in

part is explained by shared genetics.24 Furthermore, more severe

AD is associated with increased likelihood of atopic comorbid-

ities, including asthma (Christensen et al, unpublished data,

2022).22,23,25 Importantly, AD is associated with both allergic

and nonallergic forms of asthma and rhinitis defined from specific

IgE measurements and skin prick tests.22,23 Little is currently

known about the overlap between AD and other conditions char-

acterized by type 2 inflammation, such as nasal polyposis and

eosinophilic esophagitis. These disorders are less common over-

all, but are more common in patients with AD.26,27 Clinicians

should consider screening their patients with AD for gastrointes-

tinal and respiratory atopic symptoms because this may impact

treatment selection.

Ocular comorbidities
Anterior subcapsular cataract, keratoconus, and recurrent

conjunctivitis are minor Hanifin and Rajka criteria for AD,

emphasizing that ocular disease is a part of the AD syndrome.28

The high prevalence of ocular adverse events, including

conjunctivitis and blepharitis, secondary to inhibitors of IL-13

and IL-4 signaling in patients with AD, led to renewed interest

in ocular comorbidity of AD.29 An SR showed that the preva-

lence of conjunctivitis was 31.7% in patients with AD and

13.3% in controls, the most common subtypes in patients with

AD being allergic conjunctivitis, whereas atopic keratoconjunc-

tivitis and infectious conjunctivitis were much less common.30

Blepharitis affected 22.0%, dry eye disease 9.1%, and keratitis

1.4%, whereas keratoconus affected less than 1%. Clinicians
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should ask about ocular symptoms and perform clinical exami-

nations when relevant to reduce the burden of comorbid ocular

disease. Some ocular comorbidities may indirectly worsen un-

derlying AD, such as eye pruritus from allergic conjunctivitis

leading to chronic rubbing around the eyes and secondary

eczematization.

Psychiatric comorbidities
The impact of AD on mental health can be substantial. The AR

of psychiatric comorbidity is high in both pediatric and adult

patients with AD31 and should be considered by clinicians in clin-

ical practice.

Among all the SRs and meta-analyses, there were 2 that

examined the relationship of AD with depression, suicidality,

and/or anxiety.31,32 The first included 23, 13, and 6 studies in the

meta-analyses of depression, anxiety, and suicidality, respec-

tively, and found significantly higher odds of AD with depression

and anxiety in adults, depression in children, and suicidality in

adults and adolescents.32 Risk of depression and anxiety was

increased 2-fold, and risk of suicidal ideation 4-fold.32 The sec-

ond included 36 studies with sufficient data for meta-analysis

and found that 20.1% (1 in 5 persons) with AD had depression

compared with only 14.8% of controls.31 Adult patients with

AD had significantly higher rates of clinical depression (14.9%

vs 12.6%), numerically higher rates of antidepressant use

(29.3% vs 20.3%), and significantly higher rates of suicidality

(12.2% vs 6.4%).31 Depression occurred particularly in patients

with moderate to severe AD.31 Depression and antidepressant

use particularly occurred in adults.31 Children with AD also had

FIG 1. Forest plot of pooled ORs with 95% CIs for the risk of comorbidities in patients with AD derived from

recent SRs and meta-analyses. Pooled ORs with 95% CIs were extracted from the following references:

asthma22; food allergy (Christensen et al, unpublished data, 2022); rhinitis23; conjunctivitis, dry eye disease,

and keratoconus30; ADHD35; anxiety32; depression and suicidal ideation31; suicide attempts33; alopecia

areata, celiac disease, Crohn disease, rheumatoid arthritis, SLE, ulcerative colitis, and vitiligo47; angina pec-

toris, myocardial infection, stroke, and type 2 diabetes70; hypertension67; ear infection, pneumonia, strep

throat infection, and urinary tract infection84; contact sensitization87; hand eczema86; osteopenia and oste-

oporosis100; brain cancer, breast cancer, keratinocyte cancer, lung cancer, melanoma, and pancreas can-

cer103; and lymphoma.110 ADHD, Attention deficit/hyperactivity disorder; OR, odds ratio; SLE, systemic

lupus erythematosus. *Standardized incidence ratios are presented instead of ORs. �95% CI, 4.38-21.59.
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higher prevalence of parental depression compared with children

without AD (29.3% vs 20.3%).31 Two SRs showed that suicidal

ideation risk was increased 1.5 times and suicidal attempt was

also significantly increased.33,34 An SR specifically in children

confirmed the association between AD and psychiatric disease.35

It is currently unclear whether AD has a causative genetic effect

on depression.36-38 AD was also associated with attention

deficit/hyperactivity disorder and with its severity.35,39,40 Four

studies in the aforementioned SR31 found that different topical,

oral systemic, or biologic treatment regimens for AD improved

depression and/or depressive symptoms.41-44 These studies sug-

gest that depressive symptoms occurring in AD may be directly

related to AD severity and modifiable with reduced AD severity.

A Danish registry study showed that the risk of being hospitalized

for clinical depression or anxiety is similar to that of the general

population.45Recent AD guidelines from the American Academy

of Dermatology recognize that AD in adults is associated with

clinician-diagnosed depression and anxiety (moderate-quality ev-

idence) and may be associated with suicide (low-quality

evidence).17

Autoimmune comorbidities
The odds ratio of alopecia areata (AA) in patients with AD is

increased up to 10-fold, and similar to atopic comorbidities, the

association is bidirectional.46,47 AA may be more severe in the

context of AD and in the presence of filaggrin gene mutations.48

Large studies showed increased risk of developing AA in patients

with atopic conditions, with the risk increasing with each addi-

tional atopic condition.49,50 IL-13 has also been shown to be the

strongest genetic association in a large genome-wide association

study in patients with AA and atopy as well as in patients with AA

alone.51Other autoimmune diseases, particularly vitiligo, but also

chronic urticaria, celiac disease, inflammatory bowel disease

(IBD), systemic lupus erythematosus, and rheumatoid arthritis

(RA), are also more common in patients with AD compared

with controls, typically 1.5- to 2-fold, in part explained by shared

genetic risk variants.40,47,52-58 On the basis of the data from a

Danish registry study, the risk of autoimmune disease is elevated

in patients with AD who have a smoking history.55 A US

population–based survey study found higher odds of self-

reported RA and systemic lupus erythematosus in adults with

AD, particularly those with atopic comorbidities.59 A large-

scale US inpatient study found the prevalence of autoimmune dis-

ease to be higher in adults (7.9% vs 5.7%) and children (2.0% vs

1.0%) with and without AD.60 AD was associated with 18 of 32

autoimmune disorders examined in adults and 13 of 24 examined

in children, including AA, vitiligo, Hashimoto disease, and

IBD.17 The association between type 1 diabetes and AD remains

unclear, but the evidence indicates that the risk is reduced in

AD.61

Cardiovascular risk factors and comorbidities
It is a subject of much debate whether patients with AD have

increased risk of CVD similar to patients with psoriasis, and

whether this is explained by systemic inflammation or lifestyle

factors.28,62,63 SRs studying lifestyle factors showed that AD is

associated with smoking64 and being overweight and obese in

Asian and North American populations but not in a European

population,65 but AD is not associated with alcohol use.66 An

SR on the association between AD and hypertension showed a

positive association, especially in patients with severe disease.67

It further showed that cyclosporin use increased this risk. The as-

sociation between AD and type 2 diabetes is, so far, scarcely stud-

ied, but it is possible that an elevated risk, at least in part, can be

explained by prolonged and intense use of topical corticoste-

roids.68 Three meta-analyses recently examined the associations

of AD with CVD.69-71 They showed very modestly elevated

risk for various outcomes and that residual confounding may be

a risk.17 However, on the basis of experimental studies showing

elevated CVD biomarkers in patients with moderate to severe

AD,72,73 and a large UK registry study showing increased CVD

risk in patients with severe AD,18 the current understanding is

that inflammation in AD may alter the risk in itself but that the

AR is small. Given that CVD is common in many ethnicities

across the world, dermatologists may diagnose and address

CVD risk factors in their patients when relevant. A recent SR

showed that the risk of incident venous thromboembolism was

not increased in patients with AD compared with controls.74

Infectious comorbidities
AD leads to impaired cellular immunity, and the risk of viral

skin infection is therefore increased. Accordingly, AD is associ-

ated with herpes simplex, varicella zoster, verrucae, and mollus-

cum contagiosum.75 Some studies show that the risk of infections

from coronavirus disease 2019 is also slightly increased in pa-

tients with AD, whereas other studies show similar risk.76-80 Pa-

tients with AD have a 20-fold increased risk of being colonized

with Staphylococcus aureus and with a severity-dependent asso-

ciation.81 Methicillin-resistant Staphylococcal infection is also

associated with AD.82 These observations translate into an

increased occurrence of skin infections such as erysipelas and

impetigo, but in rare cases this may also lead to bone infections,

sepsis, encephalitis, and endocarditis in patients with AD.75,82,83

An SR showed 1.3- to 2-fold increased risk of ear infection, strep

throat, and urinary tract infection in patients with AD.84 In sepa-

rate studies, an increased risk of upper and lower respiratory tract

infection was also associated with both pediatric and adult pa-

tients with AD.83,85 One US study showed 1.5-fold increased

risk of tuberculosis in patients with AD.82

Contact dermatitis and hand eczema
AD is associated with hand eczema, because AD may be

located on the hands and also because the risk of allergic and

irritant contact dermatitis is altered. An SR showed that the point

prevalence and lifetime prevalence of hand eczema were

increased, respectively 2- and 4-fold, and also that the risk of

occupational hand eczemawas similarly elevated.86An SR on the

association with allergic contact dermatitis showed that in pa-

tients with milder forms of AD, that is, patients from general pop-

ulation studies, the risk of allergic contact dermatitis was

increased 1.5-fold, whereas the risk was significantly decreased

in clinical populations including patients typically seen in hospi-

tal systems and who therefore had more severe disease.87 This

observation is supported by experimental studies showing how

TH2 deviation and active severe AD reduce the ability to develop

contact sensitization.88 There was no SR conducted on the asso-

ciation between AD and irritant contact dermatitis, and so the

relationship remains unresolved, with some studies showing
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increased skin reactivity and others similar reactivity as con-

trols.89-92 However, there is solid evidence that penetration of

chemicals, including skin irritants, is increased in AD skin.93

Osteoporosis
Various risk factors for osteoporosis are associated with AD,

for example, tobacco smoking, physical inactivity, vitamin D

deficiency, and use of corticosteroids or psycholeptics, making it

plausible that patients with AD are indirectly at increased risk of

osteoporosis and major osteoporotic fractures (MOFs).64,94 The

strongest risk estimates were observed in older patients, individ-

uals with severe disease, and users of systemic corticoste-

roids.95-97 Systemic inflammation in AD was also proposed as a

risk factor for major comorbidities, similar to, for example, Crohn

disease.98,99 Currently, few studies examined the risk of osteopo-

rosis andMOFs, but an SR showed slightly increased risk ofMOF

and a 2-fold increased risk of osteoporosis and osteopenia.100

Another SR also found increased risk of MOF and in a severity-

dependent manner, but also concluded that differences between

studies precluded quantitative analysis.101 The contribution of

topical corticosteroid therapy to the increased risk of bone disease

in patients with AD is currently unresolved.102 Recent AD guide-

lines from the American Academy of Dermatology recognize that

AD in adults is associated with osteoporosis (high-quality evi-

dence) and bone fractures (moderate-quality evidence).17

Cancers
There is ongoing interest in the possible association between

AD and certain cancers, given concerns about chronic inflamma-

tion and possibly anti-inflammatory treatments increasing cancer

risk. SRs showed that the risk of keratinocyte cancer is increased

about 1.3- to 1.5-fold in patients with AD, whereas the risk of

central nervous system and pancreatic cancers is paradoxically

decreased.103,104 In another SR, no association between AD and

pancreatic cancer was observed.105 Risk of skin cancer may be

elevated because of lower levels of filaggrin and the degradation

product urocanic acid, an important photoreceptor.106 Danish

studies showed not only an elevated risk of actinic keratosis and

keratinocyte cancers in patients with AD, but also that individuals

with homozygous filaggrin genemutations (bothwith andwithout

AD) had a higher risk.106-109 However, use of phototherapy and

cyclosporin may also be an important explanation for the associ-

ation. An SR showed a slightly increased risk of lymphoma in pa-

tients with AD who were part of prospective and retrospective

cohort studies, but not in patients from case-control studies.110

A very small part of the increased risk may be explained by use

of topical calcineurin inhibitors in patients with AD.111,112 Risk

studies on cancer in patients with ADmay particularly be suscep-

tible to surveillance bias, that is, the fact that patients with AD

cared for by dermatologists are more likely to become diagnosed

with skin malignancies than individuals who are not seen by

dermatologists.

MULTIMORBIDITY AND MORTALITY
The Charlson comorbidity index (CCI) is a weighted index that

predicts the risk of death within 1 year of hospitalization for

patients with specific comorbid conditions.113 In Danish adult pa-

tients with AD, the CCI score was higher than for controls, but

only in patients with AD who smoked.114 In the United States,

the CCI score for adult patients with psoriasis was similar to

that for adult patients with AD.75 In pediatric and adolescent pa-

tients with AD, the CCI score was significantly higher than that

for controls.115 The appropriateness of CCI in AD research is

debatable, especially in children, but overall CCI has a high val-

idity when using diseases coded in the International Classifica-

tion of Diseases, Tenth Revision.113 The Healthcare Cost and

Utilization Project chronic comorbidity indicator is a modified

score that is more appropriate for pediatric research. This score

was also significantly increased in US children and adolescents

with AD.115 Few studies examined mortality in patients with

AD. Studies from Denmark showed that all-cause mortality was

slightly increased compared with controls and that CVD, infec-

tions, and urogenital diseases explained the elevated risk.116

A UK registry study also showed increased all-cause mortality

risk and found a severity-dependent association. Infectious,

digestive, and genitourinary diseases mainly explained the

elevated risk.117

IMPACT OF COMORBIDITY ON TREATMENT

SELECTION
We have shown how the risk of various comorbidities is

increased in patients with AD. Some of these may even be treated

with the use of new and old systemic treatments. Although it is

beyond the scope of this review article to address this, it is

important that clinicians are aware of therapeutic indications of

especially newer treatments including Janus kinase (JAK) in-

hibitors and biologics that are approved for IBD, RA, AA, and

severe asthma, and therefore in selected patients with comorbid

autoimmune disease, these may be preferred.

Although the long-term safety profile of JAK-inhibitor use in

AD is unknown, clinical trial data suggest that the risk of CVD,

venous thromboembolism, and cancer is not increased.118 How-

ever, JAK-inhibitor use in general has been associated with an

increased risk of cancers and CVD,119 and therefore, clinicians

should prioritize other treatments first in patients with risk factors

for developing such serious adverse events. Similarly, a history of

conjunctivitis and severe AD is associated with slightly increased

risk of ocular surface disease in dupilumab- and tralokinumab-

treated patients with AD.120,121 It is unclear whether the increased

occurrence of TH17-driven diseases such as seronegative arthritis

and enthesitis following dupilumab treatment will also be

observed with other new treatments.122

CONCLUSIONS
In recent years, much evidence of associations betweenAD and

a wide array of comorbidities has emerged. Despite their inherent

limitations, recent studies have led to substantial improvement in

our understanding of the risk of AD comorbidities.

REFERENCES

1. Barbarot S, Auziere S, Gadkari A, Girolomoni G, Puig L, Simpson EL, et al.

Epidemiology of atopic dermatitis in adults: results from an international survey.

Allergy 2018;73:1284-93.

2. Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet 2020;396:345-60.

3. Thyssen JP, Corn G, Wohlfahrt J, Melbye M, Bager P. Retrospective markers of

paediatric atopic dermatitis persistence after hospital diagnosis: a nationwide

cohort study. Clin Exp Allergy 2019;49:1455-63.

J ALLERGY CLIN IMMUNOL

VOLUME 151, NUMBER 5

THYSSEN ET AL 1159



4. Kim JP, Chao LX, Simpson EL, Silverberg JI. Persistence of atopic dermatitis

(AD): a systematic review and meta-analysis. J Am Acad Dermatol 2016;75:

681-7.e11.

5. Margolis JS, Abuabara K, Bilker W, Hoffstad O, Margolis DJ. Persistence of mild

to moderate atopic dermatitis. JAMA Dermatol 2014;150:593-600.

6. Wan J, Mitra N, Hoffstad OJ, Yan AC, Margolis DJ. Longitudinal atopic derma-

titis control and persistence vary with timing of disease onset in children: a cohort

study. J Am Acad Dermatol 2019;81:1292-9.

7. Abuabara K, Ye M, Margolis DJ, McCulloch CE, Mulick AR, Silverwood RJ,

et al. Patterns of atopic eczema disease activity from birth through midlife in 2

British birth cohorts. JAMA Dermatol 2021;157:1191-9.

8. Silverberg JI. Adult-onset atopic dermatitis. J Allergy Clin Immunol Pract 2019;

7:28-33.

9. Abuabara K, Yu AM, Okhovat JP, Allen IE, Langan SM. The prevalence of atopic

dermatitis beyond childhood: a systematic review and meta-analysis of longitudi-

nal studies. Allergy 2018;73:696-704.

10. Lee HH, Patel KR, Singam V, Rastogi S, Silverberg JI. A systematic review and

meta-analysis of the prevalence and phenotype of adult-onset atopic dermatitis.

J Am Acad Dermatol 2019;80:1526-32.e7.

11. Paternoster L, Savenije OEM, Heron J, Evans DM, Vonk JM, Brunekreef B, et al.

Identification of atopic dermatitis subgroups in children from 2 longitudinal birth

cohorts. J Allergy Clin Immunol 2018;141:964-71.

12. Ziyab AH, Mukherjee N, Zhang H, Arshad SH, Karmaus W. Sex-specific devel-

opmental trajectories of eczema from infancy to age 26 years: a birth cohort

study. Clin Exp Allergy 2022;52:416-25.

13. Irvine AD, Mina-Osorio P. Disease trajectories in childhood atopic dermatitis: an

update and practitioner’s guide. Br J Dermatol 2019;181:895-906.

14. Haider S, Fontanella S, Ullah A, Turner S, Simpson A, Roberts G, et al. Evolution

of eczema, wheeze and rhinitis from infancy to early adulthood: four birth cohort

studies. Am J Respir Crit Care Med 2022;206:950-60.

15. Belgrave DC, Granell R, Simpson A, Guiver J, Bishop C, Buchan I, et al. Devel-

opmental profiles of eczema, wheeze, and rhinitis: two population-based birth

cohort studies. PLoS Med 2014;11:e1001748.

16. Egeberg A, Andersen YM, Gislason GH, Skov L, Thyssen JP. Prevalence of co-

morbidity and associated risk factors in adults with atopic dermatitis. Allergy

2017;72:783-91.

17. Davis DMR, Drucker AM, Alikhan A, Bercovitch L, Cohen DE, Darr JM, et al.

American Academy of Dermatology Guidelines: awareness of comorbidities

associated with atopic dermatitis in adults. J Am Acad Dermatol 2022;86:

1335-6.e18.

18. Silverwood RJ, Forbes HJ, Abuabara K, Ascott A, Schmidt M, Schmidt SAJ,

et al. Severe and predominantly active atopic eczema in adulthood and long

term risk of cardiovascular disease: population based cohort study. BMJ 2018;

361:k1786.

19. Thyssen JP, Egeberg A. Cardiovascular disease and atopic dermatitis: epidemio-

logical strengths and limitations. Br J Dermatol 2018;179:1014-5.

20. Ayasse MT, Ahmed A, Espinosa ML, Walker CJ, Yousaf M, Thyssen JP, et al.

What are the highest yielding search strategy terms for systematic reviews in

atopic dermatitis? A systematic review. Arch Dermatol Res 2021;313:737-50.

21. Andersen YMF, Egeberg A, Hamann CR, Skov L, Gislason GH, Skaaby T, et al.

Poor agreement in questionnaire-based diagnostic criteria for adult atopic derma-

titis is a challenge when examining cardiovascular comorbidity. Allergy 2018;73:

923-31.

22. Ravnborg N, Ambikaibalan D, Agnihotri G, Price S, Rastogi S, Patel KR, et al.

Prevalence of asthma in patients with atopic dermatitis: a systematic review and

meta-analysis. J Am Acad Dermatol 2021;84:471-8.

23. Knudgaard MH, Andreasen TH, Ravnborg N, Bieber T, Silverberg JI, Egeberg A,

et al. Rhinitis prevalence and association with atopic dermatitis: a

systematic review and meta-analysis. Ann Allergy Asthma Immunol 2021;127:

49-56.e1.

24. Ferreira MA, Vonk JM, Baurecht H, Marenholz I, Tian C, Hoffman JD, et al.

Shared genetic origin of asthma, hay fever and eczema elucidates allergic disease

biology. Nat Genet 2017;49:1752-7.

25. Li H, Dai T, Liu C, Liu Q, Tan C. Phenotypes of atopic dermatitis and the risk for

subsequent asthma: a systematic review and meta-analysis. J Am Acad Dermatol

2022;86:365-72.

26. Halling AS, van Hauen M, Eggers-Lura VH, Knudgaard MH, Loft N, Thyssen JP.

Association between atopic dermatitis and nasal polyposis: what is the evidence?

J Eur Acad Dermatol Venereol 2021;35:e290-3.

27. Paller AS, Mina-Osorio P, Vekeman F, Boklage S, Mallya UG, Ganguli S, et al.

Prevalence of type 2 inflammatory diseases in pediatric patients with atopic

dermatitis: real-world evidence. J Am Acad Dermatol 2022;86:758-65.

28. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm Vene-

reol 1980;92:44-7.

29. Halling AS, Loft N, Silverberg JI, Guttman-Yassky E, Thyssen JP. Real-world ev-

idence of dupilumab efficacy and risk of adverse events: a systematic review and

meta-analysis. J Am Acad Dermatol 2021;84:139-47.

30. Ravn NH, Ahmadzay ZF, Christensen TA, Larsen HHP, Loft N, Rævdal P, et al.

Bidirectional association between atopic dermatitis, conjunctivitis, and other

ocular surface diseases: a systematic review and meta-analysis. J Am Acad Der-

matol 2021;85:453-61.

31. Patel KR, Immaneni S, Singam V, Rastogi S, Silverberg JI. Association between

atopic dermatitis, depression, and suicidal ideation: a systematic review and meta-

analysis. J Am Acad Dermatol 2019;80:402-10.

32. Rønnstad ATM, Halling-Overgaard AS, Hamann CR, Skov L, Egeberg A, Thys-

sen JP. Association of atopic dermatitis with depression, anxiety, and suicidal

ideation in children and adults: a systematic review and meta-analysis. J Am

Acad Dermatol 2018;79:448-56.e30.

33. Sandhu JK, Wu KK, Bui TL, Armstrong AW. Association between atopic derma-

titis and suicidality: a systematic review and meta-analysis. JAMA Dermatol

2019;155:178-87.

34. Pompili M, Bonanni L, Gualtieri F, Trovini G, Persechino S, Baldessarini RJ. Sui-

cidal risks with psoriasis and atopic dermatitis: systematic review and meta-anal-

ysis. J Psychosom Res 2021;141:110347.

35. Xie QW, Dai X, Tang X, Chan CHY, Chan CLW. Risk of mental disorders in chil-

dren and adolescents with atopic dermatitis: a systematic review and meta-anal-

ysis. Front Psychol 2019;10:1773.

36. Qi HJ, Li LF. Association of atopic dermatitis with depression and suicide: a two-

sample Mendelian randomization study. Biomed Res Int 2022;2022:4084121.

37. Cao H, Li S, Baranova A, Zhang F. Shared genetic liability between major

depressive disorder and atopic diseases. Front Immunol 2021;12:665160.

38. Baurecht H, Welker C, Baumeister SE, Weidnger S, Meisinger C, Leitzmann MF,

et al. Relationship between atopic dermatitis, depression and anxiety: a two-

sample Mendelian randomization study. Br J Dermatol 2021;185:781-6.

39. Chuang YC, Wang CY, Huang WL, Wang LJ, Kuo HC, Chen YC, et al. Two

meta-analyses of the association between atopic diseases and core symptoms of

attention deficit hyperactivity disorder. Sci Rep 2022;12:3377.

40. Tsai TY, Chao YC, Hsieh CY, Huang YC. Association between atopic dermatitis

and autism spectrum disorder: a systematic review and meta-analysis. Acta Derm

Venereol 2020;100:adv00146.

41. Kataoka Y, Nakajima S. Is coping of atopic dermatitis patients originated from

their own character or secondarily remodeled by disease suffering? Obvious

improvement of coping and psychiatric symptoms after ‘‘tight eczema control.’’.

Acta Derm Venereol 2017;97:880-1.

42. Vinnik T, Kirby M, Bairachnaya M, Koman I, Tarkina T, Sadykova G, et al. Sea-

sonality and BDNF polymorphism influences depression outcome in patients with

atopic dermatitis and psoriasis. World J Biol Psychiatry 2017;18:604-14.

43. Simpson EL, Bieber T, Eckert L, Wu R, Ardeleanu M, Graham NM, et al. Patient

burden of moderate to severe atopic dermatitis (AD): insights from a phase 2b

clinical trial of dupilumab in adults. J Am Acad Dermatol 2016;74:491-8.

44. Kawana S, Kato Y, Omi T. Efficacy of a 5-HT1a receptor agonist in atopic derma-

titis. Clin Exp Dermatol 2010;35:835-40.

45. Vittrup I, Andersen YMF, Droitcourt C, Skov L, Egeberg A, Fenton MC, et al.

Association between hospital-diagnosed atopic dermatitis and psychiatric disor-

ders and medication use in childhood. Br J Dermatol 2021;185:91-100.

46. Mohan GC, Silverberg JI. Association of vitiligo and alopecia areata with atopic

dermatitis: a systematic review and meta-analysis. JAMA Dermatol 2015;151:

522-8.

47. Lu Z, Zeng N, Cheng Y, Chen Y, Li Y, Lu Q, et al. Atopic dermatitis and risk of

autoimmune diseases: a systematic review and meta-analysis. Allergy Asthma

Clin Immunol 2021;17:96.

48. Betz RC, Pforr J, Flaquer A, Redler S, Hanneken S, Eigelshoven S, et al. Loss-of-

function mutations in the filaggrin gene and alopecia areata: strong risk factor for

a severe course of disease in patients comorbid for atopic disease. J Invest Der-

matol 2007;127:2539-43.

49. Kridin K, Renert-Yuval Y, Guttman-Yassky E, Cohen AD. Alopecia areata is

associated with atopic diathesis: results from a population-based study of

51,561 patients. J Allergy Clin Immunol Pract 2020;8:1323-8.e1.

50. Drucker AM, Thompson JM, Li WQ, Cho E, Li T, Guttman-Yassky E, et al. Inci-

dent alopecia areata and vitiligo in adult women with atopic dermatitis: Nurses’

Health Study 2. Allergy 2017;72:831-4.

51. Jagielska D, Redler S, Brockschmidt FF, Herold C, Pasternack SM, Garcia Bar-

tels N, et al. Follow-up study of the first genome-wide association scan in alope-

cia areata: IL13 and KIAA0350 as susceptibility loci supported with genome-

wide significance. J Invest Dermatol 2012;132:2192-7.

52. Paternoster L, Standl M, Waage J, Baurecht H, Hotze M, Strachan DP, et al.

Multi-ancestry genome-wide association study of 21,000 cases and 95,000 con-

trols identifies new risk loci for atopic dermatitis. Nat Genet 2015;47:1449-56.

J ALLERGY CLIN IMMUNOL

MAY 2023

1160 THYSSEN ET AL



53. Shi X, Chen Q, Wang F. The bidirectional association between inflammatory

bowel disease and atopic dermatitis: a systematic review and meta-analysis.

Dermatology 2020;236:546-53.

54. Lee H, Lee JH, Koh SJ, Park H. Bidirectional relationship between atopic derma-

titis and inflammatory bowel disease: a systematic review and meta-analysis.

J Am Acad Dermatol 2020;83:1385-94.

55. Andersen YM, Egeberg A, Gislason GH, Skov L, Thyssen JP. Autoimmune

diseases in adults with atopic dermatitis. J Am Acad Dermatol 2017;76:

274-80.e1.

56. Rittiphairoj T, Charoenngam N, Ponvilawan B, Tornsatitkul S, Wattanachayakul

P, Rujirachun P, et al. Atopic dermatitis is a risk factor for rheumatoid arthritis: a

systematic review and meta-analysis. Dermatitis 2021;32:S15-23.

57. Ponvilawan B, Charoenngam N, Wongtrakul W, Ungprasert P. Association of

atopic dermatitis with an increased risk of systemic lupus erythematosus: a sys-

tematic review and meta-analysis. J Postgrad Med 2021;67:139-45.

58. Acharya P, Mathur M. Association of atopic dermatitis with vitiligo: a systematic

review and meta-analysis. J Cosmet Dermatol 2020;19:2016-20.

59. Hou A, Silverberg JI. Association of atopic dermatitis with rheumatoid arthritis

and systemic lupus erythematosus in US adults. Dermatitis 2021;32:e96-8.

60. Narla S, Silverberg JI. Association between atopic dermatitis and autoimmune

disorders in US adults and children: a cross-sectional study. J Am Acad Dermatol

2019;80:382-9.

61. Mirghani HO, Alhazmi K, Alghamdi S, Alraddadi M. The cross-talk between

atopic dermatitis and diabetes mellitus: a meta-analysis. Cureus 2021;13:e13750.

62. Drucker AM, Flohr C. Revisiting atopic dermatitis and cardiovascular disease. Br

J Dermatol 2018;179:801-2.

63. Drucker AM, Flohr C. Atopic dermatitis and cardiovascular disease: have we seen

enough to refute a causal link? Br J Dermatol 2018;178:1235-6.

64. Kantor R, Kim A, Thyssen JP, Silverberg JI. Association of atopic dermatitis with

smoking: a systematic review and meta-analysis. J Am Acad Dermatol 2016;75:

1119, 11125.e1.

65. Zhang A, Silverberg JI. Association of atopic dermatitis with being overweight

and obese: a systematic review and metaanalysis. J Am Acad Dermatol 2015;

72:606-16.e4.

66. Halling-Overgaard AS, Hamann CR, Holm RP, Linneberg A, Silverberg JI, Ege-

berg A, et al. Atopic dermatitis and alcohol use—a meta-analysis and systematic

review. J Eur Acad Dermatol Venereol 2018;32:1238-45.

67. Yousaf M, Ayasse M, Ahmed A, Gwillim EC, Janmohamed SR, Yousaf A, et al.

Association between atopic dermatitis and hypertension: a systematic review and

meta-analysis. Br J Dermatol 2022;186:227-35.

68. Andersen YMF, Egeberg A, Ban L, Gran S, Williams HC, Francis NA, et al. As-

sociation between topical corticosteroid use and type 2 diabetes in two European

population-based adult cohorts. Diabetes Care 2019;42:1095-103.

69. Ascott A, Mulick A, Yu AM, Prieto-Merino D, Schmidt M, Abuabara K, et al.

Atopic eczema and major cardiovascular outcomes: a systematic review and

meta-analysis of population-based studies. J Allergy Clin Immunol 2019;143:

1821-9.

70. Thyssen JP, Halling-Overgaard AS, Andersen YMF, Gislason G, Skov L, Egeberg

A. The association with cardiovascular disease and type 2 diabetes in adults with

atopic dermatitis: a systematic review and meta-analysis. Br J Dermatol 2018;

178:1272-9.

71. Yuan M, Cao WF, Xie XF, Zhou HY, Wu XM. Relationship of atopic dermatitis

with stroke and myocardial infarction: a meta-analysis. Medicine (Baltimore)

2018;97:e13512.

72. Glickman JW, Dubin C, Renert-Yuval Y, Dahabreh D, Kimmel GW, Auyeung K,

et al. Cross-sectional study of blood biomarkers of patients with moderate to se-

vere alopecia areata reveals systemic immune and cardiovascular biomarker dys-

regulation. J Am Acad Dermatol 2021;84:370-80.

73. Villani AP, Pavel AB, Wu J, Fernandes M, Maari C, Saint-Cyr Proulx E, et al.

Vascular inflammation in moderate-to-severe atopic dermatitis is associated

with enhanced Th2 response. Allergy 2021;76:3107-21.

74. Chen TL, Lee LL, Huang HK, Chen LY, Loh CH, Chi CC. Association of risk of

incident venous thromboembolism with atopic dermatitis and treatment with Ja-

nus kinase inhibitors: a systematic review and meta-analysis. JAMA Dermatol

2022;158:1254-61.

75. Narla S, Silverberg JI. Multimorbidity and mortality risk in hospitalized adults

with chronic inflammatory skin disease in the United States. Arch Dermatol

Res 2020;312:507-12.

76. Rakita U, Kaundinya T, Guraya A, Nelson K, Maner B, Manjunath J, et al. Atopic

dermatitis is not associated with SARS-CoV-2 outcomes. Arch Dermatol Res

2022;314:999-1002.

77. Patrick MT, Zhang H, Wasikowski R, Prens EP, Weidinger S, Gudjonsson JE,

et al. Associations between COVID-19 and skin conditions identified through

epidemiology and genomic studies. J Allergy Clin Immunol 2021;147:857-69.e7.

78. Nguyen C, Yale K, Casale F, Ghigi A, Zheng K, Silverberg JI, et al. SARS-CoV-2

infection in patients with atopic dermatitis: a cross-sectional study. Br J Dermatol

2021;185:640-1.

79. Wu JJ, Martin A, Liu J, Thatiparthi A, Ge S, Egeberg A, et al. The risk of

COVID-19 infection in patients with atopic dermatitis: a retrospective cohort

study. J Am Acad Dermatol 2022;86:243-5.

80. Yiu ZZN, Harding-Oredugba G, Griffiths CEM, Warren RB, McMullen E, Hunter

HJA. Risk of COVID-19 infection in adult patients with atopic eczema and pso-

riasis: a single-centre cross-sectional study. Br J Dermatol 2021;185:441-3.

81. Tott�e JE, van der Feltz WT, Hennekam M, van Belkum A, van Zuuren EJ, Pas-

mans SG. Prevalence and odds of Staphylococcus aureus carriage in atopic

dermatitis: a systematic review and meta-analysis. Br J Dermatol 2016;175:

687-95.

82. Narla S, Silverberg JI. Association between atopic dermatitis and serious cuta-

neous, multiorgan and systemic infections in US adults. Ann Allergy Asthma Im-

munol 2018;120:66-72.e11.

83. Droitcourt C, Vittrup I, Kerbrat S, Egeberg A, Thyssen JP. Risk of systemic in-

fections in adults with atopic dermatitis: a nationwide cohort study. J Am Acad

Dermatol 2021;84:290-9.

84. Serrano L, Patel KR, Silverberg JI. Association between atopic dermatitis and ex-

tracutaneous bacterial and mycobacterial infections: a systematic review and

meta-analysis. J Am Acad Dermatol 2019;80:904-12.

85. Droitcourt C, Vittrup I, Dupuy A, Egeberg A, Thyssen JP. Risk of systemic infec-

tions requiring hospitalization in children with atopic dermatitis: a Danish retro-

spective nationwide cohort study. Br J Dermatol 2021;185:119-29.

86. Ruff SMD, Engebretsen KA, Zachariae C, Johansen JD, Silverberg JI, Egeberg A,

et al. The association between atopic dermatitis and hand eczema: a systematic

review and meta-analysis. Br J Dermatol 2018;178:879-88.

87. Hamann CR, Hamann D, Egeberg A, Johansen JD, Silverberg J, Thyssen JP. As-

sociation between atopic dermatitis and contact sensitization: a systematic review

and meta-analysis. J Am Acad Dermatol 2017;77:70-8.

88. Uehara M, Sawai T. A longitudinal study of contact sensitivity in patients with

atopic dermatitis. Arch Dermatol 1989;125:366-8.

89. Bandier J, Carlsen BC, Rasmussen MA, Petersen LJ, Johansen JD. Skin reaction

and regeneration after single sodium lauryl sulfate exposure stratified by filaggrin

genotype and atopic dermatitis phenotype. Br J Dermatol 2015;172:1519-29.

90. Agner T. Noninvasive measuring methods for the investigation of irritant patch

test reactions. A study of patients with hand eczema, atopic dermatitis and con-

trols. Acta Derm Venereol Suppl (Stockh) 1992;173:1-26.

91. Basketter DA, Miettinen J, Lahti A. Acute irritant reactivity to sodium lauryl sul-

fate in atopics and non-atopics. Contact Dermatitis 1998;38:253-7.

92. Heetfeld AB, Schill T, Schr€oder SS, Forkel S, Mahler V, Pf€utzner W, et al. Chal-

lenging a paradigm: skin sensitivity to sodium lauryl sulfate is independent of

atopic diathesis. Br J Dermatol 2020;183:139-45.

93. Halling-Overgaard AS, Kezic S, Jakasa I, Engebretsen KA, Maibach H, Thyssen

JP. Skin absorption through atopic dermatitis skin: a systematic review. Br J Der-

matol 2017;177:84-106.
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