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Abstract
Background: Atopic dermatitis (AD) is a chronic inflammatory skin disease that is 
associated with allergic comorbidities. However, studies examining comorbidities in 
childhood AD are incomplete, which may contribute to suboptimal care.
Objective: The objective was to compare the risk of developing different allergic and 
non-allergic comorbidities among children with AD to that of a matched non-AD 
reference cohort in Sweden.
Methods: This was a nationwide population-based cohort study using longitudi-
nal data from primary and specialist care registers. Patients with AD were identi-
fied by confirmed diagnosis in primary or specialist care. The non-AD reference 
cohort was randomly drawn from the general population and matched 1:1 with 
the AD patients. The risk of developing the following conditions was evaluated: 
hypersensitivity and allergic disorders, neurological disorders, psychiatric dis-
orders, infections, immunological and inf lammatory disorders, Type 1 diabetes 
(T1D), endocrine and metabolic disorders, skeletal disorders, ocular disorders 
and malignancies.
Results: This study included 165,145 patients with AD (mild-to-moderate 
[n = 126,681] and severe [n = 38,464]) and an equally sized reference cohort. 
Patients with AD displayed a higher risk of developing comorbid conditions for 
all investigated categories, except for T1D and skeletal disorders, compared with 
the reference cohort. The highest risk compared with the reference cohort was 
observed for hypersensitivity and allergic disorders (hazard ratio [HR]: 3.87), fol-
lowed by malignancies (HR: 2.53) and immunological and inf lammatory disor-
ders (HR: 2.36). Patients with AD also had higher risk of developing multiple 
comorbidities (≥2). The risk of comorbidity onset increased alongside AD severity 
and patients with active AD were associated with increased risk of comorbidity 
onset compared with patients in remission.
Conclusions: The clinical burden of AD is substantial for children with AD and 
patients are at an increased risk of developing several comorbid conditions extend-
ing beyond the atopic march. Our results also showed a positive association between 
worsening severity of AD and an increased risk of comorbidity onset.
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I N TRODUC TION

Atopic dermatitis (AD) is a common and chronic, in-
f lammatory skin disease characterized by dry skin, pru-
ritus and eczematous lesions.1 Prevalence of AD among 
children is high across all continents,2–5 and in Northern 
Europe, including Sweden, the prevalence is estimated to 
be about 15%.6–9 In roughly 60% of cases, AD manifests 
during the first year of life, but the disease may begin at 
any age.10,11 Parental history of AD is a strong risk factor 
for AD in children.12,13

AD has traditionally been viewed as the first clinical 
manifestation in the ‘allergic march’ (also known as ‘atopic 
march’ including asthma, allergic rhinitis and food hyper-
sensitivity).14 Recently, AD has also been associated with 
non-atopic comorbid conditions including anxiety, depres-
sion, infections and skeletal disorders,15–17 among others. 
Children with AD seem to have an increased risk of neu-
ropsychiatric conditions18 including attention deficit hyper-
activity disorder (ADHD).19 A growing body of evidence 
supports the view of AD as a systemic disease,20 hypotheti-
cally linked to comorbid conditions through inflammation 
or shared risk factors. Despite the quick pace of research in 
AD, observational studies examining the clinical burden of 
childhood AD are incomplete regarding the assessment of 
comorbidity, which may contribute to suboptimal treatment 
of patients.16,21,22 Establishing the clinical burden of AD can 
encourage physicians to proactively screen for clinically rel-
evant and common conditions and treat patients holistically. 
Sweden maintains administrative data with complete cov-
erage that provides an excellent source for comprehensive 
disease identification.

The objective of this study was to assess the clinical bur-
den of AD in children with AD versus a matched non-AD 
reference cohort (without AD) in Sweden by comparing 
the time to onset of a wide set of comorbidities. The pres-
ent study provides valuable population-based evidence rel-
ative to the incidence and prevalence rates for comorbid 
conditions in children with AD compared with that of a 
matched general non-AD reference cohort, while evaluat-
ing them according to disease severity and including data 
on time in remission.

M ATER I A L S A N D M ETHODS

Data and ethics

This observational retrospective cohort study used linkage 
data from prospectively collected national and regional reg-
isters from Sweden. Data were extracted from the National 
Patient Registry (NPR), which contains medical informa-
tion for all in- and outpatient specialist (specialist care) 
visits, including International Classification of Disease 
version 10 (ICD-10) codes and dates, the Prescribed Drug 
Registry (PDR), which includes data from 1 July 2005 on 

all pharmacy-dispensed medications from both primary 
and specialist care, including medications (Anatomical 
Therapeutic Chemical [ATC]-codes) and pharmacy dispen-
sation dates and the Cause of Death Registry (CDR), which 
contains information on causes of death and correspond-
ing date. These three databases are managed by the Swedish 
National Board of Health and Welfare and are mandatory to 
report to and therefore have complete population coverage.

Data were also extracted from regional primary care da-
tabases from Västra Götaland and Skåne (VEGA and RSVD, 
respectively). These two databases include approximately 
one-third of the Swedish population and include diagnoses 
codes (ICD-10) and corresponding dates for visits. Primary 
care often represents the first point of contact with the 
healthcare services in Sweden and in some cases, particu-
larly for milder form of AD, patients are managed exclusively 
in primary care. Socioeconomic information including 
household income, and migration information used to cen-
sor patients that emigrate from Sweden, was extracted from 
the Longitudinal Integration Database for Health Insurance 
and Labor Market Studies (LISA).

Lastly, the Total Population Registry provides data that 
include the entire Swedish population and was used to 
identify a random sample of non-AD individuals as well as 
parents to children with and without AD. Unique personal 
identification numbers were used to link the data at the pa-
tient level from each registry.

Ethical approval for this study was received in July 2019 
from the Ethical Review Board in Sweden (reference number 
2019-03840). Individual patient consent was not required.

Study population and design

A cohort of children (<18 years old) with AD (AD cohort) 
identified between 2007 and 2017 (inclusive) was included 
in this study. AD was defined using a registered, observa-
tional diagnosis of AD (ICD-10: L20+) in primary (VEGA 
or RSVD) or specialist care (NPR). The date of the first ob-
servable AD diagnosis during the study period was defined 
as the index date, that is, start of follow up. Inclusion ended 
on 31 December 2017 with follow up to 31 December 2018, 
thereby providing a minimum of 1 year of follow up for all 
individuals. Patients were followed until death, emigration, 
end of study period (31 December 2018) or adulthood.

The AD cohort was matched 1:1 with replacement to 
non-AD individuals (non-AD reference cohort) on age, gen-
der and geographic region at index. The non-AD reference 
cohort was randomly selected from the Swedish population 
without an AD-diagnosis, without dispensed oral or top-
ical corticosteroids (TCS) and without dispensed topical 
calcineurin inhibitors (TCI). This minimized the risk of 
including AD-patients into the non-AD reference cohort 
which can be considered as a representative sample of the 
Swedish non-AD population. The study design is presented 
in Figure 1.
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Comorbidity onset

This study evaluated time to first diagnosis for a broad set of 
possible comorbid conditions in AD cohort and in the non-
AD reference cohort, aged <18 years at index. The follow-
ing conditions were analysed individually: hypersensitivity 
and allergic disorders, neurological disorders, psychiatric 
disorders, infections, immunological and inflammatory 
disorders, Type 1 diabetes (T1D), endocrine and metabolic 
disorders (excluding T1D and Type 2 diabetes [T2D]), skele-
tal disorders, ocular disorders and malignancies. Endocrine 
and metabolic disorders did not include Type 1 or Type 2 
diabetes. T1D was analysed separately whereas T2D was not 
included in the analysis. The investigated conditions were 
chosen based on clinical input and the association of these 
conditions to AD as reported in the published literature.15,18 
The list of ICD-10 codes for all conditions evaluated is pro-
vided in Table  S1. In each analysis of comorbidity onset, 
patients were excluded if they had experienced the specific 
comorbidity under analysis before the index date in order 
to minimize the likelihood of bias in assessing an increased 
risk of comorbidities.

Disease severity

Patients were classified into AD severity subgroups using an 
algorithm based on AD treatments and received AD diagno-
sis (See Table S2 for complete classification criteria). AD pa-
tients' severity was evaluated on an annual basis from index 
date until the end of the study period, except for the first 
year when severity was evaluated from 1 year before index 
date to—and including—30 days after index. Dispensation 

of systemic treatment was assumed to indicate severe AD 
following European treatment guidelines.23,24 Dupilumab 
is only reimbursed for patients with severe AD in Sweden 
further supporting that its use is assumed to indicate severe 
AD.25 Dispensation of potent or very potent TCSs was as-
sumed to indicate severe AD since it is only recommended 
to be used when milder TCSs have failed to provide a thera-
peutic effect. As some patients in their later adolescent years 
may be treated as adults, two (or more) dispensations of po-
tent TCSs were required to indicate severe AD in adolescent 
patients. Patients in remission did not have any healthcare 
contacts with an AD diagnosis nor were they dispensed any 
AD treatment (TCSs, TCIs, emollients or systemic treat-
ments). These patients could therefore be considered to have 
a non-active AD. As an AD diagnosis was part of both the 
inclusion criteria and the severity criteria, all patients were 
classified as either mild-to-moderate (M2M) or severe AD at 
start of follow up.

Statistical analyses

Descriptive statistics were computed for patients at risk, 
stratified by severity and compared with the non-AD 
reference cohort as mean and standard deviation (SD) 
for continuous variables and number and percentage for 
categorical variables.26 The association between time to 
the start of a clinically managed condition and the pres-
ence of AD (M2M, severe or AD in remission) was dis-
played using cumulative incidence curves (calculated as 
1 – the Kaplan–Meier [KM] estimates), forest plots and 
analysed using Cox proportional hazards models.26 Two 
types of Cox regression models were used in this study: 

F I G U R E  1   Schematic of study design: Patients were identified at the time of their first AD diagnosis in 2007–2017 (inclusive; index date) and 
followed until death, emigration, end of study period (31 December 2018) or adulthood. Patients with prior history of the evaluated condition were 
excluded.

1 July 2005

Index
date

1 Jan 2007

31 Dec
2017

31 Dec
2018

Patient enrollment period 
(1 Jan 2007-31 Dec 2017) 

Study period 
(1 July 2005-31 Dec 2018) 

Identification of baseline variables
(1 July 2005 until index)

Follow-up period 
(Index date-31 Dec 2018 )   
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(1) adjusted models, estimating the hazard ratio (HR) for 
the severity variables while controlling for baseline age, 
sex, pre-existing conditions profile, disposable household 
income, region of residence and index year; (2) unadjusted 
models which used the presence of AD as the single co-
variate when estimating the HR.

The proportional hazards assumption was tested for all 
adjusted cox regression models based on the Schoenfeld 
residuals.26 Selected variables were used as strata to allow 
the baseline hazard to vary in cases of non-proportionality 
of variables. The cumulative incidence curves were tested 
using log rank tests to examine if the groups (M2M AD, 
severe AD, AD remission and the non-AD reference co-
hort) were statistically different from each other.26 Data 
management, statistical analyses and graphics were pro-
duced in Stata version 16. All p-values were evaluated as 
two-sided tests, with an a priori statistical significance 
level of alpha = 0.05. This study followed the extended 
STROBE guidelines for observational studies using rou-
tinely collected health data.27

Missing data

Patients with missing socioeconomic or demographic 
information were excluded from this study. See the at-
trition figure for details in the supporting information 
(Figure S1).

R E SU LTS

Patient characteristics

A total of 165,145 patients were included in the AD cohort 
(Table 1). At start of follow up, 120,684 (73%) patients with 
AD were classified with M2M disease (mean age: 4.64 years; 
47.25% females), and 44,461 (27%) patients with severe AD 
(mean age: 7.52 years; 48.01% females). The greatest differ-
ences in prevalence of conditions at baseline between the 
AD- and the non-AD reference cohorts were observed for 
hypersensitivity- and allergic disorders and infections which 
were higher in the AD cohort compared with the non-AD 
reference cohort. Less than 20% of the AD cohort used sys-
temic treatments during the follow up period and approxi-
mately 50% of these patients received their first systemic 
treatments before the age of 7 years, see Table  S3 for more 
details.

Incidence of comorbidities among AD cohort 
compared with the non-AD reference cohort

Total years of follow up in the study were 934,356 person-
years (PYS) for AD cohort (mean: 5.66 PYS) and 932,403 
PYS for the non-AD reference cohort (mean: 5.65 PYS). The 
total number of events during follow up by comorbidity is 

presented in Table 2. See Table S4 for details on years of fol-
low up and number of PYS for the different outcomes.

Figure 2 shows the proportion of patients by number of 
developed comorbidities. In the AD cohort, 36.6% of all 
patients developed at least one comorbidity during follow 
up compared to 28.5% in the non-AD reference cohort. 
Of those patients who developed at least one comorbid-
ity, 27.1% and 19.7% developed multiple comorbidities 
(≥2) in the AD cohort and the non-AD reference cohort, 
respectively.

Hypersensitivity- and allergic disorders were the most 
common comorbidities in the AD cohort and occurred in 
18.55% (95% CI [18.31%–18.80%]) of patients in the AD co-
hort and 10.03% (9.88%–10.18%) of patients in the non-AD 
reference cohort. Infections and skeletal disorders were the 
second and third most common comorbidities in the AD co-
hort and occurred in 18.35% (18.12%–18.59%) and 13.20% 
(13.02%–13.39%) of the patients in the AD cohort, respec-
tively and in 5.29% (5.18%–5.41%) and 9.65% (9.51%–9.80%) 
of the patients in the non-AD reference cohort, respectively. 
The cumulative incidence of the investigated conditions is 
shown in Figures S2–S11.

Survival analysis of time to comorbidity onset

Figure  3 shows the estimated HRs for the adjusted Cox 
proportional hazard models. Children with AD had a 
statistically significant increased risk of onset for all 
analysed conditions (neurological disorders, psychiatric 
disorders, infections, immunological- and inf lammatory 
disorders, endocrine- and metabolic disorders and ocular 
disorders) except for T1D and skeletal disorders compared 
with the non-AD reference cohort (panel A). The higher 
risk of onset of comorbid conditions was not limited to 
patients with active AD (i.e. M2M or severe AD) but time 
in remission was also associated with a higher risk com-
pared with the non-AD reference cohort. Although the 
risk of skeletal disorders was not statistically significant, 
the number of events of osteoporosis, or secondary os-
teoporosis were more common in the AD cohort com-
pared with the non-AD reference cohort. See Table S8 for 
distribution of specific diseases across each comorbidity 
group. The risk of onset of hypersensitivity- and allergic 
disorders, endocrine and metabolic disorders, immuno-
logical- and inf lammatory disorders, infections, malig-
nancies and ocular disorders increased with AD severity 
compared to patients in remission. See Table  S5 for sta-
tistical testing of differences in HRs for the severity vari-
able. A sensitivity analysis was performed to evaluate any 
possible effect of referral bias. In this analysis, the risk of 
comorbidity onset in the AD cohort was compared to that 
for a sub-sample of the non-AD reference cohort required 
to have had at least one in- or outpatient hospital visit 
or at least two primary care visits before index date. The 
results from this sensitivity analysis were consistent with 
the overall results.
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      |  5von KOBYLETZKI et al.

T A B L E  1   Summary of patient characteristics at baseline.

Variable description

AD cohort (n = 165,145)
Non-AD 
reference cohort 
(n = 165,145)

Mild-to-moderate 
vs. non-AD reference 
cohort

Severe vs. non-AD 
reference cohort

Mild-to-moderate 
(n = 126,681)

Severe 
(n = 38,464)

Mean (SD) Mean (SD) Mean (SD)
Mean difference 
(95% CI)

Mean difference 
(95% CI)

Age at index 5.13 (4.99) 6.33 (5.10) 5.42 (5.04) −0.29 (−0.33 to −0.25) 0.91 (0.85–0.97)

Household's disposable 
income (1000€ 2020)1

45.07 (46.93) 46.13 (92.03) 47.12 (60.74) −2.05 (−2.45 to −1.65) −0.99 (−1.74 to −0.24)

Healthcare resource use (365 days prior to index)2

Number of outpatient visits 1.51 (2.54) 1.67 (3.19) 0.80 (1.68) 0.71 (0.69–0.73) 0.87 (0.84–0.89)

Number of days in inpatient 
care

0.37 (2.93) 0.66 (5.71) 0.35 (3.90) 0.02 (−0.01–0.05) 0.31 (0.26–0.36)

Number of medications 
dispensed

6.87 (57.72) 9.72 (47.81) 2.30 (41.75) 4.57 (4.21–4.93) 7.42 (6.94–7.90)

n (%) n (%) n (%)
Difference in 
proportions (95% CI)

Difference in 
proportions (95% CI)

Female 60,606 (47.8%) 18,672 (48.5%) 79,278 (48.0%) −0.2% (−0.6% to 0.2%) 0.5% (−0.5% to 1.1%)

Treatment history: Share of patients with (365 days prior to index)2

Azathioprine4 0 (0.0%) 60 (0.2%) 0 (0.0%)

Cyclosporine4 0 (0.0%) 36 (0.1%) 0 (0.0%)

Methotrexate4 0 (0.0%) 4 (0.0%) 0 (0.0%)

Mycophenolate mofetil4 0 (0.0%) 22 (0.1%) 0 (0.0%)

TCS

Mild 34,204 (27.0%) 13,019 (33.9%) 0 (0.0%) 27.0% (26.8% to 27.2%) 33.9% (33.4% to 34.4%)

Moderate 31,070 (24.5%) 12,230 (31.8%) 0 (0.0%) 24.5 (24.3% to 24.7%) 31.8% (31.3% to 32.3%)

Potent 4397 (3.5%) 24,881 (64.7%) 0 (0.0%) 3.5% (3.4% to 3.6%) 64.7% (64.2% to 65.2%)

Very potent 4 0 (0.0%) 1129 (2.9%) 0 (0.0%) – 2.9% (2.7% to 3.1%)

TCI 1914 (1.5%) 1494 (3.9%) 0 (0.0%) 1.5% (1.4% to 1.6%) 3.9% (3.7% to 4.1%)

Systemic corticosteroids 
prescribed by a 
dermatologist

0 (0.0%) 160 (0.4%) 0 (0.0%) – 0.4% (0.3% to 0.5%)

AD identification

Primary care diagnosis 
(ICD-10 L20+)

33,489 (26.4%) 5378 (14.0%) –

Specialist care diagnosis 
(ICD-10 L20+)

93,192 (73.6%) 33,086 (86.0%) –

Pre-existing conditions profile3

Neurological disorders 2917 (2.3%) 1076 (2.8%) 2385 (1.4%) 0.9 (0.8% to 1.0%) 1.4% (1.2% to 1.6%)

Psychiatric disorders 2496 (2.0%) 956 (2.5%) 2312 (1.4%) 0.6% (0.5% to 0.7%) 1.1% (0.9% to 1.3%)

Hypersensitivity and 
allergic disorders

49,963 (39.4%) 14,748 (38.3%) 13,324 (8.1%) 31.3% (31.0% to 31.6%) 30.2% (29.7% to 30.7%)

Immunological and 
inflammatory disorders

1883 (1.5%) 1000 (2.6%) 1033 (0.6%) 0.9% (0.8% to 1.0%) 2.0% (1.8% to 2.2%)

Infections 45,515 (35.9%) 13,215 (34.4%) 37,094 (22.5%) 13.4% (13.1% to 13.7%) 11.9% (11.4% to 12.4%)

Skeletal disorders 6006 (4.7%) 2150 (5.6%) 7904 (4.8%) −0.1% (−0.3% to 0.1%) 0.8% (0.5% to 1.1%)

Endocrine and metabolic 
disorders

3018 (2.4%) 1109 (2.9%) 2054 (1.2%) 1.2% (1.1% to 1.3%) 1.7% (1.5% to 1.9%)

Diabetes (Type 1) 214 (0.2%) 95 (0.3%) 240 (0.2%) 0.0% (0.0% to 0.0%) 0.1% (0.0% to 0.2%)

Cardiovascular disease 171 (0.1%) 84 (0.2%) 139 (0.1%) 0.0% (0.0% to 0.0%) 0.1% (0.1% to 0.1%)

(Continues)
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Panel B in Figure 3 shows the estimated HRs for the ad-
justed Cox proportional hazard models when risk of onset of 
the respective comorbidity was estimated in patients with an 
active disease (M2M AD and severe AD) relative to patients 
in remission. These models only included patients with AD. 
The results showed that patient time with an active AD dis-
ease was associated with a statistically significant increased 
risk of onset for all analysed comorbid conditions except for 
T1D and skeletal disorders.

All of the models met the proportional hazard assump-
tion test based on Schoenfeld residuals (p-value <0.05) 
after stratification on age and gender, except for the model 
for hypersensitivity- and allergic disorders which did not 
meet this assumption (in which case the HR may be inter-
preted as the average effect over time).28 For detailed Cox 
regression model results and distribution of events, see 
Tables S6–S8. Unadjusted Cox regressions are presented in 
Table 2.

n (%) n (%) n (%)
Difference in 
proportions (95% CI)

Difference in 
proportions (95% CI)

Malignancies 142 (0.1%) 128 (0.3%) 91 (0.1%) 0.0% (0.0% to 0.0%) 0.2% (0.1% to 0.3%)

Ocular disorders 561 (0.4%) 245 (0.6%) 388 (0.2%) 0.2% (0.2% to 0.2%) 0.4% (0.3% to 0.5%)

Note: All variables were reported at index date except when 1measured during the calendar year prior to index date, 2measured during the year prior to index date, or 
3measured from 01 July 2005 to —and including—index date. 4The use was by definition zero in the mild-to-moderate cohort as this indicated severe.
Abbreviations: AD, atopic dermatitis; CI, confidence interval; ICD-10, The International Classification of Diseases version 10; TCI, topical calcineurin inhibitor; TCS, topical 
corticosteroid. Analyses with ≤3 observations were reported as NA. See Table S1 for ICD-10 codes that were used to define the conditions.

T A B L E  1   (Continued)

T A B L E  2   Comorbidity incidence rate for the AD cohort and the non-AD reference cohort.

Number of patientsa Number of eventsb Incidence rate per 1000 PYS (95% CI)b
Unadjusted 
hazard ratios

AD 
cohort

Non-AD 
reference 
cohort

AD 
cohort

Non-AD 
reference 
cohort AD cohort

Non-AD reference 
cohort

AD cohort 
vs. non-AD 
reference cohortc

Hypersensitivity and allergic 
disorders (asthma, food 
hypersensitivity, etc.)

100,434 151,821 18,634 8037 39.11 (38.55–39.68) 9.69 (9.48–9.90) 3.87 (3.77–3.97)

Infections (influenza, acute 
upper respiratory infections, 
etc.)

106,415 128,051 19,530 16,903 39.02 (38.47–39.57) 26.09 (25.70–26.48) 1.45 (1.42–1.48)

Skeletal disorders (fractures, 
osteoporosis, etc.)

156,989 157,241 15,751 15,175 18.76 (18.49–19.08) 18.04 (17.76–18.33) 1.04 (1.02–1.06)

Psychiatric disorders (sleep 
disorders, anxiety disorders, 
etc.)

161,693 162,833 9691 7253 10.85 (10.64–11.07) 8.01 (7.83–8.20) 1.36 (1.32–1.40)

Neurological disorders 
(migraine, epilepsy, etc.)

161,152 162,760 7821 5403 8.78 (8.59–8.98) 5.97 (5.81–6.13) 1.47 (1.42–1.52

Immunological and 
inflammatory disorders 
(Celiac disease, psoriasis, 
etc.)

162,262 164,112 3585 1546 3.95 (3.82–4.08) 1.68 (1.59–1.76) 2.36 (2.22–2.50)

Endocrine and metabolic 
disorders (overweight, 
obesity, etc.)

161,018 163,091 3048 1998 3.38 (3.26–3.50) 2.18 (2.09–2.28) 1.55 (1.46–1.64)

Ocular disorders (keratitis, 
blepharitis, etc.)

164,339 164,757 1646 1012 1.78 (1.70–1.87) 1.09 (1.03–1.16) 1.63 (1.51–1.76)

Type 1 diabetes 164,836 164,905 476 354 0.51 (0.47–0.56) 0.38 (0.34–0.42) 1.34 (1.17–1.54)

Malignancies (solid tumour 
without metastasis, 
lymphoma, etc.)

164,875 165,054 210 83 0.23 (0.20–0.26) 0.09 (0.07–0.11) 2.53 (1.96–3.26)

Abbreviations: AD, atopic dermatitis; CI, confidence interval; PYS, patient-years.
aPatients with the condition of interest in baseline were excluded.
bAssessed from index to comorbidity event or censoring (death, emigration, end of data [31 December 2018] or adulthood), whichever came first.
cUnadjusted Cox regression models used the presence of AD as the single covariate when estimating the hazard ratio.

 14683083, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.19569 by U

m
ea U

niversity, W
iley O

nline L
ibrary on [30/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7von KOBYLETZKI et al.

DISCUSSION

This is one of the largest and most comprehensive studies 
on the risk of comorbidity in children with AD conducted 
in a real-world setting evaluating multiple comorbidities in 
a Swedish population-based longitudinal study. It also con-
siders the effect of AD severity, and AD duration providing 
further information on the underlying mechanisms behind 
AD and atopic and non-atopic conditions. We found a sta-
tistically significant association between AD and the risk of 
developing neurological disorders, psychiatric disorders, in-
fections, immunological- and inflammatory disorders, en-
docrine- and metabolic disorders and ocular disorders.

A review of previously published literature suggests mul-
tiple causes for the elevated risk of comorbidities observed 
in this study, including skin barrier defects, genetics and 
adverse effect of AD treatment as well as shared risk fac-
tors for AD compared with that for other diseases.20 The 
association between AD and comorbidities observed in 
this study showed quite high strength of association, and 
this association was increasing with increasing severity of 
AD. Further, this study ensured temporal precedence, and 
was able to control for important confounders.29 Results of 
this study are consistent with those associations previously 
observed regarding allergic comorbidity. Thus, the results 
from our study provide additional insight into the complex 
association between AD and non-atopic conditions. The as-
sociation between severity of AD and risk of developing co-
morbidities was particularly evident in hypersensitivity and 
allergic, immunological and inflammatory disorders as well 
as in malignancies. The association between AD and hy-
persensitivity and allergic disorders is well established and 
is driven by skin barrier dysfunction30 which may be en-
hanced by Th2/Th22 skewing.31 This genetic factor has also 
been shown to explain the association between AD and im-
munological and inflammatory disorders.32,33 In our study, 
we observed a high frequency of events of alopecia areata, 
vitiligo, Crohn's disease, ulcerative colitis as well as psoria-
sis. AD has been shown to share susceptibility loci32,33 with 

these diseases and the observed increase in risk by severity is 
probably explained by a larger unbalance between Th2 and 
Th1 in patients with more severe AD.

Moreover, we also found a significant association between 
AD and risk of malignancies. The relationship between AD 
and malignancy is complex and remains controversial.20,34 
Conventional systemic therapies (azathioprine, methotrex-
ate, cyclosporine and mycophenolate mofetil) have a risk of 
lymphoma as a potential adverse effect but evidence from 
studies of patients with AD do not show that the use of sys-
temic therapies is associated with an elevated risk of lym-
phoma.35 The role of topical treatment in the link between 
AD and elevated risk of cancer has been evaluated in numer-
ous studies.36–38 A meta-analysis with more than 400,000 
participants treated with TCIs found no association between 
TCI use and risk of overall cancer. However, the risk of lym-
phoma was found to be elevated with TCI users relative to 
TCS comparators and for treatment-free users.39 Another 
meta-analysis on the role of topical treatment and risk of 
lymphoma found a significant risk between lymphoma and 
AD in cohort studies but none in case–control studies.40 The 
elevated risk of malignancy observed in our study is partly 
driven by the number of cases of lymphoma (39 and 8 cases 
in the AD- and non-AD reference cohorts, respectively); 
however, TCIs are not commonly used by children with AD 
in Sweden.41

The effect of severity of AD was also observed in ocular 
disorders, partly driven by the higher incidence of blepha-
ritis and uveitis/iritis. Other differences in risk by severity 
of AD, as observed in psychiatric disorders and infections 
for example, is probably driven by the symptom burden of 
AD. Apart from ADHD, which was the most frequent dis-
ease observed within psychiatric disorders, sleep, anxiety 
and stress/mental disorders were more frequent in patients 
with AD compared to the non-AD reference cohort and are 
linked to the symptoms of AD.42 Similarly, increased risk of 
infections in cutaneous lesions from AD is also well docu-
mented.43,44 Our data also show that viral infections were 
more common in AD cohort compared to the non-AD refer-
ence cohort, further substantiating evidence suggesting that 
genetic variants in the immune response predispose patients 
with AD to increased risk of viral skin diseases.45

Finally, we found no statistically significant association 
between AD and risk of T1D or skeletal disorders. While 
one study has found a positive association between AD and 
prevalence of diabetes in children aged 0–17 years,18 another 
study found AD to have a protective effect on incident T1D.46 
The positive association between AD and skeletal disor-
ders found in the literature17,18 refers to skeletal retardation 
or malformation which was not captured in our database. 
Although the risk of skeletal disorders was not statistically 
significant, the number of events of osteoporosis (14 and 3 
cases in the AD and non-AD reference cohorts, respectively) 
were more common in the AD cohort compared with the 
non-AD reference cohort.

In summary, the results from this large population-based 
study add to the evidence suggesting that childhood AD 

F I G U R E  2   Distribution of number of comorbidities developed 
during follow up: Proportion of individuals in the non-AD reference 
cohort and the AD cohort by number of comorbid conditions developed 
until censoring (death, emigration, end of study period [31 December 
2018] or adulthood). The error bars represent the 95% confidence 
intervals.
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F I G U R E  3   Forest plot of the adjusted Cox regression models, showing hazard ratios for (a) AD severity and remission in comparison to the 
non-AD reference cohort, (b) AD severity in comparison to AD remission cohort: AD, atopic dermatitis; End., endocrine, imm., immunological, inf., 
inflammatory; M2M, mild-to-moderate; met., metabolic; T1, type 1. Note: The Cox regression models used the displayed condition as endpoints and 
included the covariates: Mild-to-moderate and severe AD evaluated annually from index date until the end of the study period, except for the first year 
when the severity was evaluated from one year before index date to—and including—30 days after index. Socio-demographics were defined using age, 
sex (measured at index), education and household income (measured during the calendar year prior to index date). Pre-existing conditions profiles were 
measured from 01 July 2005 to—and including—the index date. Calendar year of index and region of residence was also included as covariates. 95% 
confidence intervals presented in the parentheses. Patients were followed from index to comorbidity event or censoring (death, emigration end of data [31 
December 2018] or adulthood).
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should be recognized and managed as a systemic condition, 
or at least it should be recognized that patients often have 
multiple morbidities that co-occur.20,21,47–49 Genetics and 
shared risk factors might be an explanation for the associ-
ations between AD and comorbid conditions. Moreover, it 
cannot be excluded that at least for some comorbid condi-
tions, the increased risk is not associated with AD itself but 
rather with the treatment of AD. This may be the case for 
secondary osteoporosis for example.50 The observed associ-
ation between AD severity and the risk of developing comor-
bid conditions is interesting as it may implicate that effective 
AD treatment lowers the risk of comorbidity onset; however, 
this was not shown by our study and the study design ap-
plied. The possibility of reduced risk of developing comor-
bid conditions with effective management of AD should be 
further studied as it would be important not only for the pa-
tients but also for healthcare providers and decision makers 
who manage healthcare resources.

We also acknowledge that this study has limitations. Most 
importantly, data on clinical assessment of severity were not 
available in this study. Instead, disease severity was assessed 
through an algorithm that relied on registry-based diagnosis 
and medication data as a proxy based on treatment guidelines.24 
It is also possible that some patients with AD were assigned to 
a severity level because of treatment of other conditions (which 
use the same type of treatments as in our algorithm) and this 
biased the results towards a positive relationship between sever-
ity and some of the studied comorbidities, like alopecia areata, 
vitiligo, Crohn's disease, ulcerative colitis as well as psoriasis. 
Another possible limitation is misclassification of AD, as this 
study relied on administrative data and lacked complete cov-
erage of primary care data. The use of the ICD-10 code L20+ 
to identify patients with AD has been validated in a Danish 
study with high accuracy (positive predictive value of 98%) by 
reviewing medical charts51 and its results would be relevant in a 
Swedish setting as well. Moreover, the inclusion criterion of no 
dispensation of TCSs and TCIs when sampling for the non-AD 
reference cohort also limited the possible number of misclassi-
fied patients. The possible existence of patients with AD in the 
non-AD reference cohort would have biased the results towards 
the null, that is, no difference, suggesting that the true differ-
ence may be even higher. On the other hand, as the non-AD 
reference cohort included individuals with no use of oral or top-
ical steroids, results may be biased away from the null. Use of 
oral steroids were rare in the AD cohort which minimizes the 
impact of this criterion. Also, the elevated risk of comorbidi-
ties remained significant when active AD (for M2M and severe 
AD) was compared to time in remission. Moreover, a sensitiv-
ity analysis where the non-AD reference cohort was required to 
have at least one secondary care visit, or two primary care visits 
showed consistent results with the conducted analysis.

CONCLUSIONS

The clinical burden of AD is substantial for children with AD, 
who are at an increased risk of developing multiple comorbid 

conditions extending beyond the atopic disorders. Our re-
sults also showed a positive association between worsening 
severity of AD and an increased risk of comorbidity onset. 
This study highlights the need for holistic management and 
follow up of comorbid conditions in the care of children with 
AD. Further research is needed to conclude whether a causal 
relationship exists between effective treatment of AD and 
reduced risk of comorbidity onset, and whether certain AD 
therapies increase the risk of comorbidities.
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