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Editorial
IMPORTANCE Atopic dermatitis (AD) may affect academic performance through multiple

Multimedia

pathways, including poor concentration associated with itching, sleep deprivation, or adverse
effects of medications. Because educational attainment is associated with health and
well-being, any association with a prevalent condition such as AD is of major importance.
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OBJECTIVE To examine whether a childhood diagnosis of AD is associated with lower

educational attainment.
DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used linked routine
health care data from January 1, 1977, to June 30, 2017 (end of registry follow-up), in
Denmark. The study population included all children born in Denmark on June 30, 1987, or
earlier with an inpatient or outpatient hospital clinic diagnosis of AD recorded before their
13th birthday (baseline) and a comparison cohort of children from the general population
matched by birth year and sex. A secondary analysis included exposure-discordant full
siblings as a comparison cohort to account for familial factors. Data were analyzed from
September 11, 2019, to January 21, 2021.
EXPOSURES Hospital-diagnosed AD.
MAIN OUTCOMES AND MEASURES Estimated probability or risk of not attaining specific
educational levels (lower secondary, upper secondary, and higher) by 30 years of age among
children with AD compared with children in the matched general population cohort.
Corresponding risk ratios (RRs) were computed using Poisson regression that was
conditioned on matched sets and adjusted for age. The sibling analysis was conditioned on
family and adjusted for sex and age.
RESULTS The study included a total of 61 153 children, 5927 in the AD cohort (3341 male
[56.4%]) and 55 226 from the general population (31 182 male [56.5%]). Compared with
matched children from the general population, children with AD were at increased risk of not
attaining lower secondary education (150 of 5927 [2.5%] vs 924 of 55 226 [1.7%]; adjusted
RR, 1.50; 95% CI, 1.26-1.78) and upper secondary education (1141 of 5777 [19.8%] vs 8690 of
52 899 [16.4%]; RR, 1.16; 95% CI, 1.09-1.24), but not higher education (2406 of 4636 [51.9%]
vs 18 785 of 35 408 [53.1%]; RR, 0.95; 95% CI, 0.91-1.00). The absolute differences in
probability were less than 3.5%. The comparison of 3259 children with AD and 4046 of their
full siblings yielded estimates that were less pronounced than those in the main analysis
(adjusted RR for lower secondary education, 1.29 [95% CI, 0.92-1.82]; adjusted RR for upper
secondary education, 1.05 [95% CI, 0.93-1.18]; adjusted RR for higher education, 0.94 [95%
CI, 0.87-1.02]).
CONCLUSIONS AND RELEVANCE This population-based cohort study found that
hospital-diagnosed AD was associated with reduced educational attainment, but the clinical
importance was uncertain owing to small absolute differences and possible confounding by
familial factors in this study. Future studies should examine for replicability in other
populations and variation by AD phenotype.
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topic dermatitis (AD) affects 20% of children in Western countries and is characterized by recurrent pruritic eczematous lesions.1 Atopic dermatitis may affect
academic performance through several pathways. Itching,
sleep deprivation, or adverse effects of sedating antihistamines may cause school absenteeism and “presenteeism” (ie,
being present at school, but without fully functioning).1-3 Atopic
comorbidity could add to these effects, as may psychological
distress due to AD stigma.1,2,4 Increased risk of depression, attention-deficit/hyperactivity disorder, and learning disabilities may also mediate reduced academic performance in children with AD.1,2,4-8
Because educational attainment is associated with health
and well-being,9 any association of educational attainment with
AD is important. Nevertheless, the evidence is limited.10,11 A
Dutch cohort study10 found no association between AD in childhood and standardized indicators of appropriate secondary
school level at 11 years of age. In a Swedish cohort study of male
military conscripts,11 adult AD was associated with a higher
chance of attaining university but not high school education
compared with 9 years of compulsory lower secondary education. Small sample sizes,10,11 short follow-up,10 missing data,10
restriction to male participants,11 and lack of absolute effect measures preclude firm study conclusions. A particular concern is
confounding by familial factors (eg, parental socioeconomic
status, family structure, and genetic and environmental
factors),10,12 which can be difficult to eliminate.
We used routinely collected health data from Denmark to
conduct a cohort study on whether children with hospitaldiagnosed AD had lower educational attainment than children from the general population. In a secondary analysis, we
used patients’ full siblings as a comparison group to control
for familial factors. We assessed age at AD diagnosis, sex, and
family socioeconomic status as potential effect modifiers.

Methods
Setting
This population-based cohort study was approved by the
Danish Data Protection Agency. Danish legislation does not require approval by an ethical review board or informed consent
from patients for registry-based studies. This study followed the
Reporting of Studies Conducted Using Observational Routinely Collected Health Data (RECORD) reporting guideline. The
study protocol is available in Supplement 1.
The Danish welfare model promotes health and social equity through universal access to health care and education.13,14
We used nationwide data from the Danish National Patient
Registry15 and Psychiatric Central Research Registry (diagnoses from hospital admissions or appointments),16 the Danish
Civil Registration System (demographics, death, migration, and
close kinship),17 the Danish National Prescription Registry
(filled prescriptions),18 the Danish Medical Birth Registry (birth
outcomes),19 and Statistics Denmark (educational level and
income).20,21 We linked data using unique personal identifiers.17
We provide a detailed description of the setting and variable
definitions in eMethods 1 in Supplement 2.
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Key Points
Question Is atopic dermatitis (AD) associated with lower
educational attainment?
Findings This nationwide matched cohort study of 61 153 Danish
children found evidence of reduced attainment of lower and upper
secondary education in 5927 children with a hospital diagnosis of
AD compared with 55 226 matched children from the general
population; however, absolute differences were less than 3.5%.
Estimates were less pronounced in a secondary analysis
comparing patients with their full siblings.
Meaning Hospital-diagnosed AD is associated with reduced
educational attainment, but the clinical importance is uncertain
owing to small absolute differences and possible confounding by
familial factors.

Study Cohorts
Using the Danish National Patient Registry, we identified children who received a primary or secondary hospital (inpatient, outpatient, or emergency department) diagnosis of AD
between January 1, 1977, and June 30, 2000. The date of the
first admission or hospital outpatient (ambulatory) appointment was considered the diagnosis date. We restricted the
analysis to children who were diagnosed before 13 years of age
and born June 30, 1987, or earlier, which ensured a minimum
age of 30 years on the last date of registry follow-up (June 30,
2017). We further restricted the analysis to children who were
born in Denmark and were living in Denmark at the time of diagnosis to ensure availability of registry data.
For the main analysis, we used the Civil Registration System to identify a matched general population comparison
cohort.22 Thus, for each child with AD, we randomly sampled
up to 10 children among persons who had the same sex, were
born in Denmark in the same year, and who were alive and living in Denmark with no recorded AD diagnosis on the diagnosis date for the exposed child (ie, risk-set sampling).
In a secondary (sibling) analysis, exposure-discordant full
siblings (ie, full siblings without a record of AD) served as comparators, which controlled for stable confounders and mediators shared in a family.23 This analysis thus estimates the
direct study effect. We assumed that there was a stronger correlation between familial factors than AD diagnoses among
siblings23 and that exposure or outcome for one sibling did not
affect that of other siblings (ie, absence of sibling carryover).24

Outcomes
We identified the highest level of educational attainment by
30 years of age recorded in the Population Education Registry20
using the Danish nomenclature of education: lower secondary education (International Standard Classification of Education levels 1-2), upper secondary education (International
Standard Classification of Education level 3), and higher (ie,
tertiary/university) education (International Standard Classification of Education levels 5-8).14,25,26 For each educational
level, we generated a binary outcome variable coded as 1 for
those who did not attain that level and 0 for those who did.
Each level was conditional on completing the preceding levels. To account for this conditionality and time-related changes
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Figure 1. Illustration of Study Design, Including Definitions of Cohorts and Follow-up Periods
Cohort 2: lower secondary education cohort

Cohort 3: upper secondary education cohort

Children born on June 30, 1987, or earlier
with a hospital-based diagnosis of AD
recorded before their 13th birthday

Patients completing lower secondary education

Patients completing upper secondary education

General population comparison cohort:
≤10 persons matched to each child with
AD by sex and birth year

Persons completing lower secondary education

Persons completing upper secondary education

Exposure-discordant full siblings: full
siblings without record of AD

Siblings completing lower secondary education

Siblings completing upper secondary education

Main analysis

Sibling analysis

Cohort 1: main cohort

Follow-up Baseline: 13th birthday
periods
End of follow-up: attainment of lower secondary
education, 30 years of age; June 30, 2017;
emigration; or death

Baseline: graduation date for lower secondary school Baseline: graduation date for upper secondary school
End of follow-up: attainment of upper secondary
End of follow-up: attainment of higher education,
education, 30 years of age; June 30, 2017;
30 years of age; June 30, 2017; emigration; or death
emigration; or death

AD indicates atopic dermatitis.

in covariables, we defined 3 cohorts for assessing attainment
of each educational level (Figure 1):
1. Main cohort (outcome, lower secondary education): AD and
comparison cohorts described above. Baseline was the 13th
birthday.
2. Lower secondary education cohort (outcome, upper secondary education): members of the main cohort who completed
lower secondary education by 30 years of age. Baseline was
graduation date for lower secondary school.
3. Upper secondary education cohort (outcome, higher education): further restricted to those who completed upper
secondary education by 30 years of age. Baseline was graduation date for upper secondary school.

Statistical Analysis
Data were analyzed from September 11, 2019, to January 21,
2021. We produced descriptive statistics at baseline for all cohorts. We computed the probability or risk of not attaining each
educational level outcome by 30 years of age. We used conditional Poisson regression (as recommended by Cummings27)
to estimate the corresponding risk ratio (RR) with 95% CIs
among children with AD compared with the matched general
population cohort and with full siblings. In the main analysis,
the unadjusted model accounted for sex and birth year by conditioning on matched sets. We adjusted additionally for age at
baseline (age was 13 years for all persons in the main cohort).
In the sibling analysis, we conditioned on family in the unadjusted model to allow within-family comparisons and then
additionally adjusted for sex and age at baseline. A stratum
could include more than 1 child with AD and all exposurediscordant full siblings. To illustrate whether patients with AD
required more time to attain a given educational level, we plotjamadermatology.com

ted the probability of attaining specific educational levels by
age. As a secondary aim, we examined the probability of attaining subtypes of upper secondary education (general or vocational) and higher education (short, medium, or long cycle).
We stratified the results by age at diagnosis (0-4 and 5-12
years), sex, and, for the sibling analysis, parental income and
educational level. We conducted several sensitivity analyses
detailed in eMethods 2 in Supplement 2. We performed analyses using SAS, version 9.4 (SAS Institute, Inc).

Results
The study included 61 153 children, 5927 with AD (3341 male
[56.4%] and 2586 female [43.6%]) vs 55 226 general population comparators (31 182 male [56.5%] and 24 044 female
[43.5%]) in the main cohorts, 5777 vs 52 899 in the lower secondary education cohorts, and 4636 vs 35 408 in the upper secondary education cohorts (flowchart provided in eFigure 1 in
Supplement 2). In the sibling analysis, the number of children with AD and full siblings was 3259 and 4046, respectively, in the main cohorts, 3144 and 3877, respectively, in the
lower secondary education cohort, and 2309 and 2746, respectively, in the upper secondary education cohort (eFigure 2 in Supplement 2). Two-thirds of children with AD were
diagnosed before 5 years of age (4002 [67.5%]) (Table). Most
were diagnosed before the 1990s (5113 [86.3%]) and at admission (5329 [89.9%]). Asthma (2162 [36.5%] vs 1560 [2.8%]) and
rhinitis (540 [9.1%] vs 188 [0.3%]) were more prevalent among
patients with AD than among general population comparators; other covariables were equally distributed. The sibling
analysis yielded similar descriptive data, except that the AD
(Reprinted) JAMA Dermatology Published online April 14, 2021
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Table. Baseline Characteristics of Children With AD, a Matched General Population Comparison Cohort, and Full Siblings Without AD
No. (%) of children
Secondary education cohort
Main cohort
Variable

Lower

Upper

AD cohort

Comparison cohort

AD cohort

Comparison cohort

AD cohort

Comparison cohort

5927 (100)

55 226 (100)

5777 (100)

52 899 (100)

4636 (100)

35 408 (100)

1973-1977

1699 (28.7)

16 100 (29.2)

1660 (28.7)

15 483 (29.3)

1336 (28.8)

10 360 (29.3)

1978-1982

1923 (32.4)

18 291 (33.1)

1881 (32.6)

17 589 (33.3)

1479 (31.9)

11 581 (32.7)

1983-1987

2305 (38.9)

20 835 (37.7)

2236 (38.7)

19 827 (37.5)

1821 (39.3)

13 467 (38.0)

0-4

4002 (67.5)

NA

3888 (67.3)

NA

3041 (65.6)

NA

5-12

1925 (32.5)

NA

1889 (32.7)

NA

1595 (34.4)

NA

Male

3341 (56.4)

31 182 (56.5)

3241 (56.1)

29 552 (55.8)

2521 (54.4)

18 638 (52.6)

Female

2586 (43.6)

24 044 (43.5)

2536 (43.9)

23 347 (44.1)

2115 (45.6)

16 770 (47.4)

1976-1980

1445 (24.4)

NA

1405 (24.3)

NA

1075 (23.2)

NA

1981-1985

2010 (33.9)

NA

1958 (33.9)

NA

1566 (33.8)

NA

1986-1990

1658 (28.0)

NA

1617 (28.0)

NA

1321 (28.5)

NA

1991-1995

628 (10.6)

NA

<5a

NA

517 (11.2)

NA

1996-2000

186 (3.1)

NA

<5a

NA

157 (3.4)

NA

Inpatient

5329 (89.9)

NA

5193 (89.9)

NA

4142 (89.3)

NA

Outpatient clinic

583 (9.8)

NA

569 (9.8)

NA

484 (10.4)

NA

Emergency department

15 (0.3)

NA

15 (0.3)

NA

10 (0.2)

NA

ADHD, depression, or anxiety
disorder

16 (0.3)

65 (0.1)

22 (0.4)

134 (0.3)

48 (1.0)

309 (0.9)
368 (1.0)

Main analysis
Total
Birth year

Age at AD diagnosis, y

Sex

Calendar period of AD diagnosis

Setting of AD diagnosis

Epilepsy

105 (1.8)

525 (1.0)

112 (1.9)

592 (1.1)

72 (1.6)

Asthma

2162 (36.5)

1560 (2.8)

2437 (42.2)

2486 (4.7)

2304 (49.7)

2852 (8.1)

Rhinitis

540 (9.1)

188 (0.3)

655 (11.3)

280 (0.5)

682 (14.7)

294 (0.8)

5-min Apgar score <7 or
intrauterine/birth asphyxia

308 (5.2)

2249 (4.1)

296 (5.1)

2151 (4.1)

219 (4.7)

1368 (3.9)

Preterm birth (gestational age
<37 wk)

215 (3.6)

1667 (3.0)

204 (3.5)

1591 (3.0)

143 (3.1)

998 (2.8)

Low birth weight (<2500 g)

347 (5.9)

2927 (5.3)

333 (5.8)

2812 (5.3)

216 (4.7)

1747 (4.9)

3259 (100)

4046 (100)

3144 (100)

3877 (100)

2309 (100)

2746 (100)

1973-1977

862 (26.4)

1265 (31.3)

832 (26.5)

1217 (31.4)

622 (26.9)

863 (31.4)

1978-1982

1255 (38.5)

1660 (41.0)

1213 (38.6)

1593 (41.1)

881 (38.2)

1121 (40.8)

1983-1987

1142 (35.0)

1121 (27.7)

1099 (35.0)

1067 (27.5)

806 (34.9)

762 (27.7)

0-4

2213 (67.9)

NA

2123 (67.5)

NA

1525 (66.0)

NA

5-12

1046 (32.1)

NA

1021 (32.5)

NA

784 (34.0)

NA

Male

1870 (57.4)

2071 (51.2)

1798 (57.2)

1974 (50.9)

1277 (55.3)

1365 (49.7)

Female

1389 (42.6)

1975 (48.8)

1346 (42.8)

1903 (49.1)

1032 (44.7)

1381 (50.3)

1976-1980

771 (23.7)

NA

738 (23.5)

NA

528 (22.9)

NA

1981-1985

1198 (36.8)

NA

1156 (36.8)

NA

843 (36.5)

NA

1986-1990

882 (27.1)

NA

852 (27.1)

NA

639 (27.7)

NA

1991-1995

321 (9.8)

NA

<5a

NA

233 (10.1)

NA

1996-2000

87 (2.7)

NA

<5a

NA

66 (2.9)

NA

Sibling analysis
Total
Birth year

Age at AD diagnosis, y

Sex

Calendar period of AD diagnosis

(continued)

E4

JAMA Dermatology Published online April 14, 2021 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a London Sch of Hygiene & Tropical Medicine User on 05/13/2021

jamadermatology.com

Association Between Atopic Dermatitis and Educational Attainment in Denmark

Original Investigation Research

Table. Baseline Characteristics of Children With AD, a Matched General Population Comparison Cohort, and Full Siblings Without AD (continued)
No. (%) of children
Secondary education cohort
Main cohort
Variable

Lower

Upper

AD cohort

Comparison cohort

AD cohort

Comparison cohort

AD cohort

Comparison cohort

Inpatient

2961 (90.9)

NA

2856 (90.8)

NA

2092 (90.6)

NA

Outpatient clinic

292 (9.0)

NA

282 (9.0)

NA

<5a

NA

Emergency department

6 (0.2)

NA

6 (0.2)

NA

<5a

NA

17 (0.7)

17 (0.6)

Setting of AD diagnosis

a

a

<5

ADHD, depression, or anxiety
disorder

6 (0.2)

6 (0.1)

<5

Epilepsy

52 (1.6)

50 (1.2)

<5a

<5a

26 (1.1)

30 (1.1)

Asthma

1153 (35.4)

221 (5.5)

1308 (41.6)

317 (8.2)

1158 (50.2)

362 (13.2)

Rhinitis

295 (9.1)

38 (0.9)

345 (11.0)

54 (1.4)

329 (14.2)

61 (2.2)

5-min Apgar score <7 or
intrauterine/birth asphyxia

133 (4.1)

163 (4.0)

126 (4.0)

149 (3.8)

81 (3.5)

102 (3.7)

Preterm birth (gestational age
<37 wk)

115 (3.5)

121 (3.0)

108 (3.4)

112 (2.9)

66 (2.9)

68 (2.5)

Low birth weight (<2500 g)

175 (5.4)

215 (5.3)

167 (5.3)

198 (5.1)

92 (4.0)

122 (4.4)

Abbreviations: AD, atopic dermatitis; ADHD, attention-deficit/hyperactivity disorder.
a

Not shown to preserve confidentiality.

Figure 2. Probabilities and Risk Ratios (RRs) for Not Attaining Specific Educational Levels
Study group, No. (%)
With AD

Comparator

Unadjusted RR
(95% CI)a

Main analysis

150 (2.5)

924 (1.7)

1.50 (1.26-1.78) 1.50 (1.26-1.78)

Sibling analysis

72 (2.2)

72 (1.8)

1.35 (0.96-1.88) 1.29 (0.92-1.82)

Educational level

Favors
AD
group

Adjusted RR
(95% CI)b

Favors
comparator
group

Lower secondary

Children with atopic dermatitis (AD)
are compared with a matched general
population comparison cohort (main
analysis) and full siblings without AD
(sibling analysis).

Upper secondary
Main analysis

1141 (19.8) 8690 (16.4)

1.20 (1.13-1.28) 1.16 (1.09-1.24)

Sibling analysis

566 (18.0)

1.10 (0.98-1.23) 1.05 (0.93-1.18)

669 (17.3)

a

Accounting for sex in the main
analysis and family in the sibling
analysis. Age at baseline was the
same for all members of the main
cohort.

b

Additionally adjusted for age at
baseline and, in the sibling analysis,
for sex.

Higher
Main analysis

2406 (51.9) 18 785 (53.1) 0.98 (0.94-1.02) 0.95 (0.91-1.00)

Sibling analysis

1116 (48.3) 1355 (49.3)

0.97 (0.89-1.05) 0.94 (0.87-1.02)
0.8

1

1.5

Adjusted RR (95% CI)

cohorts included a higher proportion of male participants (3341
[56.4%]) than the sibling cohorts (1870 [57.4%]) and that siblings had a higher prevalence of asthma (221 [5.5%]) and rhinitis (38 [0.9%]) than the general population comparators
(Table).
Children with AD had increased risk of not attaining lower
secondary education (150 of 5927 [2.5%] vs 924 of 55 226
[1.7%]; adjusted RR, 1.50; 95% CI, 1.26-1.78) or upper secondary education (1141 of 5777 [19.8%] vs 8690 of 52 899 [16.4%];
adjusted RR, 1.16; 95% CI, 1.09-1.24) compared with general
population comparators (Figure 2). This was not the case for
higher education (2406 of 4636 [51.9%] vs 18 785 of 35 408
[53.1%]; adjusted RR, 0.95; 95% CI, 0.91-1.00). The absolute
difference in probability of educational attainment for patients with AD vs comparators was less than 3.5% for all outcomes. Probabilities of attaining specific educational levels by
a given age were similar for cohorts (Figure 3). There was also
no substantial difference in probability of attaining subtypes
of upper secondary education (2948/5777 [51.0%] vs 28 038/
52 899 [53.0%] for general upper secondary education and
jamadermatology.com
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1688/5777 [29.2%] vs 16 171/52 899 [30.6%] for vocational upper secondary education in children with AD and comparators, respectively) and higher education (384/4636 [8.3%] vs
3049/35 408 [8.6%] for short-cycle, 875/4636 [18.9%] vs 6584/
35 408 [18.6%] for medium-cycle, and 971/4636 [20.9%] vs
6990/35 408 [19.7%] for long-cycle higher education in patients with AD and comparators, respectively) by 30 years of
age (eTable 1 in Supplement 2). The sibling analysis revealed
associations that were less pronounced than those from the
main analysis (adjusted RR for lower secondary education, 1.29
[95% CI, 0.92-1.82]; adjusted RR for upper secondary education, 1.05 [95% CI, 0.93-1.18]; adjusted RR for higher education, 0.94 [95% CI, 0.87-1.02]).
The increased RR of not attaining lower secondary education was more pronounced for children diagnosed with AD
before 5 years of age (adjusted RR, 1.61 [95% CI, 1.32-1.97] vs 1.23
[95% CI, 0.87-1.74]) and girls (adjusted RR, 1.97 [95% CI, 1.452.68] vs 1.34 [95% CI, 1.09-1.66]), but the absolute difference
in probability between patients with AD and comparators was
less than 1.2% for all subgroups (Figure 4). The increased risk
(Reprinted) JAMA Dermatology Published online April 14, 2021
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Figure 3. Histogram Showing the Probability of Attaining a Specific Educational Level
General population cohort

Full siblings
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Children with atopic dermatitis (AD) are compared with a matched general population cohort (left side) and full siblings without AD (right side) and stratified by age.

of not attaining upper secondary education in children with
AD compared with general population comparators was limited to children diagnosed before 5 years of age (probability,
847 of 3888 [21.8%] vs 5913 of 35 524 [16.7%]; RR, 1.26; 95%
CI, 1.17-1.36). The sibling analysis yielded no effect measure
modification by age, sex, or parental socioeconomic status
(eFigure 3 in Supplement 2).
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Findings of sensitivity analyses are shown in eTable 2 in
Supplement 2. Results were robust for the main comparison,
except that estimates decreased slightly when excluding patients with AD (and their general population comparators) who
did not contribute to the sibling analysis (adjusted RR for lower
secondary education, 1.34 [95% CI, 1.05-1.72]; adjusted RR
for upper secondary education, 1.09 [95% CI, 1.00-1.19];
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Figure 4. Stratified Probabilities and Risk Ratios (RRs) for Not Attaining Specific Educational Levels
by Age and Sex
Study group, No. (%)
With AD

Comparator

Unadjusted RR
(95% CI)a

0-4 y

114 (2.9)

654 (1.8)

1.61 (1.32-1.97) 1.61 (1.32-1.97)

5-12 y
Sex

36 (1.9)

270 (1.5)

1.23 (0.87-1.74) 1.23 (0.87-1.74)

Male

100 (3.0)

691 (2.2)

1.34 (1.09-1.66) 1.34 (1.09-1.66)

Female

50 (1.9)

233 (1.0)

1.97 (1.45-2.68) 1.97 (1.45-2.68)

0-4 y

847 (21.8)

5913 (16.7)

1.31 (1.22-1.41) 1.26 (1.17-1.36)

5-12 y
Sex

294 (15.6)

2777 (16.0)

0.97 (0.86-1.10) 0.95 (0.84-1.07)

Male

720 (22.2)

5557 (18.8)

1.18 (1.10-1.28) 1.14 (1.06-1.23)

Female

421 (16.6)

3133 (13.4)

1.24 (1.12-1.37) 1.20 (1.09-1.34)

Educational level

Adjusted RR
(95% CI)b

Favors
AD
group

Favors
comparator
group

Lower secondary
Age at diagnosis

Upper secondary
Age at diagnosis

Higher
Age at diagnosis
0-4 y
5-12 y
Sex

Children with atopic dermatitis (AD)
are compared with a matched general
population cohort, stratified by age at
AD diagnosis and sex.

1654 (54.4) 12 406 (53.7) 1.01 (0.96-1.06) 0.97 (0.92-1.02)
752 (47.2)

6379 (51.8)

0.91 (0.84-0.98) 0.92 (0.85-0.99)

Male

1509 (59.9) 11 214 (60.2) 1.00 (0.94-1.05) 0.97 (0.92-1.03)

Female

897 (42.4)

7571 (45.2)

0.8

1

1.5

2

Adjusted RR (95% CI)

adjusted RR for higher education, 0.94 [95% CI, 0.89-1.00]).
For the sibling comparison, the association with lower secondary education became slightly more pronounced in all
sensitivity analyses (highest RR observed when assessing outcome at 35 years of age, 1.58 [95% CI, 0.98–2.56]), but the absolute reductions in probability remained minor. Strong correlations were found for both parental income (80.5%) and
educational level (99.1%) between exposure-discordant siblings (eTable 3 in Supplement 2).

Discussion
We found a higher risk of not attaining lower and upper secondary education in children with hospital-diagnosed AD
compared with matched children from the general population. However, absolute reductions in probability were small
and associations were less pronounced when compared with
full siblings, suggesting confounding by familial factors.
In a Dutch cohort study including 1865 children,10 AD (which
was assessed at several time points throughout childhood) was
not associated with measures of school performance (Central
Institute for Test Development tests and teachers’ schoollevel assessments) at 11 years of age, after adjusting for parental educational attainment, various health indicators, and sex.
One or more repeated measurements were missing in 78%, and
there was no follow-up beyond 11 years of age. In a Swedish study
of 234 715 men who underwent compulsory military conscription between 1969 and 1976,11 AD was associated with higher
cognitive function at conscription (β coefficient, 0.15; 95% CI,
0.05-0.24) and chance of completing university education (RR,
jamadermatology.com

a

Accounting for sex in the main
analysis. Age at baseline is the same
for all members of the main cohort.

b

Additionally adjusted for age at
baseline.

0.94 (0.88-1.01) 0.93 (0.86-0.99)
3

1.29; 95% CI, 1.13-1.47; reference lower secondary education); however, associations attenuated after adjusting for familial socioeconomic characteristics (β coefficient, 0.06 [95%
CI, 0.03-0.15] and RR, 1.16 [95% CI, 1.00-1.35], respectively).
There was no association with attaining upper secondary education (fully adjusted RR, 1.03; 95% CI, 0.91-1.18). Absolute risk
measures were not reported. The study likely captured predominantly severe and persistent AD, because prevalence
was only 0.7% and visible eczema was required on physical
examination.
Our study supports the findings of previous studies,10,11 and
the unique sibling design addresses concerns about confounding by familial factors. The attenuation of RRs when restricting
the main comparison to strata where the patients with AD also
contributed to the sibling analysis suggests possible confounding by family structure. Although the increased risk of not attaining upper secondary education was more pronounced in
children diagnosed with AD before 5 years of age (a negative
prognostic factor), consistent results were not obtained for lower
secondary and higher education or in the sibling analysis. We
also found no evidence of variation by sex or family socioeconomic status. However, we observed lower statistical precision in the sibling analysis, especially for subgroups.

Strengths and Limitations
Our population-based cohort study design within a uniform welfare system with virtually complete long-term follow-up
reduces selection bias.13 Selection based on socioeconomic
factors that could determine need for hospital care for AD (eg,
through poor management) and reduced educational attainment may occur but is controlled for in the sibling analysis.
(Reprinted) JAMA Dermatology Published online April 14, 2021
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The validity of AD diagnoses is likely high (positive predictive value of 99% from specialist departments28). However, incompleteness is expected because diagnoses from general practitioners and private practice dermatologists were
unavailable. The comparison cohorts therefore may have included (mainly milder) AD cases, causing underestimates.
Improvement in AD with age could explain the decrease
in RR with increasing educational level. Another explanation
is self-selection of patients with AD—that is, persons who persevere in lower secondary education despite severe AD may
be more determined to pursue higher education. Nevertheless, the absolute difference was minor even for lower secondary education, where time-related improvements in severity
or selection bias would be least pronounced.
Education data are considered complete and valid.20 Although missing data from studies abroad is possible, emigration was similar in cohorts.
Residual confounding from genetic traits may occur in the
sibling analysis, because the Civil Registration System records
children under their legal parents.17 A carryover effect between
siblings may have caused underestimates if academic performance of siblings is affected through family distress.1,29,30 The

assumption that familial factors are more commonly shared by
siblings is unverifiable, but within-family correlations for certain measured factors were strong in our sensitivity analysis.
The outcomes in this hospital-based cohort seem reassuring for patients with milder cases and in more recent calendar periods, because effective treatments for severe AD have
emerged1 and the educational level has increased for the
Danish population in general.31
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