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Abstract
Background Atopic dermatitis (AD) may affect cognitive function, but studies are limited and inconsistent. The effect of AD severity on 
cognition remains underexplored and few previous studies have examined clinically validated or repeated measures of cognition throughout 
childhood.
Objectives To evaluate the relationship of AD activity and severity with validated measures of general cognition in a longitudinal birth cohort.
Methods We conducted cross-sectional analyses using data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a UK 
cohort of 14 975 individuals followed prospectively since their birth in 1991–92. AD was assessed 11 times between the age of 6 and 
166 months. Mothers were asked if their child had an ‘itchy, dry skin rash in the joints and creases’, and AD status was time-updated accord-
ingly as ‘never’, ‘maybe’, ‘inactive’, ‘active/mild’ or ‘active/moderate–severe’. General cognition [i.e. intelligence quotient (IQ)] was measured 
at 18, 49, 103 and 186 months of age using the Griffiths Mental Development Scales (GMDS), Wechsler Preschool and Primary Scale of 
Intelligence (WPPSI), Wechsler Intelligence Scale for Children (WISC) and Wechsler Abbreviated Scale of Intelligence (WASI), respectively. 
Multivariable linear regression was used to compare IQ with respect to nearest time-updated AD status. Secondary analyses were stratified 
by the presence or absence of psychiatric or learning disorders. An exploratory longitudinal analysis of IQ across all four outcome assessments 
was conducted using generalized estimating equations.
Results No significant associations between AD status and full-scale IQ scores on the GMDS, WPPSI, WISC and WASI were observed after 
adjustment for sociodemographic factors, atopic comorbidities and sleep characteristics. However, at 8 years of age, WISC Performance IQ 
was slightly, although statistically significantly, lower among children with active/moderate–severe AD [β coefficient –2.16, 95% confidence 
interval (CI) –4.12 to –0.19] and Verbal IQ was slightly, but statistically significantly, higher among those with inactive AD (β coefficient 1.31, 
95% CI 0.28–2.34) compared with those without AD. Analyses stratified by psychiatric or learning disorders, and exploratory longitudinal 
analyses of cognition revealed similar findings.
Conclusions We did not find any clinically meaningful associations between AD activity and severity and general cognitive function during 
early childhood and adolescence. Future studies should incorporate objective measures of AD severity and investigate outcomes beyond IQ.

What is already known about this topic?

• Paediatric atopic dermatitis (AD) has been associated with affective disorders, sleep disturbances and learning problems.
• Recent epidemiological data suggest that paediatric AD may affect cognitive outcomes, but studies are limited and inconsistent.
• The impact of AD severity on this relationship is underexplored and few previous studies have employed clinically validated or re-

peated measures of cognition throughout childhood.
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Atopic dermatitis (AD) affects up to 20% of children and 
has been associated with attention deficit/hyperactivity 
disorder (ADHD), affective issues, learning disorders and 
sleep disturbances.1–7 Considering these associations, 
some studies have investigated the relationship between 
AD and cognitive function, but their conclusions have been 
inconsistent.8–13 While some studies found lower intelli-
gence quotient (IQ) scores in children with AD vs. those 
without,8,12 other studies found no associations between 
AD and IQ.9,12,13 Moreover, previous studies have been lim-
ited by the lack of robust definitions for AD, detailed AD 
severity data and longitudinal assessments of both AD and 
cognition. Therefore, we sought to examine the relation-
ship between AD activity and severity with general cog-
nitive function at multiple timepoints in childhood within a 
large population-based cohort.

Patients and methods

Study design and participants

We conducted a series of cross-sectional analyses on 
prospectively collected data from the Avon Longitudinal 
Study of Parents and Children (ALSPAC), a UK birth cohort 
designed to examine the health and development of chil-
dren for which details are available elsewhere.14–17 Briefly, 
pregnant women residing in Avon, UK, with estimated deliv-
ery dates between 1 April 1991 and 31 December 1992 
met the inclusion criteria. Overall, 14 833 unique mothers 
had 15 447 pregnancies that resulted in 14 975 live births. 
Child participants were longitudinally followed from birth via 
questionnaires and clinic visits.18 In the present study, three 
analysable subsamples were derived from the ALSPAC 
cohort using the number of participants who attended the 
clinics at which each cognitive assessment was admin-
istered. In the first subsample, 1432 children attended 
at least 1 of 10 early-childhood clinics, during which the 
Griffiths Mental Development Scales, Extended 0–8 years 
(GMDS) was administered at 18 months of age and the 
Wechsler Preschool and Primary Scale of Intelligence, 
UK Revised, Third Edition (WPPSI) at 49 months. In the 
second subsample, 7488 children attended the clinic at 
8 years of age, when the Wechsler Intelligence Scale for 
Children, Third Edition (WISC) was administered. In the 
third subsample, 5530 children attended the teen clinic at 
15.5 years of age, when the Wechsler Abbreviated Scale 
of Intelligence, Second Edition, Two-Subtest (WASI) was 
administered. Participants provided informed consent at 
the time of ALSPAC enrolment. The reporting of the study 
follows STROBE guidelines.19

Exposure, outcomes and covariates

Child AD status was assessed 11 times via questionnaires 
from 6 to 166 months of age (Table S1; see Supporting 
Information).15 Mothers were asked if their child had an 
‘itchy, dry skin rash in the joints and creases (e.g. behind the 
knees, elbows, under the arms)’ over the past year and, if so, 
asked to rate its severity as ‘no problem’, ‘mild’, ‘quite bad’ 
or ‘very bad’. Reflecting the distribution of AD in young chil-
dren, questionnaires at 6 and 18 months of age additionally 
assessed convexity dermatitis (‘itchy, dry, oozing or crusted 
rash on the face, forearms or shins’), which we integrated 
into our AD definition. Each time these period prevalence 
questions were asked, AD status was time-updated via cat-
egorization as ‘never’ (never answered yes), ‘maybe’ (ever 
yes once only), ‘inactive’ (ever yes ≥ 2 times but currently 
no), ‘active – mild’ (ever yes ≥ 2 times and currently yes 
with severity of no problem or mild) or ‘active – moderate/
severe’ (ever yes ≥ 2 times, currently yes with severity quite 
bad or very bad). Such approaches to defining AD have been 
used in previous studies of AD in the ALSPAC cohort.1,20–23 
Although we could not validate our AD definition against 
physician-confirmed diagnoses, the AD question used in 
ALSPAC reflects the International Study of Allergies and 
Asthma in Children and United Kingdom Working Party diag-
nostic criteria for AD,24,25 which are validated assessments 
used in epidemiological studies.

Our outcome was general cognitive function measured 
at 18, 49, 102 and 186 months of age using the GMDS, 
WPPSI, WISC and WASI, respectively (Table S1). These 
are well-validated assessments of development (GMDS) 
and intelligence (WPPSI, WISC, WASI) that provide age-ad-
justed, population-standardized scores [mean (SD) 100 
(15)].26–30 The primary outcome for each test was its total 
score, namely the developmental quotient (DQ) for the 
GMDS and the Full-Scale Intelligence Quotient (FSIQ) for 
the WPPSI, WISC and WASI. Secondary outcomes were 
subscale scores for verbal IQ [i.e. hearing/speech score in 
GMDS, verbal IQ (VIQ) in WPPSI and WISC, and Vocabulary 
T-score (V-Tsc) in WASI] and nonverbal IQ [i.e. performance 
score in GMDS, performance IQ (PIQ) in WPPSI and WISC, 
and Matrix Reasoning T-score (P-Tsc) in WASI]. Although a 
developmental assessment scale, the GMDS was used as 
an early proxy for cognitive functioning. All cognitive tests 
were administered during in-person study visits by trained 
ALSPAC personnel in the psychology team and supervised 
by trained psychometricians.15

Covariates included data collected prenatally such as 
parental history of atopy (eczema, asthma or hay fever), 
parental education, maternal financial difficulties score 
(FDS; ability to afford lodging, heating, food, clothes and 

What does this study add?

• Within a large population-based birth cohort, we examined the relationship between AD, which was assessed at multiple time 
points during childhood, and four measures of intellectual ability between 1.5 and 15.5 years of age, finding no meaningful associa-
tions between AD activity or severity and general cognition.

• The results remained similar in analyses stratified by comorbid psychiatric or learning disorders and in an exploratory longitudinal 
analysis across all four outcome assessments.

http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
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items for the child, where higher scores indicate greater 
financial need)31 and crowding index (number of people liv-
ing in the home occupied by the mother and child divided 
by the number of rooms – excluding bathrooms – where 
higher numbers indicate greater crowding)32 (Table S1). At 
birth, child sex, ethnicity/race, gestational age and maternal 
age were recorded.

Similar to previous studies of AD using ALSPAC,1,22 we 
considered both sleep quantity (total daytime and night-
time hours slept calculated from bed and wake times) and 
sleep quality (at least one night-time awakening per night, 
regular difficulty going to sleep, regular nightmares and/or 
regular early-morning awakenings) in our analyses. Sleep 
data described experiences over the past year and were col-
lected at 18, 42, 81 and 115 months of age (Table S1). Atopic 
comorbidities were measured at several timepoints and 
included food allergies (54, 65, 81, 103 and 157 months), 
asthma and hay fever (both at 81, 91, 103, 128, 157 and 
166 months).

For learning disorders, questionnaires administered at 
115 months of age asked whether the mother had ever been 
told that her child had a ‘diagnosis’ of dyslexia, dyspraxia, 
dysgraphia, dysorthographia or dyscalculia (Table S1).15 For 
psychiatric disorders, participants’ parents and teachers 
completed clinically validated Development and Well-Being 
Assessment (DAWBA) measures at 91 months of age,33 
which were reviewed by paediatric psychologists to ascribe 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) diagnoses of any depressive disor-
der [major depressive, depression not otherwise specified 
(NOS)], anxiety disorder (separation anxiety, specific phobia, 
social phobia, post-traumatic stress, obsessive–compulsive, 
general anxiety, anxiety NOS), oppositional/conduct disor-
der (oppositional defiant, conduct) or ADHD (inattentive, 
hyperactive–impulsive, combined) to the children.34

Missing data

As expected with longitudinal cohorts, missing data were 
encountered in ALSPAC. Across the three GMDS/WPPSI, 
WISC and WASI subsamples, the greatest proportions 
of missing data for any variable were 31.8%, 34.5% and 
33.4%, respectively, all corresponding to paternal atopic his-
tory. For the GMDS, WPPSI, WISC and WASI analyses, the 
within-subsample missingness of AD exposure was 10.5%, 
18.0%, 15.1% and 7.6%, respectively, and that of cognitive 
outcome data was 20.4%, 29.3%, 2.0% and 4.7%, respec-
tively. Missingness was assumed to be at random, and miss-
ing data on AD, covariates and cognitive outcomes were 
multiply imputed 50 times for each of the three subsamples 
using multiple imputation by chained equations.35–37

Statistical analysis

GMDS, WPPSI, WISC and WASI scores were compared 
with respect to AD status using multivariable linear regres-
sion, adjusted for potential confounders defined a priori, 
including sex, gestational age at birth, maternal age at 
birth, parental education, crowding index, maternal FDS, 
atopic comorbidities, parental atopic history and sleep 
characteristics. Race/ethnicity was not directly adjusted for 

because it is a social construct without biological basis for 
inclusion and > 97% of ALSPAC participants are White. In 
each cross-sectional analysis, repeated variables (i.e. AD 
status and atopic comorbidities) were time-updated to 
the closest timepoint to when the outcome was assessed 
(Tables S1–S7; see Supporting Information). Similarly, sleep 
data used in each analysis were those nearest in time to 
the cognitive assessment. In secondary analyses, we exam-
ined WISC and WASI outcomes stratified by the presence 
or absence of learning or psychiatric disorders. As these 
disorders were diagnosed after the GMDS and WPPSI 
were administered, stratified analyses were not conducted 
for GMDS and WPPSI. Finally, in an exploratory longitudinal 
analysis of children with AD data at 18 months of age and at 
least two of the four cognitive outcomes, we used general-
ized estimating equations to examine total IQ scores across 
time with respect to AD status. All analyses were conducted 
using STATA 17 (StataCorp, College Station, TX, USA).

Results

Participant characteristics

Of 14 975 live-born children, AD data were available for 
11 063 (73.9%) participants at 18 months, 9952 (66.5%) 
participants at 42 months, 8123 (54.2%) participants at 
103 months and 6998 (46.7%) participants at 166 months 
(Table 1; Table S2). Among those with data available at 
166 months of age, 12.7% had active AD, 32.0% had inac-
tive AD, 20.8% had indeterminate AD and 34.5% never had 
AD (Table 1). Across all AD groups, participants were mostly 
White and born at full term. The more severe AD groups had 
greater proportions of females, higher parental educational 
attainment and less household crowding. Atopic comorbidi-
ties in the child and parents were more common with more 
active and severe AD (Table 1; Table S2). Rates of anxiety 
diagnoses increased as AD status worsened, but rates of 
other psychiatric or learning disorders did not significantly 
differ across AD groups (Table 1). The number of hours slept 
nightly by the child was minimally greater in the inactive 
and active AD groups vs. the never/maybe AD groups at 
166 months (Table 1), but it did not significantly differ across 
AD groups at earlier timepoints (Table S2). Across all time-
points, the proportion of children with at least one night-time 
wakening per night increased with more active and severe 
AD (Table 1; Table S2).

Intelligence quotient scores

Average GMDS DQ, WPPSI FSIQ and WISC FSIQ scores 
across the five AD groups were generally higher than popu-
lation means, while average WASI FSIQ scores were slightly 
lower than population means (Figure 1). GMDS DQ, WISC 
FSIQ and WASI FSIQ scores were statistically significantly 
different with respect to AD status but overlapped greatly 
with small absolute differences in scores (Figure 1). A similar 
trend was seen across verbal IQ scores for GMDS, WISC 
and WASI (Table S3). WPPSI scores and nonverbal IQ 
scores did not significantly differ with respect to AD status 
(Figure 1; Table S3).

http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
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Table 1 Avon Longitudinal Study of Parents and Children (ALSPAC) study population characteristics by atopic dermatitis (AD) status at 166 months 
of age (n = 6998)

Characteristica

AD status

P-valueb

Never  
(n = 2413; 

34.5%)

Maybe  
(n = 1452; 

20.7%)

Inactive  
(n = 2241; 

32.0%)
Active/mild  

(n = 656; 9.4%)

Active/
moderate–severe 

(n = 236; 3.4%)

Sex < 0.001
 Male 1291 (53.5) 732 (50.4) 1090 (48.6) 276 (42.1) 115 (48.7)
 Female 1122 (46.5) 720 (49.6) 1151 (51.4) 380 (57.9) 121 (51.3)
Race/ethnicity 0.82
 White 2097 (98.4) 1341 (98.2) 2137 (98.4) 606 (97.7) 217 (98.2)
 Other group 35 (1.6) 25 (1.8) 34 (1.6) 14 (2.3) < 5 (< 2)
 Missing 281 (11.6) 86 (5.9) 70 (3.1) 36 (5.5) 15 (6.4)
Gestational age (weeks), median (IQR) 40 (39–41) 40 (39–41) 40 (39–41) 40 (39–41) 40 (39–41) 0.21
 Missing 196 (8.1) 47 (3.2) 23 (1.0) 26 (4.0) 8 (3.4)
Maternal age at birth (years), median (IQR) 29 (26–32) 29 (26–32) 29 (26–32) 27 (26–32) 28 (26–32) 0.24
 Missing 196 (8.1) 47 (3.2) 23 (1.0) 26 (4.0) 8 (3.4)
Maternal FDS,c median (IQR) 1 (0–4) 1 (0–4) 1 (0–4) 1 (0–3.5) 1 (0–4) 0.34
 Missing 319 (13.2) 114 (7.9) 131 (5.8) 48 (7.3) 19 (8.1)
Highest parental education attainmentd 0.001
 CSE/none 191 (8.9) 107 (7.8) 144 (6.6) 39 (6.3) 16 (7.2)
 Vocational 111 (5.2) 64 (4.7) 90 (4.1) 37 (5.9) 15 (6.8)
 O-level/equivalent 585 (27.3) 356 (25.9) 526 (24.2) 131 (21.1) 47 (21.3)
 A-level/equivalent 735 (34.3) 458 (33.4) 775 (35.6) 230 (37.0) 78 (35.3)
 University degree 523 (24.4) 387 (28.2) 640 (29.4) 185 (29.7) 65 (29.4)
 Missing 268 (11.1) 80 (5.5) 66 (2.9) 34 (5.2) 15 (6.4)
Household crowding indexe 0.02
 ≤ 0.5 1000 (47.5) 694 (51.4) 1113 (51.7) 303 (48.9) 118 (53.6)
 0.5–0.75 671 (31.9) 418 (30.9) 640 (29.7) 224 (36.2) 61 (27.7)
 0.75–1.0 346 (16.4) 190 (14.1) 329 (15.3) 74 (12.0) 33 (15.0)
 > 1.0 89 (4.2) 49 (3.6) 72 (3.3) 18 (2.9) 8 (3.6)
 Missing 307 (12.7) 101 (7.0) 87 (3.9) 37 (5.6) 16 (6.8)
History of atopic comorbiditiesf

 Food allergies 269 (11.4) 215 (15.1) 472 (21.2) 195 (30.0) 81 (34.5) < 0.001
  Missing 57 (2.4) 24 (1.7) 11 (0.5) 5 (0.8) < 5 (< 1)
 Asthma 328 (13.6) 236 (16.3) 569 (25.4) 208 (31.7) 95 (40.4) < 0.001
  Missing < 5 (< 1) < 5 (< 1) < 5 (< 1) < 5 (< 1) < 5 (< 1)
 Hay fever 495 (20.5) 323 (22.3) 737 (32.9) 306 (46.7) 126 (53.4) < 0.001
  Missing < 5 (< 1) < 5 (< 1) < 5 (< 1) < 5 (< 1) < 5 (< 1)
Parental atopy (eczema, asthma, hay fever)
 Maternal 854 (41.0) 624 (46.8) 1088 (51.2) 323 (53.3) 133 (60.5) < 0.001
  Missing 328 (13.6) 119 (8.2) 118 (5.3) 50 (7.6) 16 (6.8)
 Paternal 552 (36.1) 375 (39.4) 726 (45.4) 240 (51.5) 76 (48.4) < 0.001
  Missing 883 (36.6) 500 (34.4) 642 (28.6) 190 (29.0) 79 (33.5)
Sleep characteristicsg

  No. of night-time hours, median (IQR) 8.2 (7.5–8.8) 8.0 (7.4–8.7) 8.3 (7.5–8.8) 8.3 (7.6–8.8) 8.3 (7.7–8.8) 0.04
  Missing 1038 (43.0) 601 (41.4) 862 (38.5) 232 (35.4) 99 (41.9)
   ≥ 1 night-time awakening per night 542 (42.9) 320 (41.2) 526 (41.6) 187 (46.9) 64 (50.8) 0.11
  Missing 1150 (47.7) 676 (46.6) 977 (43.6) 257 (39.2) 110 (46.6)
History of psychiatric diagnosish

 ADHD 31 (1.6) 28 (2.3) 35 (1.7) 10 (1.7) < 5 (< 2) 0.75
  Oppositional/conduct disorder 39 (2.0) 37 (3.0) 52 (2.6) 22 (3.8) 8 (3.8) 0.11
 Anxiety 32 (1.7) 35 (2.8) 58 (2.9) 23 (4.0) 8 (3.8) 0.01
 Depression < 5 (< 1) 7 (0.6) 9 (0.4) < 5 (< 1) < 5 (< 1) 0.13
 Missing 489 (20.3) 210 (14.5) 215 (9.6) 78 (11.9) 28 (11.9)
History of learning disorderh 97 (4.7) 74 (5.9) 103 (5.0) 28 (4.8) 10 (4.7) 0.65
 Missing 366 (15.2) 200 (13.8) 196 (8.7) 72 (11.0) 24 (10.2)

Data are presented as n (%) unless otherwise stated. ADHD, attention deficit/hyperactivity disorder; CSE, Certificate of Secondary Education; FDS, 
financial difficulties score; IQR, interquartile range. aPercentages refer to that variable’s nonmissing total in each AD status category and thus sum to 
100. Missing percentages refer to the total count in each AD status category. Per ALSPAC protocol, all cell counts < 5 (including 0) are denoted as such 
instead of the actual number. bFisher’s exact or χ2 tests used for categorical variables; Kruskal–Wallis test used for continuous variables. cMother’s fi-
nancial ability to afford lodging, food, heating, clothing and items for child, recorded during gestational period. dRecorded during the gestational period. 
eCalculated by dividing the number of people living in the home inhabited by the mother and child by the number of rooms (excluding bathrooms), re-
corded during gestational period. fHistory of food allergies by 157 months of age, history of asthma or hay fever by 166 months of age. gSleep variables 
asked at 186 months of age in reference to the past year. hPsychiatric disorders indicated by diagnosis of any depressive disorder, anxiety disorder, 
behavioural disorder or ADHD levied by child psychologists using writeups provided by parents and teachers on the Development and Well-Being 
Assessment (DAWBA) at 91 months of age. Learning disorders defined by maternal report at 115 months old of having been told that child has any of 
the following conditions: dyslexia, dysgraphia, dysorthographia, dyscalculia or dyspraxia.
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Cross-sectional analyses of cognition by atopic 
dermatitis status

In adjusted multivariable analyses, GMDS DQ and sub-
scale scores at 18 months did not differ significantly with 
respect to AD status (Figure 2; Table S4). However, scores 
for DQ and hearing/speech increased in parallel with more 
active/severe AD, with the highest mean scores in the 
active/ moderate–severe AD group [β coefficient 1.74, 95% 
 confidence interval (CI) –0.26 to 3.74; and β coefficient 3.43, 
95% CI –0.07 to 6.93, respectively], but these were not 
statistically significant. At 8.5 years old, WISC FSIQ did 
not differ by AD status but was slightly lower in the active/ 
moderate–severe group (β coefficient –1.66, 95% CI –3.49 
to 0.17) vs. the never AD; VIQ was slightly higher in the 
inactive AD group (β coefficient 1.32, 95% CI 0.28–2.36) 
and PIQ was slightly lower in the active/moderate–severe 
group (β coefficient –2.21, 95% CI –4.19 to –0.23) relative 
to participants without AD (Figure 2; Table S6). WPPSI and 
WASI scores at 49 months and 15.5 years old, respectively, 

did not differ by AD status in adjusted models (Figure 2; 
Tables  S5,  S7). Among the adjusted covariates, female 
sex was associated with higher scores on early-childhood 
assessments and higher parental education was associated 
with higher scores at all timepoints, while fewer hours of 
sleep and the presence of night-time awakenings were 
associated with lower scores (Tables S4–S7).

Analyses stratified by psychiatric comorbidities

In analyses stratified by comorbid learning or psychiatric 
disorders, no association was observed between AD and 
WISC or WASI FSIQ in either subgroup (Table S8; see 
Supporting Information). Although the inverse association 
between active/moderate–severe AD and WISC PIQ was 
no longer statistically significant in the stratified analyses, 
similar estimates remained in the subgroup without learning 
or psychiatric disorders (β coefficient –2.04, 95% CI –4.17 
to 0.09). The association between inactive AD and WISC 
VIQ remained statistically significant only in the subgroup 

Figure 1 Total intelligence quotient (IQ) scores by atopic dermatitis (AD) status. Total scores for (a) Griffiths Mental Development Scales, Extended 
0–8 years (GMDS) Development Quotient (DQ) at 18 months of age; (b) Wechsler Preschool and Primary Scale of Intelligence (WPPSI) Full-Scale 
Intelligence Quotient (FSIQ) at 49 months of age; (c) Wechsler Intelligence Scale for Children (WISC) FSIQ at 102 months of age; and (d) Wechsler 
Abbreviated Scale of Intelligence, Second Edition, Two-Subset (WASI) FSIQ at 186 months of age. AD status was defined by that recorded nearest 
to each outcome measure, i.e. within (a) the same month for GMDS, (b) 7 months of WPPSI, (c) 1 month of WISC and (d) 20 months of WASI. The 
mean (SD) [count] score is noted below the corresponding AD status category. One-way anova used to compare mean scores by AD status. Dotted 
horizontal and vertical lines show the standardized population mean (SD) 100 (15) for all tests. mod-sev, moderate–severe.

http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad486#supplementary-data
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without learning or psychiatric disorders (β coefficient 1.21, 
95% CI 0.14–2.28). However, these effect sizes were small 
and there was no consistent evidence for a gradient by AD 
severity.

Longitudinal analysis of intelligence quotient by 
atopic dermatitis status

In total, 3086 participants had AD data available at 18 months 
old (17.6% with definite AD, 33.2% with maybe AD and 
49.3% without any AD) and at least two cognitive outcomes 
measured. In a longitudinal analysis of these participants, 
we found no significant association between AD and total 
IQ scores over time after adjustment for sociodemographic 
characteristics and sleep (Table 2).

Discussion

Overall, we found no major association between AD and 
general cognitive function in childhood. While we observed 
statistically significant differences in nonverbal and verbal IQ 
by AD status at the age of 8 years, these small differences 

are unlikely to be clinically meaningful considering the 
WISC’s standard error of measurement of ±3 points.28

Several previous studies have also found no association 
between AD and general cognition, but many had limitations. 
Unlike our study’s serial assessment of cognitive function 
using clinically validated instruments,26–30 cognitive out-
comes in previous studies were often a single measure and/
or inadequately standardized.9,10 Moreover, AD definitions 
varied greatly, with one study finding an AD prevalence rate 
of < 1%, which was significantly lower than expected,10,38 
and another that included individuals with atopic condi-
tions other than AD.9 Our study was strengthened by its 
robust assessment of AD activity and severity over multi-
ple timepoints,24,25 allowing us to account for the chronic, 
waxing-and-waning nature of AD.39,40 Unlike several past 
studies, which examined mostly young adult males,10,12,41 
our study evaluated a broader population of children across 
their first 16 years of life.

In contrast to our findings, previous studies in different 
populations or using different outcome measures found 
worse cognitive function in select patients with AD. For 
example, one study found WISC FSIQ scores to be 17 
points lower in children with AD than in those without.8 

Figure 2 Adjusted multivariable linear regression models of total intelligence quotient (IQ) scores by atopic dermatitis (AD) status, relative to no 
history of AD. β coefficients for AD status with respect to (a) Griffiths Mental Development Scales, Extended 0–8 years (GMDS) Development 
Quotient (DQ) at 18 months of age; (b) Wechsler Preschool and Primary Scale of Intelligence (WPPSI) Full-Scale Intelligence Quotient (FSIQ) 
at 49 months of age; (c) Wechsler Intelligence Scale for Children (WISC) FSIQ at 102 months of age; and (d) Wechsler Abbreviated Scale of 
Intelligence, Second Edition, Two-Subset (WASI) FSIQ at 186 months of age, adjusted for sex, child gestational age at birth, maternal age at birth, 
parental education, crowding index, maternal financial difficulties score, parental atopy, comorbid child atopy and sleep quantity and quality. AD 
status defined by that recorded nearest to each outcome measure, i.e. within (a) the same month for GMDS, (b) 7 months of WPPSI, (c) 1 month of 
WISC and (d) 20 months of WASI. CI, confidence interval; mod-sev, moderate–severe.
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However, the study only included 41 children and almost 
90% of those with AD had moderate-to-severe disease. In 
another study of adults with AD, patient-reported cognitive 
function declined with worsening AD severity, but the study 
did not include a non-AD comparator group.42 Nevertheless, 
given previous findings that children with more severe AD 
also have greater rates of learning problems than peers with 
milder AD,3,7 it remains possible that AD impacts cognition 
only when the skin disease is severe. As our cohort was 
enriched for children with milder AD, future studies focused 
on moderate-to-severe AD would be informative.

As AD has been associated with learning problems and 
psychiatric disorders, including depression, anxiety and 
ADHD,2–5,7 we considered whether such comorbidities 
might moderate the relationship between AD and cognition. 
It is possible that children with such disorders have greater 
difficulty managing the itch or sleep disruptions caused 
by AD and thus have worse cognitive performance than 
their peers without AD.8 However, our stratified analyses 

revealed no association between AD and cognition, regard-
less of the presence or absence of learning or psychiatric 
disorders. Although we adjusted for parental educational 
attainment, it is also possible that higher parental education, 
which is more prevalent among children with AD and is also 
associated with higher child IQ, could counteract any nega-
tive effects of AD on cognition; however, analyses stratified 
by parental education did not suggest such an effect modi-
fication (data not shown).

While direct comparisons across different IQ measures 
are not typically recommended,43 we explored whether 
there could be changes in cognition over time across dif-
ferent AD groups, as few longitudinal studies exist and 
our dataset was unique in having four repeated assess-
ments of cognition.11,13 Similar to the cross-sectional find-
ings, the exploratory longitudinal analysis did not show any 
association between AD and cognitive function over time. 
Nevertheless, future studies with repeated measures of 
the same cognitive instrument are needed to confirm our 
exploratory findings.

Our study had potential limitations. Firstly, as AD was 
parentally reported, misclassification is possible. However, 
similar approaches have been employed in other epidemi-
ological studies of AD;1,4,22,40,44,45 the ALSPAC questions 
for AD reflect validated diagnostic criteria;24,25 and age-spe-
cific AD prevalence in our study aligns with estimates from 
other cohorts.39,44,46,47 Secondly, as AD was assessed via 
mailed questionnaires, while cognitive assessments were 
conducted in person, our exposure and outcome variables 
were not necessarily concurrent (e.g. a child with recently 
active/moderate–severe AD may not have had this exact 
degree of AD on the day of cognitive testing). However, 
AD status reflected annual period prevalence, which likely 
provides a reasonable approximation, and the timing of AD 
and cognition measures generally did not differ by more than 
6 months. Thirdly, we could not account for all potential con-
founders or mediators of IQ test performance in our analysis. 
For example, data on school attendance, grades achieved 
and academic performance were limited in ALSPAC, pre-
cluding us from assessing their potential effects on IQ 
outcomes. Fourthly, our findings may not be generalizable 
beyond the UK population as many region-specific factors 
related to healthcare and education may have influenced our 
findings. Also, the paediatric data in ALSPAC were collected 
15–30 years ago and are fairly dated now. The UK popu-
lation has since become more racially/ethnically diverse,48 
and AD epidemiology has also changed, including its rising 
prevalence over the last 30 years.49 Such changes may fur-
ther limit the generalizability of our findings. Nevertheless, 
ALSPAC is one of few prospective cohorts to have collected 
detailed information on both AD and cognition across child-
hood and thus remains a unique resource for examining our 
study question. Finally, bias may have been introduced by 
the presence of missing data and cohort attrition over time. 
We imputed missing data using chained equations for the 
primary analysis and repeated our analyses using nonim-
puted data, which led to similar findings (not shown).35–37,50

In summary, our study within a UK-based birth cohort 
suggested no independent association between AD and 
general cognitive function in childhood. However, further 
characterization of cognitive function in select subpopu-
lations, such as children with moderate-to-severe AD, is 

Table 2 Longitudinal analysis of total intelligence quotient scores 
between 18 months and 15.5 years of age by atopic dermatitis (AD) 
status (n = 3086)

Variable β coefficient (95% CI)

AD status (ref.: never AD)
 Maybe –0.33 (–1.24, 0.57)
 Definitea –0.09 (–1.22, 1.03)
Sex (ref.: male)
 Female –0.11 (–0.92, 0.71)
Gestational age, per 1 week 0.08 (–0.17, 0.32)
Maternal age at birth, per 1 year 0.17 (0.07–0.28)
Highest parental education attainment 
(ref.: CSE/none)b
 Vocational –1.68 (–4.47, 1.10)
 O-level/equivalent 2.97 (0.74–5.20)
 A-level/equivalent 6.41 (4.20–8.61)
 University degree 13.48 (11.20–15.76)
Crowding index (ref.: ≤ 0.5)c
 0.5–0.75 –1.06 (–1.99, –0.14)
 0.75–1 –3.10 (–4.42, –1.78)
 > 1 –1.75 (–4.41, 0.91)
Maternal FDSd –0.27 (–0.42, –0.12)
Parental history of atopy (ref.: none)b
 Maternal 1.16 (0.36–1.97)
 Paternal 0.44 (–0.37, 1.26)
Sleep characteristicse

 No. of hours in a 24-h period, per 1 h –0.11 (–0.46, 0.24)
  ≥ 1 night-time awakening per night 

(ref.: < 1 awakening)
0.03 (–0.81, 0.88)

Multivariable generalized estimating equation model with general cog-
nition as the dependent variable [measured by Griffiths Mental Devel-
opment Scales, Extended 0–8 years (GMDS) Development Quotient 
(DQ) at 18 months of age; Wechsler Preschool and Primary Scale 
of Intelligence, UK Revised, Third Edition (WPPSI) Full-Scale Intel-
ligence Quotient (FSIQ) at 49 months of age; Wechsler Intelligence 
Scale for Children, Third Edition (WISC) FSIQ at 102 months of age; 
and Wechsler Abbreviated Scale of Intelligence, Second Edition, Two-
Subtest (WASI) FSIQ at 186 months of age]. AD status was defined 
as that at 18 months of age. Estimates with a P -value < 0.05 are in-
dicated in bold. CI, confidence interval; CSE, Certificate of Second-
ary Education; FDS, financial difficulties score. aIncludes the following 
AD status categories: active/mild, active/moderate–severe. bRecorded 
during gestation. cCalculated by dividing the number of people living in 
the home inhabited by the mother and child by the number of rooms 
(excluding bathrooms), recorded during gestation. dMother’s financial 
ability to afford lodging, food, heating, clothing and items for the child, 
recorded during gestation. eSleep variables asked at 18 months of age 
in reference to the past year.
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warranted. Moreover, although the cognitive instruments in 
this study are validated and widely used in practice, IQ is not 
the only or definitive measure of cognitive ability, and exam-
inations of cognitive measures beyond IQ are needed.51,52 
Finally, prospective studies with repeated measures of both 
objective AD severity and a diverse array of cognitive out-
comes will further clarify the longitudinal relationship of AD 
with cognition.
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