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SIGNIFICANCE
This prospective birth cohort study showed that preterm 
birth was associated with a significantly decreased risk of 
developing atopic dermatitis during the first year of life, as 
well as a decreased severity of atopic dermatitis at onset. 
Overall, the study confirmed previous risk factors for atopic 
dermatitis, but identified slight differences between pre-
term and term born children.

This prospective birth cohort followed 150 preterm 
and 300 term newborns during the first year of life 
to assess possible differences in risk factors, age at 
onset, anatomical location, and severity of atopic der-
matitis. Atopic dermatitis was diagnosed clinically, 
and severity was assessed using Eczema Area Seve-
rity Index (EASI). DNA was analysed for filaggrin gene 
mutations. Parents were asked about environmental 
exposures and emollient use. Atopic dermatitis during 
the first year of life was observed in 21.2% of children 
and was more common in term children compared with 
preterm children (26.7% vs 11.7%, p < 0.001), with 
lower age of onset (4 vs 6 months, p < 0.05) and more 
severe disease at onset (EASI: 4.8 vs 0.4, p < 0.0005). 
Environmental risk factors for atopic dermatitis were 
essentially similar for preterm and term born children, 
apart from winter and autumn births. Filaggrin gene 
mutations were less common in preterm than term 
children (4.1% vs 9.2%, p = 0.06). 

Key words: atopic dermatitis; premature birth; risk factors; co-
hort study.
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Atopic dermatitis (AD) is a chronic, relapsing itchy 
skin disease (1, 2). Genetically predisposed indi-

viduals exposed to exogenous skin stressors along with 
other environmental exposures, develop dysregulation of 
the immune system, skin barrier impairment and, in turn, 
AD (3, 4). Autumn or winter births (5, 6), bathing in hard 
domestic water (5), or elevated exposure to air pollution 
(7) have been associated with increased occurrence of 
AD, whereas neonatal exposure to dogs may decrease the 
risk (8). Similar, common loss-of-function mutations in 
filaggrin gene (FLG) are associated with increased risk 
of AD and early disease onset (9, 10). 

Most data on prematurity shows that preterm birth is 
associated with a reduced risk of developing AD (11–13), 
but findings are conflicting (14). Altered cutaneous im-

munology and dysbiosis have been proposed. However, 
no study has examined whether AD risk factors differ 
between preterm and term children as well as AD seve-
rity, age of AD onset and anatomical localization. This 
prospective birth cohort study examined risk factors for 
developing AD during the first year of life in preterm 
and term children, along with clinical manifestations of 
AD, including disease severity, anatomical localization 
and age of AD onset.

MATERIALS AND METHODS

Study population 

The study birth cohort was approved by the the regional scienti
fic ethical committe, Region Hovedstaden (H-16042289 and 
H-16042294) and conducted according to the Declaration of 
Helsinki. 

The BABY Cohort has been described previously in detail, 
including sample size calculation (15). Briefly, parents of 150 
preterm and 300 term newborns were recruited to a prospective 
study from August 2017 to August 2019 at Rigshospitalet, Copen-
hagen, and Nordsjællands Hospital, Hillerød, Denmark. Preterm 
newborns, born below 37+0 of gestational age (GA), without 
severe congenital abnormalities were enrolled during the first 31 
days of life. Term singleton newborns (GA: 37+0 to 41+6) without 
serious illness and who did not receive antenatal corticosteroids, 
were enrolled during the first 3 days of life. 

Cohort design

Preterm children were scheduled for 2 clinical study visits: as soon 
as possible after birth, depending on the child’s overall health, and 
2 months after the planned due date. Term children were scheduled 
for 3 clinical study visits: within the first few days of life and at 
2 and 12 months. A subgroup of term children was scheduled for 
1 clinical study visit at 6 months. 
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A diagnosis of AD was based on the diagnostic criteria of Hanifin 
and Rajka, except that we excluded IgE levels and subcapsular 
cataract.

All parents were instructed to contact the study personnel if the 
child developed skin lesions that could be eczematous, after which 
the child participated in an additional clinical visit. At all study 
visits, detailed information about the child’s skin exposures was 
obtained. All examinations were performed by medical doctors 
trained in AD by professors in dermatology. 

Questionnaire

At 2 months of age, both parents were asked to complete online 
questionnaires on family structure, exposures in pregnancy and 
parental atopic comorbidities. 

Filaggrin genotyping

Children were genotyped for the 3 most common FLG loss-of-
function mutations in Northern Europeans (R501X, 2282del4 and 
R2447X) by TaqMan genotyping assay extracted from buccal 
swabs (Isohelix, Harrietsham, UK) (16).

Statistical analysis

Baseline characteristics were presented with 
frequencies and percentages for categorical 
variables. Normally distributed continuous 
variables were presented with mean and 
standard deviations (SD). Non-normally dist-
ributed continuous variables were presented 
with median and interquartile range (IQR). 
χ2 test and 1-way ANOVA were performed 
to compare differences between normally 
distributed variables. Mann–Whitney U test 
was performed to compare non-normally 
distributed continuous variables. 

Kaplan–Meier curves and hazard ratios 
(HR) with 95% confidence intervals (95% 
CI) were calculated using multivariate Cox 
proportional hazard regression analysis with 
“development of AD in the first year of life” 
as the dependent variable and “age in months” 
as the underlying time variable. All analyses 
were adjusted for parental atopic disease and 
sex of the child. It was hypothesized that lower 
parental educational level might be associated 
with increased exposure to chemicals during 
pregnancy; therefore, exposure to chemicals 
from indoor decorating (painting) and instal-
lation of new flooring during pregnancy were 
further adjusted for parental educational level. 

Tests for interaction between selected risk 
factors for AD and preterm or term birth 
were performed using a log-likelihood ratio 
test, and subsequent Cox proportional hazard 
regression analyses were performed stratified 
by preterm and term birth. Missing data were 
omitted from the analyses. Analyses were 
performed with IBM SPSS Statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, 
NY, USA) and GraphPad Prism version 8.0.0 
for Windows (GraphPad Software, San Diego, 
CA, USA). The questionnaire was built and 
managed in the online REDCap (Research 
Electronic Data Capture) database hosted in 
the Capital Region of Denmark (17).

RESULTS

Study population
The preterm population comprised 103 singletons, 44 
twins and 3 triplets. The term population comprised 300 
singletons. Five children were lost to follow-up in the 
preterm population and term population, respectively. 

Overall, 106 of 126 mothers of preterm (84.1%) and 
265 of 300 mothers of term children (88.3%) completed 
the questionnaire, whereas 74 of 120 fathers of preterm 
(61.7%) and 206 of 292 fathers of term children (70.6%) 
completed the questionnaire. Table I and Table SI present 
the baseline characteristics of both cohorts. There was no 
difference in the children’s sex or parental age between 
responding and non-responding parents (Table SII).

There was a male predominance in both preterm and 
term children (60.7% vs 57.0%). Preterm children were 
born at a mean GA of 32.9 ± 3.0 weeks and term children 

Table I. Baseline characteristics of participating children

Preterm children
n = 150a

Term children
n = 300a

All children
n = 450a p-value

Sex, male, n (%) (n = 450) 91 (60.7) 171 (57.0) 262 (58.2) 0.457
Filaggrin gene mutation status, n (%) (n = 447)

Wild-type 140 (95.9) 267 (90.8) 414 (92.6) 0.055
Heterozygote 6 (4.1) 27 (9.2) 33 (7.4)
Homozygote 0 (0.0) 0 (0.0) 0 (0.0)

Gestational age (weeks), mean (SD) (n = 449) 32.9 (3.0) 39.7 (1.3) 37.1 (3.8) < 0.001
Birth weight (g), mean (SD) (n = 448) 1,939.1 (636.8) 3,544.9 (459.6) 3,010.8 (921.3) < 0.001
Birth length (cm), mean (SD) (n = 438) 43.4 (4.8) 51.9 (2.2) 49.2 (5.2) < 0.001
Delivery method, n (%) (n = 449) < 0.001

Vaginal 53 (35.6) 179 (59.7) 232 (51.7)
Caesarean section, planned 6 (4.0) 82 (27.3) 88 (19.6)
Caesarean section, acute 90 (60.4) 39 (13.0) 129 (28.7)
Maternal age (years), median (IQR) (n = 448) 32.4 (29.4–36.0) 32.3 (29.8–35.6) 32.4 (29.8–36.3) 0.826
Paternal age (years), median (IQR) (n = 301) 33.4 (30.6–37.6) 33.6 (30.7–37.7) 33.8 (30.9–37.7) 0.307

Maternal comorbidities (self-reported), n (%)      
Atopic dermatitis (n = 338) 11 (11.0) 35 (14.7) 46 (13.6) 0.364
Asthma (n = 362) 18 (17.3) 29 (11.2) 47 (13.0) 0.120
Hay fever (n = 360) 12 (11.4) 44 (17.3) 56 (15.6) 0.166
Allergyb (n = 369) 27 (25.7) 64 (24.2) 91 (24.7) 0.946
Anxiety (n = 363) 7 (6.8) 42 (16.2) 49 (13.5) 0.019
Depression (n = 365) 20 (19.0) 42 (16.2) 62 (17.0) 0.505

Paternal comorbidities (self-reported), n (%)
Atopic dermatitis (n = 269) 8 (11.9) 19 (9.6) 27 (10.9) 0.713
Asthma (n = 290) 9 (12.9) 41 (18.6) 50 (17.2) 0.265
Hay fever (n = 280) 11 (16.2) 42 (19.8) 53 (18.9) 0.506
Allergya (n = 294) 14 (18.9) 56 (25.5) 70 (23.8) 0.371
Anxiety (n = 282) 6 (8.5) 11 (5.2) 17 (6.0) 0.321
Depression (n = 281) 8 (11.4) 21 (10.0) 29 (10.3) 0.725

Maternal educational status, n (%) (n = 355)       0.036
Primary and lower secondary education 4 (3.9) 1 (0.4) 5 (1.4)
Technical college 5 (4.9) 5 (2.0) 10 (2.8)
General upper secondary education 7 (6.8) 18 (7.1) 25 (7.1)
Short-cycle higher education 8 (7.8) 20 (7.9) 28 (7.9)
Medium-cycle higher education 36 (35.3) 73 (28.9) 109 (30.7)
Long-cycle higher education 42 (41.2) 136 (53.7) 178 (50.1)

Paternal educational status, n (%) (n = 273)       0.045
Primary and lower secondary education 1 (1.4) 8 (4.0) 9 (3.3)
Technical college 12 (16.6) 13 (6.4) 25 (9.1)
General upper secondary education 3 (4.2) 20 (9.9) 23 (8.4)
Short-cycle higher education 3 (4.2) 19 (9.4) 22 (8.0)
Medium-cycle higher education 15 (20.8) 45 (22.3) 60 (21.9)
Long-cycle higher education 38 (52.8) 97 (48.0) 135 (49.3)

Exposures in pregnancy, n (%)
Indoor painting 25 (23.8) 83 (31.7) 108 (29.4) 0.135
New floors/carpets 4 (3.8) 19 (7.2) 23 (6.2) 0.215
Domestic pet 34 (32.1) 48 (18.2) 82 (22.2) 0.004
Domestic dog 12 (10.5) 17 (6.1) 29 (7.4) 0.132

aDue to missing data, the number of participants may be less than total the sample sizes. bAllergy: self-reported 
physician diagnosed allergy against birch, grass, mugwort, horse, dog, cat, house dust mites or certain moulds.
IQR: interquartile range; SD: standard deviation. Bold numbers are all the significant p-values (< 0.5).
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at a mean GA of 39.7 ± 1.3 weeks. Median maternal age 
was 32.4 years (IQR 29.4–36.0) and 32.3 years (IQR 
29.8–35.6) for preterm and term children. Median pater-
nal age was 33.4 years (IQR 30.6–37.6) and 33.6 years 
(IQR 30.7–37.7) for preterm and term children (Table I). 
In mothers, 77.7% reported being of Scandinavian de-
scent compared with 73.8% of fathers. 

Self-reported physician-diagnosed allergy was the 
most common maternal atopic condition (25.0%), fol-
lowed by hay fever (15.6%), AD (13.6%) and asthma 
(13.0%). Paternal atopic conditions included allergy 
(23.8%), hay fever (18.9%), AD (10.9%) and asthma 
(17.2%) (Table I). 

Prevalence of atopic dermatitis and its characteristics 
at disease onset 
A total of 94 of 440 children (21.4%) were registered 
with physician-diagnosed AD during the first year of 
life (Table II). AD was more common in term children 
(77 of 288) compared with preterm children (17 of 145) 
(26.7% vs 11.7%, HR 2.5; 95% CI 1.5–4.2; p = 0.001) 
(Fig. 1a). This remained significant when correcting 
for GA (HR 2.4; 95% CI 1.5–4.3; p = 0.001) or FLG 
mutation status (HR 2.5; 95% CI 1.5–4.2; p = 0.001). 
A dose-dependent association was found between GA 
and the risk of AD (HR 1.1; 95% CI 1.1–1.2; p = 0.006). 
No association was found between birth weight and 
risk of AD in either preterm (p = 0.1) or term children 
(p = 0.7). 

The overall median age at onset of AD was 4.0 months 
(IQR 3.0–7.0). The median age of onset was 6.0 months 
(IQR 4.2–8.0) in preterm children vs 4.0 months (IQR 
3.0–6.5) in term children (p = 0.049). The median EASI 
at AD onset in the entire cohort was 3.9 (IQR 1.9–6.5). 
The median EASI at onset was 0.4 (IQR 0.2–2.4) in 
preterm children vs 4.8 (IQR 2.2–7.3) in term children 
(p < 0.0005). In preterm and term children, the most 
commonly affected skin sites at AD onset were cheeks 
(50.0% vs 58.9%, p = 0.6), hands (35.7% vs 13.7%, 
p = 0.4), elbows (28.6% vs 47.2%, p = 0.05) and chest 
(21.4% vs 30.1%, p = 0.5) (Fig. 2). 

Filaggrin gene mutation status 
In the entire cohort, 7.4% were heterozygous FLG 
mutation carriers (preterm children 4.1% vs term child-
ren 9.2%, p = 0.06). No interaction was found between 
FLG mutation status and preterm or term birth status 
(p-value for interaction=0.4). No homozygous carriers 
were found. No association was observed between FLG 
mutations and development of AD (Fig. 1b). A sub-
analysis restricted to children of Northern and Central 
European descent did not alter the outcome (n = 351, 
p = 0.1). No association was observed between FLG muta-
tion status and EASI at AD onset (wild-type, mean EASI: 
4.8 ± 4.4; heterozygote, mean EASI: 6.5 ± 2.3; p = 0.6).

Parental risk factors for atopic dermatitis 
A paternal history of atopic disease was associated with 
increased risk of AD in the entire cohort (adjusted HR 
1.8; 95% CI 1.1–2.8; p = 0.02), with no significant inter
action between preterm and term children (p-value for 
interaction 0.4). 

In preterm children, a family history of atopic disease 
in both parents was associated with AD (adjusted HR 7.5; 
95% CI 2.0–28.1; p = 0.003 (Fig. 1c). In term children, 
no association was found between both parents having a 
history of atopic disease and AD (adjusted HR 1.7; 95% 
CI 0.8–3.3; p = 0.4), but having only one parent with a 
history of atopic disease was associated with AD (ad-
justed HR 1.7; 95% CI 1.0–2.9, p = 0.03). No association 
was found between a parental history of atopic disease 
and EASI at onset of AD (no parental atopic disease, 

Table II. Prevalence of atopic dermatitis (AD) by childrens’ 
characteristics, parental comorbidities and pregnancy exposures

Prevalence of AD by exposure 
to variables

p-value

Preterm 
children
(AD/all: 
17/145)a

n (%)

Term 
children
(AD/all: 
77/288a

n (%)

All 
children
(AD/all: 
94/440a

n (%)

Sex 0.457
Male 11 (12.5) 43 (25.1) 54 (20.8)
Female   6 (10.2) 34 (27.2) 40 (21.7)

Filaggrin gene mutation status 0.055
Wild-type 16 (11.4) 69 (25.8) 85 (20.9)
Heterozygote   1 (16.7)   8 (29.6)   9 (27.3)

Birth method < 0.001
Vaginal   6 (11.5) 44 (24.9) 50 (21.8)
Caesarean section 11 (11.7) 33 (27.7) 44 (20.7)

Season of birth < 0.001
Spring 4 (13.3) 18 (29.5) 22 (24.2)
Summer 6 (6.7) 19 (29.7) 24 (17.3)
Autumn 6 (23.1) 17 (18.3) 23 (19.3)
Winter 2 (14.3) 23 (30.7) 25 (28.1)

Older siblings 0.593
Yes 5 (14.3) 22 (23.4) 27 (20.9)
No 10 (14.3) 49 (29.7) 59 (25.1)

Parental atopic diseases
Maternal atopic disease (AD, asthma, hay fever or allergy) 0.780
Yes 9 (22.0) 30 (30.6) 39 (28.1)
No 6 (9.2) 44 (26.5) 50 (21.6)

Paternal atopic disease (AD, asthma, hay fever or allergy) 0.592
Yes 6 (22.2) 32 (36.4) 38 (33.0)
No 8 (17.0) 26 (19.7) 34 (19.0)
No parents with atopic disease 5 (9.8) 24 (20.5) 29 (17.3) 0.219
One parent with atopic disease 7 (13.5) 38 (33.3) 45 (27.1)
Both parents with atopic disease 4 (50.0) 12 (33.3) 16 (36.4)

Exposures in pregnancy
Indoor painting during pregnancy 0.135
Yes 5 (20.0) 29 (34.9) 34 (31.5)
No 10 (12.5) 44 (24.6) 54 (20.8)

New floors/carpets during pregnancy 0.245
Yes   2 (50.0)   9 (47.4) 11 (47.8)
No 13 (12.7) 64 (26.2) 77 (22.3)

Domestic pet exposure during pregnancy 0.004
Yes   2 (5.9)   9 (18.8) 11 (13.4)
No 13 (18.1) 64 (29.6) 77 (26.7)

Domestic dog exposure during pregnancy 0.015
Yes   2 (16.7)   3 (17.6)   5 (17.2)
No 14 (13.8) 72 (27.7) 86 (23.8)

aDue to missing data, the number of participants may be less than total the sample 
sizes. Bold numbers are all the significant p-values (< 0.5). 

http://medicaljournalssweden.se/actadv
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mean EASI 3.2 ± 2.2; parental atopic disease, mean EASI 
5.5 ± 5.0; p = 0.1).

Season of birth as risk factor for atopic dermatitis 
In preterm children, autumn or winter birth was associa-
ted with AD (adjusted HR 3.3; 95% CI 1.2–9.2; p = 0.03), 
whereas no association was found in term children (ad-
justed HR 1.2; 95% CI 0.8–1.8; p = 0.5) (Fig. 1d). 

Exposures in pregnancy as risk factors for atopic 
dermatitis 
In the entire cohort, indoor decorating (painting) during 
pregnancy was associated with increased risk of AD 
(adjusted HR 1.5; 95% CI 1.0–2.4; p = 0.05). Replacing 
carpets or installing new flooring during pregnancy was 
associated with increased risk of AD in the entire cohort 
(adjusted HR 2.6; 95% CI 1.4–4.9; p = 0.003), in preterm 
(adjusted HR 5.8; 95% CI 1.3–26.6; p = 0.02) and term 
children (adjusted HR 2.1; 95% CI 1.0–4.2; p = 0.04), 
which remained significant when adjusting for parental 
educational level in the entire cohort (adjusted HR 3.0; 
95% CI 1.3–6.6; p = 0.01), in preterm children (adjusted 
HR 12.8; 95% CI 1.6–102.7; p = 0.02), but not in term 
children. No association was found between parental 
smoking status and AD (maternal smoking p = 0.9, 
paternal smoking p = 0.2)

Exposure to domestic pets in pregnancy was associated 
with lower risk of AD (adjusted HR 0.5; 95% CI 0.2–0.9; 
p = 0.02), but no association was found for exposure to 
domestic dog or domestic cat separately (dog, adjusted 
HR 0.6; 95% CI 0.3–1.5; p = 0.3 and cat, adjusted HR 
0.6; 95% CI 0.6–1.6; p = 0.3).

Emollient application as a risk factor for atopic dermatitis
In term children, daily application of emollients at 2 
months of age was associated with increased risk of AD 
(adjusted HR 2.9; 95% CI 1.7–5.0; p < 0.0005) (Fig. 1f). 
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Fig. 1. Kaplan–Meier curves showing the development of atopic dermatitis stratified by: (a) extremely preterm (gestational age (GA): 24–27 
weeks), moderate preterm (GA: 28–36 weeks) or term birth (GA: above 37 weeks), (b) filaggrin gene mutation status, (c) history of parental atopic 
history, (d) season of birth, (e) exposure to domestic dog in pregnancy and (f) emollient application at 2 months of life.

Sca
lp

Che
ek

s

Fore
he

ad Chin
Nec

k

Han
ds Fee

t

Elbo
w

Kne
es

Sho
uld

er
Che

st

Abd
om

en
Bac

k

Diap
er

reg
ion

0

10

20

30

40

50

60

70

Involved skin regions at onset of AD

Pa
rti

ci
pa

nt
s

w
ith

in
vo

lv
em

en
t,

%

Preterm children Term childrenAll children

Fig. 2. Affected anatomical sites at onset of atopic dermatitis (AD) 
stratified by preterm and term birth.
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DISCUSSION

This prospective birth cohort study showed, for the first 
time, that preterm children had a significantly reduced 
risk of developing AD during the first year of life compar
ed with term children, with a dose-dependent association 
between risk of AD and GA at birth. Prematurity was 
associated with older age at AD onset as well as lower 
AD severity.

Interpretation 
While preterm birth has been associated with a decreased 
risk of AD (11–14), no studies have investigated the pos-
sible underlying mechanisms. A lower prevalence of FLG 
mutations was found in preterm born children compared 
with term children, probably contributing to the lower 
risk of developing AD. Several other mechanisms have 
previously been hypothesized for the lower risk of AD 
in preterm children (11, 18). Since pregnancy is charac-
terized by a promotion of T helper (Th)2 mediated cyto
kines, essential for maintaining normal pregnancy and 
not rejecting the foetus (19), the shorter foetal period of 
Th2 exposure in preterm children might impact the foetal 
immune system, thereby reducing the risk of AD (11). 
Increased antigen penetration through the immature skin 
barrier or an altered skin microbiome in preterm children 
could contribute to development of tolerance (11). 

Term children developed AD at an earlier age and had 
a higher EASI score at onset compared with preterm 
children. However, skin sites affected by AD were es-
sentially similar in the 2 groups. These findings indicate 
that preterm children with AD may have a milder disease 
course and delayed onset. 

A recent meta-analysis showed that AD was associated 
with both maternal or paternal history of atopic disease 
(20). While the current study could not confirm an as-
sociation between AD and maternal history of atopic 
disease, we found an association with paternal history 
of atopic disease. Small study size, along with possible 
participation and recall bias, may explain the lack of 
association in term children regarding 2 parents with 
atopic disease. 

Autumn or winter birth has been associated with in-
creased risk of AD in countries in the Northern hemisphe-
re (6). While we could not confirm this association in 
term children, preterm children had a 3-fold increased 
risk of AD when born during autumn or winter. This 
finding suggests that factors leading to dry skin could 
have a more negative effect on the immature skin barrier 
in preterm children. 

Previous studies showed a reduced risk of developing 
AD in children exposed to domestic pets in infancy 
and, in particular, to domestic dogs (8, 21). The current 
study confirmed the inverse association for domestic 
pet exposure; however, we were not able to confirm the 
association specifically for exposure to domestic dogs. 

It has been suggested that exposure to dogs in infancy 
results in increased exposures to endotoxins and micro-
bial components, thereby shifting the immune system, 
promoting Th1-mediated cytokines (22). However, 
inverse causation cannot be ruled out, since parents with 
a fear of atopic disorders may choose not to acquire a pet. 

Volatile organic compounds (VOC) are thought to be 
environmental risk factors for AD, and infants living 
in newly built houses or living with indoor renovation 
activities have increased risk of developing AD in early 
childhood (7, 23, 24). Indeed, the current study found an 
association between exposure to indoor painting or instal-
lation of new flooring during pregnancy and development 
of AD. The mechanisms by which VOCs may cause AD 
are not known, but VOCs are thought to cause cutaneous 
oxidative stress, resulting in Th2 polarization in the skin 
and thereby causing impaired skin barrier and AD (7). 

Large recent trials have shown that prophylactic 
emollient application seems not to prevent development 
of AD, but, in fact, increase the risk of AD (25, 26). 
The current study found a positive association between 
frequent application of emollients reported at 2 months 
of age and development of AD. While it could be a result 
of inverse causation, since parents of children with dry 
skin will tend to apply emollients, the use of emollients 
at 2 months of age was similar among heterozygote and 
wild-type FLG mutation carriers. 

Strengths and limitations
This prospective study is the first to compare the risk 
and severity of AD at onset in preterm and term children 
along with first clinical presentation. A major strength of 
the current study was the prospective design with several 
clinical skin examinations, resulting in few children lost 
to follow-up and a relatively high parental questionnaire 
response rate. The study was strengthened by the close 
contact between parents and study personnel, where 
parents were regularly encouraged to contact the study 
personnel in case of suspected AD. Nonetheless, we 
cannot rule out that the current study may have missed 
incident cases of AD. Moreover, we only assessed the 
association between risk factors and development of 
AD during the first year of life, and it is possible that 
longer follow-up could have changed the outcome. None 
of the clinical assessments were blinded, potentially 
introducing bias.

Since all term children were recruited from Copen
hagen, the findings of the current study may not be ge-
neralized to rural areas in Denmark. Also, parents from 
more resourceful families and parents with a history 
of more severe atopic disease could have been more 
willing to participate in the study, thereby introducing 
bias (27, 28). We only included twins and triplets in the 
preterm population and they do not represent the general 
population. 

http://medicaljournalssweden.se/actadv
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Premature born children were scheduled to partici-
pate in only one follow-up visit, since they continued 
to have many hospital visits for conditions associated 
with premature birth after their discharge from hospital. 
The prevalence of AD and FLG mutations is similar to 
other studies, indicating that this is not a concern. Adults 
may not be able to recall if they had atopic diseases in 
childhood, which potentially introduces misclassification 
in our analysis on parental heritability (29). 

Conclusion
This prospective birth cohort showed that preterm birth 
was associated with a decreased risk of developing AD 
during the first year of life, older age at onset and lower 
AD severity. Overall, this study confirmed previous 
risk factors for AD and found that the risk factors were 
essentially the same in preterm and term born children, 
apart from a lower prevalence of FLG mutations in 
preterm children.

ACKNOWLEDGEMENTS 
We thank all families for their participation in the BABY cohort. 
We thank all staff members at Rigshospitalet and Nordsjællands 
Hospital who contributed to this study. 

The study received financial support from The Leo Foundation, 
The Lundbeck Foundation, The Novo Nordisk Foundation, Pfizer, 
Kgl. Hofbundtmager Aage Bangs Foundation, Savvaerksejer 
Jeppe Juhl og Hustru Ovita Juhls Mindelegat and The Herlev and 
Gentofte Hospital Research Foundation. 
Conflicts of interest: JPT reports grants from The Leo Foundation, 
The Novo Nordisk Foundation, Pfizer, The Lundbeck Foundation 
and grants from Savværksejer Jeppe Juhl og hustru Ovita Juhls 
Mindelegat, during the conduct of the study. JPT has been an 
advisor, investigator and speaker for Abbvie, Regeneron, Pfizer, 
Sanofi-Genzyme, LEO Pharma, and Eli Lilly & Co. LS reports 
personal fees from Abbvie, Eli Lilly, Novatis, Sanofi, Celegen 
LEO Pharma, and Almirall, outside the submitted work. LS reports 
non-financial support from Abbvie, Sanofi, Janssen and grants 
from Novartis, Janssen and Sanofi. TG, AH, MRR, reports grants 
from Herlev and Gentofte Hospital Research Foundation and Kgl. 
Hoftbundtmager Aage Bangs foundation during the conduct of the 
study. AH reports personal fees from LEO Pharma and Coloplast 
A/S outside the submitted work. MHK reports grants from Herlev 
and Gentofte Hospital Research Foundation, during the conduct of 
the study. NHR reports grant from the Novo Nordisk Foundation 
and Herlev and Gentofte Hospital Research Foundation, during 
the conduct of the study. 

REFERENCES
1.	Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. 

Atopic dermatitis. Nat Rev Dis Primers 2018; 4: 1.
2.	Kim JP, Chao LX, Simpson EL, Silverberg JI. Persistence 

of atopic dermatitis (AD): a systematic review and meta-
analysis. J Am Acad Dermatol 2016; 75: 681–687.e11.

3.	Brunner PM. Early immunologic changes during the onset 
of atopic dermatitis. Ann Allergy Asthma Immunol 2019; 
123: 152–157.

4.	Weidinger S, Novak N. Atopic dermatitis. The Lancet 2016; 
387: 1109–1122.

5.	Engebretsen KA, Bager P, Wohlfahrt J, Skov L, Zachariae C, 

Nybo Andersen AM, et al. Prevalence of atopic dermatitis 
in infants by domestic water hardness and season of birth: 
Cohort study. J Allergy Clin Immunol 2017; 139: 1568–1574.
e1.

6.	Calov M, Alinaghi F, Hamann CR, Silverberg J, Egeberg A, 
Thyssen JP. The association between season of birth and 
atopic dermatitis in the northern hemisphere: a systematic 
review and meta-analysis. J Allergy Clin Immunol Pract 
2020; 8: 674–680.e5.

7.	Ahn K. The role of air pollutants in atopic dermatitis. J Al-
lergy Clin Immunol 2014; 134: 993–999; discussion 1000.

8.	Pelucchi C, Galeone C, Bach JF, La Vecchia C, Chatenoud L. 
Pet exposure and risk of atopic dermatitis at the pediatric 
age: a meta-analysis of birth cohort studies. J Allergy Clin 
Immunol 2013; 132: 616–622.e7.

9.	Drislane C, Irvine AD. The role of filaggrin in atopic dermatitis 
and allergic disease. Ann Allergy Asthma Immunol 2020; 
124: 36–43.

10.	Smieszek SP, Welsh S, Xiao C, Wang J, Polymeropoulos C, 
Birznieks G, et al. Correlation of age-of-onset of atopic der-
matitis with filaggrin loss-of-function variant status. Scientific 
Reports 2020; 10.

11.	Barbarot S, Gras-Leguen C, Colas H, Garrot E, Darmaun 
D, Larroque B, et al. Lower risk of atopic dermatitis among 
infants born extremely preterm compared with higher gesta-
tional age. Br J Dermatol 2013; 169: 1257–1264.

12.	Tronnes H, Wilcox AJ, Lie RT, Markestad T, Moster D. The 
association of preterm birth with severe asthma and atopic 
dermatitis: a national cohort study. Pediatr Allergy Immunol 
2013; 24: 782–787.

13.	Egeberg A, Andersen YM, Gislason G, Skov L, Thyssen JP. 
Neonatal risk factors of atopic dermatitis in Denmark – re-
sults from a nationwide register-based study. Pediatr Allergy 
Immunol 2016; 27: 368–374.

14.	Kvenshagen B, Jacobsen M, Halvorsen R. Atopic dermatitis 
in premature and term children. Arch Dis Child 2009; 94: 
202–205.

15.	Gerner T, Halling-Sønderby A, Rinnov MR RN, Knudgaard 
MH, Bonefeld CM EC, Trautner S, et al. ‘Barrier dysfunction 
in Atopic newBorns studY’ (BABY): protocol of a Danish pro-
spective birth cohort study. BMJ Open 2020; 10: e033801.

16.	Meldgaard M, Szecsi PB, Carlsen BC, Thyssen JP, Johansen 
JD, Menne T, et al. A novel multiplex analysis of filaggrin 
polymorphisms: a universally applicable method for geno-
typing. Clin Chim Acta 2012; 413: 1488–1492.

17.	Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde 
JG. Research electronic data capture (REDCap) – a metadata-
driven methodology and workflow process for providing 
translational research informatics support. J Biomed Inform 
2009; 42: 377–381.

18.	Tronnes H, Wilcox AJ, Markestad T, Tollanes MC, Lie RT, 
Moster D. Associations of maternal atopic diseases with ad-
verse pregnancy outcomes: a national cohort study. Paediatr 
Perinat Epidemiol 2014; 28: 489–497.

19.	Saito S, Nakashima A, Shima T, Ito M. Th1/Th2/Th17 and 
regulatory T-cell paradigm in pregnancy. Am J Reprod 
Immunol 2010; 63: 601–610.

20.	Ravn NH, Halling AS, Berkowitz AG, Rinnov MR, Silverberg 
JI, Egeberg A, et al. How does parental history of atopic 
disease predict the risk of atopic dermatitis in a child? – a 
systematic review and meta-analysis. J Allergy Clin Immunol 
2020; 145: 1182–1193.

21.	Thorsteinsdottir S, Thyssen JP, Stokholm J, Vissing NH, 
Waage J, Bisgaard H. Domestic dog exposure at birth re-
duces the incidence of atopic dermatitis. Allergy 2016; 71: 
1736–1744.

22.	Simpson A, John SL, Jury F, Niven R, Woodcock A, Ollier WE, 
et al. Endotoxin exposure, CD14, and allergic disease: an 
interaction between genes and the environment. Am J Respir 
Crit Care Med 2006; 174: 386–392.

23.	Herbarth O, Fritz GJ, Rehwagen M, Richter M, Roder S, 
Schlink U. Association between indoor renovation activities 
and eczema in early childhood. Int J Hyg Environ Health 
2006; 209: 241–247.

24.	Lee JY, Seo JH, Kwon JW, Yu J, Kim BJ, Lee SY, et al. Exposure 

http://medicaljournalssweden.se/actadv


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

7/7 T. Gerner et al.”Comparison of atopic dermatitis in preterm and term children”

Acta Derm Venereol 2022

to gene-environment interactions before 1 year of age may 
favor the development of atopic dermatitis. Int Arch Allergy 
Immunol 2012; 157: 363–371.

25.	Chalmers JR, Haines RH, Bradshaw LE, Montgomery AA, 
Thomas KS, Brown SJ, et al. Daily emollient during infancy 
for prevention of eczema: the BEEP randomised controlled 
trial. The Lancet 2020; 395: 962–972.

26.	Skjerven HO, Rehbinder EM, Vettukattil R, LeBlanc M, Granum 
B, Haugen G, et al. Skin emollient and early complementary 
feeding to prevent infant atopic dermatitis (PreventADALL): 
a factorial, multicentre, cluster-randomised trial. The Lancet 
2020; 395: 951–961.

27.	Rittase M, Kirkland E, Dudas DM, Patel AV. Survey item 
response rates by survey modality, language, and sociode-
mographic factors in a large U.S. cohort. Cancer Epidemiol 
Biomarkers Prev 2020; 29: 724–730.

28.	Bliddal M, Liew Z, Pottegard A, Kirkegaard H, Olsen J, Nohr 
EA. Examining nonparticipation in the maternal follow-up 
within the Danish national birth cohort. Am J Epidemiol 
2018; 187: 1511–1519.

29.	Mortz CG, Andersen KE, Bindslev-Jensen C. Recall bias 
in childhood atopic diseases among adults in the Odense 
Adolescence Cohort Study. Acta Derm Venereol 2015; 95: 
968–972.

http://medicaljournalssweden.se/actadv

