
Original Article
Predicting Skin Barrier Dysfunction and Atopic
Dermatitis in Early Infancy
Eva Maria Rehbinder, MD
a,b,c

, Kim M. Advocaat Endre, MD
a,b,c

, Karin C. Lødrup Carlsen, MD, PhD
a,b

,

Anna Asarnoj, MD, PhD
d,e,f

, Karen Eline Stensby Bains, MD
a,b

, Teresa Løvold Berents, MD, PhD
c
,

Kai-Håkon Carlsen, MD, PhD
a,b

, Hrefna Katrín Gudmundsdóttir, MD
a,b

, Guttorm Haugen, MD, PhD
b,g

,

Gunilla Hedlin, MD, PhD
d,e

, Ina Kreyberg, MD
a,b

, Live Solveig Nordhagen, MSc
a,b,h

, Björn Nordlund, RN, PhD
d,e

,

Carina Madelen Saunders, MD
a,b

, Leiv Sandvik, PhD
b,i
, Håvard O. Skjerven, MD, PhD

a,b
, Cilla Söderhäll, PhDe

,

Anne Cathrine Staff, MD, PhD
b,g

, Riyas Vettukattil, MBBS, PhD
a,b

, Magdalena R. Værnesbranden, MD
b,j
,

Linn Landrø, MD, PhD
c
; on behalf of the study group: Monica Hauger Carlsen, PhD

k
, Oda C. Lødrup Carlsen

a
,

Peder Annæus Granlund
a,b

, Berit Granum, PhD
l
, Sandra Götberg, MD

d,e
, Katarina Hilde, MD

b,g
,

Christine Monceyron Jonassen, PhD
m,n

, Unni C. Nygaard, PhD
l
, Knut Rudi, PhD

n
, Ingebjørg Skrindo, MD, PhD

a,o
,

Katrine Sjøborg, MD, PhD
j
, Sandra G. Tedner, MD

d,e
, Johanna Wiik, MD

j,p
, and Angelica Johansen Winger, MD

a,b Oslo,

Kalnes, Ås, and Lørenskog, Norway; Stockholm and Gothenburg, Sweden
aD

b

cD
d

eD

fD
g

h

iO

jD
k

lD

m

n

o

p

6

What is already known about this topic? Skin barrier dysfunction, measured by increased transepidermal water loss
(TEWL), has been found to precede atopic dermatitis (AD). Dry skin, a cardinal sign of AD, is associated with higher
TEWL.

What does this article add to our knowledge? The article reveals distinctive factors predictive for dry skin, high TEWL,
and AD at 3 months of age. Dry skin at 3 months was predictive for AD 3 months later.

How does this study impact current management guidelines? Recognizing predictive factors for AD early in life,
including the presence of dry skin, may help targeting infants for primary prevention of AD.
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Abbreviations used

AD- A
topic dermatitis

CI- C
onfidence interval
FLG- F
ilaggrin

GA- G
estational age

OR- O
dds ratio
PreventADALL- P
reventing Atopic Dermatitis and Allergies

SD- S
tandard deviation
TEWL- T
ransepidermal water loss
BACKGROUND: Dry skin is associated with increased
transepidermal water loss (TEWL), which has been found to
precede atopic dermatitis (AD) in childhood.
OBJECTIVE: We aimed to identify parental, prenatal, and
perinatal predictive factors of dry skin, high TEWL, and AD at 3
months of age, and to determine if dry skin or high TEWL at 3
months can predict AD at 6 months.
METHODS: From the Preventing Atopic Dermatitis and
Allergies in children prospective birth cohort study, we included
1150 mother-child pairs. Dry skin, TEWL, and eczema were
assessed at 3- and 6-month investigations. Eczema, used as a
proxy for AD, was defined as the presence of eczematous lesions,
excluding differential diagnoses to AD. High TEWL was defined
as TEWL >90th percentile, equaling 11.3 g/m2/h. Potential
predictive factors were recorded from electronic questionnaires
at 18- and 34-week pregnancy and obstetric charts.
RESULTS: Significant predictive factors (P < .05) for dry skin at
3 months were delivery >38 gestational weeks and paternal age
>37 years; for high TEWL, male sex, birth during winter season,
and maternal allergic disease; and for eczema, elective caesarean
section, multiparity, and maternal allergic diseases. Dry skin
without eczema at 3 months was predictive for eczema at 6
months (adjusted odds ratio: 1.92, 95% confidence interval:
1.21-3.05; P [ .005), whereas high TEWL at 3 months was not.
CONCLUSION: In early infancy, distinct parental- and
pregnancy-related factors were predictive for dry skin, high
TEWL, and AD. Dry skin at 3 months of age was predictive for
AD 3 months later. � 2019 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2020;8:664-73)

Key words: Dry skin; Xerosis; Skin barrier; Atopic dermatitis;
Eczema; Allergic diseases; Atopy; TEWL; PreventADALL

Atopic dermatitis (AD) is a chronic relapsing inflammatory
skin disease that most often presents during early childhood.1

The lifetime prevalence in industrialized countries is high,
ranging from 15% to 20%.2 Dry skin, erythema, and pruritus
are hallmarks of the disease.1 Diagnosis of AD is made clinically,
sometimes using validated diagnostic criteria.3,4

The pathophysiological aspect of AD involves complex in-
teractions between skin barrier function, immune dysregulation,
and dysbiosis of the skin microbiota.1,5 A dysfunctional skin
barrier appears to be a key player in the development of the
disease.1,6 The clinical presence of dry skin, a cardinal feature of
AD,1,3,4 is indicative of an impaired skin barrier and correlates
with elevated measures of transepidermal water loss (TEWL).7,8

Recent studies suggest that increased TEWL in early infancy may
precede and even predict the development of AD.9-11 Infants
with AD are at increased risk of developing food allergy, allergic
rhinitis, and asthma in line with the proposed atopic march.12,13

These findings provide a rationale for early life skin-directed
treatment to enhance the barrier function and possibly prevent
AD.14-16

The most prominent risk factors for the development of AD
are parental allergic disease and the presence of mutations in the
gene encoding filaggrin (FLG).1,6,17 The most consistent envi-
ronmental risk factors are low UV-light exposure, dry climate,
urban living, small family size, high parental education level, and
repeated treatment with antibiotics in early childhood.17,18 In
addition, the association between caesarean section and offspring
allergic disease has been extensively investigated, however with
conflicting results.19-21 Increased knowledge of predictive factors
of skin barrier dysfunction and AD in infancy is warranted to
provide targeted prevention strategies. Studies aiming to identify
predictors of dry skin and reduced skin barrier function
measured by TEWL in early infancy have largely been lacking.
We are not aware of previous studies investigating the presence
and distribution of dry skin and later debut of AD in early
infancy.

We recently showed in the Preventing Atopic Dermatitis and
Allergies (PreventADALL) cohort that 59% of 3-month-old in-
fants had dry skin, whereas of the 145 infants with eczema, 96%
had dry skin. Dry skin without eczema on age-specific predi-
lection sites of AD, cheeks, and extensor surfaces of extremities
were significantly associated with increased TEWL.8

In this study, we hypothesized that dry skin or increased
TEWL could predict AD in infancy. We aimed to identify
factors that can predict dry skin, high TEWL, and AD at 3
months of age. Furthermore, we aimed to determine if dry
skin, in general or on age-specific predilection sites of AD, or
high TEWL at 3 months of age could predict AD at 6 months
of age.
SUBJECTS AND METHODS

Study design
The present study included 1150 infants, attending the 3-month

investigation, randomized to the 2 groups that did not receive skin
care intervention from the general population-based PreventADALL
study.22 The PreventADALL multicenter, prospective, 2 � 2
factorial, interventional birth-cohort study investigates the effect of
primary prevention of allergic diseases by early skin care and early
complementary food introduction.

Women were recruited during the routine 18-week gestational
age (GA) ultrasound examination at Oslo University Hospital,
Østfold Hospital Trust (Norway) and Karolinska University Hos-
pital (Stockholm, Sweden) between December 2014 and October
2016. Their infants, born at a GA of at least 35 weeks and without
serious illnesses, were enrolled during the 1 to 2 first days of life.
Infants attended follow-up visits at 3 and 6 months of age, with skin
assessments performed by trained study personnel who were blinded
to the randomization groups. Study information included compre-
hensive electronic questionnaires, weekly diaries, biological samples
from mother and child, and clinical investigations. Study design,
recruitment and inclusion criteria, and characteristics of the 2696
women and 2396 mother-child pairs have been described in detail in
a previous paper.22

Informed consent forms were signed by the mother at enrollment,
and by both parents (when relevant) on inclusion of the infant. The
PreventADALL study was approved by the Regional Committee for



TABLE I. Baseline characteristics for pregnancy variables in 1150 infants attending the 3-month investigation, where “Unaffected skin” are infants without dry skin and eczema is defined
as the presence of eczematous lesions, excluding differential diagnosis to atopic dermatitis; the table displays parental variables

Characteristics

Unaffected skin

(N [ 461)

Dry skin (N [ 683)

(139 with eczema)

Dry skin only

(N [ 544)

Eczema

(N [ 145)

Total

(N [ 1150)

Age mother (y), mean (SD, min-max) (N ¼ 1150) 32.1 (4.1, 21.0-48.0) 32.9 (4.1, 21.0-47.0) 32.8 (4.1, 21.0-47.0) 33.2 (4.2, 22.0-43.0) 32.6 (4.1, 21.0-48.0)

Age father (y), mean (SD, min-max) (N ¼ 983) 34.0 (5.0, 21.0-53.0) 35.3 (5.4, 21.0-72.0) 35.2 (5.4, 21.0-72.0) 35.3 (5.5, 23.0-55.0) 34.8 (5.3, 21.0-72.0)

Mother Nordic origin, N (%) (N ¼ 1046) 405 (93.8) 545 (89.5) 433 (89.3) 117 (90.7) 955 (91.3)

Father Nordic origin, N (%) (N ¼ 1026) 386 (90.8) 525 (88.1) 419 (88.6) 111 (86.7) 916 (89.3)

Education mother, >4 y of university, N (%) (N ¼ 1040) 239 (55.5) 371 (61.4) 299 (62.2) 73 (57.0) 611 (58.8)

Education co-parent, >4 years of university, N (%) (N ¼ 1001) 201 (48.8) 294 (50.3) 237 (51.0) 59 (47.6) 497 (49.7)

Family income, N (%) (N ¼ 1032)

Low 69 (16.2) 82 (13.6) 67 (14.0) 17 (13.4) 153 (14.8)

Middle 318 (74.6) 431 (71.7) 345 (72.0) 88 (69.3) 751 (72.8)

High 39 (9.2) 88 (14.6) 67 (14.0) 22 (17.3) 128 (12.4)

Single mother, N (%) (N ¼ 1038) 6 (1.4) 11 (1.8) 8 (1.6) 3 (2.4) 17 (1.6)

BMI, mother at 18 wk of pregnancy, mean (SD, min-max) (N ¼ 1132) 24.7 (3.7, 17.2-39.7) 24.8 (3.7, 18.4-41.4) 24.8 (3.6, 18.4-39.5) 25.2 (4.0, 19.4-41.4) 24.8 (3.7, 17.2-41.4)

�1 previous parity, N (%) (N ¼ 1046) 161 (37.3) 264 (43.3) 199 (41.0) 70 (54.3) 430 (41.1)

Allergic disease mother, N (%) (N ¼ 1046) 261 (60.4) 408 (67.0) 318 (65.6) 94 (72.9) 673 (64.3)

Allergic disease father, N (%) (N ¼ 1048) 217 (51.1) 304 (49.1) 228 (46.4) 77 (58.3) 522 (49.8)

Atopic dermatitis mother, doctor diagnosed, N (%) (N ¼ 1046) 83 (19.2) 132 (21.7) 101 (20.8) 32 (24.8) 216 (20.7)

Atopic dermatitis father, doctor diagnosed, N (%) (N ¼ 1048) 48 (11.3) 67 (10.8) 46 (9.4) 22 (16.7) 116 (11.1)

Asthma mother, doctor diagnosed, N (%) (N ¼ 1046) 79 (18.3) 106 (17.4) 84 (17.3) 24 (18.6) 187 (17.9)

Asthma father, doctor diagnosed, N (%) (N ¼ 1048) 64 (15.1) 79 (12.8) 61 (12.4) 19 (14.4) 144 (13.7)

Allergic rhinitis mother, doctor diagnosed, N (%) (N ¼ 1046) 77 (17.8) 142 (23.3) 115 (23.7) 29 (22.5) 221 (21.1)

Allergic rhinitis father, doctor diagnosed, N (%) (N ¼ 1048) 93 (21.9) 149 (24.1) 114 (23.2) 36 (27.3) 243 (23.2)

Food allergy mother, doctor diagnosed, N (%) (N ¼ 1046) 56 (13.0) 81 (13.3) 67 (13.8) 14 (10.9) 137 (13.1)

Food allergy father, doctor diagnosed, N (%) (N ¼ 1048) 34 (8.0) 59 (9.5) 48 (9.8) 12 (9.1) 94 (9.0)

BMI, Body mass index; SD, standard deviation.
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TABLE II. Baseline characteristics for pregnancy variables in 1150 infants attending the 3-month investigation, where “Unaffected skin” are infants without dry skin and eczema is defined
as the presence of eczematous lesions, excluding differential diagnosis to atopic dermatitis; the table displays prenatal and perinatal variables as well as variables related to the 3-mo
investigation

Characteristics

Unaffected skin

(N [ 461)

Dry skin (N [ 683)

(139 with eczema)

Dry skin only

(N [ 544)

Eczema

(N [ 145)

Total

(N [ 1150)

Lifestyle during pregnancy

Alcohol intake, N (%) (N ¼ 914) 22 (5.1) 42 (7.7) 29 (6.0) 13 (10.1) 64 (7.0)

Tobacco use in general, N (%) (N ¼ 1128) 54 (11.8) 66 (9.9) 54 (10.2) 13 (9.2) 121 (10.7)

Smoking, N (%) (N ¼ 1128) 24 (5.3) 26 (3.9) 19 (3.6) 8 (5.7) 51 (4.5)

Snus use, N (%) (N ¼ 1128) 34 (7.5) 42 (6.3) 37 (7.0) 5 (3.5) 76 (6.7)

Live rural, N (%) (N ¼ 1046) 40 (9.3) 50 (8.2) 43 (8.9) 7 (5.4) 90 (8.6)

Exposure to humidity/mold, N (%) (N ¼ 984) 51 (12.5) 83 (14.6) 69 (15.3) 16 (13.0) 136 (13.8)

Pets in general, N (%) (N ¼ 1046) 116 (26.9) 133 (21.8) 105 (21.6) 29 (22.5) 250 (23.9)

Cat, no dog, N (%) (N ¼ 1046) 48 (11.1) 41 (6.7) 30 (6.2) 12 (9.3) 90 (8.6)

Dog, no cat, N (%) (N ¼ 1046) 53 (14.0) 70 (11.5) 59 (12.2) 11 (8.5) 123 (11.8)

Cat and dog, N (%) (N ¼ 1046) 6 (1.4) 10 (2.0) 8 (1.6) 2 (1.6) 15 (1.4)

Pets except cat and dog, N (%) (N ¼ 1046) 9 (2.1) 12 (2.0) 8 (1.6) 4 (3.1) 22 (2.1)

Caesarean section, N (%) (N ¼ 1137) 69 (15.2) 106 (15.6) 80 (14.8) 27 (18.8) 176 (15.5)

Elective, N (%) (N ¼ 1137) 22 (4.9) 42 (6.2) 30 (5.6) 12 (8.3) 64 (5.6)

Acute, N (%) (N ¼ 1137) 47 (10.4) 64 (9.4) 50 (9.3) 15 (10.4) 112 (9.9)

Gestational age at birth (wk), mean (SD, min-max) (N ¼ 1128) 39.1 (1.8, 35.0-42.9) 39.5 (1.6, 35.1-42.9) 39.6 (1.6, 35.1-42.9) 39.5 (1.6, 35.2-42.2) 39.3 (1.7, 35.0-42.9)

Female sex, N (%) (N ¼ 1146) 221 (48.1) 307 (45.1) 251 (46.3) 58 (40.0) 530 (46.2)

Birth weight (kg), mean (SD, min-max) (N ¼ 1114) 3.5 (0.5, 1.9-5.1) 3.6 (0.5, 2.1-5.0) 3.6 (0.5, 2.1-4.9) 3.7 (0.5, 2.6-5.0) 3.6 (0.5, 1.9-5.1)

Born during winter season (October-March), N (%) (N ¼ 1146) 238 (51.9) 392 (57.6) 306 (56.5) 87 (60.0) 631 (55.1)

3-month investigation

Age (d), mean (SD, min-max) (N ¼ 1145) 94 (9.4, 55-150) 93 (7.6, 69-134) 93 (7.9, 69-134) 94 (6.4, 83-112) 93 (8.4, 55-150)

Weight (kg), mean (SD, min-max) (N ¼ 1118) 6.2 (0.8, 4.4-9.3) 6.3 (0.8, 4.2-8.9) 6.3 (0.8, 4.2-8.7) 6.3 (0.7, 4.4-8.9) 6.3 (0.8, 4.2-9.3)

Length (cm), mean (SD, min-max) (N ¼ 1125) 61.7 (2.4, 54.0-70.9) 62.0 (2.3, 51.0-69.5) 62.0 (2.3, 51.0-69.5) 62.1 (2.2, 56.8-68.5) 61.9 (2.3, 51.0-70.9)

TEWL (g/m2/h), mean (SD, min-max) (N ¼ 1026) 6.7 (3.5, 1.3-32.6) 8.5 (6.3, 1.6-46.2) 7.6 (5.3, 1.6-46.2) 12.4 (8.9, 3.3-45.2) 7.8 (5.5, 1.3-46.2)

SD, Standard deviation; TEWL, transepidermal water loss.

J
A
LLER

G
Y

C
LIN

IM
M
U
N
O
L
PR

A
C
T

V
O
LU

M
E
8
,
N
U
M
B
ER

2
R
EH

B
IN
D
ER

ET
A
L

6
6
7



FIGURE 1. Outline of children in the present study is based on the
source population of the Preventing Atopic Dermatitis and AL-
Lergies in children (PreventADALL) with 2701 pregnancies
included, resulting in a birth cohort of 2396 mother-child pairs.
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Medical and Health Research Ethics in South-Eastern Norway
(2014/518) and in Sweden (2014/2242-31/4), and registered at
clinicaltrials.gov (NCT02449850).
Subjects

The 1150 infants had a mean GA of 39.3 weeks at birth and
46.2% were girls (Tables I and II).

For the secondary aim, we included all 930 of the 1070 infants
who also attended the 6-month follow-up visit, excluding infants
with eczema at the 3-month investigation, as shown in Figure 1.
Detailed information on dry skin location at 3 months and eczema
at 6 months was available in 913 infants.

Health personnel were trained to examine the skin by visual in-
spection and palpation. Observations of dry skin, presented as
scaling and roughness, were recorded for 11 predefined anatomical
skin areas23 in terms of no, mild, moderate, or severe dry skin.
Severity of dry skin was recorded in line with the principles of the
Dry skin/Ichthyosis and Severity Index, but without their score of
erythema.24 Mild dryness was categorized as barely visible scaling and
slight roughness when stroking the skin. Moderate dryness was
categorized as clearly visible scaling with or without fissures, and
roughness when stroking the skin. Severe dryness was categorized as
abundant scaling and present fissures, as well as very rough skin
when stroking the skin.
Eczema, used as a proxy for AD, was defined as the presence of
eczematous lesions, verified by a medical doctor with the exclusion
of differential diagnoses to AD.

TEWL measurements (g/m2/h) were available in 1033 (89%) of
the 3-month-old infants, using an open chamber DermaLab USB
(Cortex, Hadsund, Denmark). We included measurements per-
formed at room temperature between 20�C and 25�C only, in line
with international recommendations,25 while accepting humidity
within the whole range 6% to 73%, mean 29%, standard deviation
(SD) 12.7. Parents were instructed not to bathe the infants or use
any emollients within 24 hours before the examination. Three
successive measurements were performed on the left upper lateral
arm after 15 minutes of acclimatization where the child was only
wearing diaper, keeping the room temperature as close to 22�C as
possible, noting ambient temperature and humidity. Measurements
were only performed on calm children and windows and doors were
kept shut.

Potential predictive factors were chosen on the basis of previously
described risk factors for allergic diseases, potential relevant
pregnancy-related factors, and baseline characteristics as outlined in
Tables I and II.

Definitions and outcome
Unaffected skin was defined as no eczema and no dry skin. Dry

skin included all infants with the presence of dry skin on at least 1
location, regardless of eczema. Dry skin only was defined as dry skin
with no eczema and was further subcategorized into dry skin on
cheeks, extensors, or both cheeks and extensors.

The outcomes in the present study were Dry skin (any location of
dry skin), Eczema, and High TEWL (mean TEWL above 90th
percentile) at 3 months of age and Eczema at 6 months of age.

Statistical analysis
Categorical variables are presented as numbers and percentages.

Continuous variables are presented as means, SD, and minimum
(min)-maximum (max).

Although the TEWL results did not display a perfect normal
distribution, the deviation from normality was moderate, and we
could therefore use parametric statistical methods for all our analyses.
The independent sample t-test was used when comparing contin-
uous variables, and the c2 test was used when comparing categorical
variables.

Logistic regression analysis was used to investigate the associations
between parental and pregnancy-related variables (Tables I and II)
and the outcome variables Dry skin, Eczema, or High TEWL. We
used univariate logistic regression analysis with a cutoff P value of .2,
followed by complete-case multivariate regression analysis. The
continuous variables that were found to be significant in the uni-
variate regression analysis were analyzed as quartiles, with the lowest
quartile as the reference value. If the strength of the association was
higher in any quartile, we used the quartiles in the multivariate
regression model. In each regression model, the assumption under-
lying multivariate logistic regression analysis was checked and found
to be adequately met.

To investigate the impact of dry skin and high TEWL at
3 months of age on eczema at 6 months of age, the following
3 regression models were performed: Model 1: unadjusted. Model
2: the predictors from the multivariate logistic regression analyses at
3 months of age were used here. For dry skin we adjusted for the
predictors found for dry skin and eczema, and for high TEWL we
adjusted for the predictors found for high TEWL and eczema.



FIGURE 2. Significant predictors (P < .05) for dry skin (A), TEWL >90th percentile (11.3 g/m2/h) (B), and eczema (C) at 3 months of age
in 1150 infants, when using multivariate regression analysis shown as odds ratio and confidence intervals. A, Pregnancy variables with a
cutoff P value of <.2 for predicting dry skin used in the multivariate analysis were GA at birth, birth weight, multiparity, domestic cat
exposure, maternal age, paternal age, maternal allergic disease, maternal education, family income, and birth season. B, Pregnancy
variables with a cutoff P value of <.2 for predicting TEWL >90th percentile (11.3 g/m2/h) used in the multivariate analysis were female
sex, birth weight, maternal allergic disease, maternal atopic dermatitis, and birth season. C, Pregnancy variables with a cutoff P value of
<.2 for predicting eczema, defined as the presence of eczematous lesions, excluding differential diagnosis to atopic dermatitis, used in
the multivariate analysis were female sex, birth weight, multiparity, elective caesarean section (CS), maternal age, maternal allergic
disease, paternal allergic disease, snus during pregnancy, rural living, and family income. CI, Confidence interval; OR, odds ratio; TEWL,
transepidermal water loss.
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Model 3: variables from model 2 together with variables significantly
associated with Eczema at 6 months from univariate logistic regres-
sion analysis (doctor diagnosed AD in father, alcohol consumption,
and domestic cat during pregnancy). The statistical significance level
was set to 5%. All analyses were performed using IBM SPSS statistics
version 25 (Armonk, NY).

RESULTS

Baseline characteristics
At 3 months of age, 544 of the 1150 infants investigated had

dry skin without eczema (dry skin only) and 145 had eczema. At
6 months of age, 163 of the 930 infants who attended the follow-
up had eczema, excluding the infants with eczema at 3 months.
Of 832 with valid TEWL measurements, 82 had high TEWL at
3 months. The clinical, socioeconomic, and demographic details
of the study population are presented in Tables I and II for the
infants at 3 months of age, and the details for the infants at
6 months of age are presented in Table E1 (available in this
article’s Online Repository at www.jaci-inpractice.org).

Predictive factors at 3 months of age
For Dry skin, GA and paternal age were statistical significant

predictors in the multivariate analysis after including the 10
variables with a P value <.2 in the univariate logistic regression
analysis (Figure 2, A, and Tables E2 and E5, available in this
article’s Online Repository at www.jaci-inpractice.org). When
analyzed as continuous variables in univariate analyses, dry skin
was significantly and positively associated with GA (odds ratio
[OR]: 1.16, confidence interval [CI] 95%: 1.08-1.25;
P < .0001) and paternal age (OR: 1.05, 95% CI: 1.02-1.07;
P ¼ .001). We analyzed the predictive impact by categorizing
them into quartiles.

http://www.jaci-inpractice.org
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FIGURE 3. The Euler diagram depicts the distribution of dry skin at 3 months in 159 infants who at 6 months presented with eczema,
used as a proxy for atopic dermatitis. Dry skin at 3 months, regardless of location, was a significant predictor for atopic dermatitis at 6
months of age with an OR (95% CI) of 1.92 (1.21-3.05) (P ¼.005), and an OR (95% CI) of 1.94 (1.20-3.15) (P ¼.007) for dry skin in the
cheeks and/or the extensors specifically at 3 months. CI, Confidence interval; OR, odds ratio. Produced with courtesy of Micallef and
Rodgers.26 http://www.eulerdiagrams.org/eulerAPE.

J ALLERGY CLIN IMMUNOL PRACT
FEBRUARY 2020

670 REHBINDER ETAL
In multivariate analyses, compared with the lower quartile of
GA (35.0-38.2), the highest OR (OR: 2.46, 95% CI: 1.60-3.79;
P < .0001) was found in the third quartile (GA 39.51-40.50), as
shown in Figure 2, A, and Table E5 (available in this article’s
Online Repository at www.jaci-inpractice.org).

Similarly, for paternal age, the highest OR in multivariate
analyses was found for the oldest age, with an OR: 1.96, 95%
CI: 1.16 to 3.30; P ¼ .012 in the fourth compared with refer-
ence (lowest) quartile. Domestic cat exposure during pregnancy
was a significant protective factor for dry skin in the multivariate
analysis (OR: 0.55, 95% CI: 0.33-0.92; P ¼ .023).

For High TEWL, 3 variables were statistically significant in the
multivariate analysis, namely female sex (OR: 0.61, 95% CI:
0.40-0.93; P ¼ .022), maternal allergic disease (OR: 1.80, 95%
CI: 1.08-3.01; P ¼ .025), and birth during winter season (OR:
2.02, 95% CI: 1.31-3.14; P ¼ .002) (Figure 2, B, and Tables E3
and E6, available in this article’s Online Repository at www.jaci-
inpractice.org), after including the 6 variables with a P value <.2
in the univariate logistic regression analysis.

For Eczema, 3 variables were statistically significant in the
multivariate analysis, namely elective caesarean section (OR:
2.50, 95% CI: 1.19-5.25; P ¼ .016), multiparity (1 or more
previous deliveries) (OR: 1.63, 95% CI: 1.03-2.57; P ¼ .037),
and maternal allergic disease (OR: 1.61, 95% CI: 1.02-2.55;
P ¼ .041) (Figure 2, C, and Tables E4 and E7, available in this
article’s Online Repository at www.jaci-inpractice.org), after
including 10 variables with a P value <.2 in the univariate
logistic regression analysis. Paternal allergic disease was statisti-
cally significant in the univariate analysis (OR: 1.46, 95% CI:
1.01-2.13; P ¼ .046), as well as birthweight in the fourth
quartile >3.9 kg (OR: 1.89, 95% CI: 1.14-3.13; P ¼ .014)
compared with reference (lowest quartile).
Dry skin or High TEWL and Eczema at 6 months of

age

Infants who at 3 months of age had Dry skin only, regardless of
location, were significantly more often diagnosed with Eczema at
6 months of age (21.7%) compared with the infants with Un-
affected skin (12.4%) (Figure 3), giving an unadjusted OR (95%
CI) of 1.96 (1.37-2.80) (P < .0001). Dry skin at 3 months
increased the risk of Eczema at 6 months by an OR (95% CI) of
1.92 (1.21-3.05) (P ¼ .005) in the multivariate analysis
adjusting for elective caesarean section, GA at birth, multiparity,
paternal age, maternal allergic disease, paternal allergic disease,
paternal AD, alcohol consumption during pregnancy, and
domestic cat during pregnancy. Similar risk was observed using
dry skin in the cheeks and/or the extensors, OR (95% CI) of
1.94 (1.20-3.15) (P ¼ .007), adjusted for the same 9 variables.
The prediction of Eczema at 6 months of age with Dry skin at 3
months of age had a sensitivity of 68% and a specificity of 48%.

Mean TEWL (g/m2/h) in 3-month-old infants was not
significantly associated with Eczema at 6 months as a continuous
variable or by quartiles in univariate or multivariate analysis. High
TEWLwas significantly associated with Eczema at 6 months of age
compared with mean TEWL <90th percentile (N ¼ 750) (OR:
1.80, 95%CI: 1.07-3.04; P¼ .028) in univariate analysis, but did
not remain statistically significant after adjustment for relevant
factors outlined in Tables E5-E7 (available in this article’s Online
Repository at www.jaci-inpractice.org).
DISCUSSION
In the present population-based prospective mother-child

cohort, we found increased paternal age and GA at birth to be
predictive of dry skin at 3 months of age, and maternal allergic
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disease, male sex, and birth season were predictive for high
TEWL (>90th percentile). For eczema at 3 months the
predictors were elective caesarean section, at least 1 previous
delivery, and maternal allergic disease. Dry skin at 3 months of
age predicted AD at 6 months of age.

Our finding of increased GA and paternal age as predictors for
dry skin has, to our knowledge, not previously been assessed. As
dry skin is a main feature of AD, our findings are supported by
reports of increasing GA being associated with AD.27-29 The
highest risk for dry skin was found among our children with the
highest GA at birth, in line with reports of inverse associations
between prematurity (GA <29 weeks) and AD.30,31 These
findings may be explained by shorter exposure time to the
maternal immune system and Th2 cytokines, lower levels of IgE,
and a different composition of early gut and skin micro-
biome.27,29,30 Post-term neonatal skin having less vernix may
experience longer direct exposure to amniotic fluid, which can
disrupt the stratum corneum lipid bilayer,32,33 and promote
post-term skin dryness and higher TEWL values. Pregnancy
length may thus be implicated in the skin integrity.29,30 Our
finding of advanced paternal age, especially above 37 years, being
a predictor for dry skin, is, to our knowledge, novel and could
reflect a possible age-related increase in mutations.34

The protective effect of female sex on high TEWL is sup-
ported by previous findings that males have an earlier onset of
AD compared with females.29,35 Similar to our study, a recent
Japanese study found significantly higher TEWL in male
infants.36 In contrast, TEWL in neonates was indistinguishable
between males and females in an Indian study.37 Our findings
that infants born during fall and winter season had higher TEWL
at 3 months of age than those born during spring or summer are
supported by reports that birth during fall and winter has been
associated with increased risk of AD.31,38,39 These findings may
be explained by cold climate and low environmental humidity
that have been associated with impaired skin barrier func-
tion.18,38,40-42 Exposure to a dry and cold winter climate may
lead to depletion of filaggrin and other skin barrier proteins as
well as lipids18,43 and by lower cumulative UV irradiation before
and after birth.38

Our finding that multiparity was a predictor of AD at 3
months is in contrast to one of the key arguments for the hygiene
hypothesis where having older siblings reduces the risk of AD,44

but more in agreement with a study showing that the risk of AD
was not reduced by having older siblings.45 In that study, a
higher prevalence of eczema in children carrying FLG mutations
was found if they had older siblings,45 supported by larger
sibships increasing the risk of severe AD.44 Parental allergic
disease, a well-known risk factor for offspring AD,1,17 was also a
predictor of AD in our population. In our cohort, elective
caesarean section was predictive of eczema at 3 months, whereas
acute caesarean section was not. To our knowledge, this is the
first study reporting on elective caesarean section being a pre-
dictor of AD in early infancy. The vast majority of the elective
caesarean sections were before rupture of amniotic membranes,
and we hypothesize that a lacking exposure to the vaginal flora in
elective caesarean sections (without rupture of amniotic mem-
branes)46 may contribute to an offspring gut and skin micro-
biome dysbiosis associated with AD.5 Our results may imply that
onset of AD by 3 months of age may be dominated by a genetic
predisposition to allergic disease, but may be modified by mode
of delivery and exposure to maternal vaginal flora.
Dry skin, but not TEWL at 3 months being a predictor of
AD at 6 months, has, to our knowledge, not previously been
reported. There are no direct comparable studies, nonetheless
dry skin is a cardinal sign of AD,1,8,43,47 and we8 and others48

have demonstrated that infants with dry skin have increased
TEWL. In this study, the risk of AD at 6 months was
particularly noticeable with dry skin on the cheeks and/or on
the extensor surfaces of extremities at 3 months of age. Eczema
of the cheeks is often the first manifestation of AD, and a
recent Irish study by McAleer et al49 demonstrated that in 188
infants the skin of the cheeks was slower to mature than the
skin of the nasal tip and elbow creases, and had lower levels of
natural moisturizing factor. This indicates that early-onset AD
may be due to a physiological skin barrier dysfunction
restricted to a specific body location, possibly enhanced by
factors such as male sex, birth season, and various environ-
mental factors.

Although high TEWL at 3 months did not predict eczema at
6 months after adjusting for potential confounders, it remains to
be investigated whether TEWL can predict AD at later time
points9-11 in our cohort. The presence of clinically dry skin could
precede AD without increased TEWL. Although our findings
support the outside-inside hypothesis of AD,43 dry skin at
3 months as a predictor of AD at 6 months has low sensitivity
and specificity and cannot be used as a single predictive tool for
such a heterogeneous disease as AD.50,51 In line with the concept
of the atopic march,12,13 or the association between dry skin and
asthma in adults,52 early identification of dry skin may be useful
as screening for targeted primary prevention provided that skin
barrier enhancement is effective in reducing AD.

The strengths of our study include a large prospective cohort
study from a general population, with high follow-up rate and
stringent skin assessment by trained personnel as well as TEWL
measurements, and parental risk factors prospectively recorded
during pregnancy. The majority of the study participants origi-
nate from Nordic countries, which may to some extent limit the
generalizability.53 Our study had several limitations, including
infants only born from 35 weeks of GA, genetic analysis
including FLGmutations was not available, and we could not use
the UK Working Party criteria for AD4 at this age, mainly due to
difficulties in evaluating the infant sensation of itch. The rela-
tively high number of possible predictors for the 3-month out-
comes included in the analysis together with possible bias of
missing data introduces a risk of false-positive results. This must
be taken into account when interpreting the results.

In conclusion, at 3 months of age, increasing paternal age and
GA at birth were predictive for dry skin. Maternal allergic
disease, male sex, and winter birth season were predictive for high
TEWL, whereas for eczema the predictors were elective caesarean
section, at least 1 previous delivery, and maternal allergic disease.
Dry skin at 3 months of age, predicting AD at 6 months of age,
may represent a factor in targeting infants for primary prevention
of AD and possibly also food allergy and asthma.

Acknowledgments
We sincerely thank all the study participants and all the

individuals involved in facilitating and running the study,
especially Ann Berglind, Åshild Wik Despriée, Ingvild Essén,
Thea Aspelund Fatnes, Malén Gudbrandsgard, Mari Rønning
Kjendsli, Jon Lunde, Caroline-Aleksi Olsson Mägi, Nora



J ALLERGY CLIN IMMUNOL PRACT
FEBRUARY 2020

672 REHBINDER ETAL
Nilsson, Sigrid Sjelmo, Natasha Sedergren, Päivi Söderman,
and Ellen Tegnerud. The study was performed within the
ORAACLE group (the Oslo Research Group of Asthma and
Allergy in Childhood; the Lung and Environment).

REFERENCES

1. Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic dermatitis.
Nat Rev Dis Primers 2018;4:1.

2. Deckers IA, McLean S, Linssen S, Mommers M, van Schayck CP, Sheikh A.
Investigating international time trends in the incidence and prevalence of atopic
eczema 1990-2010: a systematic review of epidemiological studies. PLoS ONE
2012;7:e39803.

3. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm
Venereol 1980;(Suppl 92):44-7.

4. Williams HC, Burney PG, Pembroke AC, Hay RJ. The U.K. Working Party’s
Diagnostic Criteria for Atopic Dermatitis: III. Independent hospital validation.
Br J Dermatol 1994;131:406-16.

5. Zhu TH, Zhu TR, Tran KA, Sivamani RK, Shi VY. Epithelial barrier dys-
functions in atopic dermatitis: a skin-gut-lung model linking microbiome
alteration and immune dysregulation. Br J Dermatol 2018;179:570-81.

6. Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y, Liao H, Lee SP, et al.
Common loss-of-function variants of the epidermal barrier protein filaggrin are a
major predisposing factor for atopic dermatitis. Nat Genet 2006;38:441-6.

7. Werner Y, Lindberg M. Transepidermal water loss in dry and clinically normal
skin in patients with atopic dermatitis. Acta Derm Venereol 1985;65:102-5.

8. Rehbinder EM, Winger AJ, Landro L, Asarnoj A, Berents TL, Carlsen KH,
et al. Dry skin and skin barrier in early infancy. Br J Dermatol 2019;181:218-9.

9. Kelleher M, Dunn-Galvin A, Hourihane JO, Murray D, Campbell LE,
McLean WH, et al. Skin barrier dysfunction measured by transepidermal water
loss at 2 days and 2 months predates and predicts atopic dermatitis at 1 year.
J Allergy Clin Immunol 2015;135:930-935.e1.

10. Berents TL, Lodrup Carlsen KC, Mowinckel P, Skjerven HO, Rolfsjord LB,
Bradley M, et al. Transepidermal water loss in infancy associated with atopic
eczema at 2 years: a population-based cohort study. Br J Dermatol 2017;177:
e35-7.

11. Horimukai K, Morita K, Narita M, Kondo M, Kabashima S, Inoue E, et al.
Transepidermal water loss measurement during infancy can predict the subse-
quent development of atopic dermatitis regardless of filaggrin mutations.
Allergol Int 2016;65:103-8.

12. Illi S, von Mutius E, Lau S, Nickel R, Gruber C, Niggemann B, et al. The
natural course of atopic dermatitis from birth to age 7 years and the association
with asthma. J Allergy Clin Immunol 2004;113:925-31.

13. Tran MM, Lefebvre DL, Dharma C, Dai D, Lou WYW, Subbarao P, et al.
Predicting the atopic march: results from the Canadian Healthy Infant Longi-
tudinal Development Study. J Allergy Clin Immunol 2018;141:601-607.e8.

14. Simpson EL, Chalmers JR, Hanifin JM, Thomas KS, Cork MJ, McLean WH,
et al. Emollient enhancement of the skin barrier from birth offers effective atopic
dermatitis prevention. J Allergy Clin Immunol 2014;134:818-23.

15. Horimukai K, Morita K, Narita M, Kondo M, Kitazawa H, Nozaki M, et al.
Application of moisturizer to neonates prevents development of atopic derma-
titis. J Allergy Clin Immunol 2014;134:824-830.e6.

16. Kvenshagen BK, Carlsen KH, Mowinckel P, Berents TL, Carlsen KC. Can early
skin care normalise dry skin and possibly prevent atopic eczema? A pilot study
in young infants. Allergol Immunopathol (Madr) 2014;42:539-43.

17. Vaughn AR, Sivamani RK, Lio PA, Shi VY. Paternal vs. maternal factors in
childhood atopic dermatitis. Dermatitis 2017;28:241-5.

18. Kantor R, Silverberg JI. Environmental risk factors and their role in the man-
agement of atopic dermatitis. Expert Rev Clin Immunol 2017;13:15-26.

19. Gerlich J, Benecke N, Peters-Weist AS, Heinrich S, Roller D, Genuneit J, et al.
Pregnancy and perinatal conditions and atopic disease prevalence in childhood
and adulthood. Allergy 2018;73:1064-74.

20. Papathoma E, Triga M, Fouzas S, Dimitriou G. Cesarean section delivery and
development of food allergy and atopic dermatitis in early childhood. Pediatr
Allergy Immunol 2016;27:419-24.

21. Kolokotroni O, Middleton N, Gavatha M, Lamnisos D, Priftis KN,
Yiallouros PK. Asthma and atopy in children born by caesarean section: effect
modification by family history of allergies—a population based cross-sectional
study. BMC Pediatr 2012;12:179.

22. Carlsen KCL, Rehbinder EM, Skjerven HO, Carlsen MH, Fatnes TA, Fugelli P,
et al. Preventing Atopic Dermatitis and ALLergies in Children—the Pre-
ventADALL study. Allergy 2018;73:2063-70.
23. Carson CG, Rasmussen MA, Thyssen JP, Menne T, Bisgaard H. Clinical pre-
sentation of atopic dermatitis by filaggrin gene mutation status during the first 7
years of life in a prospective cohort study. PLoS ONE 2012;7:e48678.

24. Serup J. EEMCO guidance for the assessment of dry skin (xerosis) and ich-
thyosis: clinical scoring systems. Skin Res Technol 1995;1:109-14.

25. Rogiers V, Group E. EEMCO guidance for the assessment of transepidermal
water loss in cosmetic sciences. Skin Pharmacol Appl Skin Physiol 2001;14:
117-28.

26. Micallef L, Rodgers P. eulerAPE: drawing area-proportional 3-Venn diagrams
using ellipses. PLoS ONE 2014;9:e101717.

27. 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;24:782-7.

28. Haataja P, Korhonen P, Ojala R, Hirvonen M, Paassilta M, Gissler M, et al.
Asthma and atopic dermatitis in children born moderately and late preterm. Eur
J Pediatr 2016;175:799-808.

29. Moore MM, Rifas-Shiman SL, Rich-Edwards JW, Kleinman KP,
Camargo CA Jr, Gold DR, et al. Perinatal predictors of atopic dermatitis
occurring in the first six months of life. Pediatrics 2004;113(Pt 1):468-74.

30. 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 gestational age. Br J Dermatol 2013;169:1257-64.

31. Egeberg A, Andersen YM, Gislason G, Skov L, Thyssen JP. Neonatal risk
factors of atopic dermatitis in Denmark—results from a nationwide register-
based study. Pediatr Allergy Immunol 2016;27:368-74.

32. Visscher MO, Adam R, Brink S, Odio M. Newborn infant skin: physiology,
development, and care. Clin Dermatol 2015;33:271-80.

33. Warner RR, Stone KJ, Boissy YL. Hydration disrupts human stratum corneum
ultrastructure. J Invest Dermatol 2003;120:275-84.

34. Nybo Andersen AM, Urhoj SK. Is advanced paternal age a health risk for the
offspring? Fertil Steril 2017;107:312-8.

35. Mohn CH, Blix HS, Halvorsen JA, Nafstad P, Valberg M, Lagerløv P. Inci-
dence trends of atopic dermatitis in infancy and early childhood in a nationwide
prescription registry study in Norway. JAMA Netw Open 2018;1:e184145.

36. Ono S, Manabe Y. Basic study on transepidermal water loss (TEWL) of infants
living in urban and non-urban areas and their environmental factors. J Preg
Neonatal Med 2017;1:1-6.

37. Mathanda TR, M Bhat R, Hegde P, Anand S. Transepidermal water loss in
neonates: baseline values using a closed-chamber system. Pediatr Dermatol
2016;33:33-7.

38. Thyssen JP, Zirwas MJ, Elias PM. Potential role of reduced environmental UV
exposure as a driver of the current epidemic of atopic dermatitis. J Allergy Clin
Immunol 2015;136:1163-9.

39. Kusunoki T, Asai K, Harazaki M, Korematsu S, Hosoi S. Month of birth and
prevalence of atopic dermatitis in schoolchildren: dry skin in early infancy as a
possible etiologic factor. J Allergy Clin Immunol 1999;103:1148-52.

40. Engebretsen KA, Johansen JD, Kezic S, Linneberg A, Thyssen JP. The effect of
environmental humidity and temperature on skin barrier function and dermatitis.
J Eur Acad Dermatol Venereol 2016;30:223-49.

41. Wei KS, Stella C, Wehmeyer KR, Christman J, Altemeier A, Spruell R, et al.
Effects of season stratum corneum barrier function and skin biomarkers.
J Cosmet Sci 2016;67:185-203.

42. Goad N, Gawkrodger DJ. Ambient humidity and the skin: the impact of air
humidity in healthy and diseased states. J Eur Acad Dermatol Venereol 2016;
30:1285-94.

43. Elias PM, Hatano Y, Williams ML. Basis for the barrier abnormality in atopic
dermatitis: outside-inside-outside pathogenic mechanisms. J Allergy Clin
Immunol 2008;121:1337-43.

44. Strachan DP, Ait-Khaled N, Foliaki S, Mallol J, Odhiambo J, Pearce N, et al.
Siblings, asthma, rhinoconjunctivitis and eczema: a worldwide perspective from
the International Study of Asthma and Allergies in Childhood. Clin Exp Allergy
2015;45:126-36.

45. Cramer C, Link E, Horster M, Koletzko S, Bauer CP, Berdel D, et al. Elder
siblings enhance the effect of filaggrin mutations on childhood eczema: results
from the 2 birth cohort studies LISAplus and GINIplus. J Allergy Clin Immunol
2010;125:1254-1260.e5.

46. Rehbinder EM, Lodrup Carlsen KC, Staff AC, Angell IL, Landro L, Hilde K,
et al. Is amniotic fluid of women with uncomplicated term pregnancies free of
bacteria? Am J Obstet Gynecol 2018;219:289.e1-289.e12.

47. Williams HC, Burney PG, Pembroke AC, Hay RJ. Validation of the U.K.
diagnostic criteria for atopic dermatitis in a population setting. U.K. Diag-
nostic Criteria for Atopic Dermatitis Working Party. Br J Dermatol 1996;
135:12-7.

http://refhub.elsevier.com/S2213-2198(19)30792-5/sref1
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref1
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref2
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref2
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref2
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref2
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref3
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref3
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref4
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref4
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref4
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref5
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref5
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref5
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref6
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref6
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref6
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref7
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref7
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref8
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref8
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref9
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref9
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref9
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref9
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref10
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref10
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref10
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref10
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref11
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref11
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref11
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref11
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref12
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref12
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref12
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref13
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref13
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref13
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref14
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref14
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref14
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref15
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref15
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref15
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref16
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref16
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref16
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref17
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref17
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref18
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref18
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref19
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref19
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref19
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref20
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref20
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref20
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref21
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref21
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref21
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref21
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref22
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref22
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref22
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref23
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref23
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref23
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref24
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref24
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref25
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref25
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref25
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref53
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref53
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref26
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref26
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref26
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref27
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref27
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref27
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref28
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref28
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref28
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref29
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref29
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref29
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref30
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref30
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref30
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref31
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref31
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref32
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref32
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref33
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref33
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref34
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref34
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref34
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref35
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref35
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref35
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref36
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref36
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref36
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref37
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref37
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref37
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref38
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref38
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref38
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref39
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref39
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref39
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref40
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref40
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref40
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref41
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref41
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref41
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref42
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref42
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref42
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref43
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref43
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref43
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref43
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref44
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref44
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref44
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref44
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref45
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref45
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref45
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref46
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref46
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref46
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref46


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 8, NUMBER 2

REHBINDER ETAL 673
48. Flohr C, England K, Radulovic S, McLean WH, Campbel LE, Barker J, et al.
Filaggrin loss-of-function mutations are associated with early-onset eczema,
eczema severity and transepidermal water loss at 3 months of age. Br J Dermatol
2010;163:1333-6.

49. McAleer MA, Jakasa I, Raj N, O’Donnell CPF, Lane ME, Rawlings AV, et al.
Early-life regional and temporal variation in filaggrin-derived natural moistur-
izing factor, filaggrin-processing enzyme activity, corneocyte phenotypes and
plasmin activity: implications for atopic dermatitis. Br J Dermatol 2018;179:
431-41.

50. Bieber T, D’Erme AM, Akdis CA, Traidl-Hoffmann C, Lauener R,
Schappi G, et al. Clinical phenotypes and endophenotypes of atopic
dermatitis: where are we, and where should we go? J Allergy Clin
Immunol 2017;139:S58-64.

51. Paternoster L, Savenije OEM, Heron J, Evans DM, Vonk JM, Brunekreef B,
et al. Identification of atopic dermatitis subgroups in children from 2 longitu-
dinal birth cohorts. J Allergy Clin Immunol 2018;141:964-71.

52. Engebretsen KA, Linneberg A, Thuesen BH, Szecsi PB, Stender S, Menne T,
et al. Xerosis is associated with asthma in men independent of atopic dermatitis
and filaggrin gene mutations. J Eur Acad Dermatol Venereol 2015;29:1807-15.

53. Yew YW, Thyssen JP, Silverberg JI. A systematic review and meta-analysis of
the regional and age-related differences of atopic dermatitis clinical character-
istics. J Am Acad Dermatol 2019;80:390-401.

http://refhub.elsevier.com/S2213-2198(19)30792-5/sref47
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref47
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref47
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref47
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref48
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref48
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref48
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref48
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref48
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref49
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref49
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref49
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref49
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref50
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref50
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref50
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref51
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref51
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref51
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref52
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref52
http://refhub.elsevier.com/S2213-2198(19)30792-5/sref52


J ALLERGY CLIN IMMUNOL PRACT
FEBRUARY 2020

673.e1 REHBINDER ETAL
ONLINE REPOSITORY
TABLE E1. Baseline characteristics in 930 infants attending 6-month investigation, grouped into No eczema and Eczema, defined as the
presence of eczematous lesions, excluding differential diagnosis to AD*

Characteristics No eczema 6 mo (N [ 767) Eczema 6 mo (N [ 163) Total (N [ 930)

Age mother (y), mean (SD, min-max) (N ¼ 927) 32.6 (4.1, 21.0-47.0) 32.3 (3.7, 25.0-42.0) 32.5 (4.1, 21.0-47.0)

Age father (y), mean (SD, min-max) (N ¼ 804) 34.8 (5.3, 21.0-72.0) 34.7 (5.1, 25.0-51.0) 34.8 (5.3, 21.0-72.0)

Mother Nordic origin, N (%) (N ¼ 854) 648 (91.8) 135 (91.2) 783 (91.7)

Father Nordic origin, N (%) (N ¼ 837) 621 (89.6) 128 (88.9) 749 (89.5)

Education mother, >4 y of university, N (%) (N ¼ 849) 409 (58.3) 97 (65,5) 506 (59.6)

Education co-parent, >4 y of university, N (%) (N ¼ 817) 344 (50.7) 68 (49.3) 412 (50.4)

Family income, N (%) (N ¼ 842)

Low 105 (15.1) 18 (12.2) 123 (14.6)

Middle 510 (73.4) 110 (74.8) 620 (73.6)

High 80 (11.5) 19 (12.9) 99 (11.8)

BMI, mother at 18 wk of pregnancy, mean (SD, min-max) (N ¼ 918) 24.8 (3.7, 18.3-39.5) 24.5 (3.2, 17.2-36.1) 24.8 (3.6, 17.2-39.5)

�1 previous parity, N (%) (N ¼ 854) 286 (40.5) 49 (33.1) 335 (39.2)

Allergic disease mother, N (%) (N ¼ 854) 449 (63.6) 94 (63.5) 543 (63.6)

Allergic disease father, N (%) (N ¼ 853) 334 (47.6) 82 (54.3) 416 (48.8)

Atopic dermatitis mother, doctor diagnosed, N (%) (N ¼ 854) 141 (20.0) 28 (18.9) 169 (19.8)

Atopic dermatitis father, doctor diagnosed, N (%) (N ¼ 774) 65 (10.1) 22 (16.5) 87 (11.2)

Asthma mother, doctor diagnosed, N (%) (N ¼ 854) 123 (17.4) 28 (18.9) 151 (17.7)

Asthma father, doctor diagnosed, N (%) (N ¼ 826) 96 (14.2) 22 (14.9) 118 (14.3)

Allergic rhinitis mother, doctor diagnosed, N (%) (N ¼ 778) 150 (23.3) 26 (19.5) 176 (22.6)

Allergic rhinitis father, doctor diagnosed, N (%) (N ¼ 781) 157 (24.3) 41 (30.6) 198 (25.4)

Food allergy mother, doctor diagnosed, N (%) (N ¼ 808) 99 (14.8) 17 (12.2) 116 (14.4)

Food allergy father, doctor diagnosed, N (%) (N ¼ 812) 60 (8.9) 15 (10.6) 75 (9.2)

Lifestyle during pregnancy

Alcohol intake, N (%) (N ¼ 774) 33 (5.4) 15 (11.3) 48 (6.5)

Tobacco use in general, N (%) (N ¼ 915) 78 (10.4) 15 (9.3) 93 (10.2)

Smoking, N (%) (N ¼ 915) 33 (4.4) 3 (1.9) 36 (3.9)

Snus use, N (%) (N ¼ 915) 51 (6.8) 12 (7.4) 63 (6.9)

Live rural, N (%) (N ¼ 854) 67 (9.5) 13 (8.8) 80 (9.4)

Exposure to humidity/mold, N (%) (N ¼ 806) 87 (13.1) 27 (19.0) 114 (14.1)

Pets in general, N (%) (N ¼ 854) 180 (25.5) 27 (18.2) 207 (24.2)

Cat, no dog, N (%) (N ¼ 854) 69 (9.8) 5 (3.4) 74 (8.7)

Dog, no cat, N (%) (N ¼ 854) 86 (12.2) 17 (11.5) 103 (12.1)

Cat and dog, N (%) (N ¼ 854) 12 (1.7) 2 (1.4) 14 (1.6)

Pets except cat and dog, N (%), (N ¼ 854) 13 (1.8) 3 (2.0) 16 (1.9)

Caesarean section, N (%) (N ¼ 918) 104 (13.7) 27 (18.0) 133 (14.4)

Elective, N (%) (N ¼ 918) 33 (4.4) 12 (7.5) 45 (4.9)

Acute, N (%) (N ¼ 918) 71 (9.4) 17 (10.6) 88 (9.6)

Gestational age at birth (wk), mean (SD, min-max) (N ¼ 913) 39.3 (1.7, 35.0-42.9) 39.4 (1.6, 35.2-42.9) 39.3 (1.7, 35.0-42.9)

Female sex, N (%) (N ¼ 927) 370 (48.2) 70 (43.2) 440 (47.5)

Birth weight (kg), mean (SD, min-max) (N ¼ 897) 3.6 (0.5, 1.9-4.9) 3.6 (0.5, 2.2-5.1) 3.5 (0.5, 1.9-5.1)

Born during winter season (October-March), N (%) (N ¼ 927) 429 (56.1) 84 (51.9) 513 (55.3)

6-mo investigation

Age (d), mean (SD, min-max) (N ¼ 927) 190 (13.5, 146-248) 189 (11.7, 155-224) 190 (13.2, 146-248)

Weight (kg), mean (SD, min-max) (N ¼ 907) 8.1 (1.0, 5,3-11,9) 8.1 (1.0, 5.2-12.3) 8.1 (1.0, 5.2-12.3)

Length (cm), mean (SD, min-max) (N ¼ 913) 68.5 (2.6, 52.0-82.3) 68.6 (2.7, 62,3-77.0) 68.5 (2.7, 52.0-82.7)

AD, Atopic dermatitis; BMI, body mass index; SD, standard deviation.
*Those with eczema at the 3-month investigation have been excluded.



TABLE E2. Results of univariate analysis for dry skin as a dependent variable presented as complete case analysis showing N (%) of
individuals included in the analysis with OR (95% CI) and P value

Pregnancy variables

N (%) of 1150 included in analysis

(complete cases for dry skin as outcome) OR (95% CI) P value

Maternal age (y)

Q1 (21-29) 1150 (100%) Ref.

Q2 (30-32) 1.20 (0.86-1.65) .28

Q3 (33-35) 1.66 (1.17-2.35) .004

Q4 (>35) 1.81 (1.27-2.56) .001

Paternal age (y)

Q1 (21-30) 983 (85.5%) Ref.

Q2 (31-33) 1.55 (1.06-2.26) .024

Q3 (34-37) 1.53 (1.06-2.20) .023

Q4 (>37) 2.04 (1.40-2.97) <.0001

Education mother, >4 y of university 1040 (90.4%) 1.30 (1.01-1.67) .039

Education co-parent, >4 y of university 1001 (87%) 1.06 (0.82-1.36) .649

Family income

Low 1032 (89.7%) Ref.

Middle 1.17 (0.82-1.65) .388

High 1.91 (1.17-3.11) .010

BMI, mother at 18 wk of pregnancy 1132 (98.4%) 1.01 (0.98-1.04) .641

�1 previous parity 1046 (91%) 1.25 (0.97-1.61) .082

Allergic disease mother 1046 (91%) 1.32 (1.02-1.70) .035

Allergic disease father 1023 (89%) 0.93 (0.72-1.19) .549

Atopic dermatitis mother, doctor diagnosed 1046 (91%) 1.16 (0.86-1.58) .334

Atopic dermatitis father, doctor diagnosed 954 (83%) 0.92 (0.62-1.37) .695

Asthma mother, doctor diagnosed 1046 (91%) 0.93 (0.67-1.28) .638

Asthma father, doctor diagnosed 1014 (88.2%) 0.83 (0.58-1.18) .291

Allergic rhinitis mother, doctor diagnosed 952 (82.8%) 1.48 (1.08-2.02) .014

Allergic rhinitis father, doctor diagnosed 957 (83.2%) 1.16 (0.86-1.56) .342

Food allergy mother, doctor diagnosed 975 (84.8%) 1.07 (0.74-1.54) .724

Food allergy father, doctor diagnosed 990 (86.1%) 1.20 (0.76-1.86) .411

Alcohol intake 914 (79.5%) 1.33 (0.78-2.27)

Smoking 1128 (98.1%) 0.71 (0.40-1.24) .228

Snus use 1128 (98.1%) 0.84 (0.53-1.35) .478

Rural living 1046 (91%) 0.89 (0.57-1.37) .592

Exposure to humidity/mold 984 (85.6%) 1.16 (0.80-1.68) .430

Pets (no pets as ref.) 1046 (91%)

Cat, no dog 0.56 (0.36-0.87) .01

Dog, no cat 0.89 (0.61-1.30) .544

Cat and dog 1.12 (0.40-3.11) .827

Pets except cat and dog 0.90 (0.37-2.15) .807

Caesarean section (vaginal as ref.) .344

Elective 1137 (98.9%) 1.29 (0.76-2.20)

Acute 0.90 (0.61-1.34) .903

Birth GA (wk)

Q1 (35.00-38.20) 1088 (94.6%) Ref.

Q2 (38.21-39.50) 1.87 (1.33-2.63) <.0001

Q3 (39.51-40.50) 2.50 (1.75-3.60) <.0001

Q4 (>40.50) 1.84 (1.32-2.60) <.0001

Female sex 1146 (99.7%) 0.89 (0.70-1.13) .338

Birth weight (kg)

Q1 (1.50-3.30) 1099 (95.6%) Ref.

Q2 (3.31-3.60) 1.22 (0.87-1.71) .255

Q3 (3.61-3.90) 1.28 (0.91-1.79) .159

Q4 (>3.90) 1.65 (1.17-2.33) .005

Born during winter season (October-March) 1146 (99.7%) 1.28 (1.01-1.63) .040

BMI, Body mass index; CI, confidence interval; GA, gestational age; OR, odds ratio; Q, quartile.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 8, NUMBER 2

REHBINDER ETAL 673.e2



TABLE E3. Results of univariate analysis for high TEWL as a dependent variable presented as complete case analysis showing N (%) of
individuals included in the analysis with OR (95% CI) and P value

Pregnancy variables

N (%) of 1033 included in analysis

(complete cases for high TEWL as outcome) OR (95% CI) P value

Maternal age (y)

Q1 (21-29) 1024 (99.1) Ref.

Q2 (30-32) 1.14 (0.68-1.90) .621

Q3 (33-35) 1.09 (0.63-1.86) .766

Q4 (>35) 1.02 (0.59-1.75) .958

Paternal age (y)

Q1 (21-30) 876 (84.8%) Ref.

Q2 (31-33) 0.78 (0.43-1.42) .415

Q3 (34-37) 0.73 (0.41-1.30) .290

Q4 (>37) 0.97 (0.55-1.71) .919

Education mother, >4 y of university 925 (89.5%) 1.15 (0.77-1.71) .508

Education co-parent, >4 y of university 892 (86.4%) 1.03 (0.69-1.52) .900

Family income

Low 919 (89.0%) Ref.

Middle 0.90 (0.51-1.57) .701

High 1.45 (0.72-2.93) .298

BMI, mother at 18 wk of pregnancy 1007 (97.5%) 1.02 (0.97-1.07) .392

�1 previous parity 931 (90.1%) 1.09 (0.73-1.61) .683

Allergic disease mother 931 (90.1%) 1.88 (1.20-2.94) .006

Allergic disease father 907 (87.8%) 1.25 (0.85-1.84) .260

Atopic dermatitis mother, doctor diagnosed 931 (90.1%) 1.58 (1.01-2.47) .046

Atopic dermatitis father, doctor diagnosed 840 (81.3%) 1.41 (0.81-2.45) .221

Asthma mother, doctor diagnosed 931 (90.1%) 1.79 (1.14-2.82) .012

Asthma father, doctor diagnosed 899 (87%) 0.77 (0.43-1.40) .391

Allergic rhinitis mother, doctor diagnosed 853 (82.6%) 1.24 (0.77-1.99) .372

Allergic rhinitis father, doctor diagnosed 849 (82.2%) 1.40 (0.91-2.15) .131

Food allergy mother, doctor diagnosed 866 (83.8%) 1.67 (0.99-2.81) .055

Food allergy father, doctor diagnosed 876 (84.8%) 0.78 (0.38-1.61) .504

Alcohol intake 811 (78.5%) 1.55 (0.76-3.18) .231

Smoking 1004 (97.2%) 1.28 (0.56-2.92) .564

Snus use 1004 (97.2%) 1.17 (0.58-2.36) .653

Rural living 931 (90.1%) 1.27 (0.65-2.49) .483

Exposure to humidity/mold 874 (84.6%) 1.00 (0.56-1.78) .986

Pets (no pets as ref.) 931 (90.1%)

Cat, no dog 0.96 (0.46-1.99) .911

Dog, no cat 1.40 (0.80-2.47) .240

Cat and dog 1.05 (0.24-4.70) .949

Pets except cat and dog 1.23 (0.35-4.25) .749

Caesarean section (vaginal as ref.) .768

Elective 1014 (98.2%) 1.12 (0.52-2.44)

Acute 0.99 (0.53-1.82) .965

Birth GA (wk)

Q1 (35.00-38.20) 969 (93.8%) Ref.

Q2 (38.21-39.50) 1.05 (0.60-1.83) .868

Q3 (39.51-40.50) 1.20 (0.69-2.09) .524

Q4 (>40.50) 1.24 (0.72-2.11) .438

Female sex 1020 (98.7%) 0.64 (0.44-0.94) .021

Birth weight (kg)

Q1 (1.50-3.30) 979 (94.8) Ref.

Q2 (3.31-3.60) 0.92 (0.52-1.63) .771

Q3 (3.61-3.90) 1.35 (0.79-2.30) .268

Q4 (>3.90) 1.54 (0.92-2.59) .103

Born during winter season (October-March) 1020 (98.7%) 1.90 (1.27-2.82) .002

BMI, Body mass index; CI, confidence interval; GA, gestational age; OR, odds ratio; Q, quartile; TEWL, transepidermal water loss.

J ALLERGY CLIN IMMUNOL PRACT
FEBRUARY 2020

673.e3 REHBINDER ETAL



TABLE E4. Results of univariate analysis for eczema as a dependent variable presented as complete case analysis showing N (%) of
individuals included in the analysis with OR (CI 95%) and P value

Pregnancy variables

N (%) of 1150 included in analysis

(complete cases for AD as outcome) OR (95% CI) P value

Maternal age (y)

Q1 (21-29) 1150 (100%) Ref.

Q2 (30-32) 1.07 (0.63-1.85) .796

Q3 (33-35) 1.62 (0.95-2.75) .074

Q4 (>35) 1.80 (1.07-3.04) .028

Paternal age (y)

Q1 (21-30) 983 (85.5%) Ref.

Q2 (31-33) 0.78 (0.42-1.47) .445

Q3 (34-37) 1.42 (0.82-2.47) .207

Q4 (>37) 1.25 (0.71-2.20) .448

Education mother, >4 y of university 1040 (90.4%) 0.92 (0.64-1.34) .673

Education co-parent, >4 y of university 1001 (87.0%) 0.91 (0.62-1.32) .622

Family income

Low 1032 (89.7%) Ref.

Middle 1.06 (0.61-1.84) .831

High 1.66 (0.84-3.28) .145

BMI, mother at 18 wk of pregnancy (continuous) 1116 (97.0%) 1.04 (0.00-1.09) .117

BMI, mother normal (BMI 18-24.9) Ref.

BMI, mother overweight (BMI 25-29.9) 1.23 (0.83-1.81) .307

BMI, mother obese (BMI �30) 1.25 (0.68-2.29) .483

� 1 previous parity 1046 (91%) 1.84 (1.27-2.67) .001

Allergic disease mother 1046 (91%) 1.57 (1.04-2.36) .032

Allergic disease father 1023 (89%) 1.46 (1.01-2.13) .046

Atopic dermatitis mother, doctor diagnosed 1046 (91%) 1.31 (0.85-2.02) .214

Atopic dermatitis father, doctor diagnosed 954 (83%) 1.75 (1.05-2.91) .032

Asthma mother, doctor diagnosed 1046 (91%) 1.06 (0.66-1.70) .818

Asthma father, doctor diagnosed 1014 (88.2%) 1.04 (0.62-1.75) .885

Allergic rhinitis mother, doctor diagnosed 952 (82.8%) 1.15 (0.73-1.80) .549

Allergic rhinitis father, doctor diagnosed 957 (83.2%) 1.34 (0.88-2.04) .174

Food allergy mother, doctor diagnosed 975 (84.8%) 0.87 (0.48-1.57) .643

Food allergy father, doctor diagnosed 990 (86.1%) 1.08 (0.57-2.04) .815

Alcohol intake 914 (79.5%) 1.79 (0.94-3.4) .076

Smoking 1128 (98.1%) 1.32 (0.61-2.87) .483

Snus use 1128 (98.1%) 0.474 (0.10-1.20) .114

Rural living 1046 (91%) 0.58 (0.26-1.28) .174

Exposure to humidity/mold 984 (95.6%) 0.92 (0.53-1.61) .780

Pets (no pets as ref.) 1046 (91%)

Cat, no dog 1.07 (0.56-2.04) .687

Dog, no cat 0.68 (0.36-1.31) .254

Cat and dog 0.99 (0.22-4.44) .994

Pets except cat and dog 1.64 (0.54-4.97) .383

Caesarean section (vaginal as ref.) .128

Elective 1137 (98.9%) 1.67 (0.86-3.21)

Acute 1.12 (0.63-1.99) .710

Birth GA (wk)

Q1 (35.00-38.20) 1088 (94.6%) Ref.

Q2 (38.21-39.50) 1.16 (0.69-1.94) .585

Q3 (39.51-40.50) 1.16 (0.68-1.98) .590

Q4 (>40.50) 1.34 (0.81-2.22) .259

Female sex 1146 (99.7%) 0.75 (0.52-1.01) .107

Birth weight (kg)

Q1 (1.50-3.30) 1099 (95.6%) Ref.

Q2 (3.31-3.60) 1.18 (0.68-2.03) .559

(continued)
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TABLE E4. (Continued)

Pregnancy variables

N (%) of 1150 included in analysis

(complete cases for AD as outcome) OR (95% CI) P value

Q3 (3.61-3.90) 1.34 (0.78-2.27) .280

Q4 (>3.90) 1.89 (1.14-3.13) .014

Born during winter season (October-March) 1146 (99.7%) 1.26 (0.88-1.80) .201

AD, Atopic dermatitis; BMI, body mass index; CI, confidence interval; GA, gestational age; OR, odds ratio; Q, quartile.

TABLE E5. Multivariate complete case logistic regression, where
the dependent variable was Dry skin in 1150 three-month-old
infants

Pregnancy variables N [ 879 OR (95% CI) P value

Birth GA (wk)

Q1 (35.00-38.20) Ref.

Q2 (38.21-39.50) 1.78 (1.20-2.67) .005

Q3 (39.51-40.50) 2.46 (1.60-3.79) <.0001

Q4 (>40.50) 1.70 (1.12-2.58) .013

Birth weight (kg)

Q1 (1.50-3.30) Ref.

Q2 (3.31-3.60) 1.03 (0.69-1.53) .883

Q3 (3.61-3.90) 1.00 (0.66-1.52) .987

Q4 (>3.90) 1.36 (0.89-2.08) .163

Multipara 1.02 (0.75-1.41) .882

Domestic cat exposure 0.554 (0.33-0.92) .023

Maternal age (y)

Q1 (21-29) Ref.

Q2 (30-32) 0.84 (0.61-1.44) .769

Q3 (33-35) 1.36 (0.83-2.22) .747

Q4 (>35) 1.10 (0.63-1.90) .747

Paternal age (y)

Q1 (21-30) Ref.

Q2 (31-33) 1.63 (1.03-2.59) .037

Q3 (34-37) 1.45 (0.90-2.31) .124

Q4 (>37) 1.96 (1.16-3.30) .012

Maternal allergic disease 1.28 (0.95-1.712) .106

Maternal education >4 y university 1.10 (0.81-1.49) .565

Family income

Low Ref.

Middle 0.93 (0.61-1.44) .754

High 1.34 (0.73-2.46) .351

Born during winter season 1.29 (0.97-1.72) .076

CI, Confidence interval; GA, gestational age; OR, odds ratio; Q, quartile.

TABLE E6. Multivariate complete case logistic regression, where
the dependent variable was High TEWL (TEWL >90th percentile
[11.3 g/m2/h]) in 1150 three-month-old infants

Pregnancy variables N [ 888 OR (95% CI) P value

Female sex 0.61 (0.40-0.93) .022

Birth weight (kg)

Q1 (1.50-3.30) Ref.

Q2 (3.31-3.60) 0.95 (0.52-1.76) .879

Q3 (3.61-3.90) 1.26 (0.70-2.27) .445

Q4 (>3.90) 1.33 (0.74-2.38) .337

Maternal any allergic disease 1.80 (1.08-3.01) .025

Maternal atopic dermatitis 1.29 (0.78-2.12) .321

Maternal asthma 1.34 (0.18-2.23) .256

Born during winter season 2.02 (1.31-3.14) .002

CI, Confidence interval; OR, odds ratio; Q, quartile; TEWL, transepidermal water
loss.

TABLE E7. Multivariate complete case logistic regression, where
the dependent variable was Eczema in 1150 three-month-old
infants

Pregnancy variables N [ 893 OR (95% CI) P value

Sex (females) 0.83 (0.54-1.26) .380

Birth weight (kg)

Q1 (1.50-3.30) Ref.

Q2 (3.31-3.60) 1.17 (0.62-2.22) .632

Q3 (3.61-3.90) 1.50 (0.80-2.78) .203

Q4 (>3.90) 1.77 (0.97-3.25) .065

Elective caesarean section 2.50 (1.19-5.25) .016

Multiparity 1.63 (1.03-2.57) .037

Maternal age (y)

Q1 (21-29) Ref.

Q2 (30-32) 0.90 (0.47-1.74) .757

Q3 (33-35) 1.41 (0.73-2.75) .311

Q4 (>35) 1.65 (0.85-3.22) .143

Maternal allergic disease 1.61 (1.02-2.55) .041

Paternal allergic disease 1.41 (0.93-2.14) .105

Snus during pregnancy 0.43 (0.15-1.24) .120

Rural living 0.48 (0.20-1.15) .101

Family income

Low Ref.

Middle 0.91 (0.47-1.75) .777

High 1.14 (0.51-2.54) .755

CI, Confidence interval; OR, odds ratio; Q, quartile.
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