I.)

Check for
DOI: 10.1111/jdv.15256 JEADV updates

ORIGINAL ARTICLE

Pregnancy complications, treatment characteristics and
birth outcomes in women with atopic dermatitis in Denmark

C.R. Hamann,"®3* () A. Egeberg,’? () A. Wollenberg,* G. Gislason,® L. Skov,"? J.P. Thyssen'?

"Department of Dermatology and Allergy, Herlev and Gentofte Hospital, University of Copenhagen, Hellerup, Denmark
2Copenhagen Research Group for Inflammatory Skin (CORGIS), Hellerup, Denmark

3School of Health and Medical Science, Graduate Programme in Public Health and Epidemiology, University of Copenhagen,
Copenhagen, Denmark

“Department of Dermatology and Allergy, Ludwig-Maximilian-University, Munich, Germany

SDepartment of Cardiology, Herlev and Gentofte Hospital, University of Copenhagen, Hellerup, Denmark

*Correspondence: C.R. Hamann. E-mail: hamann511@gmail.com

Abstract

Background The risk of prenatal, obstetric and birth complications in mothers with atopic dermatitis (AD), along with
treatment use during pregnancy, is unknown.

Objectives To examine the associations between prenatal, obstetric and birth complications in mothers with AD and
describe the dermatologic care received during pregnancy.

Methods Mother-child pairs, in which the mother had a history of AD, were identified through the Danish Medical Birth
Registry and matched 1 : 10 with non-AD pairs. Data on dermatologic treatment and prenatal, obstetric and birth com-
plications were obtained through linkage via nationwide registers. Multiple logistic regression was performed.

Results We identified 10 668 births from 1997 through 2014 to women with AD. Women with a hospital/ambulatory
contact for AD during pregnancy had increased topical corticosteroid and ultraviolet therapy use during pregnancy com-
pared to prior. However, overall, women with AD received decreased dermatologic therapy during pregnancy compared
to prior. In adjusted analysis, maternal AD was inversely associated with gestational diabetes [OR 0.79, 95% ClI (0.68—
0.92)], but positively associated with premature rupture of membranes [1.15 (1.05-1.27)] and staphylococcal neonatal
septicemia [2.45 (1.33-4.49)]—albeit the latter was rare. These associations did not meet statistical significance in sub-
analysis where body mass index data were available. No associations were found with preeclampsia, prematurity or
non-staphylococcal neonatal septicaemia.

Conclusions Women with AD during pregnancy mainly used topical corticosteroids and ultraviolet therapy to control
their disease. While premature rupture of membranes and staphylococcal neonatal septicaemia were over-represented
in maternal AD, no associations were found with any other significant prenatal, obstetric or birth outcome.
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Introduction

Atopic dermatitis (AD) is a common chronic pruritic skin con-
dition in adults,"? characterized by skin barrier impairment, a
T-helper (Th) cell 2 skewed immune response and Staphylococ-
cus aureus colonization.” There is a little insight in the natural
course of AD during pregnancy, and in particular the use of der-
matologic therapy.*® Emollients and topical corticosteroids
remain first-line recommended therapy for AD during preg-
nancy,9 while narrowband ultraviolet (UV) B therapy and cau-
tious use of systemic corticosteroids represent alternatives when
more aggressive therapy is needed.>'®'" However, pregnancy
does not improve the largely unfavourable risk-benefit ratio of
long-term systemic steroid treatment for AD."°

Importantly, there is sparse knowledge about the risk of com-
plications in pregnant AD patients,'> although certain common
complications of pregnancy, namely gestational diabetes and
preeclampsia, have been proposed to alter the subsequent risk of
developing AD in the offspring. However, since their baseline
association with maternal AD during pregnancy is unclear, this
prevents insight into possible causation.'>'* Moreover, selected
diseases of pregnancy could be induced by medication used to
treat AD, e.g. gestational diabetes from systemic use of pred-
nisolone.

In this retrospective matched cohort study of pregnancies of
women with a diagnosis of AD, we describe the dermatologic
treatment they received during pregnancy and examine associa-
tions between maternal AD and common prenatal, obstetric and
birth outcomes.

Methods

Data sources and study population
All Danish residents are given a unique personal identification
number which allows for unambiguous cross-linkage of admin-
istrative and healthcare registries. The Danish Medical Birth
Registry, established in 1968 contains health data on the prena-
tal, obstetric and perinatal care of all resident mother-child pairs
in Denmark."” The Danish National Patient Registry contains
diagnosis codes, according to a modified version of the Interna-
tional Classification of Diseases (ICD) eighth and 10th revisions
(the ninth revision was never implemented in Denmark), for vis-
its to hospital- and university-based outpatient clinics, hospital
admissions and emergency room visits throughout Denmark, as
well as Nordic-specific (NOMESCO; Nordic Medico-Statistical
Committee) codes for procedures performed and medications
delivered in the hospital or ambulatory setting.'® The Registry of
Medicinal Product Statistics contains Anatomical Therapeutic
Chemical (ATC) classification codes for all prescriptions filled at
Danish pharmacies.”

We identified all mother-child pairs in the Danish Medical
Birth Registry from 1997 through 2014 where the mother had
received a diagnosis of AD (ICD-8 691, ICD-10 L20) in the
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Danish National Patient Registry prior to the birth of the child.
These pairs were matched 1 : 10, by birth year, parity and
maternal age at conception, with non-maternal-AD mother-
child pairs from the Danish Medical Birth Registry. Mother-
child pairs were stratified into mothers who had an ambulatory
or hospital visit for AD during pregnancy or 24 months before
the birth of the child. Approval for this study was obtained from
the Danish Data Protection Agency (ref. 2007-58-0015, int. ref.
GEH-2014-018, I-Suite 02736).

Baseline characteristics and treatments

Maternal adult asthma was assessed using a validated algorithm
that includes two filled prescriptions of anti-asthmatic medica-
tions.'® Maternal type 2 diabetes (T2D) was determined if the
mother had at least one filled prescription of a non-insulin
antidiabetic drug (A10B) or ever had a T2D code registered
(E11). Maternal hypertension was assessed using a validated
diagnostic algorithm that uses a combination of at least two
filled anti-hypertensive prescriptions in different anti-hyperten-
sive classes within a 90 day period or a registered hypertension
diagnosis (I1).'>?° Maternal body mass index (BMI; only avail-
able 2004-2014), smoking status, parity and number of visits to
midwife and physician were recorded in the Danish Medical
Birth Registry. The use of topical corticosteroids (TCS; D07),
grouped into four potency classes from I to IV based on the
ATC classification sys'[em,21 calcineurin inhibitors (D11), sys-
temic corticosteroids (HO02) and other immunomodulatory
medications [methotrexate (L04AX03), (BWHA115) azathio-
prine (L04AX01), (BWHBS83), cyclosporine (L04ADO1),
(BOHJ20), and mycophenalate mofetil (L0O4AA06), (BOHJ22)],
was assessed during pregnancy and during a time period imme-
diately preceding pregnancy, the duration of which was matched
with the length of pregnancy on a case by case basis. Oral antivi-
ral medications [aciclovir (JO5AB01), famciclovir (JO5ABO09),
valaciclovir (JO5AB11) and penciclovir (JO5AB13)], dicloxacillin
(JO1CFO1) and antihistamine (R06) use was also assessed during
and prior to pregnancy. Ultraviolet therapy was assessed by pro-
cedural code (BNGA). Maternal socioeconomic position was
determined on the basis of average household gross annual
income for the 5-year period prior to the birth of the child.
Maternal residency urbanization level was assessed using estab-
lished methods.*

Outcome measures

Outcomes obtained from the Danish Medical Birth Registry
included (i) obstetric outcomes (primary birth diagnosis, pla-
cental abruption, premature rupture of membranes, preterm
premature rupture of membranes); and (ii) birth outcomes
(neonatal septicaemia, stillbirth, gestational age at birth and
weight at birth). The Danish National Patient Registry was used
examine (iii) prenatal outcomes and included hypertensive dis-
eases of pregnancy (O10-O15), gestational diabetes (0244),
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pruritic urticarial papules and plaques of pregnancy (PUPPP;
0268G, 0268H) and pemphigoid gestationis (0264). Many vali-
dation studies have confirmed that the validity of these outcome
measures is high.>*’

Statistical analysis

Means and standard deviations for continuous variables and
frequencies and percentages for categorical variables were used
to describe baseline characteristics. The Pearson chi-square
test was performed to compare baseline and treatment char-
acteristics between AD groups and controls. McNemar’s test
was used to compare changes in treatment characteristics
within the same group The
Cochran—Armitage test for trend was used to assess for trends

in different time frames.

across control and AD groups. Sub-analysis by first-born vs.
non-first-born child was also performed. To assess the associ-
ations between maternal AD and prenatal, obstetric and birth
outcomes, logistic regression was performed for each relation-
ship using SAS version 9.4 (SAS Institute Inc. Cary, NC,
USA). Continuous variables (i.e. gestational age, weight) were
transformed into categorical outcomes according to World
Health Organization guidelines.28 Crude odds ratios (ORs)
with 95% confidence intervals (CI) were calculated. ORs were
also adjusted for socioeconomic position, smoking status,
asthma, hypertension and T2D. Further sub-analysis with
BMI added to the adjusted model was performed for the
years in which BMI was recorded (2004-2014). Given the
high number of outcomes Bonferroni correction was applied
and P-values <0.00417 were considered statistically significant.

Results

Study population

We identified 10 668 births from 1997 through 2014 to women
who had ever received a diagnosis of AD; 10 441 (97.9%) were
successfully matched with controls. Of these 1064 (10.2%) had
one or more ambulatory or hospital visits for AD in the
24 months prior to delivery [mean 1.6 visits, (standard deviation
1.8)]; of these 165 (1.5%) were inpatient hospital visits. There
were 342 (3.2%) births in which the mother had an ambulatory
or hospital visit for AD during pregnancy [1.6 visits, (1.2)]; of
these 44 (13.8%) were inpatient hospital visits. More than half of
studied births related to women who had had an ambulatory or
hospital visit for AD after the age of 18 [5. 459 (52.3%)]. In this
population of women with still active AD as an adult, the mean
age of last recorded AD visit was 25.2 years (standard deviation
4.6). Overall mean age at last AD visit for all women with a his-
tory of AD was 16.7 years (standard deviation 10.2). Women
with AD had a higher prevalence of asthma than controls
(32.9% vs. 8.7%, P < 0.0001), more often lived in an urban
environment (56.3% vs. 51.7%, P < 0.0001), and had a slightly
(3.6% vs. 3.1%,

increased prevalence of hypertension
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P =0.0100; Table 1). AD and non-AD women had similar
prevalences of T2D, and in sub-analysis, a similar distribution of
BMI. AD women had a slightly higher self-reported prevalence
of smoking during pregnancy (13.2% vs. 12.0%, P = 0.0002).
Apart from socioeconomic position and urbanization level,
baseline/treatment statistics were similar for first-borns and
non-firstborns.

Women with visits for AD during pregnancy were less obese
and less underweight than the total AD population (Table 1).
They had a similar prevalence of T2D compared to the rest of
the AD population (0.9% vs. 1.7%, P = 0.2444), had a similar
distribution of socioeconomic status, and more often lived in an
urban environment (65.5% vs. 56.0%, P = 0.0007).

Treatment characteristics

While the number of visits to the obstetrician and midwife
were similar across AD groups and controls, all dermatologic
treatment markers were elevated in AD groups. In particular,
we found an ascending relationship between topical and sys-
temic medication use and AD groups, with the overall AD
group having the lowest usage of these medications and
women who had ambulatory or hospital visits during preg-
nancy having highest levels of treatment (Table 2). For exam-
ple, TCS prescriptions were filled during 31.0% of AD
pregnancies, 59.2% of pregnancies in which the mother had a
visit for AD within 24 months and 83.4% of pregnancies in
which the mother had a visit for AD during pregnancy, com-
pared with 6.0% in controls (Pyenq < 0.001). Group II and
III topical steroids, mid-potency, were most commonly used
and accounted for 84.8% of TCS used in AD pregnancies
and 83.0% in control pregnancies.

Oral corticosteroids were filled during 1.9% of AD preg-
nancies, 5.2% of pregnancies in which the mother had a visit
for AD within 24 months and 9.4% of pregnancies in which
the mother had a visit for AD during pregnancy, compared
with 0.6% in controls(Pyeng < 0.001). Similarly, dicloxacillin
was filled during 1.9% of AD pregnancies, 6.9% of pregnan-
in which the mother had a visit for AD within
24 months and 14.1% of pregnancies in which the mother

cies

had a visit for AD during pregnancy, compared with 0.5% in
controls(Peng < 0.001).

In the control and total AD population, oral medications were
used less commonly in pregnancy compared to a matched per-
iod of approximately 9 months prior. However, in the popula-
tion of women with an AD visit during pregnancy all oral
medications, with the exception of antivirals, were used by a
similar proportion of women during pregnancy compared with
prior, e.g. systemic corticosteroids (10.7% in the 9 months prior
to 9.4% during pregnancy, P = 0.5465). Similarly, in all AD
groups, high potency TCS (group IV) were generally less com-
monly used during pregnancy compared to the approximate
9 months prior to pregnancy, while lower potency TCS (group I
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and II) were generally more commonly used during pregnancy
compared to prior, although the changes did not always meet
statistical significance. In the group of women who had an AD
visit during pregnancy, the use of any TCS increased from prior
to pregnancy into pregnancy (63.6-83.4%, P < 0.001) as did UV
therapy (1.3-8.8%, P < 0.001). Topical calcineurin inhibitors
were less commonly used in all groups from prior to pregnancy
into pregnancy.

Prenatal, obstetric and birth outcomes

Few outcomes were associated with maternal AD status. Chil-
dren born to women with AD had similar birth weights to those
born to controls [mean 3444 g (standard deviation 615 g) com-
pared with 3473 g (612 g)] and were born at similar gestational
[39.6 weeks (14.9 days)
(14.6 days)]. An inverse association was found with the develop-
ment of gestational diabetes [OR 0.79, 95% CI (0.68-0.92),
P = 0.0020], even after controlling for T2D and the use of sys-
temic corticosteroids during pregnancy (Table S1, Figure 1).

ages compared with 39.6 weeks

Positive associations were found with premature rupture of
membranes [PROM; 1.15 (1.05-1.27), P = 0.0031] and staphy-
lococcal neonatal septicaemia [2.45 (1.33-4.49), P = 0.0039].
However, no association was found with neonatal Group B
streptococcal septicaemia [1.21 (0.65-2.24), P = 0.5471]. In a
sub-analysis on all mother-child pairs from 2004 to 2014, where
adjustment for BMI was possible, these associations remained
consistent but became non-significant after Bonferroni correc-
tion: neonatal staphylococcal septicaemia (1.41 [0.59-3.42]
P = 0.4417), PROM (1.13 [01.02-1.25] P = 0.0189), gestational
diabetes [0.82 (0.69-0.97) P = 0.0171]. For all other outcomes,
results from the sub-analysis where BMI adjustment was possible
were consistent with initial analyses. Maternal AD was not asso-
ciated with PUPPP or pemphigoid gestationis.

Discussion

Main findings

Women with a history of AD had overall decreased use of topical
and systemic medication during pregnancy compared to the per-
iod prior. However, women with a hospital or ambulatory visit
for AD during pregnancy had elevated TCS use compared to the
period before pregnancy and maintained the same degree of sys-
temic antibiotic and corticosteroid use during pregnancy. UV
therapy was used among all AD groups, and was particularly
escalated in the AD group with visits during pregnancy. There
was no clear relationship between maternal AD and hypertensive
diseases of pregnancy, however, a negative association with ges-
tational diabetes was found. Significant associations were also
observed between maternal AD and neonatal staphylococcal sep-
ticaemia as well as premature rupture of membranes suggesting
that skin barrier deficiency in AD women may affect the risk of
these conditions, albeit the absolute risk was low.

JEADV 2019, 33, 577-587

Interpretation
Pregnancy is thought to worsen AD in approximately 50% of
cases, but this impression is based on small data sets.*® In our
large cohort of women with AD, there was a tendency towards
reduced consumption of both topical and systemic medications
during pregnancy when compared to the period prior. It is
unclear if this decrease is due to the resolution of dermatitis, or
rather a result of de-escalation of treatment over concern of
medication risks during pregnancy. If the latter is the case, some
patients’ AD may have been undertreated during pregnancy and
may explain why some patients’ AD worsens during pregnancy.
An increase in total TCS use and maintained use of systemic
medications were observed in the group of AD women with a
visit during pregnancy. Again, it is unclear from our data
whether this increased topical therapy use during pregnancy is a
result of initial under-treatment of AD in early pregnancy, a
worsening of AD due to the natural Th2 skew of pregnancy, or a
combination. Collectively, these data suggest that dermatologists
treat AD during pregnancy with TCS, antibiotics, oral corticos-
teroids and escalation of UV therapy. However, the data do not
necessarily reflect the best approach to AD care during preg-
nancy.' %12

Previous studies suggested increased risk of AD in the off-
spring if their mothers experienced prenatal or obstetric com-
13,14 the

associations between these complications and AD status is

plications. However,  understanding baseline
essential to avoid confounding. For example, there is evidence
that neonatal sepsis may increase the risk of AD development
in the offspring, but the trend is lost when family history of AD
is accounted for.’® In other words, the baseline associations
between complications of pregnancy and maternal AD alter the
interpretation of studies that show associations between these
complications and the subsequent development of AD in the
offspring—strong correlations between maternal AD and these
complications would call into question previous results tying
these complications to AD development in the offspring, while
the absence of strong correlations would support these previous
studies. In crude analysis, hypertensive diseases of pregnancy
were more common in pregnancies to AD women compared to
controls (5.1% vs. 4.4%), likely due to a higher prevalence of
both previous hypertension and active smoking in the AD
group.”® While the normal Th2 skew of pregnancy is lessened
in the context of preeclampsia suggesting a possible protective
benefit of AD and its Th2 predominance,”
association has been reported.>>** We found an inverse associa-

no clear inverse

tion between gestational diabetes and maternal AD. The expla-
nation for this inverse association is unclear, but is in line with
the lower prevalence of T2D in adult AD patients in Den-
mark.”®> Additionally, the depression of this association in sub-
analysis where BMI data were available suggests that differences
in BMI distribution in AD vs. non-AD women may in part
account for this association.
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Figure 1 Forrest plot of adjusted odds ratios and 95% confidence intervals for associations between maternal atopic dermatitis and
prenatal, obstetric and birth outcomes. After Bonferroni correction only the outcomes of gestational diabetes, premature rupture of mem-
branes and staphylococcal neonatal septicaemia remained statistically significant.

Premature rupture of membranes (PROM) or spontaneous matrix metallopeptidase-9 (MMP-9) causing degradation of
rupture of membranes prior to labour onset is a relatively the extracellular matrix within the amniotic membrane has
common obstetric complication that is observed in up to been suggested as a possible mechanism.’>*® MMP-9 has
10% of normal births.>*?® We found an association, albeit also been implicated as part of the pro-inflammatory milieu
weak, between PROM and maternal AD in both crude and and serum MMP-9 is indeed elevated in AD patients.*' No
adjusted analysis. However, the association did not meet other obstetric outcomes were clearly associated with mater-
statistical significance in sub-analysis. Over expression of nal AD.
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While the Th2 imbalance characteristic of AD, at least in the-
ory, could enhance the natural Th2 protective skew of preg-
nancy,”>** thereby potentially reducing risk of preterm labour
or neonatal demise,** such data are limited and conﬂicting.33’34
Our analysis found no clear inverse associations between mater-
nal AD and prematurity, low birth weight, stillbirth or more
complicated birth. In fact, in crude analysis some birth and
obstetric outcomes were worse in AD pregnancies, namely still-
birth (0.47% vs.0.33%), prematurity (<37 weeks, 7.2% vs. 6.7%)
and low birth weight (<2500 g, 6.4% vs. 5.8%). These associa-
tions were lost in adjusted analysis suggesting that AD patients’
background risk factors, e.g. increased smoking, likely outweigh
any potential benefit of a persistent or accentuated Th2 skew.

Maternal AD was associated with neonatal staphylococcal sep-
ticaemia, but not with neonatal septicaemia from other microor-
ganisms. This observation suggests a biological pathomechanism
as individuals with AD have higher rates of S. aureus coloniza-
tion, both on lesional and non-lesional skin, and that both
staphylococcal colonization and infection worsen AD sever-
ity.***> Additionally perineal staphylococcal colonization is
common in AD patients,*® and maternal staphylococcal colo-
nization has been associated with neonatal staphylococcal colo-
nization.” In the majority of neonatal staphylococcal
septicaemia cases the mother had not received dicloxacillin dur-
ing pregnancy or the 12 months prior. Importantly, the absolute
number of cases in both groups was low which likely explains
why the association was lost in the 20042014 sub-analysis.*®
This raises a possibility for a clinically important change in prac-
tice: surveillance and treatment of perineal staphylococcal colo-
nization in pregnant women with AD, in the aim reduce
neonatal staphylococcal septicaemia in the children of this group
of women. However, more research is needed on this issue
before a general recommendation can be made. It is also worth
noting that while vaginal staphylococcal colonization does not
likely alter risk for PROM,* PROM has been identified as a

potential risk factor for neonatal septicaemia.’®”'

Similarly,
decreased utilization of dermatologic therapy during pregnancy
by women with a history of AD may at least in theory influence

burden of S. aureus colonization or infection.

Strengths and limitations

The use of the Danish national health registries allows for
large-scale data gathering that encompasses both health data
such as medication use and hospital/ambulatory visits but also
socioeconomic data such as household income. All pregnan-
cies recorded by residents of Denmark are included in the
Danish Medical Birth Registry, a clear strength, however not
all women with AD were included in our cohort, given that
not all patients with AD receive care at a hospital-based clinic
or clinic collecting data for the Danish National Patient Regis-
ter. Additionally, given the study design, causation cannot be
established. Our study did not account for dietary or activity-

JEADV 2019, 33, 577-587

based lifestyle factors or other possible residual confounders
which may influence these associations. Information on AD
severity was lacking. Lastly, only 319 women with AD were
seen by a clinician during their pregnancy.

Conclusions

In this nationwide retrospective matched cohort study, we found
associations between maternal AD and PROM and neonatal
staphylococcal septicaemia (although the latter was rare), but an
inverse association with gestational diabetes. However, these
associations did not meet statistical significance in sub-analysis
where BMI data were available. No association was found with
hypertensive disease of pregnancy, stillbirth or prematurity.
Topical and systemic therapies were more commonly used in
pregnancies to women with AD compared to controls. Health
care providers caring for patients with AD should be cognizant
of these differences.
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Table S1. Crude and adjusted odds ratios and 95% confidence
intervals for associations between maternal atopic dermatitis
and prenatal, obstetric and birth outcomes.
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