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Abstract

Background—Maternal asthma has been associated with adverse pregnancy outcomes. Little is 

known about the influence of other atopic diseases on pregnancy outcomes. We assessed how 

various maternal atopic diseases might affect preterm birth, stillbirth, and neonatal death.

Methods—By linking Norwegian national registries, we acquired information on maternal 

health, socio-demographic factors, pregnancy, birth, and neonatal outcome on all births in Norway 

from 1967 through 2003.

Results—A total of 1,974,226 births were included. Of these, 1.8% had a record of maternal 

asthma, 3.4% of maternal atopic dermatitis, and 0.4% of maternal allergic rhinoconjunctivitis. 

Overall rates of preterm birth, stillbirth, and neonatal death were 6.0%, 0.6%, and 0.5%, 

respectively. After adjustments for possible confounders, maternal asthma was associated with 

increased risk of preterm birth (RR 1.15, [95% confidence interval (CI) 1.10, 1.21]). In contrast, 

maternal atopic dermatitis was associated with decreased risk of preterm birth (RR 0.90, [95% CI 

0.86, 0.93]), stillbirth (RR 0.70, [95% CI 0.62, 0.79]), and neonatal death (RR 0.76, [95% CI 0.65, 

0.90]). Similarly, maternal allergic rhinoconjunctivitis was associated with decreased risk of 

preterm birth (RR 0.84, [95% CI 0.76, 0.94]) and stillbirth (RR 0.40, [95% CI 0.25, 0.66]).

Conclusions—We confirmed the previously reported association of maternal asthma with 

increased risk for preterm birth. Unexpectedly, maternal atopic dermatitis and allergic 

rhinoconjunctivitis were associated with decreased risk of preterm birth and stillbirth. Mechanisms 

for these protective associations are unclear, and our findings require confirmation in further 

studies.

Correspondence and offprint requests to: Håvard Trønnes, Department of Pediatrics, Haukeland University Hospital, Jonas Lies vei 
65, NO-5021 Bergen, Norway, Phone: +47 95777862. havard.tronnes@igs.uib.no. 

Conflict of interest statement
The authors declare no conflicts of interest.

NIH Public Access
Author Manuscript
Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2015 November 01.

Published in final edited form as:
Paediatr Perinat Epidemiol. 2014 November ; 28(6): 489–497. doi:10.1111/ppe.12154.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Introduction

Atopic diseases (including asthma, atopic dermatitis, and allergic rhinoconjunctivitis) are 

among the most common chronic disorders in pregnant women. These conditions share a 

number of risk factors, and persons with atopic dermatitis in childhood are at increased risk 

for developing asthma and allergic rhinoconjunctivitis in later life.1

Previous studies have shown that mothers with asthma have an increased risk of adverse 

pregnancy outcomes.2, 3 Little is known about pregnancy outcomes of mothers with other 

atopic disorders. Since both atopy and pregnancy involve immunological adaptations,4, 5 we 

hypothesized that other atopic diseases also influence pregnancy outcomes. The aim of this 

study was to explore associations of maternal atopic diseases with preterm birth, stillbirth, 

and neonatal death in a national cohort of Norwegian births.

Methods

We identified all births in Norway from 1967 through 2003 registered in the Medical Birth 

Registry of Norway.6 Data on birth, pregnancy, and maternal health were provided by the 

birth registry and information on parental education by the national registry of education. 

The two registries were linked using the unique personal identification number of 

Norwegian citizens. During prenatal care, maternal health conditions are registered on a 

standardized pregnancy health chart by general practitioners and midwives. This health chart 

is brought to the maternity unit at admission for delivery, and information from the chart and 

the hospital records is reported to the birth registry. Diagnoses were identified in the birth 

registry using the International Classification of Diseases (ICD) codes, version 8 before 

December 1998 and version 10 thereafter. Maternal asthma was identified as ICD-8 code 

493 and ICD-10 code J45, maternal atopic dermatitis as ICD-8 codes 691 and 692 and 

ICD-10 code L20, and maternal allergic rhinoconjunctivitis as ICD-8 code 507 and ICD-10 

codes J30.1–J30.4 and H10.1.

Gestational age (GA) was calculated from the first day of the last menstrual period. Preterm 

birth was defined as birth before 37 weeks’ gestation, and divided into two categories: 23–

31 weeks and 32–36 weeks. Term birth was defined as birth at 37–41 weeks’ gestation, and 

postterm birth as birth at 42–44 weeks. Neonatal death was defined as death within 28 days 

after live birth. Small for gestational age was defined as birthweight below 2 standard 

deviations from the mean.7

We included maternal age, parity, season of birth, parental education, and single mother at 

birth as possible confounders, and we also adjusted for year of birth. Parity was based on 

previous live births and stillbirths. Season of birth was divided into winter (December – 

February), spring (March – May), summer (June – August), and autumn (September – 

November). Since stillbirths are not assigned a personal identification number, we were 

unable to link these with data on parents’ education.

The study was approved by the Western Regional Ethics Committee, Norway.
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Statistical analysis

We examined characteristics of mothers with asthma, atopic dermatitis, allergic 

rhinoconjunctivitis, and none of these diseases. Mothers with a record of more than one of 

the three diseases were included in the analysis of each.

In the main analyses, we explored how atopic diseases of the mother were related to preterm 

birth, stillbirth, and neonatal death of her offspring. First, we estimated the association 

between each atopic disease and the outcomes in separate models. For these models, the 

reference groups varied slightly and consisted of mothers without each specific atopic 

disease. Second, we performed adjusted analyses with mothers with none of the atopic 

diseases as the reference group. In the analysis of preterm birth, relative risks were 

compared with risks of not giving birth in the specific GA category. Mothers born preterm 

have an increased risk of delivering preterm,8 and being born preterm may influence risk of 

later atopic disease.9, 10 We therefore repeated the analyses restricted to mothers born at 

term. This analysis required a subset of mother-child pairs with complete data on GA at 

birth for both mother and child.

Most preterm deliveries, stillbirths, and neonatal deaths are known at the time when 

information on maternal health is reported to the birth registry. We therefore considered 

whether recording of maternal diseases could have been affected by the outcome by 

analyzing the relations between two other maternal conditions presumably unrelated to 

infant outcome (psoriasis and cystitis in pregnancy) and preterm birth, stillbirth, and 

neonatal death.

Prevalences and rates were assessed using SPSS (Version 21.0, Armonk, NY, USA) and 

adjusted analyses were performed with log-binomial regression models in STATA (version 

12.1, College Station, TX, USA). Since a considerable proportion of mothers delivered more 

than one child during the study period, all births were not entirely independent observations. 

Therefore, we used the robust estimation of variance option in STATA in the regression 

analyses to account for the correlation between births of the same mother. The main 

analyses were also repeated within more narrow time strata (1967–1978, 1979–1990, and 

1991–2003).

Results

A total of 2,159,445 births from 1967 through 2003 were identified through the birth 

registry. We excluded 137,059 (6.3%) births with missing data on GA, 25,846 (1.2%) with 

unlikely GA (birthweight outside 3 standard deviations from the sex- and GA-specific 

mean),7 6,646 (0.3%) with less than 23 weeks’ gestation, 14,595 (0.7%) with more than 44 

weeks’ gestation, and 1,073 (<0.1%) with missing identification number of mother. This 

exclusion left 1,974,226 births (91%) in the study cohort. Data on socio-demographic factors 

and other potential confounders were complete for 96%. A total of 35,771 (1.8%) mothers 

had a record of asthma, 66,535 (3.4%) of atopic dermatitis, and 8,505 (0.4%) of allergic 

rhinoconjunctivitis. Characteristics of mothers with asthma, atopic dermatitis, allergic 

rhinoconjunctivitis, and none of these diseases are shown in Table 1.
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The recorded prevalence of maternal asthma increased from 0.7% in 1967–1978, to 1.6% in 

1979–1990, and 3.2% in 1991–2003. The corresponding prevalences were 1.1%, 5.3%, and 

4.0% for maternal atopic dermatitis and 0.1%, 0.5%, and 0.7% for maternal allergic 

rhinoconjunctivitis. Overall rate of preterm birth was 5.9%, of stillbirth 0.6%, and of 

neonatal death 0.5%. The prevalence of preterm birth was highest in winter (6.3%) and 

lowest in spring (5.6%). In summer and winter, the prevalence was 5.9%. The mortality 

rates declined throughout the study period while the preterm birth rate was relatively stable 

(Figure 1).

As expected, maternal asthma was associated with increased risk of preterm birth (RR 1.15, 

[95% confidence interval (CI) 1.10, 1.21]). However, maternal atopic dermatitis was 

associated with decreased risk (RR 0.90, [95% CI 0.86, 0.93]), as was maternal allergic 

rhinoconjunctivitis (RR 0.84, [95% CI 0.76–0.94]). All associations were more pronounced 

for early than for late preterm birth (Table 2). Only maternal asthma was associated with 

postterm birth (Table 2). The distribution of GA at birth with or without maternal atopic 

diseases is shown in Figure 2. When restricting the analyses to the 369,423 mother-infant 

dyads with complete GA data for both, the relative risks for mothers born at term (299,438 

births) were similar to those of the whole cohort (Table S1).

There was little evidence for an association of maternal asthma with either stillbirth or 

neonatal death (Tables 3 and 4). However, maternal atopic dermatitis was associated with 

decreased risk of stillbirth and neonatal death, and maternal allergic rhinoconjunctivitis was 

associated with decreased risk of stillbirth (Tables 3 and 4). The strong decline in perinatal 

mortality over time, together with the rise in recorded maternal atopic diseases, requires 

careful adjustment for year of birth. Once adjustment was made for year of birth, further 

adjustments by other potential confounding factors had little effect on the estimates.

Sub-analyses within more restricted time periods generally showed stability in the 

associations of maternal atopic diseases with preterm birth and stillbirth over time (Tables 

S2 and S3). The exception was the association of maternal allergic rhinoconjunctivitis with 

stillbirth, which was much stronger in the latest period. In contrast, the associations of 

maternal atopic diseases with neonatal death showed greater variations over time (Tables 

S4).

In order to pursue the possibility that maternal diagnoses were underreported after poor 

pregnancy outcome, we explored the relations between other maternal health conditions and 

preterm birth, stillbirth and neonatal death. Maternal psoriasis (n=8,089) was associated with 

decreased risk of preterm birth (RR 0.89, [95% CI 0.81, 0.99]) and neonatal death (RR 0.78, 

[95% CI 0.51, 1.19]), but had no appreciable relation to stillbirth (RR 0.98, [95% CI 0.73, 

1.33]). Infectious cystitis (n=26,520) was associated with decreased risk of stillbirth (RR 

0.81, [95% CI 0.67, 0.97]) and neonatal death (RR 0.71, [95% CI 0.54, 0.92]), but not 

preterm birth (RR 0.98, [95% CI 0.93, 1.04]).
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Discussion

In this large national cohort, maternal asthma was associated with increased risk of preterm 

birth and less definitely with increased risk of stillbirth and neonatal death. In contrast, other 

maternal atopic diseases were associated with decreased risk of preterm birth, stillbirth, and 

neonatal death.

There are several reports on associations between maternal asthma and adverse pregnancy 

outcomes,2, 3 while the literature on pregnancies of mothers with other atopic diseases is 

scarce. However, the few published results are consistent with our findings of protective 

effects. A Finnish study reported that allergic rhinoconjunctivitis was associated with lower 

risk of birthweight < 1000 g (OR:0.49, [95% CI 0.26, 0.89] and atopic dermatitis was more 

weakly associated (OR:0.64, [95% CI 0.36, 1.15]).11 Given that babies with extremely low 

birthweights are likely to be preterm, these results are consistent with our data. Similarly, 

Somoskövi et al12 found a significantly lower rate of preterm birth among mothers with 

allergic rhinoconjunctivitis (3.9%) than among mothers without (9.2%). Two studies have 

assessed relations between atopic dermatitis or allergic rhinoconjunctivitis and perinatal 

mortality. Seeger et al13 reported no cases of stillbirths in 225 pregnancies of women with 

atopic dermatitis compared with 0.6% in a control group. Metzger et al14 assessed incidence 

of preterm birth, stillbirth, and neonatal death in a small sample of atopic mothers, and 

found lower rates than those reported for the general population. These studies are far too 

limited to allow firm conclusions, but the consistency of protective effects across many 

study designs lends some credibility to our findings.

There are several possible explanations of the reduced risks of adverse pregnancy outcomes 

with maternal atopic dermatitis and allergic rhinoconjunctivitis. One is confounding. 

Affected mothers had higher levels of education, and higher socio-economic status is 

associated with increased prevalence of atopic dermatitis and allergy15 and also with 

decreased risk of poor pregnancy outcome.16 Mothers with high socio-economic status may 

also report more minor health issues than others. Mothers with atopic dermatitis or allergic 

rhinoconjunctivitis were more often nulliparous, and nulliparity has been associated with 

increased risk of preterm birth and perinatal death.17–19 Several studies have reported 

seasonal variations in prevalences of preterm birth and stillbirth,20, 21 and activity of atopic 

disorders may vary with seasons. However, the associations reported here were minimally 

changed after adjusting for socio-economic factors, parity, and seasonality. It is still possible 

that other sources of confounding have not been accounted for.

The observed associations may have been influenced by misclassification. Information on 

maternal health is acquired from the pregnancy health chart, and registration to the birth 

registry is completed during the mother’s stay at the maternity unit. With dramatic events, 

such as preterm delivery and perinatal death, maternal health conditions without obvious 

relations to the outcome may be underreported to the birth registry. This hypothesis was 

supported by the findings of decreased risk of adverse pregnancy outcomes with psoriasis 

and cystitis. The limited literature on psoriasis and pregnancy outcomes suggests that 

psoriasis has – if any – an adverse effect.22–24 Neither is there scientific support for a 

protective effect of infectious cystitis on perinatal mortality. However, as maternal psoriasis 
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and cystitis in pregnancy were differently related to the outcomes, there was no consistent 

pattern of misclassification. If underreporting of atopic disorders after severe birth events is 

present, this bias would be differential and may exaggerate the negative associations of 

atopic dermatitis and allergic rhinoconjunctivitis with the outcomes and underestimate the 

positive associations of asthma.

We considered the possibility that disease treatments rather than the diseases themselves 

were associated with poor pregnancy outcomes. Topical steroids are the main treatment for 

atopic dermatitis, and antihistamines a mainstay in the treatment for allergic 

rhinoconjunctivitis. A Danish study found no association between use of topical steroids and 

preterm delivery.25 Another Scandinavian study found decreased risks of preterm delivery 

and low birthweight with antihistamine use, but only for mothers who had used these drugs 

for nausea and vomiting.26

We explored whether maternal atopic dermatitis or allergic rhinoconjunctivitis might be 

negatively associated with pregnancy disorders or birth characteristics that could have 

mediated a better pregnancy outcome. This was not supported by our findings. Pre-

eclampsia, unspecified bleeding, and cesarean section (all associated with poorer outcome) 

were more prevalent among mothers with these diseases. Mean birthweight was slightly 

higher, and there were no important differences in Apgar scores. Thus, pregnancy and birth 

characteristics offered no obvious alternative explanation for the observed associations.

If atopic dermatitis and allergic rhinoconjunctivitis are in fact protective against preterm 

delivery and stillbirth, potential mechanisms may include immunological and genetic 

pathways. Both pregnancy and atopy are characterized by a shift from cellular (T-helper cell 

type 1-dominated) towards humoral immune responses (T-helper cell type 2-dominated).4, 5 

Pregnancy promotes this immunological deviation in order to prevent rejection of the fetus 

while maintaining a defense against infections.5 There is evidence that immunological 

responses in pregnancy may influence success in pregnancy,5, 27 and the balance between 

cellular and humoral immunity seems to be a predictor for pregnancy length.27 It is thus 

possible that the immunological profile in atopic diseases may protect from adverse 

pregnancy outcomes. It is also possible that there are genes associated with both atopy and 

pregnancy outcomes. Genome-wide association studies have identified variants at genetic 

loci shared by atopic disorders,28 but possible links of these to pregnancy outcomes have, to 

our knowledge, not been explored.

In contrast, asthma has been associated with several adverse pregnancy outcomes.2, 3 A 

meta-analysis from 2011 reported that maternal asthma was associated with increased risk of 

preterm birth,2 and a recent meta-analysis found an increased risk of neonatal death, but not 

stillbirth.3 The risk of preterm birth seems to be lower if the pregnant women with asthma 

receive active management.2 This may indicate that manifestations of asthma (such as 

inflammation, reduced tissue oxygenation, and smooth muscle hyperresponsiveness) 

complicate pregnancies and overshadow possible favorable effects of atopy. Moreover, it 

has been proposed that less than half of the cases of asthma are attributable to atopy,29 and a 

potential protective effect related to atopy may be a less important factor in asthma than in 

other atopic disorders.
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Strengths of this study include large sample size and minimal loss to follow-up. There are 

also important limitations. The birth registry diagnoses of maternal asthma, atopic 

dermatitis, and allergic rhinoconjunctivitis have not been validated. It was not possible to 

distinguish between self-reported and physician-diagnosed disease, or between past and 

current disease. Medication use during pregnancy, which could be a proxy parameter for 

active disease, was not recorded in the birth registry before 1999. A 1995 report on atopic 

diseases (self-reports of ever having had the disease) among Norwegian women found 

substantially higher prevalences than the present study (9% for asthma, 19% for atopic 

dermatitis, and 33% for allergic rhinoconjunctivitis).30 This implies that underreporting is 

likely. Such underreporting would probably be non-differential, which would weaken the 

observed associations. The low prevalences of maternal atopic disorder may also imply that 

severe disease is overrepresented, which may limit the generalizability of our findings to 

mild and moderate disease. Generalizability is also hampered by the long study period. 

During these decades, the diagnostic criteria, prevalence, and treatment of atopic diseases 

have evolved, while perinatal mortality rates have declined. For maternal atopic dermatitis 

and allergic rhinoconjunctivitis (although not for asthma), the risk estimates for preterm 

birth and stillbirth were generally slightly stronger towards more recent periods, suggesting 

that these associations could be valid in contemporary settings. In contrast, the risk estimates 

for neonatal death with atopic diseases varied considerably in different periods.

In conclusion, we found that maternal atopic dermatitis and allergic rhinoconjunctivitis were 

associated with decreased risk of several adverse pregnancy outcomes. These associations 

may be due to favorable immunological features of atopy, but the possibility of bias cannot 

be excluded. Further studies are warranted to confirm these findings. If verified, a search for 

specific protective perinatal factors related to atopic illness may lead to better understanding 

of perinatal health and new preventive strategies.
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Figure 1. 
Rates of preterm birth, stillbirth, and neonatal death among 1,974,226 births in the period 

1967–2003
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Figure 2. 
Distribution of gestational age at birth in pregnancies of mothers with asthma, atopic 

dermatitis, allergic rhinoconjunctivitis, and no atopic disease
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