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Background: Maternal psychological distress during pregnancy
might affect fetal lung development and subsequently
predispose children to childhood asthma.

Objective: We sought to assess the associations of maternal
psychological distress during pregnancy with early childhood
wheezing.

Methods: We performed a population-based prospective cohort
study among 4848 children. We assessed maternal and paternal
psychological distress at the second trimester of gestation and 3
years after delivery and maternal psychological distress at 2 and
6 months after delivery by using the Brief Symptom Inventory
questionnaire. Wheezing in the children was annually examined
by using questionnaires from 1 to 4 years. Physician-diagnosed
ever asthma was reported at 6 years.

Results: Mothers with psychological distress during pregnancy
had increased odds of wheezing in their children from 1 to 4
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years of life (overall distress: odds ratio [OR], 1.60 [95% CI,
1.32-1.93]; depression: OR, 1.46 [95% CI, 1.20-1.77]; and
anxiety: OR, 1.39 [95% CI, 1.15-1.67]). We observed similar
positive associations with the number of wheezing episodes,
wheezing patterns, and physician-diagnosed asthma at 6 years.
Paternal distress during pregnancy and maternal and paternal
distress after delivery did not affect these results and were not
associated with childhood wheezing.

Conclusion: Maternal psychological distress during pregnancy
is associated with increased odds of wheezing in their children
during the first 6 years of life independent of paternal
psychological distress during pregnancy and maternal and
paternal psychological distress after delivery. These results
suggest a possible intrauterine programming effect of maternal
psychological distress leading to respiratory morbidity. (J
Allergy Clin Immunol 2013;8:NEN-NENE,)

Key words: Anxiety, asthma, child, preschool, child development,
cohort studies, depression, prospective studies, stress, psychological

Abnormal fetal lung and immune development in response to
adverse intrauterine exposures might increase the risk of asthma
and atopic disorders in childhood and adulthood."* Maternal psy-
chological distress during pregnancy is one of these exposures
that can specifically lead to developmental adaptations of the
hypothalamic-pituitary-adrenal axis, the autonomic nervous sys-
tem, lung structure and function, and immune responses in the
offspring.*® However, any association between maternal psycho-
logical distress during pregnancy and childhood wheezing might
also be explained by other mechanisms, such as social, behav-
ioral, or environmental factors. From both a causative and a pre-
ventative perspective, it is important to explore the role of
intrauterine mechanisms in this association.

We used the information of paternal psychological distress
during pregnancy to address confounding, as described previ-
ously.”!'! Stronger effect estimates for the association of ma-
ternal than paternal psychological distress during pregnancy
with childhood wheezing would indicate intrauterine mecha-
nisms. Similar associations of maternal and paternal psycho-
logical distress during pregnancy with childhood wheezing
would indicate that these associations are not driven by a di-
rect intrauterine mechanism but by residual confounding of
unmeasured social, behavioral, or environmental factors within
the families.

The aim of the present study was to assess the associations of
maternal psychological distress during pregnancy with childhood
wheezing in the first 6 years of life and to assess whether this
association is independent of paternal psychological distress
during pregnancy and maternal and paternal psychological dis-
tress after delivery.
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Abbreviation used
OR: Odds ratio

METHODS

Study design and population

This study was embedded in the Generation R Study, a population-based
cohort study from fetal life onward in Rotterdam, The Netherlands.'? All chil-
dren were born between April 2002 and January 2006. Assessments in preg-
nant women consisted of physical examination, fetal ultrasound, biological
sampling, and questionnaires. In total, 8880 mothers were enrolled during
pregnancy (see Fig El in this article’s Online Repository at www.jacionline.
org). For this study, 7490 mothers were eligible after excluding twin pregnan-
cies, miscarriages, and mothers who lived outside the study area. Among
them, 666 were excluded because of loss to follow-up or lack of consent for
the postnatal phase of the study. In 1976 children no information on maternal
psychological distress or childhood wheezing was available. Finally, 4848
(64.7%) children were included in this study. The study was approved by
the Medical Ethics Committee of the Erasmus Medical Centre, Rotterdam,
The Netherlands. Written informed consent was obtained from all women.

Maternal and paternal psychological distress

Information on maternal and paternal psychological distress was obtained
by using postal questionnaires at 20 weeks of gestation and at 3 years after
delivery by using the Brief Symptom Inventory.'® Information on maternal
psychological distress was also obtained at 2 and 6 months after delivery by
using the same questionnaire because of the critical period for maternal dis-
tress symptoms during the first 6 months after delivery.'* The mother and fa-
ther each answered their own questionnaires. The Brief Symptom Inventory is
a validated self-report questionnaire with 53 items. These items define a broad
spectrum of psychological symptoms in the preceding 7 days. A global index
and 2 symptom scales (depression and anxiety) were defined.'® At 6 months
and 3 years after delivery, only depression and anxiety scales were measured.

The global index is a measure of the current level or depth of symptoms and
denotes overall psychological distress. Each item was rated on 5-point
unidimensional scales ranging from O (not at all) to 4 (extremely). Total
scores for each scale were calculated by summing the item scores and dividing
by the number of endorsed items. Higher scores represented an increased
occurrence of overall distress, depression, or anxiety symptoms. Based on the
Dutch cutoffs,'> mothers were categorized as being sensitive for clinically sig-
nificant psychological distress (yes/no) when having a score of greater than
0.71 on the overall distress scale, greater than 0.80 on the depression scale,
and greater than 0.71 on the anxiety scale. Fathers were categorized as being
sensitive for clinically significant psychological distress (yes/no) when having
a score of greater than 0.66 on the overall distress scale, greater than 0.71 on
the depression scale, and greater than 0.65 on the anxiety scale.'” In the current
study internal consistencies (Cronbach ) for the different scales of the mother
and father ranged from 0.67 to 0.99. Spearman correlations between maternal
and paternal distress scales during pregnancy and at 3 years ranged from 0.10
to 0.27, those between prenatal and postnatal maternal distress scales ranged
from 0.22 to 0.58, and those between prenatal and postnatal paternal distress
scales ranged from 0.14 to 0.35.

We defined patterns of paternal depression and anxiety after delivery as
follows: (1) never depression or anxiety, no symptoms at any age after deliv-
ery; (2) transient depression or anxiety, symptoms at 2 or 6 months but not at 3
years after delivery; (3) late-onset depression or anxiety, symptoms at 3 years
after delivery but not at 2 or 6 months after delivery; and (4) persistent depres-
sion or anxiety, symptoms at both 2 or 6 months and 3 years after delivery.

Childhood wheezing

Information on wheezing in the past year was obtained by using question-
naires adapted from the International Study on Asthma and Allergy in
Childhood'® at the ages of 1, 2, 3, and 4 years. Mothers answered 85.2%,
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84.5%, 94.1%, and 88.3% of the questionnaires at the ages of 1, 2, 3, and 4
years, respectively. Response rates for these questionnaires were 71% to
76%."7 We defined wheezing pattern categories based on Martinez et al'®
and adapted to preschool age'®?": (1) no wheezing, no recorded wheezing at
any age; (2) early wheezing, at least 1 wheezing symptom during the first 3
years of life but no wheezing at 4 years of age; (3) late wheezing, no wheezing
episodes during the first 3 years of age but wheezing at 4 years of age; and (4)
preschool persistent wheezing, at least 1 wheezing episode in the first 3 years
of life and wheezing at 4 years of age. Information on physician-diagnosed
ever asthma was obtained by means of questionnaire at the age of 6 years,
with a response rate for this questionnaire of 68%.

Covariates

Information on maternal and paternal age, smoking during pregnancy,
educational level, ethnicity, history of asthma and atopy, pet keeping, and
maternal parity was obtained through self-administered questionnaires at
enrollment.""*' Maternal and paternal weight and height were measured dur-
ing the first visit to the research center. Body mass index was calculated as kil-
ograms per square meter. Gestational age, sex, and birth weight of the children
were obtained from midwife and hospital registries at birth. Preterm birth was
defined as less than 37 weeks of gestational age. Postal questionnaires at the
ages of 6 and 12 months and 2 years provided information about breast-
feeding, day care attendance, and childhood secondhand smoke at home.?!
Information on physician-attended eczema and physician-diagnosed lower
respiratory tract infections was obtained by using questionnaires at the ages
of 1, 2, 3, and 4 years.

Statistical analysis

Among subjects with available data on maternal psychological distress
during pregnancy and childhood wheezing (n = 4848), we performed multiple
imputation of missing values by using chained equations in which 25
completed datasets were generated and analyzed with the standard combina-
tion rules for multiple imputation.”*?* Distributions in imputed datasets were
similar to those observed (see Tables E1 and E2 in this article’s Online Repos-
itory at www.jacionline.org).

First, generalized estimating equations were performed to examine the
associations of maternal psychological distress during pregnancy (dichoto-
mized based on the clinical cutoffs and continuous) with the longitudinal odds
of wheezing (no/yes) from the age of 1 to 4 years. These models took into
account the correlations between repeated measurements of wheezing within
the same subject. For optimal generalized estimating equation modeling, we
selected the exchangeable correlation matrix based on the quasilikelihood
under the independence model criterion and degrees of freedom.”* Models
were adjusted for several potential confounder variables selected a priori on
the basis of previous studies.'>'”?!?> We additionally adjusted the models
for maternal psychological distress at 2 months, 6 months, and 3 years after
delivery and for paternal psychological distress during pregnancy and 3 years
after delivery by adding them one by one to the models separately. We addi-
tionally adjusted the models for patterns of maternal depression and anxiety
after delivery. We used similar models to assess the associations of paternal
psychological distress during pregnancy with childhood wheezing, adjusting
for maternal psychological distress during pregnancy.

Second, we used generalized estimating equation models to examine the
association of maternal and paternal psychological distress during pregnancy
with the longitudinal odds of the number of wheezing episodes. We performed
polytomous logistic regression to explore the association of maternal and
paternal psychological distress during pregnancy with preschool wheezing
patterns. We used logistic regression to examine the association of maternal
and paternal psychological distress during pregnancy with physician-
diagnosed ever asthma at 6 years. The goodness of fit of the logistic and
polytomous logistic regression models (R?) was estimated.

Finally, we tested the interaction between maternal psychological distress
during pregnancy and maternal history of asthma or atopy as a proxy for atopy
susceptibility in children, as well as the interaction between maternal
psychological distress during pregnancy and maternal smoking during
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TABLE I. Maternal and paternal characteristics of the study population (n = 4848)

Distribution (%)

Mother Father
Age at enrollment (y)*
<20 1.9 0.6
20-24.9 11.1 4.9
25-29.9 254 18.5
30-34.9 443 41.2
>35 17.4 34.8
Body mass index at enrollment (kg/m?)t
Underweight (<20) 9.1 4.0
Normal weight (20-24.9) 56.0 47.4
Overweight (25-29.9) 24.5 41.2
Obese (>30) 104 7.4
Smoking during pregnancy (yes vs no)* 13.7 42.1
Educational level*
Primary education 6.6 5.8
Secondary education 40.2 37.7
Higher education 53.2 56.5
Ethnicity (non-European vs European)* 31.5 31.4
Parity (multiparous vs nulliparous)* 40.6 —
History of asthma and atopy (yes vs no)* 35.0 29.2
Pet keeping during pregnancy (yes vs no)* 32.6 —
Overall psychological distress during pregnancy (yes vs no)i 8.1 2.6
Depression during pregnancy (yes vs no)i 8.0 2.9
Anxiety during pregnancy (yes vs no)i 9.3 6.4
Overall psychological distress at 2 mo after delivery (yes vs no)i 7.1 —
Depression symptoms at 2 mo after delivery (yes vs no)i 7.3 —
Anxiety symptoms at 2 mo after delivery (yes vs no) 7.4 —
Depression symptoms at 6 mo after delivery (yes vs no)i 7.6 —
Anxiety symptoms at 6 mo after delivery (yes vs no){ 9.0 —
Depression symptoms at 3 y after delivery (yes vs no)i 4.2 32
Anxiety symptoms at 3 y after delivery (yes vs no) 4.3 3.8
Patterns of depression symptoms after delivery§
Never depression symptoms 87.1 —
Transient depression symptoms 9.5 —
Late-onset depression symptoms 1.8 —
Persistent depression symptoms 1.6 —
Patterns of anxiety symptoms after delivery§
Never anxiety symptoms 86.2 —
Transient anxiety symptoms 10.2 —
Late-onset anxiety symptoms 1.9 —
Persistent anxiety symptoms 1.7 —

*Information obtained through self-administered questionnaire at enrollment.

fTMaternal weight and height were measured during the first visit to the research center, and body mass index was calculated.

{Information obtained by means of postal questionnaires with the Brief Symptom Inventory; the mother and father each answered their own questionnaires.

§Patterns of depression and anxiety symptoms after delivery defined separately according to the history of maternal depression/anxiety symptoms at 2 and 6 months and 3 years after
delivery: (1) never depression/anxiety symptoms, mothers without depression/anxiety at any age after delivery; (2) transient depression/anxiety symptoms, mothers with depression/
anxiety symptoms at 2 or 6 months but not at 3 years after delivery; (3) late-onset depression/anxiety symptoms at 3 years, mothers with depression/anxiety symptoms at 3 years after
delivery but not at 2 or 6 months after delivery; and (4) persistent depression/anxiety symptoms, mothers with depression/anxiety symptoms at 2 or 6 months and at 3 years after delivery.

pregnancy, on childhood wheezing. Moreover, we performed a sensitivity
analysis focused on the associations of maternal and paternal psychological
distress during pregnancy with childhood wheezing, in which we included
only those subjects with complete data of maternal and paternal psychological
distress during pregnancy and at 3 years after delivery and wheezing at 1, 2, 3,
and 4 years (n = 2098). Maternal, paternal, and child characteristics of this
subsample were compared with the original population for analysis (n =
4848). Statistical tests of hypotheses were 2-tailed, with the significance level
set at a P value of less than .05. Statistical analyses were conducted with
STATA 11.0 software (StataCorp, College Station, Tex).

RESULTS
Children included in the present analysis were more frequently
from parents with a higher educational level, and their mothers

and fathers showed less psychological distress during pregnancy
(see Table E3 in this article’s Online Repository at www.
jacionline.org) compared with those lost to follow-up. No differ-
ences on maternal and paternal history of asthma and atopy were
found.

Of the study participants, 7.8% mothers had overall psy-
chological distress during pregnancy (Table I). Wheezing prev-
alences of the children were 29.1%, 19.5%, 12.4%, and 12.6%
at 1, 2, 3 and 4 years, respectively (Table II). Concerning
preschool wheezing patterns, 53.7% of children were classified
as never wheezing, 33.0% as having early wheezing, 2.6% as
having late wheezing, and 10.7% as having persistent wheez-
ing. Prevalence of physician-diagnosed ever asthma at 6 years
was 6.0%.
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TABLE Il. Child characteristics of the study population (n =
4848)

Distribution (%)

Sex (female vs male)* 50.9
Preterm birth (<37 vs >37 wk)* 4.1
Birth weight (g)*
<2500 3.9
2500-3499 47.6
3500-4499 46.1
>4500 2.5
Breast-feeding (yes vs no)f 92.0
Day care attendance (yes vs no)t 59.2
Secondhand smoke at home (yes vs no)t 17.4
Physician-attended eczema from 1 to 4 y 27.8
(ever vs never)}
Physician-diagnosed lower respiratory tract 20.4
infections from 1 to 4 y (ever vs never)
Wheezingi
First year
No episodes 70.9
1-3 episodes 22.8
>4 episodes 6.3
Second year
No episodes 80.5
1-3 episodes 16.3
>4 episodes 32
Third year
No episodes 87.4
1-3 episodes 10.3
>4 episodes 2.3
Fourth year
No episodes 87.4
1-3 episodes 10.3
>4 episodes 2.3
Wheezing patterns§
Never wheezing 53.7
Early wheezing 33.0
Late wheezing 2.6
Persistent wheezing 10.7
Physician-diagnosed ever asthma at 6 y|| 6.0

*Information obtained from midwife and hospital registries at birth.

fInformation obtained by means of postal questionnaires at the ages of 6 and 12
months and 2 years.

fInformation obtained by means of postal questionnaires at the ages of 1, 2, 3, and 4
years.

§Wheezing patterns categories based on Martinez et al'® and adapted to preschool
age,'>?” according to the history of wheezing from the age of 1 to 4 years: (1) no
wheezing, no recorded wheezing at any age; (2) early wheezing, at least 1 wheezing
symptom during the first 3 years of life but no wheezing at 4 years of age; (3) late
wheezing, no wheezing episodes during the first 3 years of age but wheezing at 4 years
of age; and (4) preschool persistent wheezing, at least 1 wheezing episode in the first 3
years of life and wheezing at 4 years of age.

| Information obtained by means of postal questionnaire at the age of 6 years.

Compared with mothers without psychological distress during
pregnancy, mothers with overall distress, depression, or anxiety
during pregnancy had increased odds of wheezing in their
children overall from 1 to 4 years of life (overall distress: odds
ratio [OR], 1.60 [95% CI, 1.32-1.93]; depression: OR, 1.46 [95%
CI, 1.20-1.77]; and anxiety: OR, 1.39 [95% CI, 1.15-1.67]) based
on generalized estimating equation models (Fig 1). Paternal over-
all distress, depression, and anxiety during pregnancy were not as-
sociated with an increased odds of wheezing yearly from 1 to 4
years of life based on generalized estimating equation models
(Fig 1). We did not observe major differences in the size of the
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effect estimates between the unadjusted and adjusted models
(see Fig E2 in this article’s Online Repository at www.
jacionline.org). Additional adjustment of maternal psychological
distress during pregnancy in generalized estimating equation
models for maternal psychological distress at 2 months, 6 months,
and 3 years after delivery; for the patterns of maternal psycholog-
ical distress after delivery; and for paternal psychological distress
during pregnancy and at 3 years after delivery one by one sepa-
rately did not materially affect the results (see Tables E4 and
ES5 in this article’s Online Repository at www.jacionline.org).
None of the paternal psychological distress variables after deliv-
ery were associated with childhood wheezing (all P >.05). Com-
pared with children from mothers without psychological distress
during pregnancy, children of mothers with overall distress had
higher odds of having 1 to 3 wheezing episodes (OR, 1.56
[95% CI, 1.27-1.90]) and 4 or more wheezing episodes (OR,
1.71 [95% CI, 1.20-2.43]) from 1 to 4 years of life based on gen-
eralized estimating equation models (Table IIT). Table IV shows
that children of mothers with overall distress during pregnancy
had 1.20 (95% CI, 0.86-1.67) times more odds of having early
wheezing, 2.46 (95% CI, 1.28-4.70) times more odds of late
wheezing, and 2.73 (95% CI, 1.90-3.94) times more odds of per-
sistent wheezing compared with children from mothers without
psychological distress during pregnancy based on polytomous lo-
gistic regression models. Similar results were found for depres-
sion and anxiety (Tables III and IV). Maternal overall
psychological distress during pregnancy was borderline associ-
ated with physician-diagnosed ever asthma at 6 years (Table V)
based on logistic regression models. We did not observe associa-
tions between paternal psychological distress during pregnancy
and childhood wheezing episodes and patterns or physician-
diagnosed ever asthma (Tables III-V).

Associations of maternal psychological distress during preg-
nancy with wheezing from 1 to 4 years in generalized estimating
equation models were similar among children of mothers with a
history of asthma and atopy compared with those of mothers
without, as well as among children of mothers who were smokers
and nonsmokers (P for interaction > .50). Compared with children
in our original population for analysis, children included in the
complete case analysis were more often from parents with a
higher educational level who tended to smoke less frequently,
were born more frequently in The Netherlands, had a lower
body mass index, reported more frequently a history of asthma
and atopy, and reported less psychological distress during preg-
nancy (see Table E6 in this article’s Online Repository at www.
jacionline.org). Results from the complete case analysis (see
Fig E3 and Tables E7 and ES8 in this article’s Online Repository
at www.jacionline.org) showed effect estimates mostly in the
same direction as the previous analysis, but the effect sizes dif-
fered, and the associations were less often statistically significant.

DISCUSSION

Our results suggest that children exposed to maternal psy-
chological distress during pregnancy have increased odds of
childhood wheezing until the age of 6 years. The strength of the
associations after adjusting for paternal psychological distress
during pregnancy and maternal and paternal psychological
distress after delivery, the lack of association of paternal
psychological distress during pregnancy and maternal and
paternal psychological distress after delivery with childhood
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FIG 1. Associations of maternal and paternal psychological distress during pregnancy with wheezing from
1 to 4 years. Odds ratios (95% Cls) from generalized estimating equation models represent the odds of
wheezing for the children of mothers or fathers with psychological distress (no, yes). Pvalue trend (p-trend)
represents the linear trend per unit increase on the psychological distress scales. Models were adjusted for
maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, and parity; paren-
tal history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth weight, breast-
feeding, day care attendance, secondhand smoke at home, eczema, and lower respiratory tract infections.
*Models additionally adjusted for maternal psychological distress during pregnancy.

wheezing, and the robustness of the results after adjusting for a
large set of potential confounding variables support an intrau-
terine programming effect of maternal psychological distress
during pregnancy on fetal lung development and subsequent
respiratory morbidity.

The strengths of our study were its population-based prospec-
tive design, large sample size, assessment of maternal and
paternal exposures during pregnancy with the same instrument
at the same time point, assessment of maternal and paternal
exposures after delivery, and repeated measures of wheezing. In
addition, we adjusted for many socioeconomic and lifestyle
variables known to affect maternal psychological distress and
childhood wheezing. However, residual confounding cannot be
completely ruled out. Therefore we used paternal psychological
distress during pregnancy as an indirect control for unmeasured
variables and shared family factors.

The present study has some limitations. Information on
wheezing was mainly based on maternally reported questions.26
Objective tests for assessing asthma are difficult to perform in
young children and have limited applicability. In preschool chil-
dren a diagnosis of asthma is based on symptoms.27 Maternal

psychological distress could have influenced the recognition
and reporting of symptoms in their child. Information about ma-
ternal psychological distress at the same time as childhood
wheezing questionnaires would be of interest and could have re-
duced potential information bias. Information about maternal
psychological distress was available from repeated measurements
during the preschool period. Additional adjustment for postnatal
maternal psychological distress did not materially change the ef-
fect estimates of maternal psychological distress during preg-
nancy with childhood wheezing. Wheezing during preschool
ages might be partly caused by viral infections, and this pheno-
type is mostly neither persistent nor related to asthma at later
ages.28 This is in line with our observations of stronger effects
for wheezing at 4 years than at 1 year and for late-onset compared
with early-onset wheezing and of a consistency of the association
with physician-diagnosed ever asthma at 6 years. Also, adjust-
ment for lower respiratory tract infections did not change the ef-
fect estimates. Follow-up studies at older ages with more detailed
assessments of asthma and atopy phenotypes are needed. Mater-
nal psychological distress was measured at 1 time point during
pregnancy. We do not know whether maternal distress varied in
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TABLE lll. Associations of maternal and paternal psychological distress during pregnancy with number of wheezing episodes

from 1 to 4 years

No. of wheezing episodes

1-3 Episodes per year

>4 Episodes per year

OR 95% Cl OR 95% Cl
Maternal psychological distress
Overall psychological distress
No Reference Reference
Yes 1.40 1.15-1.71 1.58 1.14-2.20
Per 1-unit increase 1.41 1.20-1.66 1.51 1.16-1.95
P value trend <.001 .002
Depression symptoms
No Reference Reference
Yes 1.28 1.05-1.55 1.54 1.11-2.13
Per 1-unit increase 1.20 1.06-1.36 1.27 1.04-1.55
P value trend .004 .018
Anxiety symptoms
No Reference Reference
Yes 1.26 1.05-1.50 1.37 1.00-1.88
Per 1-unit increase 1.23 1.09-1.40 1.30 1.06-1.60
P value trend .001 .012
Paternal psychological distress™*
Overall psychological distress
No Reference Reference
Yes 1.15 0.79-1.68 0.87 0.41-1.84
Per 1-unit increase 1.18 0.86-1.63 1.27 0.72-2.23
P value trend 304 412
Depression symptoms
No Reference Reference
Yes 1.11 0.79-1.56 1.18 0.62-2.24
Per 1-unit increase 1.01 0.80-1.27 1.06 0.70-1.61
P value trend 957 766
Anxiety symptoms
No Reference Reference
Yes 1.18 0.93-1.49 1.41 0.91-2.16
Per 1-unit increase 1.09 0.88-1.34 1.22 0.84-1.78
P value trend 426 2901

ORs (95% Cls) from generalized estimating equation models represent the odds of wheezing episodes for the children of mothers or fathers with psychological distress during
pregnancy. Maternal and paternal psychological distress were treated as dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1-unit increase). P value trend
represents the linear trend per unit increase on the psychological distress scales. Models were adjusted for maternal age, body mass index, smoking during pregnancy, educational
level, ethnicity, and parity; parental history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth weight, breast-feeding, day care attendance, secondhand

smoke at home, eczema, and lower respiratory tract infections.
*Models additionally adjusted for psychological distress during pregnancy.

intensity or persistence throughout pregnancy. Cookson et al®
showed similar effect estimate sizes between anxiety measured
at week 18 and week 32 of pregnancy. Observational measure-
ments of parental psychological distress were not feasible in
this large birth cohort, and we relied on self-reports. Nevertheless,
all scales showed an acceptable internal validity; the Brief Symp-
tom Inventory was validated in The Netherlands, and Dutch clin-
ical cutoffs were available.'*'* Finally, not all mothers and
children recruited were included in this analysis, and loss to
follow-up was related to lower socioeconomic position. This
might have affected our findings, although the inclusion in the
analysis of a large set of variables related to participation could
have reduced the likelihood that nonresponse biased the results.
We observed differences between the effect estimates of our orig-
inal population of analysis and the complete case analysis. These
differences might be due to both a reduction of the sample size
and a selected subsample that seemed biased and not representa-
tive. For that reason, we consider results based on the multiple im-
putation dataset more valid.*?

Only a few previous studies have assessed the relation between
maternal psychological distress during pregnancy and childhood
wheezing.>® Cookson et al® found a positive association of mater-
nal anxiety symptoms during pregnancy with subsequent child-
hood physician’s diagnosis asthma at the age of 7.5 years in
5810 children. Similar to our study, they did not observe an asso-
ciation of paternal anxiety symptoms with childhood asthma.
Moreover, when maternal anxiety symptoms both during preg-
nancy and after delivery were taken into account, only symptoms
during pregnancy were associated with childhood asthma. In ad-
dition to their study, we showed that maternal psychological dis-
tress affects asthma symptoms already from a young age onward,
and because of our longitudinal design with repeatedly measured
outcomes, we observed that these adverse effects became stronger
with increasing age. Also, we were able to adjust for more poten-
tial confounders, such as maternal prepregnancy body mass in-
dex, paternal smoking, or pet keeping at home and to examine
important possible modifying effects of genetic susceptibility
and secondhand smoke exposure. In another population-based
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TABLE IV. Associations of maternal and paternal psychological distress during pregnancy with wheezing patterns from 1 to 4

years

Early wheezing

Late wheezing Persistent wheezing

OR 95% ClI OR 95% Cl OR 95% ClI
Maternal psychological distress
Overall psychological distress
No Reference Reference Reference
Yes 1.23 0.89-1.69 1.94 1.04-3.60 2.15 1.47-3.13
Per 1-unit increase on the scale 1.51 1.16-1.97 2.14 1.29-3.54 2.18 1.60-2.98
P value trend .002 .003 <.001
Depression symptoms
No Reference Reference Reference
Yes 1.31 0.97-1.76 2.04 1.14-3.64 1.84 1.24-2.72
Per 1-unit increase on the scale 1.28 1.05-1.57 1.69 1.18-2.43 1.51 1.18-1.93
P value trend .015 .004 .001
Anxiety symptoms
No Reference Reference Reference
Yes 1.17 0.88-1.55 1.81 1.05-3.12 1.72 1.22-2.43
Per 1-unit increase on the scale 1.27 1.04-1.56 1.71 1.18-2.49 1.66 1.31-2.10
P value trend .022 .005 <.001
Paternal psychological distress*
Overall psychological distress
No Reference Reference Reference
Yes 1.29 0.74-2.29 2.12 0.79-5.665 1.12 0.46-2.70
Per 1-unit increase on the scale 1.06 0.68-1.66 1.92 0.83-4.48 1.33 0.72-2.48
P value trend 789 128 .359
Depression symptoms
No Reference Reference Reference
Yes 0.99 0.59-1.67 1.72 0.67-4.42 1.23 0.60-2.52
Per 1-unit increase on the scale 0.86 0.61-1.22 1.44 0.81-2.59 1.10 0.68-1.78
P value trend 402 215 706
Anxiety symptoms
No Reference Reference Reference
Yes 1.24 0.89-1.71 1.29 0.58-2.85 1.24 0.74-2.09
Per 1-unit increase on the scale 1.12 0.84-1.55 1.31 0.66-2.63 1.13 0.73-1.76
P value trend 438 437 .585

ORs (95% Cls) are from polytomous logistic regression models. Maternal and paternal psychological distress were treated as dichotomized based on the clinical cutoffs (no, yes)
and as continuous (per 1 unit-increase). P value trend represents the linear trend per unit increase on the psychological distress scales. Models were adjusted for maternal age, body
mass index, smoking during pregnancy, educational level, ethnicity, and parity; parental history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth weight,
breast-feeding, day care attendance, secondhand smoke at home, eczema, and lower respiratory tract infections. Goodness of fit (R?) was 0.10 for all models.

*Models additionally adjusted for psychological distress during pregnancy.

study of 653 mother-child pairs, although both prenatal and post-
natal maternal stress were independently associated with in-
creased recurrent wheezing during the first 2 years of life,
children born to mothers experiencing higher stress in both pe-
riods were particularly at risk.® These effects remained when ad-
justing for several confounders and pathway variables. These
findings are not in accordance with our results in which prenatal
maternal psychological distress seemed to have a greater effect
than postnatal maternal psychological distress. A smaller sample
size study based on 279 children observed that maternal demoral-
ization during pregnancy predicted overall, transient, and persis-
tent wheezing in the first 5 years of life.’ In this study no
information on paternal demoralization during pregnancy was
available, and models were not adjusted for maternal demoraliza-
tion after delivery. Because maternal demoralization was a stable
trait in their cohort, the authors could not separate pregnancy and
early postnatal effects. A previous case-control study including
247 subjects did not observe a significant relationship between
maternal depression and anxiety during pregnancy and the in-
fant’s wheezing.* The main limitation was that mothers were
asked retrospectively whether depression or anxiety constituted

a problem during pregnancy. Other previous studies explored
the associations of maternal stress, depression, anxiety, or cortisol
levels during pregnancy with general childhood respiratory dis-
eases and observed an association of higher maternal stress at
pregnancy with an increased risk of childhood respiratory
illness.***

The mechanisms underlying the associations of prenatal psy-
chological distress exposure with childhood wheezing are still
unclear. A possible programming effect by maternal stress during
pregnancy is pointed out by studies reporting that adult mammals
prenatally exposed to psychological distress have an altered
hypothalamic-pituitary-adrenal axis after birth and might be
predisposed to airway inflammation and hyperresponsive-
ness.>'*? Stress-induced alterations in maternal cortisol levels
might influence fetal immunomodulation and T2 lymphocyte
predominance through a direct influence on cytokine produc-
tion.® Stress was also associated with increased proportions
and altered function of natural killer lymphocytes.34 Recently, it
was shown in human subjects that maternal stress during preg-
nancy was associated with altered innate and adaptive immune re-
sponses in cord blood of infants at high risk of atopic diseases.>



8 GUXENS ET AL

TABLE V. Associations of maternal and paternal psychological
distress during pregnancy with physician-diagnosed ever
asthma at 6 years

Physician-diagnosed ever

asthma
OR 95% Cl
Maternal psychological distress
Overall psychological distress
No Reference
Yes 1.45 0.91-2.31
Per 1-unit increase 1.27 0.88-1.84
P value trend 201
Depression symptoms
No Reference
Yes 1.33 0.82-2.16
Per 1-unit increase 1.17 0.88-1.57
P value trend 276
Anxiety symptoms
No Reference
Yes 1.19 0.76-1.86
Per 1-unit increase 1.15 0.86-1.55
P value trend 344
Paternal psychological distress™*
Overall psychological distress
No Reference
Yes 0.72 0.22-2.36
Per 1-unit increase 1.08 0.51-2.28
P value trend .837
Depression symptoms
No Reference
Yes 1.06 0.41-2.72
Per 1-unit increase 1.01 0.53-1.90
P value trend 982
Anxiety symptoms
No Reference
Yes 0.95 0.53-1.68
Per 1-unit increase 0.88 0.49-1.56
P value trend .651

ORs (95% Cls) from logistic regression models represent the odds of physician-
diagnosed asthma for the children of mothers or fathers with psychological distress
during pregnancy. Maternal and paternal psychological distress were treated as
dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1-unit
increase). P value trend represents the linear trend per unit increase on the
psychological distress scales. Models were adjusted for maternal age, body mass
index, smoking during pregnancy, educational level, ethnicity, and parity; parental
history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth
weight, breast-feeding, day care attendance, secondhand smoke at home, eczema, and
lower respiratory tract infections. Goodness of fit (R?) was 0.15 for all models.
*Models additionally adjusted for maternal psychological distress during pregnancy.

Furthermore, the stress hormone adrenaline stimulates [3,-adre-
noreceptors that are expressed throughout the body.36'38 The ef-
fects on the adrenergic receptors of the lungs might predispose
to later respiratory problems.*®’

Next to programming effects, a hypothesized mechanism was
the intermediate role of fetal growth. Maternal psychological
distress during pregnancy might impair fetal growth,* and low-
birth-weight children with smaller lungs and airways seem to
have a higher risk of wheezing.25 “49 However, in our study results
remained after adjusting for birth weight and gestational age at
birth.

The programming effect of maternal psychological distress can
also operate through epigenetic programming.” Differential
methylation patterns in the glucocorticoid receptor related to

J ALLERGY CLIN IMMUNOL
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postnatal maternal care was shown recently in a rodent model
and cultured cell lines.*'*** In human subjects methylation of
the glucocorticoid receptor was sensitive to maternal mood in
the perinatal period and the infant’s hypothalamic-pituitary-
adrenal axis stress reactivity.44 Further studies are needed to iden-
tify the underlying mechanisms.

In conclusion, our results suggest intrauterine effects of
maternal psychological distress during pregnancy on the presence
of wheezing at early ages. Further studies are needed to explore
underlying biological mechanisms and long-term consequences.

We gratefully acknowledge the contribution of all the children and their
parents, general practitioners, hospitals, midwives, and pharmacies in Rotterdam.

Key messages

e Maternal psychological distress during pregnancy is asso-
ciated with increased odds of wheezing in the child during
the first 6 years of life independent of paternal psycholog-
ical distress during pregnancy and maternal and paternal
psychological distress after delivery.

These results suggest a direct intrauterine programming
effect of maternal psychological distress on respiratory
morbidity.
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GUXENS ET AL

‘Women enrolled during
pregnancy
N=8,880

1,390 subjects excluded:

- 118 fetal or infant deaths

- 93 twin pregnancies

- 1,179 lived outside the study area

Women with a singleton
pregnancy from the study area
N=7,490

666 subjects excluded:
- 198 lost to follow-up
- 468 no consent for postnatal studies

Singleton live born children
participants in postnatal phase
N=6,824

1,349 subjects excluded because of
missing data on maternal psychological
distress during pregnancy

Maternal psychological distress
data available
N=5,475

627 children excluded because of
missing data on wheezing symptoms at
all ages

Wheezing symptoms data available
(with at least 1 measurement)
N=4,848

FIG E1. Flowchart of participants in the study.
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Odds ratio (95% Confidence Interval) from generalized estimating equation models represents the odds of wheezing for the children of mothers or fathers with
psychological distress during pregnancy (no, yes). P value for trend ( p-trend) drepresents the linear trend per unit increase on the psychological distress scales. *Models
additionally adjusted by maternal psychological distress during pregnancy

FIG E2. Unadjusted association between maternal (A) and paternal (B) psychological distress during preg-
nancy and wheezing from 1 to 4 years.
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Odds ratio (95% Confidence Interval) from generalized estimating equation models represents the odds of wheezing for the children of mothers or fathers with
psychological distress during pregnancy (no, yes). P value for trend (p-trend) represents the linear trend per unit increase on the psychological distress scales. Models were
adjusted for maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, and parity, parental history of asthma or atopy, pet

keeping, and children's sex, preterm birth, birth weight, breastfeeding, day care attendance, second hand smoke at home, eczema and lower respiratory tract

infections. *Models additionally adjusted by maternal psychological distress during pregnancy

FIG E3. Complete case analysis: adjusted associations of maternal (A) and paternal (B) psychological dis-
tress during pregnancy with wheezing from 1 to 4 years.
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TABLE E1. Details of the imputation modeling

Software used and key setting: STATA 12.0 software (StataCorp, College Station, Tex)—Ice command (with 10 cycles)

Number of imputed datasets created: 25

Variables included in the imputation procedure:

Variables used in the main analyses (outcome, exposure, and potential confounders): Child wheezing symptoms at 1st, 2nd, 3rd, and 4th years of life; child
wheezing symptoms at 6 months and 1Ist, 2nd, 3rd, and 4th years of life; physician-diagnosed ever asthma at 6 years, maternal and paternal overall
psychological distress during pregnancy; maternal and paternal depression symptoms during pregnancy; maternal and paternal anxiety symptoms during
pregnancy; maternal overall psychological distress at 2 months after delivery; maternal depression symptoms at 2 months after delivery; maternal anxiety
symptoms at 2 months after delivery; maternal depression symptoms at 6 months after delivery; maternal anxiety symptoms at 6 months after delivery;
maternal depression symptoms at 3 years after delivery; maternal anxiety symptoms at 3 years after delivery; paternal depression symptoms at 3 years after
delivery; paternal anxiety symptoms at 3 years after delivery; maternal age; maternal and paternal educational level; maternal body mass index at
enrollment; parity; maternal and paternal smoking during pregnancy; family history of asthma or atopy; pet keeping during pregnancy; child sex; child
ethnicity; child low birth weight; child preterm birth; child breast-feeding; child day care attendance; and child secondhand smoke at home

Variables only used for the imputation models: Child shortness of breath symptoms at the 1st, 2nd, 3rd, and 4th years of life; child cough at night at the 1Ist,
2nd, 3rd, and 4th years of life; child phlegm at the Ist, 2nd, 3rd, and 4th years of life; child bronchiolitis at 6 months and the 1st and 2nd years of life; child
pertussis at 6 months and the 1st, 2nd and 3rd years of life; child bronchitis at the 1st, 2nd, 3rd, and 4th years of life; child pneumonia at the 1st, 2nd, 3rd,
and 4th years of life; maternal and paternal ethnicity; maternal alcohol use during pregnancy; paternal body mass index; paternal age; maternal gestational
diabetes; maternal hypertension; marital status; main caregiver of the child; family stress during pregnancy reported by the mother and father; maternal and
paternal somatization symptoms during pregnancy; maternal and paternal obsession-compulsion symptoms during pregnancy; maternal and paternal
interpersonal sensitivity symptoms during pregnancy; maternal and paternal hostility symptoms during pregnancy; maternal and paternal phobic anxiety
symptoms during pregnancy; maternal and paternal paranoid ideation symptoms during pregnancy; maternal and paternal psychoticism symptoms during
pregnancy; maternal somatization symptoms at 2 months after delivery; maternal obsession-compulsion symptoms at 2 months after delivery; maternal
interpersonal sensitivity symptoms at 2 and 6 months after delivery; maternal hostility symptoms at 2 and 6 months after delivery; maternal phobic anxiety
symptoms at 2 months after delivery; maternal paranoid ideation symptoms at 2 months after delivery; maternal psychoticism symptoms at 2 months after
delivery; maternal and paternal interpersonal sensitivity symptoms at 3 years after delivery; and maternal and paternal hostility symptoms at 3 years after
delivery

Treatment of binary/categorical variables: logistic and multinomial models

Statistical interactions included in imputation models: none
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TABLE E2. Distribution of study variables in the imputed and observed datasets
Data missing (%) Imputed dataset* Observed dataset*
Maternal characteristics
Age at enrollment (y)f 0.0 — —
Prepregnancy body mass index (kg/m?)} 0.6
Underweight 9.2 9.2
Normal weight 55.9 59
Overweight 24.5 24.5
Obese 10.4 10.4
Smoking during pregnancy (yes vs no)f 10.2 13.6 13.6
Education levelf 2.8
Primary education 6.5 6.3
Secondary education 40.4 39.9
Higher education 53.1 53.8
Ethnicity (non-European vs European) 1.4 28.4 28.1
Parity (multiparous vs nulliparous)f 0.3 40.4 40.4
History of asthma and atopy (yes vs no){ 20.6 37.1 35.0
Pet keeping during pregnancy (yes vs no)t 13.9 343 329
Overall psychological distress during pregnancy§ 0.1 0.26 (0.00) 0.26 (0.01)
Depression symptoms during pregnancy§ 0.2 0.20 (0.01) 0.20 (0.01)
Anxiety symptoms during pregnancy$§ 0.2 0.26 (0.01) 0.26 (0.01)
Overall psychological distress at 2 mo after delivery§ 21.2 0.24 (0.00) 0.23 (0.01)
Depression symptoms at 2 mo after delivery§ 21.4 0.21 (0.01) 0.20 (0.01)
Anxiety symptoms at 2 mo after delivery§ 21.2 0.24 (0.01) 0.22 (0.01)
Depression symptoms at 6 mo after delivery§ 30.7 0.23 (0.01) 0.22 (0.01)
Anxiety symptoms at 6 mo after delivery§ 30.7 0.27 (0.01) 0.26 (0.01)
Depression symptoms at 3 y after delivery§ 22.6 0.14 (0.00) 0.13 (0.01)
Anxiety symptoms at 3 y after delivery§ 22.6 0.18 (0.00) 0.17 (0.01)
Paternal characteristics
Smoking during pregnancy (yes vs no)t 9.5 41.9 41.8
Education levelf 24.1
Primary education 6.9 5.7
Secondary education 40.0 37.5
Higher education 53.1 56.8
History of asthma and atopy (yes vs no)t 33.0 32.1 294
Overall psychological distress during pregnancy$§ 26.5 0.14 (0.00) 0.13 (0.01)
Depression symptoms during pregnancy$§ 26.6 0.09 (0.00) 0.09 (0.01)
Anxiety symptoms during pregnancy$§ 26.5 0.17 (0.00) 0.16 (0.01)
Depression symptoms at 3 y after delivery§ 35.4 0.11 (0.00) 0.10 (0.01)
Anxiety symptoms at 3 y after delivery§ 35.3 0.17 (0.00) 0.16 (0.01)
Child characteristics
Sex (female vs male)|| 0.0 — —
Preterm (<37 vs >37 wk)|| 0.0 — —
Birth weight (g)| 0.0 —
Breast-feeding (yes vs no)q 3.1 92.0 92.1
Day care attendance (yes vs no)q 21.6 58.1 59.2
Postnatal smoking exposure (yes vs no)q 13.9 18.6 17.4
Physician-attended eczema from 1 to 4 y (ever vs never)# 33 35.0 27.8
Physician-diagnosed lower respiratory tract infections 3.8 26.9 20.4
from 1 to 4 y (ever vs never)#
Wheezing#
First year 13.2
No episodes 71.0 70.9
1-3 episodes 22.6 22.8
>4 episodes 6.4 6.3
Second year 14.6
No episodes 80.3 80.5
1-3 episodes 16.4 16.3
>4 episodes 33 3.2
Third year 20.7
No episodes 87.1 87.6
1-3 episodes 10.4 10.1
>4 episodes 2.5 2.3
Fourth year 20.6
No episodes 86.8 87.4

(Continued)
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TABLE E2. (Continued)

Data missing (%) Imputed dataset* Observed dataset*

1-3 episodes 10.7 10.3

>4 episodes 2.5 2.3
Wheezing patterns** 33.2

Never wheezing 56.7 53.7

Early wheezing 30.1 33.0

Late wheezing 3.1 2.6

Persistent wheezing 10.1 10.7
Physician-diagnosed asthma during first 6 y (yes vs no)7 31.1 6.5 6.0

*Values are percentages for categorical variables and means (SEs) for continuous variables.

fInformation obtained through self-administered questionnaire at enrollment.

{Maternal weight and height were measured during the first visit to the research center, and body mass index was calculated.

§Information obtained by means of postal questionnaires using the Brief Symptom Inventory; the mother and father each answered their own questionnaires.

|Information obtained from midwife and hospital registries at birth.

qInformation obtained by means of postal questionnaires at the ages of 6 and 12 months and 2 years.

#Information obtained by means of postal questionnaires at the ages of 1, 2, 3, and 4 years.

**Wheezing patterns categories based on Martinez et al'® and adapted to preschool age,'*?* according to the history of wheezing from the age of 1 to 4 years: (1) no wheezing, no
recorded wheezing at any age; (2) early wheezing, at least 1 wheezing symptom during the first 3 years of life but no wheezing at 4 years of age; (3) late wheezing, no wheezing
episodes during the first 3 years of age but wheezing at 4 years of age; and (4) preschool persistent wheezing, at least 1 wheezing episode in the first 3 years of life and wheezing at
4 years of age.

TfInformation obtained by means of postal questionnaires at the age of 6 years.
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TABLE E3. Comparison of the maternal, paternal, and child characteristics between those included and those not included in the
study among the 6824 eligible subjects*

Included (n = 4848) Not included (n = 1976) P value differences
Maternal characteristics
Age at enrollment (y)f 30.8 (4.7) 28.5 (5.7) <.001
Prepregnancy body mass index (kg/m?)i <.001
Underweight 9.1 9.4
Normal weight 56.0 47.0
Overweight 24.5 27.6
Obese 10.4 16.0
Smoking during pregnancy (yes vs no)f 13.7 20.4 <.001
Education levelf <.001
Primary education 6.6 20.6
Secondary education 40.2 51.2
Higher education 53.2 28.1
Ethnicity (non-European vs European)t 31.5 61.8 <.001
Parity (multiparous vs nulliparous)f 40.6 53.4 <.001
History of asthma and atopy (yes vs no)f 35.0 33.2 236
Pet keeping during pregnancy (yes vs no)t 32.6 25.2 <.001
Overall psychological distress during pregnancy$§ 0.26 (0.34) 0.46 (0.50) <.001
Depression symptoms during pregnancy$ 0.20 (0.44) 0.44 (0.70) <.001
Anxiety symptoms during pregnancy$§ 0.26 (0.43) 0.45 (0.56) <.001
Paternal characteristics
Smoking during pregnancy (yes vs no) 42.1 47.4 <.001
Education level <.001
Primary education 5.8 11.8
Secondary education 37.7 44.4
Higher education 56.5 43.8
History of asthma and atopy (yes vs no) 29.2 29.4 935
Overall psychological distress during pregnancy$ 0.13 (0.21) 0.18 (0.29) <.001
Depression symptoms during pregnancy§ 0.09 (0.27) 0.13 (0.22) .001
Anxiety symptoms during pregnancy§ 0.16 (0.28) 0.20 (0.37) .003
Child characteristics
Sex (female vs male)|| 50.9 46.9 <.001
Preterm (<37 vs >37 wk)|| 4.2 5.9 .002
Birth weight (g)|| 3458 (545) 3363 (556) <.001

*Values are percentages for categorical variables and means (SDs) for continuous variables.

fInformation obtained through self-administered questionnaire at enrollment.

fMaternal weight and height were measured during the first visit to the research center, and body mass index was calculated.

§Information obtained by means of postal questionnaires using the Brief Symptom Inventory; the mother and father each answered their own questionnaires.
|Information obtained from midwife and hospital registries at birth.
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TABLE E4. Associations of maternal psychological distress during pregnancy with overall wheezing from 1 to 4 years adjusted for
maternal psychological distress at 2 months, 6 months, and 3 years after delivery

Model 1* + maternal psychological distress after delivery

Model 1* At 2 mo At 6 mo At3y Patternst
OR 95% Cl OR 95% CI OR 95% Cl OR 95% CI OR 95% CI

Overall psychological distress

No Reference Reference — — — — — —

Yes 1.44 1.20-1.74 1.40 1.15-1.71 — — — — — —

Per 1-unit increase on the scale 1.46 1.25-1.70 1.44 1.36-1.14 — — — — — —

P value trend <.001 .001 — — —
Depression symptoms

No Reference Reference Reference Reference Reference

Yes 1.34 1.11-1.62 1.31 1.08-1.60 1.25 1.02-1.53 1.29 1.06-1.57 1.23 1.01-1.51

Per 1-unit increase on the scale 1.23 1.09-1.38 1.21 1.06-1.38 1.17 1.02-1.34 1.18 1.03-1.36 1.16 1.01-1.33

P value trend .001 .006 .002 .016 .033
Anxiety symptoms

No Reference Reference Reference Reference Reference

Yes 1.27 1.07-1.52 1.24 1.03-1.49 1.20 1.00-1.45 1.24 1.03-1.49 1.18 0.97-1.42

Per 1-unit increase on the scale 1.26 1.12-1.42 1.19 1.04-1.37 1.21 1.05-1.40 1.21 1.06-1.38 1.21 1.05-1.39

P value trend <.001 .014 .009 .006 .009

ORs (95% Cls) from generalized estimating equation models represent the odds of wheezing episodes for the children of mothers with psychological distress during pregnancy.
Maternal psychological distress was treated as dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1-unit increase). P value trend represents the linear trend
per unit increase on the psychological distress scales.

*Adjusted for maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, parity, parental history of asthma or atopy, pet keeping, children’s sex,
preterm birth, birth weight, breast-feeding, day care attendance, secondhand smoke at home, eczema, and lower respiratory tract infections.

fPatterns of maternal psychological distress after delivery (never distress, only postpartum distress, only distress at 3 years, and persistent distress).

iNot available at 6 months and 3 years after delivery.
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TABLE E5. Associations of maternal psychological distress during pregnancy with overall wheezing from 1 to 4 years adjusted for
paternal psychological distress during pregnancy and at 3 years after delivery

Model 1* + paternal psychological distress

Model 1*

During pregnancyt At 3 y after deliveryt
OR 95% Cl OR 95% CI OR 95% ClI

Overall psychological distress

No Reference Reference — —

Yes 1.44 1.20-1.74 1.44 1.19-1.74 — —

Per 1-unit increase on the scale 1.46 1.25-1.70 1.44 1.23-1.68 — —

P value trend <.001 <.001 —
Depression symptoms

No Reference Reference Reference

Yes 1.34 1.11-1.62 1.33 1.10-1.62 1.35 1.12-1.63

Per 1-unit increase on the scale 1.23 1.09-1.38 1.23 1.08-1.39 1.22 1.08-1.38

P value trend .001 .002 .001
Anxiety symptoms

No Reference Reference Reference

Yes 1.27 1.07-1.52 1.26 1.06-1.50 1.27 1.06-1.52

Per 1-unit increase on the scale 1.26 1.12-1.42 1.25 1.10-1.41 1.24 1.10-1.41

P value trend <.001 <.001 .001

ORs (95% Cls) from generalized estimating equation models represent the odds of wheezing episodes for the children of mothers with psychological distress during pregnancy.
Maternal psychological distress was treated as dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1-unit increase). P value trend represents the linear trend
per unit increase on the psychological distress scales.

*Adjusted for maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, and parity; parental history of asthma or atopy and pet keeping; and
children’s sex, preterm birth, birth weight, breast-feeding, day care attendance, secondhand smoke at home, eczema, and lower respiratory tract infections.

TModels additionally adjusted by maternal psychological distress during pregnancy.

INot available at 3 years after delivery.
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TABLE E6. Comparison of the maternal, paternal, and child characteristics between those included in the complete case analysis
and those not included among the 4848 subjects*

Included (n = 2098) Not included (n = 2750) P value differences
Maternal characteristics
Age at enrollment (y)f 31.7 (4.0) 30.1 (5.1) <.001
Prepregnancy body mass index (kg/m?)i <.001
Underweight 9.0 9.2
Normal weight 60.4 52.7
Overweight 22.7 259
Obese 7.9 12.2
Smoking during pregnancy (yes vs no)f 9.5 16.9 <.001
Education level f <.001
Primary education 1.8 10.4
Secondary education 30.6 47.8
Higher education 67.6 41.8
Ethnicity (non-European vs European)t 16.1 43.7 <.001
Parity (multiparous vs nulliparous)f 35.6 44.4 <.001
History of asthma and atopy (yes vs no)f 36.8 33.5 .034
Pet keeping during pregnancy (yes vs no)f 355 30.3 <.001
Overall psychological distress during pregnancy$§ 0.19 (0.24) 0.31 (0.40) <.001
Depression symptoms during pregnancy$§ 0.12 (0.29) 0.26 (0.51) <.001
Anxiety symptoms during pregnancy$ 0.19 (0.32) 0.31 (0.50) <.001
Paternal characteristics
Smoking during pregnancy (yes vs no) 36.4 46.6 <.001
Education level <.001
Primary education 33 9.2
Secondary education 33.5 43.2
Higher education 63.2 47.6
History of asthma and atopy (yes vs no) 29.3 29.1 .896
Overall psychological distress during pregnancy$§ 0.12 (0.17) 0.16 (0.25) <.001
Depression symptoms during pregnancy$ 0.09 (0.22) 0.12 (0.33) <.001
Anxiety symptoms during pregnancy§ 0.15 (0.26) 0.18 (0.31) .017
Child characteristics
Sex (female vs male)|| 50.1 51.5 352
Preterm (<37 vs >37 wk)|| 34 4.7 .029
Birth weight (g)|| 3519 (526) 3412 (555) <.001

*Values are percentages for categorical variables and means (SDs) for continuous variables.

fInformation obtained through self-administered questionnaire at enrollment.

{Maternal weight and height were measured during the first visit to the research center, and body mass index was calculated.

§Information obtained by means of postal questionnaires using the Brief Symptom Inventory; the mother and father each answered the questionnaires.
|Information obtained from midwife and hospital registries at birth.
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TABLE E7. Complete case analysis: Associations of maternal psychological distress during pregnancy with overall wheezing from
1 to 4 years adjusted for maternal psychological distress at 3 years after delivery

Model 1 + maternal psychological

Model 1 distress at 3 y
OR 95% CI OR 95% CI

Overall psychological distress*

No Reference — —

Yes 1.23 0.76-1.98 — —

Per 1-unit increase on the scale 1.77 1.20-2.63 — —

P value trend .004 —
Depression symptoms

No Reference Reference

Yes 1.44 0.91-2.29 1.38 0.86-2.21

Per 1-unit increase on the scale 1.43 1.05-1.95 1.36 0.98-1.88

P value trend .023 .064
Anxiety symptoms

No Reference Reference

Yes 1.10 0.72-1.68 1.03 0.66-1.60

Per 1-unit increase on the scale 1.31 0.98-1.74 1.26 0.93-1.71

P value trend .066 .143

ORs (95% Cls) from generalized estimating equation models represent the odds of wheezing episodes for the children of mothers with psychological distress during pregnancy.
Maternal psychological distress was treated as dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1-unit increase). P value trend represents the linear trend
per unit increase on the psychological distress scales. Models were adjusted for maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, and parity;
parental history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth weight, breast-feeding, day care attendance, secondhand smoke at home, eczema, and
lower respiratory tract infections.

*Not available at 3 years after delivery.
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TABLE E8. Complete case analysis: Associations of maternal psychological distress during pregnancy with overall wheezing from
1 to 4 years adjusted for paternal psychological distress during pregnancy and at 3 years after delivery

Model 1 + paternal psychological distress

Model 1

During pregnancy At 3 y after delivery
OR 95% Cl OR 95% Cl OR 95% ClI

Overall psychological distress*

No Reference Reference — —

Yes 1.23 0.76-1.98 1.26 0.78-2.04 — —

Per 1-unit increase on the scale 1.77 1.20-2.63 1.79 1.20-2.67 — —

P value trend .004 .004 —
Depression symptoms

No Reference Reference Reference

Yes 1.44 0.91-2.29 1.50 0.95-2.39 1.51 0.95-2.40

Per 1-unit increase on the scale 1.43 1.05-1.95 1.46 1.07-2.00 1.47 1.08-2.00

P value trend .023 .018 .015
Anxiety symptoms

No Reference Reference Reference

Yes 1.10 0.72-1.68 1.10 0.72-1.69 1.10 0.72-1.68

Per 1-unit increase on the scale 1.31 0.98-1.74 1.31 0.98-1.75 1.31 0.98-1.74

P value trend .066 .065 .069

ORs (95% Cls) from generalized estimating equation models represent the odds of wheezing episodes for the children of mothers with psychological distress during pregnancy.
Maternal psychological distress was treated as dichotomized based on the clinical cutoffs (no, yes) and as continuous (per 1 unit increase). P value trend represents the linear trend
per unit increase on the psychological distress scales. Models were adjusted for maternal age, body mass index, smoking during pregnancy, educational level, ethnicity, and parity;
parental history of asthma or atopy and pet keeping; and children’s sex, preterm birth, birth weight, breast-feeding, day care attendance, secondhand smoke at home, eczema, and
lower respiratory tract infections.

*Not available at 3 years after delivery.
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