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Perinatal risk factors for wheezing phenotypes in the first 8 years of life
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Summary

Background A novel data-driven approach was used to identify wheezing phenotypes in
pre-schoolchildren aged 0—8 years, in the Prevention and Incidence of Asthma and Mite
Allergy (PIAMA) birth cohort. Five phenotypes were identified: never/infrequent wheeze,
transient early wheeze, intermediate onset wheeze, persistent wheeze and late onset wheeze.
It is unknown which perinatal risk factors drive development of these phenotypes.

Objective The objective of the study was to assess associations of perinatal factors with
wheezing phenotypes and to identify possible targets for prevention.

Methods In the PIAMA study (n = 3963), perinatal factors were collected at 3 months,
and wheezing was assessed annually until the age of 8 years. Associations between peri-
natal risk factors and the five wheezing phenotypes were assessed using weighted multi-
nomial logistic regression models. Odds ratios were adjusted for confounding variables
and calculated with ‘never/infrequent wheeze’ as reference category.

Results Complete data were available for 2728 children. Risk factors for transient early
wheeze (n = 455) were male gender, maternal and paternal allergy, low maternal age, high
maternal body mass index, short pregnancy duration, smoking during pregnancy, pres-
ence of older siblings and day-care attendance. Risk factors for persistent wheeze (n = 83)
were male gender, maternal and paternal allergy, and not receiving breastfeeding for at
least 12 weeks. Intermediate onset wheeze (n = 98) was associated with a lower birth
weight and late onset wheeze (n = 45) with maternal allergy.

Conclusion and Clinical Relevance We identified different risk factors for specific child-
hood wheezing phenotypes. Some of these are modifiable, such as maternal age and body
mass index, smoking, day-care attendance and breastfeeding, and may be important tar-
gets for prevention programmes.

Keywords childhood asthma, latent class analysis, prevention, risk factors, wheezing phe-

notypes
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Introduction

The rapid rise in asthma prevalence at the end of the
last century is most likely caused by a change in envi-
ronmental factors, affecting individuals with a genetic
susceptibility for asthma. A crucial window for the

effect of such environmental factors appears to exist in
prenatal and early post-natal life [1]. Understanding the
mechanisms of asthma development is essential to find
targets for primary prevention. Unfortunately, conclu-
sive evidence on the relevant major risk factors is still
lacking. A likely explanation for contradictory findings
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in previous studies is that ‘childhood asthma’ does not
refer to a single disease entity, but comprises several
distinct wheezing phenotypes, each of which may have
different risk factors [2].

Much effort has been put in identifying different
wheezing phenotypes in childhood. Martinez et al.
described longitudinal patterns of ‘transient early’, ‘per-
sistent’ and ‘late onset’ wheeze, based on reported
symptoms between the ages of 0-3 and 3-6 years [3].
Henderson et al. more recently used longitudinal latent
class analysis (LLCA) to identify different wheezing
phenotypes in the Avon Longitudinal Study of Parents
And Children (ALSPAC), where wheeze was reported
repeatedly from birth until 8 years [4]. The same analy-
sis was applied in the Prevention and Incidence of
Asthma and Mite Allergy (PIAMA) study, and the fol-
lowing five wheezing phenotypes were found: never/
infrequent wheeze, transient early wheeze, intermediate
onset wheeze, persistent wheeze and late onset wheeze.
The fact that these phenotypes were identified in two
independent birth cohorts with similar characteristics
strongly supports their validity [5].

The aim of this study was to investigate modifiable
pre- and perinatal risk factors for these five novel
wheezing phenotypes. If specific wheezing phenotypes
are associated with different risk factors, this would
support the hypothesis that they have a differential
aetiology and pathophysiology. Understanding of these
complex associations may lead to the discovery of
targets for primary prevention of specific wheezing
illnesses during childhood.

Materials and methods

Study population

The PIAMA study is a prospective birth cohort study in
Western, middle and Northern areas of the Netherlands.
Recruitment took place in the years 1996 and 1997. The
baseline study population consisted of 3963 children.
Questionnaires for parental completion, based on the
ISAAC core questionnaires, were sent during pregnancy,
at 3 months and yearly after birth up to the age of
8 years. Additional Supporting Information on the PI-
AMA study design may be found in the online version
of this article and have been published previously [6].
The study protocol was approved by the medical ethics
committees of the participating hospitals.

Phenotypes of wheeze

Wheeze was assessed annually with the question: ‘Has
your child had wheezing or whistling in the chest in
the last 12 months?’ at the age of 1-8 years, and
answered with yes or no. Therefore, 2® = 256 different

longitudinal patterns of wheeze were possible. To iden-
tify children with similar patterns of wheeze over time,
LLCA was used. With LLCA wheezing phenotypes were
derived in the PIAMA and the ALSPAC birth cohort,
and results were previously reported [4, 5]. The derived
phenotypes in these independent cohorts were compara-
ble, supporting the validity of the phenotypes [5].
Including only children with complete data on wheez-
ing at every age in the PIAMA cohort, the following
five phenotypes of wheeze were identified: never/infre-
quent wheeze, transient early wheeze, intermediate
onset wheeze, persistent wheeze and late onset wheeze.

Perinatal factors

Candidate perinatal risk factors were selected based on
previous literature and availability within our data set,
and included parental characteristics (n = 5), child
characteristics (n = 5), prenatal exposures (n = 3) and
post-natal exposures (n = 6). Apart from exposure to
fine particulate matter (PM,s;) and study region, all
investigated risk factors were defined using question-
naire data. Maternal age, maternal body mass index
(BMI), pregnancy duration, birth weight and exposure
to PM, s were included as continuous variables. Mater-
nal BMI was calculated on the basis of maternal height
and weight before pregnancy, as reported by the
mother. Study region was considered a possible con-
founder and included as a variable with four categories.
All other items were analysed as dichotomous variables.
High educational level was defined as a completed
bachelor and/or master study. Breastfeeding was
defined positive if the child was breastfed for at least
12 weeks. Individual exposure to PM, ; was assessed as
the annual average concentrations in the year 1999-—
2000 at the birth address, and estimated by land-use
regression models. These models were based on four
two-week measurements of PM, 5 at 40 sites throughout
the study area, and details were previously described
[7]. A detailed definition of all perinatal factors is given
in the Data S1.

Statistical analysis

All analyses were carried out using SAS 9.1 (SAS Insti-
tute, Inc., Cary, NC, USA). The association between phe-
notypes of wheeze and all perinatal factors was
investigated using a weighted multinomial logistic
regression model (SAS PROC CATMOD). The analyses
were weighted for the probability that a child belonged
to a certain phenotype (individual posterior membership
probability), to minimize bias due to misclassification
of the wheezing phenotypes. All factors were inspected
adjusting for gender. Secondly, multivariable models
were built, adjusted for the following confounding

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405
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variables (based on literature and correlations within
our data set): gender, parental allergy, pre- and post-
natal smoke exposure, breastfeeding, day-care, preg-
nancy duration, older siblings, birth weight, maternal
age, study region, parental level of education. Finally,
modification of the associations between all perinatal
factors and wheezing phenotypes was investigated for
gender of the child, and maternal allergy. These factors
were selected because interaction of gender and mater-
nal allergy with several other perinatal factors has been
previously reported [8—10].

Results

Study population

Of the 3,963 children included at baseline 3614 were
still in follow-up at 8 years and 2810 (71%) had com-
plete data on wheezing at every single year. This was
taken as the study population for the univariate analy-
ses. A detailed flowchart is presented in Fig. 1. Table 1
shows general characteristics of the study population
(n = 2810). This population was comparable to the
baseline population (n = 3963) with respect to gender,
prematurity, birth weight, older siblings and allergy of
the father. Children in the current analysis had parents
with a higher level of education, more often received
breastfeeding and were less likely to have a mother
who smoked during pregnancy, compared to the chil-
dren who were excluded. The percentage of missing
data on perinatal factors in the study population was
less than 1% for all variables, apart from maternal BMI,
which had 6.5% missings. In the multivariable analysis,
13 potentially confounding variables were included.
Eighty-two children (2.4%) had a missing value on at
least one of these variables; 2728 children were
included in the multivariable analyses.

Wheezing phenotypes

The percentages of children for each phenotype are pre-
sented in Table 1. Seventy-five percent of all children
belonged to the group with never/infrequently wheezed.
Of the children who wheeze, the largest group had tran-
sient early wheeze (16.7%), late onset wheeze being the
least prevalent phenotype (1.7%). Figure 2 depicts the
age-specific probability of wheeze for all phenotypes.

Association of perinatal risk factors with wheezing
phenotypes

Parental risk factors. A family history of allergy was
significantly associated with a higher risk of transient
early wheeze, persistent wheeze and late onset wheeze,
but not intermediate onset wheeze (Table 2). A higher

Screenings questionnaire in pregnant
women (n = 10 232)

Invited pregnant women (n = 7862) |
Allergic | Non-allergic mothers
mothers
n=3876 | n=2238

Agreed with informed consent
n=4146)

| | n=183 lost to follow-
up before birth®

Children in study after birth (n = 3963) |

Lost to follow-up®
before age 4 years:
n=151
at5years:n=75
at 6 years: n = 39
at 7 years: n =55
at 8 years: n =22

In follow-up at 8 years (n = 3614) |

2 1 questionnaires
missing at age 1-8
years (n = 843)

Wheezing data available at every age
from 1-8 years (n = 2810)°

= 1 confounder
variable missing
(n=82)

Outcome and all confounders data
available (n = 2728)¢

Fig 1. Population flow chart. (a) Lost to follow-up before birth due to
various reasons: perinatal death, language barrier, not interested,
moved, etc.; (b) lost to follow-up before age 4 due to various reasons
(e.g. moved, personal reasons, repeated non-response without known
reason); (c) number of subjects used in univariate analyses; (d) num-
ber of children included in the multivariable analyses.

maternal BMI was significantly associated with more
transient and persistent wheezing,.

Child characteristics. Gender, birth weight, pregnancy
duration and admittance to a hospital after birth were
associated with at least one wheezing phenotype, but
caesarean section was not. Boys more often had transient
early and persistent wheeze than girls. Children with a
lower birth weight were more likely to develop transient
early and intermediate onset wheeze. A short pregnancy
duration and admittance to a hospital after birth were
both associated with more transient early wheeze.

Prenatal exposures. Smoking during pregnancy was the
only prenatal exposure variable linked to a wheezing

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405
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Table 1. Description of the study population

Variable n/N %
General characteristic
Female gender 1360/2810 48.4
Allergic mother 750/2810 26.7
Allergic father 850/2810 30.3
Maternal education (% high) 1046/2807 37.3
Paternal education (% high) 1166/2792 41.8
Study region
North 891/2810 31.7
Middle 765/2810 27.2
East 426/2810 16.2
West 728/2810 25.9
Maternal smoking during pregnancy 421/2780 15.1
Premature birth (< 37 weeks) 131/2805 4.7
Low birth weight (< 2500 g) 89/2805 3.1
Breastfeeding ever given 2334/2789 83.7
Older siblings present (> 1) 1419/2810 50.5
Mean/N I0R
Maternal age (years) 30.7/2804 5.0
Maternal body mass index (kg/m?) 22.8/2626 3.7
Particulate matter (PM,s) (ug/m>) 16.9/2806 2.0
Health outcomes at 8 years n/N %
Wheezing phenotype*
Never/infrequent 2109/2810 75.0
Transient early 470/2810 16.7
Intermediate onset 85/2810 3.1
Persistent 99/2810 3.5
Late onset 47/2810 1.7
Allergic sensitization inhaled allergens’ 389/1434 27.1

*Frequency (n) of each wheezing phenotype is calculated as the sum
of the membership probability of all children for that phenotype.
Defined as specific IgE concentration > 0.7 IU/mL for at least one of
the following inhaled allergens: house dust mite (Dermatophagoides
pteronyssinus), cats, dogs, grass pollen (Dactylis glomerata), birch,
Alternaria alternata.

phenotype. It significantly increased the risk for tran-
sient early wheeze, and had a non-significant trend for
more persistent wheeze with a similar odds ratio (Table 3).

Post-natal  exposures. Breastfeeding for at least
12 weeks significantly decreased the risk of persistent
wheeze, while older siblings and day-care attendance in
the first year increased the risk of transient early
wheeze. Environmental tobacco smoke did not signifi-
cantly increase the risk of any wheezing phenotype. Air
pollution as measured by PM, s was associated with
phenotypes with a higher probability of wheezing, espe-
cially intermediate onset and persistent, but this did not
reach significance.

Multivariable analyses. To exclude confounding by cor-
related risk factors for wheezing, we performed a

1.0 q
0.9 A
0.8
0.7
0.6
0.5 -
0.4
0.3 A
0.2
0.1 4

Probability of wheeze

Age (years)

—e— Never/Infrequent Wheeze (75.0%)
Transient Early Wheeze (16.7%)
—m— Intermediate Onset Wheeze (3.1%)
——— Persistent Wheeze (3.5%)
Late Onset Wheeze (1.7%)

Fig 2. Probability of wheeze at each time-point from birth to age
8 years for each wheezing phenotype in Prevention and Incidence of
Asthma and Mite Allergy (N = 2810). The prevalences of the pheno-
types are shown next to the phenotypes in the legend. Figure adjusted
from Savenije et al. [5] with permission Journal of Allergy and Clini-
cal Immunology.

multivariable analysis. All factors that remained signifi-
cantly associated with one or more wheezing pheno-
types are presented in Fig. 3. In the adjusted analysis, a
parental history of allergy and male gender remained
the strongest risk factors for wheezing during child-
hood, and were significantly associated with transient
early and persistent wheeze. Two modifiable maternal
factors were also associated with wheezing phenotypes.
First, children from an older mother were less likely to
develop transient early wheeze, but tended to develop
more late onset wheeze. Second, a high maternal BMI
was significantly associated with transient early wheeze
and borderline significantly with persistent wheeze.
Low birth weight remained strongly associated with
intermediate onset wheeze only, and a short pregnancy
with more transient early wheeze. Smoking during
pregnancy, older siblings and day-care attendance
remained significantly associated with a higher risk of
transient early wheeze. Breastfeeding for at least
12 weeks was the only significant protective factor for
persistent wheeze.

Effect modification was tested for gender as well as
maternal allergy on all perinatal factors listed in
Tables 2 and 3, but no significant interaction was found
for any of these factors.

Discussion

Wheezing phenotypes during childhood were differen-
tially and sometimes uniquely associated with perinatal
risk factors. Allergy of the mother or father, gender,

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405
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Table 2. Crude associations of parental and child characteristics at birth with wheezing phenotypes

Never/infrequent
wheeze (n = 2109)

Transient early
wheeze (n = 470)

Intermediate onset
wheeze (n = 85)

Persistent
wheeze (n = 99)

Late onset
wheeze (n = 47)

Parental characteristics
Maternal allergy*

Frequency, % 24.8 29.5

OR (95 CI) 1.27 (1.02-1.59)°
Paternal allergy*

Frequency, % 28.1 36.2

OR (95 CI) 1.46 (1.18-1.80)"
Parental educational level (> 1 parent high level)

Frequency,% 53.5 51.2

OR (95 CI) 0.91 (0.74-1.11)
Age mother*

Average 30.7 30.4

OR (95 CI) 0.90 (0.79-1.03)
Body mass index mother (kg/mz]zi,§

Average 22.7 23.1

OR (95 CI) 1.16 (1.03-1.30)"

32.8
1.49 (0.93-2.36)

32.7
1.25 (0.79-1.99)

51.1
0.91 (0.59-1.40)

30.3
0.83 (0.62-1.11)

23.0
1.10 (0.86-1.42)

40.4
2.06 (1.36-3.12)"

40.2
1.74 (1.15-2.63)"

50.3
0.87 (0.58-1.31)

30.7
1.00 (0.76-1.30)

23.4
1.26 (1.01-1.57)"

45.0
2.49 (1.39-4.47)"

423
1.88 (1.05-3.34)"

21.8
0.76 (0.42-1.35)

31.1
1.14 (0.78-1.68)

23.0
1.10 (0.79-1.53)

Child characteristics
Gender (male)

Frequency, % 50.7 57.8

OR (95 CI) 1.41 (1.15-1.73)"
Birth weight (kg)

Average 3.55 3.48

OR (95 CI) 0.75 (0.63-0.91)"
Pregnancy duration (weeks)

Average 40.0 39.6

OR (95 CI) 0.87 (0.82-0.92)"
Caesarean section

Frequency, % 8.6 8.1

OR (95 CI) 0.92 (0.64-1.33)
Admitted to hospital after birth

Frequency, % 11.2 15.4

OR (95 CI) 1.41 (1.06-1.70)"

57.1 66.7 51.7
1.37 (0.89-2.12) 2.06 (1.34-3.16)" 1.10 (0.62-1.96)

3.42 3.55 3.48
0.63 (0.43-0.93)" 0.91 (0.62-1.33) 0.77 (0.45-1.33)

39.8 39.7 39.8
0.97 (0.85-1.11) 0.91 (0.81-1.02) 0.96 (0.80-1.15)

8.9 8.6 9.3
1.03 (0.48-2.20) 0.96 (0.47-1.99) 1.08 (0.39-3.00)

13.0 12.6 13.4
1.16 (0.61-2.22) 1.09 (0.59-2.02) 1.22 (0.51-2.90)

Never/ infrequent wheeze is reference category, all analyses were weighted for the probability that a child belongs to a certain phenotype (individ-
ual posterior membership probabilities). All odds ratios adjusted for gender, not for other possible confounders. OR (95 CI) = Odds ratio with 95%

confidence interval.

*Defined positive if any of the following items were reported: asthma, hayfever, house dust allergy, house dust mite allergy or pet allergy.

TAssociations with a significance level of P < 0.05.
0dds ratio expressed per interquartile range increase.
$Based on reported maternal weight and height before pregnancy.

smoking during pregnancy and less breastfeeding were
associated with an increased risk factors for all wheez-
ing phenotypes. Pregnancy duration, maternal age,
birth weight, day-care and presence of older siblings
had differential associations with the various wheezing
phenotypes. This may suggest that the underlying path-
ophysiology is in part similar and in part different
between the wheezing phenotypes. Transient early
wheeze was significantly associated with several modi-
fiable pre- and post-natal risk factors, namely maternal
age, maternal BMI, smoking during pregnancy and day-
care attendance in the first year; these factors may be
important targets for future prevention programmes.

Risk factors for transient early wheeze

The phenotype transient early wheeze was associated
with several perinatal factors, including a family history
of allergy, in line with two previous studies on wheez-
ing phenotypes [11, 12]. A possible explanation for the
association between parental asthma and transient
wheeze in their offspring, could be that these transient
wheezers are at increased risk of developing asthma
symptoms again at adult age. A long-term follow-up of
transient early wheezers confirmed this hypothesis, and
suggested it may be explained by tracking of a lower
lung function into adulthood [13, 14].

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405
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Table 3. Crude associations of perinatal exposures with wheezing phenotypes

Never/infrequent
wheeze (n = 2109)

Transient early
wheeze (n = 470)

Intermediate onset
wheeze (n = 85)

Persistent
wheeze (n = 99)

Late onset
wheeze (n = 47)

Prenatal exposures
Smoking mother during pregnancy*

Frequency, % 13.9 19.5

OR (95 CI) 1.51 (1.16-1.96)"
Antibiotics by mother during pregnancy®

Frequency, % 8.8 9.7

OR (95 CI) 1.12 (0.80-1.58)
Meconium in amniotic fluid

Frequency, % 19.7 17.4

OR (95 CI) 0.86 (0.65-1.15)

Early post-natal exposures
Breastfeeding at least 3 months

Frequency, % 48.8 43.6

OR (95 CI) 0.82 (0.67-1.01)
Older siblings present (> 1)

Frequency, % 49.3 56.2

OR (95 CI) 1.31 (1.07-1.60)"
Day-care attendance in first year

Frequency, % 24.3 31.5

OR (95 CI) 1.42 (1.14-1.77)"
Environmental tobacco smoke exposure*

Frequency, % 24.5 26.4

OR (95 CI) 1.11 (0.88-1.39)
Pets at 3 months

Frequency, % 50.0 48.4

OR (95 CI) 0.94 (0.77-1.15)
Particulate matter (PM,s) at birth address (ug/m?)®

Average 16.8 17.0

OR (95 CI) 1.15 (0.97-1.35)

18.1
1.37 (0.78-2.42)

7.0
0.79 (0.34-1.84)

17.8
0.88 (0.47-1.66)
43.3

0.81 (0.52-1.25)

45.5
0.85 (0.55-1.32)

20.5
0.80 (0.47-1.37)

27.2
1.15 (0.70-1.87)

50.6
1.02 (0.66-1.58)

17.1
1.26 (0.88-1.80)

19.1
1.48 (0.88-2.48)

10.7
1.26 (0.65-2.43)

20.5
1.07 (0.61-1.85)
36.3

0.61 (0.40-0.93)"

55.7
1.28 (0.85-1.92)

19.2
0.73 (0.44-1.22)

29.4
1.29 (0.83-2.01)

56.2
1.28 (0.85-1.92)

17.1
1.28 (0.92-1.79)

13.7
0.99 (0.42-2.30)

6.7
0.75 (0.23-2.37)

21.9
1.14 (0.52-2.50)
43.3

0.80 (0.45-1.44)

452
0.85 (0.47-1.52)

18.3
0.70 (0.33-1.47)

20.7
0.80 (0.39-1.64)

39.2
0.65 (0.36-1.17)

17.0
1.17 (0.73-1.88)

Never/ infrequent wheeze is reference category, all analyses were weighted for the probability that a child belongs to a certain phenotype (individ-
ual posterior membership probabilities). All odds ratios adjusted for gender, not for other possible confounders. OR (95 CI) = Odds ratio with 95%

confidence interval.

*Based on parental reports during second trimester of pregnancy.
fAssociations with a significance level of P < 0.05.

¥In the child’s house; more than one cigarette per week.

%0dds ratio expressed per interquartile range increase in PM, 5 concentration.

Multiple modifiable factors were associated with
transient wheezing, among which low maternal age and
high maternal BMI. Both factors are strongly correlated
with socio-economic status, which may explain part of
the association. However, the fact that the relations
were significant after adjustment for a wide range of
potential confounders, indicates that a more direct
effect may be present as well. A previous study reported
maternal obesity as an independent risk factor for
wheezing in early childhood: the authors acknowledged
the possibility of residual confounding, but hypothe-
sized that in utero exposure to systemic inflammation
in obesity may influence the developing immune sys-
tem of the child [15]. Another explanation for the asso-
ciation could be that maternal obesity is linked to
obesity in their offspring, which may be an independent

risk factor for the wheezing symptoms [16]. Previous
studies consistently linked low maternal age with an
increased risk of wheezing in childhood, speculating
this could be explained by both social and biological
factors [17, 18].

Day-care attendance and the presence of older sib-
lings were both associated with transient early wheeze,
probably because they increase the risk of respiratory
infections [19, 20]. Day-care attendance is a modifiable
factor, and given its strong association with transient
early wheeze it is a possible candidate for prevention
strategies. Importantly, day-care attendance seems to
cause a shift in the burden of wheezing illness to an
earlier age. The significant increase in transient early
wheezing is accompanied by a non-significant trend for
less late onset wheeze [11, 12]. Unfortunately, this does

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405
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(a) decreased risk | increased risk
Allergy mother? —e—
Allergy father? —e—
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Gender (male) —eo—
Birth weight (kgs) —e—i
Pregnancy duration (weeks) el
Smoking in pregnancy —e—
Breastfeeding > 3 month —o—
Older sibling present —eo—
Day-care 1st year —e—
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i
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e

I
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aORd 'Transient early wheeze'
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aOR¢d 'Intermediate onset wheeze'
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Age mother (years)® I e
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aORd 'Persistent wheeze'

aOR¢d 'Late onset wheeze'

Fig 3. Odds ratios of perinatal risk factors after multivariable adjustment. Never/ infrequent wheeze is reference category, all analyses were
weighted for the probability that a child belongs to a certain phenotype (individual posterior membership probabilities). Total N = 2728. (a)
Defined positive if any of the following items were reported: asthma, hayfever, house dust allergy, house dust mite allergy, or pet allergy, (b) Odds
ratios given per interquartile range increase, (c) body mass index, (d) adjusted odds ratio.

not necessarily imply that day-care causes a long-last-
ing preventive effect on wheezing, as we have previ-
ously shown using the PIAMA data [19].

Smoking during pregnancy has been consistently
reported as a prenatal risk factor for childhood wheez-
ing [21]. Most studies found a positive association with
transient early and/or persistent wheeze [12, 22-24].
Our results are consistent with this in part, and show
that in utero smoke exposure was most strongly associ-
ated with transient early wheeze. An association with
persistent wheeze was not demonstrated in our data.
Previous animal studies have demonstrated that tobacco
smoke can have a direct negative influence on lung
growth and maturation [25]. Apart from this direct
effect, prenatal smoking may indirectly cause morbidity
mediated by a lower birth weight. We here reported the
independent effect of smoking, adjusted for birth
weight. Avoidance of prenatal smoking remains a
promising preventive intervention as it could lead to a
reduction in the prevalence of transient early wheeze

and at the same time reduce the prevalence of low birth
weight, which appears to be associated with intermedi-
ate onset wheeze.

Risk factors for intermediate onset wheeze

A lower birth weight was the only significant risk fac-
tors for intermediate onset wheeze. Birth weight can-
not be directly influenced, but several modifiable
factors have been reported to influence birth weight,
most notably smoking during pregnancy [26]. We can-
not easily compare our findings with other studies,
because the outcome of intermediate onset wheeze was
not investigated previously. Conflicting results on the
effect of birth weight on wheezing and asthma in pre-
vious studies may well have been caused by differ-
ences in outcome definitions, particularly the age of
outcome assessment. A large cohort study of 16,000
children in Manitoba, Canada reported more physi-
cian-diagnosed preschool asthma in very low birth
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weight children before the age of 4 years [27]. A later
cohort study of 83 000 children in Alberta, Canada
reported ‘high birth weight’ as risk factor for asthma-
related emergency visits in children up to the age of
10 years [28]. We previously reported a negative asso-
ciation in the PIAMA data between birth weight and
wheeze until the age of 4 years, which decreased at
later ages to unity [29]. The current analysis confirms
this time trend and strongly suggests that it is caused
by an association of birth weight selectively with the
phenotype of intermediate onset wheeze. Intermediate
onset wheeze was first described in the ALSPAC study
and an independent analysis of the PIAMA data
revealed a group of children with a similar pattern of
wheeze [4, 5]. The clear differences between risk
factors for intermediate onset and other wheezing phe-
notypes may imply a different underlying pathophysi-
ology. Possibly, children with a lower birth weight are
prone to wheezing due to disturbed airway growth in
utero and, hence, smaller airways. The fact that the
prevalence of wheezing decreases in this group after
the age of 5 years fits well with this hypothesis,
because children may become less susceptible for
wheezing illnesses when their airways increase in size
[3]. Why this specific phenotype becomes manifest
after a symptom-free interval of several years remains
to be elucidated.

Risk factors for persistent wheeze

The most striking risk factor for persistent wheeze was
parental allergy, in line with previous literature [3, 11,
12, 22, 23]. Another finding consistent with previous
literature is that boys were twice more likely to have
persistent wheeze than girls in the studied age range
[3, 11, 23]. We found that breastfeeding for at least
3 months significantly reduced the risk of persistent
wheezing for at least 8 years, with an odds ratio of 0.6
(P = 0.03). Apparently the positive association between
breastfeeding and asthma at age 3-8 years that we
reported previously was largely explained by our pres-
ent finding of an association with the phenotype of
persistent wheeze. [30]. Odds ratios for all other wheez-
ing phenotypes also showed a non-significant trend
towards protection. This implies that breastfeeding
reduces the overall prevalence of wheezing, rather than
causing a shift in age of onset. Therefore, our data
suggest that breastfeeding remains an important target
in the prevention of asthma symptoms in the first
8 years of life. Controversy still exists in literature
about the effects of breastfeeding on atopic disease,
with several observational studies reporting protective
effects [31], including one earlier study in the PIAMA
cohort [30], while others found increased risks of ato-
pic disease [32]. Differences may to some extent be

explained by differences in the outcome definition as
well as the age of assessment. The PROBIT clinical trial
did not find a protective effect of breastfeeding on ato-
pic disease [33]. The outcome variables used in this
study, ‘current’ and ‘ever wheeze’, had a low preva-
lence in this Eastern European population and this
complicates comparisons of these findings to results
obtained in settings with higher prevalence of atopic
disease. Nevertheless, there remains a possibility that
the protective effects of breastfeeding that we found
may be explained by residual confounding. Previous
studies suggested that there is interaction between
breastfeeding, maternal allergy and the risk of asthma.
We did not find evidence for this, in line with our pre-
vious report [30]. Multiple pathways could explain a
lower risk of wheezing in breastfed children. Breast
milk may influence the infant’'s immune system
directly by immunomodulatory factors, or indirectly by
affecting the infant’s mucosal maturation and thereby
the intestinal microflora [31, 34].

Risk factors for late onset wheeze

Maternal allergy was the only significant risk factor for
late onset wheeze in the multivariate analyses, paternal
allergy being of borderline significance. No modifiable
risk factors for late onset wheeze were detected. This
stresses the importance of genetic constitution in the
development of late onset wheeze, but also suggests a
lack of perinatal targets for the prevention of it. How-
ever, it should be noted that the small sample size may
have reduced the power to detect any significant differ-
ences. To estimate long-term benefits of any preventive
strategies, follow-up is needed to know which of the
wheezing phenotypes is most strongly related with
asthma symptoms in adolescence and/or adulthood.
Late-onset wheezers are often considered as true asth-
matics [35], but follow-up of the Tucson cohort has
shown that persistent wheezers may actually be more
likely to have asthma at adult age than those with late
onset wheeze [14].

The presence of pets at 3 months was not associated
with any of the wheezing phenotypes. Previous analysis
of our data showed a protective effect of pets at
3 months on sensitization, but not on asthma symp-
toms. [36]. Due to small sample size, we were not able
to test the effects of different pets, genetic variants and/
or pet avoidance in different phenotypes in the current
analysis.

The possible impact of an intervention on a risk fac-
tor depends not only on its odds ratio but also on the
prevalence of a risk factor in the population. The attrib-
utable fraction (AF) takes this into account, and is
given in the online supporting information (Table S1).
The AF of a risk factor is ‘the proportion of children

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1395-1405



Perinatal factors and wheezing phenotypes 1403

with a specific wheezing phenotype that could be pre-
vented by eliminating the risk factor from the popula-
tion’, but it is likely an overestimation of the actual
effect of an intervention on this risk factor. Therefore,
interventions on the risk factors for transient early
wheeze given in Table S1 will have only a limited
impact, with < 10% reduction in transient early wheeze.
Breastfeeding had the highest AF of all modifiable risk
factors (25.6%), suggesting that it may indeed be the
single most important target for interventions to reduce
the prevalence of persistent wheeze.

Strengths and limitations

Strengths of this study are the large sample size with
high follow-up rate, and the longitudinal design. Regu-
lar follow-up with annual questionnaires that start
before birth, eliminated the risk of recall bias. Such bias
may have affected the results of the few previous stud-
ies investigating risk factors for wheezing phenotypes
[12, 22, 24, 32]. We used an unbiased and data-driven
approach to prospectively identify several distinct
wheezing phenotypes within our cohort. The use of
annual recordings of wheeze allowed us to detect new
wheezing phenotypes, in a period that wheezing preva-
lence changes rapidly. Correct classification of wheez-
ing phenotypes remains crucial to understand the
complex associations with a wide range of perinatal
risk factors.

Some considerations should be made when interpret-
ing our results. We found differential associations with
the wheezing phenotypes, suggesting different patho-
physiologies. Causality however cannot be proven using
observational data. We adjusted our results for many
possible confounders, but we cannot exclude that some
unknown or residual confounding influenced the
results. Furthermore, despite the large size of the PI-
AMA birth cohort, relatively few children were classi-
fied as late onset wheezers, with limited power to detect
significant associations with perinatal risk factors. To a
lesser extent, this may have also affected the results for
intermediate onset and persistent wheeze.

Implications

We found different patterns of risk factors for the
newly derived wheezing phenotypes, based on latent
class analysis, and this could imply that these pheno-
types are indeed different disease entities, with different
pathophysiologies. This should be taken into account in
the search for prevention strategies. Our data show that
most modifiable risk factors may have an influence on
transient early wheeze. Prevention of transient early
wheeze will have the biggest impact on symptoms in
the first years of life. It is the most prevalent wheezing

phenotype and there is evidence that these children are
at increased risk for adult asthma as well [14]. We
found that prenatal smoking is a promising target for
prevention, as it was associated with transient early
wheeze and simultaneously causes a lower birth weight,
which may lead to more intermediate onset wheeze.
Most importantly, we found that the promotion of
breastfeeding for at least 3 months has the potential to
have a large impact on persistent wheeze, which in turn
has a high risk of chronic asthma lasting into adult-
hood [14].

In conclusion, we examined the association of peri-
natal risk factors with childhood wheezing phenotypes.
We found that specific risk factors were associated with
different phenotypes. This suggests that the underlying
pathophysiology of phenotypes may be different. We
identified the modifiable risk factors maternal age and
body mass index, smoking, day-care attendance and
breastfeeding. Especially, smoking and breastfeeding
are important targets for prevention.
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Methods

Recruitment of participants

All children participated in the Prevention and Incidence of Asthma and Mite Allergy
(PIAMA) birth cohort study. This multicentre study was conducted in 3 different
regions of The Netherlands: north (Groningen and surroundings), central (Bilthoven,
Wageningen and surroundings) and southwest (Rotterdam and surroundings).
Recruitment took place between March 1996 and May 1997 by means of a validated
screening questionnaire,(S1) distributed by midwifes to 10,232 pregnant woman
visiting one of 52 prenatal clinics. According to the results of this screening the
women were divided in an allergic and a non-allergic group. Women with any of the
following self-reported symptoms were defined as allergic: asthma, hay fever, house
dust allergy, house dust mite allergy or pet allergy. Children of allergic women were
defined as ‘high-risk’. Based on the screening 7,862 women (2,779 allergic and 5,083
non-allergic) were invited to participate in the study, approximately 50% (n=4,146)
agreed and gave informed consent (1,327 allergic and 2,819 non-allergic). The
PIAMA cohort includes an intervention part, studying the effect of impermeable
mattress covers, and a natural history part. Figure S1 shows the flow diagram for
recruitment of the intervention and the natural history arm. In the present study we
considered children from both the intervention and the natural history part. As
previously published, the intervention had no effect on the incidence of allergy or
respiratory symptoms, including the symptom of wheezing.(S2) After birth, the study
population consisted of 3963 children. Eligible for the present study were children

with complete data on wheezing at every age from 1-8 years (n=2810). In these



children 5 wheezing phenotypes were previously indentified using Longitudinal Latent

Class Analysis.(S3)

Perinatal factors

In total 19 possible perinatal risk factors were investigated. The following parental
characteristics were included: maternal allergy, paternal allergy, parental educational
level, maternal age, and maternal body mass index (BMI). Parents were considered
‘allergic’ if they reported any of the following items: asthma, hay fever, house dust
allergy, house dust mite allergy, pet allergy. Information on education of both parents
was combined in one dichotomous variable (low vs. high), and considered ‘high’ if at
least one of the parents completed a bachelor or masters study. Maternal BMI was
calculated on the basis of maternal height and weight before pregnancy, and was
reported by the mother in the questionnaire send when the child was 1 year old. The
odds ratios of both maternal age and BMI were calculated per interquartile range
increase. The child characteristics that were investigated were: gender, birth weight,
pregnancy duration, caesarian section, and whether a child was admitted to a
hospital directly after birth. The odds ratios for gender were calculated with girls as
the reference group. Estimates for birth weight were calculated per kilogram higher
weight, and estimates for pregnancy duration per week. Three prenatal exposures
were investigated: prenatal smoking, prenatal use of antibiotics (both assessed
during the second trimester of the pregnancy), and exposure to meconium in the
amniotic fluid which was asked when the child was three months old. The
investigated postnatal exposures included breastfeeding, the presence of older
siblings, daycare attendance in the first year, environmental tobacco smoke

exposure, the presence of pets in the household, and exposure to particulate matter



(PM,5) at the child’s birth address. Breastfeeding (BF) was assessed as the total
number of weeks that breastfeeding was given. In a previous PIAMA publication this
variable was divided in three categories (no BF, 0-16 wks BF, more than 16 wks BF),
but due to the small sample size in some wheezing phenotypes it was dichotomized
in this paper: no breastfeeding or less than 12 weeks vs. at least 12 weeks.(S4)
Daycare was defined as at least 4 hours per week in a professional daycare
institution, where children were exposed to other children under the age of 12 years.
The average group size in professional daycare centers in the Netherlands is 10
children. Environmental tobacco smoke was assessed when the child was three
months old, and defined as exposure to tobacco smoke at least once a week in the

living room of the child’s house.

Statistical analysis

All analyses were carried out using SAS 9.1 (SAS Institute, Inc., Cary, NC). As
outcome in this study we used wheezing phenotypes, that were previously derived in
the PIAMA study using longitudinal latent class analysis (LLCA). This statistical
approach attempts to identify groups of children within the population (latent classes)
that have a similar pattern of wheeze over time. This is done by selecting subgroups
within which the occurrence of wheeze at a certain time point, is statistically
independent of the occurrence of wheeze at another point in time. Rather than
appointing every individual child to a single latent class (i.e. phenotype), the model
calculates for every child the probability of belonging to each of the identified latent
classes. This probability is called the ‘individual posterior membership probability’.
Since 5 latent classes (wheezing phenotypes) were identified in the PIAMA study, 5

posterior membership probabilities were calculated for every child. The association



between phenotype of wheeze and all perinatal factors was investigated using a
weighted multinomial logistic regression model (SAS PROC CATMOD). These
multinomial models were weighted for the individual posterior membership

probabilities, in order to minimize the risk of bias due to phenotype misclassification.
Attributable Fraction

The aim of our study was to find possible interventions to prevent wheezing illnesses
in childhood. In order to assess the maximal possible effect of a prevention program
on any modifiable risk factor, it is important to consider the strength of the association
with the outcome, but also the prevalence of the risk factor in the population. Both
aspects are taken into account in the attributable fraction (AF). The AF indicates the
excess number of children with a wheezing phenotype associated with a specific risk
factor, and is expressed as a proportion of the total number of children with the
wheezing phenotype. We calculated the AF for all modifiable factors that were
significantly associated with a wheezing phenotype in the multivariate analysis. The
AF of a risk factor was estimated by calculating the expected number of cases using
the regression coefficients of the multivariable model, after elimination of that
(dichotomous) risk factor from the population.(S5) The AF of continuous variables
was estimated by changing the population distribution to a degree that would be
clinically plausible. Therefore the following changes were modeled in the continuous
variables: 1) maternal age was increased with 5 yrs, but only in mothers < 30 yrs of
age; 2) maternal BMI was decreased to a maximum of 25 kg/m?for all mothers; 3)
pregnancy duration was increased to a minimum of 39 wks for all children; and 4)

birth weight was increased with 200 grams in all children.



Results

Attributable Fraction

The results for the attributable fraction of all risk factors that were significant in the
multivariable analysis are given in table S1. Transient early wheeze had the most
significant risk factors after multivariable adjustment. Parental allergy and gender
were significant risk factors, but as these factors are not modifiable, these are no
targets for interventions. The presence of older siblings had the highest AF, but also
this factor would in practice not be usable for an intervention. The AF of the other
significant risk factors for transient early wheeze was small (<10%). The AF could be
interpreted as ‘the proportion of children with a specific wheezing phenotype that
could be prevented by completely eliminating the risk factor from the population’.
However, there are two important assumptions in this interpretation. First, the
association of the risk factor with the wheezing phenotype is assumed to be
completely causal. Causality cannot be proven using observational data. Results
were adjusted for known confounders, but it cannot be excluded that some unknown
or residual confounding influenced our results. Secondly, it is unlikely that an
intervention in the general population could achieve a complete elimination of any of
the investigated risk factors. Therefore the AF is an overestimation of the actual
effects of a prevention program on public health. Taking these considerations into
account, the proportion of wheezing that may be avoided by interventions on

perinatal risk factors is probably limited.

The only significant risk factor for intermediate onset wheeze was birth weight. The
most important modifiable factor that can influence birth weight is smoking during

pregnancy. In our data smoking during pregnancy led on average to a 200 gram



reduction in birth weight, which is why we calculated the AF by modeling a 200 gram
increase in birth weight. The AF of 12.3% is considerable, but should be interpreted
with caution, as it may be very difficult to actually influence birth weight on a

population level.

Parental allergy and male gender were associated with persistent wheeze, but these
factors are not modifiable. Breastfeeding was the only modifiable significant risk
factor for persistent wheeze. It had the highest AF (25.6%) of all modifiable factors,
which can be explained by the strong odds ratio, in combination with the high
proportion of mothers that did not give breastfeeding for at least three months (over
50%). Therefore breastfeeding remains an important target in the prevention of

asthma symptoms in the first 8 years of life.

The outcome of late onset wheeze was significantly associated with maternal allergy
only. As this is not a modifiable factor, we could not estimate the possible impact of

any intervention to reduce late onset wheeze.
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Figure legends



Tables

Table S1. Attributable fraction of risk factors after multivariable adjustment*

Transient Intermediate Persistent Late Onset

Risk factor Early wheeze Onset wheeze wheeze wheeze

(n=455) (n=83) (n=98) (n=45)

,,,,,,,,,,,,,,,,,,,,,,,,,, Atributable fractions

Maternal allergy* 5.9 % - 20.2 % 28.0%
Paternal allergy* 9.5 % - 16.0 % -
Age mother® 9.6 % - - -
Maternal BMI (kg/m?) 57 2.2 % - - -
Gender (male) 13.1% - 33.0% -
Birth weight (per kg) - 12.3% - -
Pregnancy duration (per wk) 3.8% - - -
Smoking mother pregnancy 5.8% - - -
No breastfeeding for >3 mths - - 25.6 % -
Older sibling present (1) 19.5% - - -
Daycare in first year 10.8 % - - -

Total N=2,728. Never/ infrequent wheeze (n=2047) is reference category.
Frequencies (n) of wheezing phenotypes calculated as the sum of the individual
posterior membership probability of all children for that phenotype, all analyses
weighted for individual posterior membership probability. *Analyses adjusted for:
gender, parental allergy, pre- and postnatal smoke exposure, breastfeeding, daycare,
pregnancy duration, older siblings, birth weight, maternal age, study region, parental
level of education. F: ‘Allergy’ defined positive if any of the following items were
reported: asthma, hay fever, house dust allergy, house dust mite allergy, or pet
allergy. 8: Odds ratios given per interquartile range increase. : BMI is Body Mass

Index.



Figures

Figure S1. The Prevention and Incidence of Asthma and Mite Allergy (PIAMA)

recruitment scheme.

Phase II: Recruitment
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intervention group placebo group control group with home visit questionnaire only
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