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Abstract
The main goal of the paper was to assess the pattern of risk factors having an impact on the onset of
early wheezing phenotypes in the birth cohort of 468 two-year olds and to investigate the severity
of respiratory illness in the two-year olds in relation to both wheezing phenotypes, environmental
tobacco smoke (ETS) and personal PM2.5 exposure over pregnancy period (fine particulate matter).
The secondary goal of the paper was to assess possible association of early persistent wheezing with
the length of the baby at birth. Pregnant women were recruited from ambulatory prenatal clinics in
the first and second trimester of pregnancy. Only women 18–35 years of age, who claimed to be non-
smokers, with singleton pregnancies, without illicit drug use and HIV infection, free from chronic
diseases were eligible for the study. In the statistical analysis of respiratory health of children
multinomial logistic regression and zero-inflated Poisson regression models were used.
Approximately one third of the children in the study sample experienced wheezing in the first two
years of life and in about two third of cases (67%) the symptom developed already in the first year
of life. The early wheezing was easily reversible and in about 70% of infants with wheezing the
symptom receded in the second year of life. The adjusted relative risk ratio (RRR) of persistent
wheezing increased with maternal atopy (RRR = 3.05; 95%CI: 1.30 – 7.15), older siblings (RRR =
3.05; 95%CI: 1.67 – 5.58) and prenatal ETS exposure (RRR= 1.13; 95%CI: 1.04 – 1.23), but was
inversely associated with the length of baby at birth (RRR = 0.88; 95%CI: 0.76 – 1.01). The adjusted
incidence risk ratios (IRR) of coughing, difficult breathing, runny/stuffy nose and pharyngitis/
tonsillitis in wheezers were much higher than that observed among non-wheezers and significantly
depended on prenatal PM2.5 exposure, older siblings and maternal atopy. The study shows a clear
inverse association between maternal age or maternal education and respiratory illnesses and calls
for more research efforts aiming at explanation of factors hidden behind proxy measures of quality
of maternal care of babies. The data support the hypothesis that burden of respiratory symptoms in
early childhood and possibly in later life may be programmed already in prenatal period when the
respiratory system is completing its growth and maturation.
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Introduction
There is a good body of epidemiologic evidence that asthma and other respiratory diseases are
a major health issue in childhood. They account for leading causes of visits to physicians and
hospitalization with asthma being one of the main and increasing causes of hospitalization in
young children and adolescents in many countries The prevalence of asthma and wheezing
symptoms in infants and children varies widely between populations and there is much
controversy concerning the nature and meaning of early wheezing for respiratory health in the
course of adult life (1–4). Wheeze originates in airways which may be narrowed by
compression or by intrabronchial or intraluminal obstruction (inflammatory mucosal edema,
secretions or spasm), which cause an increase in velocity of gas through them with resultant
oscillation. It is also suggested that wheezing lower respiratory illness (LRI) in the first year
of life is a consequence of anatomically small airway unrelated to the later development of
atopic asthma (5).

Up to now, most epidemiologic research on respiratory health in early childhood was focused
on postnatal ETS and other environmental insults (6–18). However, the lung is unusual in that
its development is incomplete at birth and respiratory function must undergo a very rapid and
dramatic change at birth (19). It is becoming clear that not only perinatal and early childhood
periods constitute a particularly vulnerable time during which air pollutants may exert harmful
effects respiratory tract of infants (20–26). In the intrauterine period, during which the lung is
developing and maturing, even very subtle influences on airway fetal development can have a
lasting impact on the risks of respiratory disease later in life (27,28).

The primary aim of the study was to establish the overall pattern of prenatal environmental
risk factors (ETS and fine particulate matter) related to the onset of wheezing phenotypes and
severity of respiratory illness in early childhood. The impact of prenatal air quality on the
severity of respiratory illness measured by the duration of various respiratory symptoms in the
first two years of life was adjusted to potential confounding factors such as gender of child,
maternal age, education and maternal atopy, parity, moldy/damp home or socioeconomic status
of the family. The secondary goal of the paper was to assess possible association of early
persistent wheezing with the size of the baby at birth.

Material and Methods
This study uses data from an earlier established birth cohort of children in Krakow being the
part of the collaborative study with Columbia University in New York. The design of the study
and the detailed selection of the population have been described previously (29). Pregnant
women were recruited from ambulatory prenatal clinics in the first and second trimester of
pregnancy. Only women 18–35 years of age, who claimed to be non-smokers, with singleton
pregnancies, without illicit drug use and HIV infection, free from chronic diseases such as
diabetes or hypertension, and residents of Krakow for at least one year prior to pregnancy were
eligible for the study. Prior to participation, women read and signed an informed consent. The
Ethical Committee of the Jagiellonian University approved the research.

Upon enrolment, a detailed questionnaire was administered to each woman at the entry to the
study to solicit information on demographic data, house characteristics, medical and
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reproductive history, occupational hazards, and smoking practices of others present in the
home. A total of 505 pregnant women enrolled to the study born their children between January
2001 and February 2004, but the analysis has been based on 468 subjects with complete data.

Prenatal environmental tobacco smoke (ETS) was measured by a average number of cigarettes
smoked daily in the presence of mother over pregnancy period and postnatal ETS by a number
of cigarettes smoked daily at home in the presence of child over two years in postnatal period.
The definition of moldy/damp household was based on questions regarding noticeable moisture
stains and visible mould growth on the walls within the household at the interview taken at the
end of the two-year follow up. Maternal atopy was assumed in the case that the mother reported
allergic skin disorders or allergic related respiratory diseases. Maternal education (years of
schooling) was treated as a proxy for the socio-economic status.

After delivery, newborns were followed-up every three months over two years and trained
interviewers have carried out detailed standardized interviews on infants’ health at each three-
month visit. All interviews have been performed with the mothers of infants. Respiratory
outcomes variables included the following individual symptoms: 1. wheezing or whistling in
the chest irrespective of respiratory infection, 2. cough with or without cold,.3. difficult
breathing, 4. symptoms of angina/pharyngitis, 5. runny/stuffy nose. For each of the symptom
its duration (days) in each 3-month period was recorded in the questionnaire. The severity of
respiratory symptoms was expressed by the overall number of days with a given symptom
experienced by the child in the first two years of life.

Data on wheezing with whistling on children chest during each of 8 time points was used to
identify four mutually exclusive patterns of wheeze between birth and 2 years: 0. never
wheezers (no wheezing at any of the 8 time points); 1. transient early wheeze (wheezed at any
time at 0–12 months but not thereafter); 2. late wheeze (onset of wheeze between 13 and 24
months). 3. persistent wheezing, which developed in the first year of life and continued to be
present in the second year of the follow-up.

Dosimetry of prenatal personal exposure to fine particles
During the second trimester, a member of the air monitoring staff instructed the woman in the
use of the personal monitor, which is lightweight, quiet and is worn in a backpack. The woman
was asked to wear the monitor during the daytime hours for 2 consecutive days and to place
the monitor near the bed at night. During the morning of the second day, the air monitoring
staff-person and interviewer visited the woman’s home to change the battery-pack and
administer the full questionnaire. They also checked to see that the monitor has been running
continuously and that there have been no technical or operating failures. A staff-member
returned to the woman’s home on the morning of the third day to pick up the equipment.

A Personal Environmental Monitoring Sampler (PEMS) was used to measure particle mass.
The PEMS is designed to achieve the particle target size of ≤ 2.5 μm at a flow rate of 4.0 liters
per minute (LPM) with an array of 10 impactor nozzles. Flow rates were calibrated (with filters
in place) using a bubble meter prior to the monitoring, and are checked again with a change of
the battery pack on the second day and at the conclusion of the monitoring. Pumps operated
continuously at 2 LPM over the 48-hour period. Particles were collected on Teflon membrane
filter (37 mm Teflo™, Gelman Sciences). The combination of low pressure drop (permitting
use of a low power sampling pump), low hygroscopicity (minimizing bound water interference
in mass measurements), and low trace element background (improving analytical sensitivity)
of these filters make them highly appropriate for personal particle sampling.
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Statistical Analysis
The purpose of the statistical analysis was to assess the impact of prenatal environmental risk
factors on the occurrence of wheezing phenotypes and severity of respiratory symptoms
recorded in the first two years of life of children. To identify potential confounders, associations
between population characteristics and outcome variables were investigated. Association
between wheezing phenotypes and independent variables was analyzed by the multinomial
logit model (30). The multinomial logit model is a generalization of logistic regression to more
than two outcomes. As mentioned we coded wheezing phenotypes from 0 – 3, and the outcome
0 was used as the base reference group. The multinomial model assumes r equations for the r
outcomes. One equation sets β coefficient to zero so the associated outcome is the base
reference group. Since the model is fitted using one of the outcomes as a base reference (never
wheezers), the probabilities that we calculated are relative to that base group. Since
interpretation of regression coefficients are difficult because of nonlinearity of the link function
and the incorporation of the base reference group, we transformed beta coefficients in relative
risk ratios (RRR).

The effect of environmental exposure on the severity of respiratory symptoms in infants
measured over 24 months of age was assessed by incidence rate ratios (IRRs) estimated by the
Zero-inflated Poisson regression model (ZIP), which better fits the overdispersed count Poisson
data with excess of observed zeros than the traditional Poisson regression model (30).
Dependent variables were counts of observed total number of days a given symptom present
in the follow-up period (0, 1, 2, 3, 4, etc). As in the multinomial models, in the regression
models a set of potential confounders or modifiers (gender of child, maternal education, parity,
maternal atopy, prenatal ETS, prenatal exposure to fine particles and moldy/damp household)
were taken into consideration. As distribution of PM2.5 concentrations was markedly skew, in
all statistical analyses the prenatal PM2.5 exposure was log-transformed to the basis 2. This
makes IRRs and RRs easily interpretable as the relative changes by doubling the exposure
concentration. Statistical analyses were performed with STATA 10 version software for
Windows (31–32)

Results
In the total study sample, 126 children (26.9%) had at least one wheezing episode in the first
two years of life. The onset of wheezing in the first year of life was recorded in 84 infants
(17.9%) and new wheezing beyond the first year of age was observed in 42 children (9.0%).
Out of 84 infants for whom onset of wheezing has been reported in the first 12 months of age,
30 children (6.4%) had it still through the second year of life.

Table 1 presents the characteristics of the study sample and the occurrence of respiratory
symptoms in children with reference to the wheezing phenotypes. While there was about the
same proportion of boys and girls in the total study sample, there was more boys than girls
among persistent wheezers (63.3% vs. 36.7). Wheezers appeared to have more often atopic
mothers and more often lived in moldy/damp houses, were exposed to prenatal or postnatal
ETS and showed an excessive severity of respiratory illness measured by the number of days
with coughing, difficult breathing, runny/stuffy nose or pharyngitis/tonsillitis.

Personal measurements of prenatal daily exposure to PM2.5 particles in the study population
were within a wide range of 10.3 μg/m3 – 294.9 μg/m3 with the median of 35.3 μg/m3.
Prevalence of the self-reported prenatal ETS exposure was given in Table 1 as 26.5% while
postnatal ETS exposure was recorded in 17.1% of children, house dampness in 16.7%, and
presence of moulds/dampness in 13.0% of households. There was a significant correlation
between self-reported ETS over pregnancy and ETS recorded in the postnatal period (Figure
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1). On the other side, there was a significant interrelationship between PM2.5 and both prenatal
ETS (Spearman r = 0.34, p <0.001) and postnatal ETS levels measured by the number of
cigarettes smoked daily at home (Spearman r = 0.28, p <0.001) (Figure 2).

The multinomial logit regression model was used to establish the pattern of risk factors for
each wheezing phenotype (Table 2). Only persistent wheezing was significantly associated
with maternal atopy (RRR = 3.05; 95%CI: 1.30 – 7.15), parity (RRR = 3.05; 95%CI: 1.67 –
5.58), and prenatal ETS exposure (RRR= 1.13; 95%CI: 1.04 – 1.23). The prenatal exposure to
fine particles (PM2.5) was dropped from the regression models since it failed to explain better
the variation between dependent and independent variables. The relative risk estimates for
persistent wheezing were inversely related to length of the baby at birth (RRR = 0.88; 95%CI:
0.77 – 1.01).

Severity of individual respiratory symptoms assessed by incidence rate ratios (IRRs) estimated
in the ZIP models were adjusted for wheezing phenotypes, prenatal PM2.5 exposure and other
potential confounders (tables 3 – 6). Tables in the upper part contain the Poisson portion on
incidence risk ratios (IRR) and in the lower part the logistic portion which is based on zero
days for a given symptom and reports the odds ratios (OR). Due to significant colinearity
between both prenatal/postnatal ETS variables and PM2.5, the ETS variables were dropped
from the regression models. Adding both ETS variables into the models failed to explain better
the amount of variability of symptoms than PM2.5 itself.

Coughing duration (overall number of days in the first two years of life) adjusted for wheezing
phenotypes were positively associated with prenatal PM2.5 exposure expressed in log units
(IRR = 1.03; 95%CI: 1.01 – 1.05), moldy/damp house (IRR = 1.09; 95%CI: 1.07 – 1.11),
maternal atopy (IRR = 1.13; 95%CI: 1.09 – 1.18) and older siblings (IRR = 1.26; 95%CI: 1.23
– 1.29). All wheezing phenotypes had the pronounced effect on the occurrence of coughing
symptoms. While the transient wheezing increased the severity of coughing by about 50 – 60%
the persistent wheezing doubled the risk (IRR = 2.14; 95%CI: 2.03 – 2.25). Better maternal
education and older maternal age at delivery were inversely associated with the IRR for
coughing days. The number of zero events was only inversely associated with wheezing
phenotypes (Table 3).

The adjusted IRR of difficult breathing was also significantly associated with prenatal PM2.5
exposure (IRR = 1.17; 95%CI: 1.12 – 1.23), moldy/damp house (IRR = 1.13; 95%CI: 1.08 –
1.17) and maternal atopy (IRR = 1.45; 95%CI: 1.36 – 1.59). The estimated IRR was lower in
girls than in boys. All wheezing phenotypes significantly increased the severity of difficult
breathing, but better maternal education and older maternal age at delivery were inversely
associated with the IRR. The number of zero events was only inversely associated with
wheezing phenotypes (table 4).

The adjusted IRRs of pharyngitis/tonsillitis were also significantly associated with prenatal
PM2.5 exposure (IRR = 1.11; 95%CI: 1.07 – 1.14), moldy/damp house (IRR = 1.12; 95%CI:
1.08 – 1.45) and maternal atopy (IRR = 1.19; 95%CI: 1.12 – 1.27), but better maternal education
and older maternal age at delivery were inversely associated with the IRR. The number of zero
events was inversely associated with older siblings (Table 5).

The IRRs of runny or stuffy nose correlated significantly with moldy/damp house (IRR = 1.03;
95%CI: 1.02 – 1.05), maternal atopy (IRR = 1.19; 95%CI: 1.16 – 1.22) and older siblings (IRR
= 1.38; 95%CI: 1.36 – 1.41). All wheezing phenotypes significantly increased the severity of
difficult breathing but better maternal education and older maternal age at delivery were
inversely associated with severity of these symptoms. The number of zero events was only
inversely associated with older siblings (Table 6).
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DISCUSSION
Approximately one third of the children (26.9%) in our study experienced wheezing symptoms
in the first two years of life and in about two third of cases the symptoms developed already
in the first years of life. Wheezing observed in the first 12 months of age appeared to be easily
reversible and in about 70% of wheezing infants the symptoms were not confirmed in the
second year of the follow-up.

Our study demonstrated a set of risk factors for the onset of persistent wheezing and its
likelihood increased with maternal atopy, older siblings in the household and prenatal exposure
to ETS, but inversely correlated with the size of newborns at delivery. The data showed a strong
link between severity of respiratory illness and early wheezing and documented a set of other
risk factors related to the severity of respiratory illness such as prenatal PM2.5 exposure, moldy/
damp house, maternal atopy and presence of older siblings. The adjusted incidence risk ratios
(IRR) of coughing, difficult breathing, runny/stuffy nose and pharyngitis/tonsillitis
significantly were associated inversely with maternal age and education level.

Although prenatal exposure to prenatal PM2.5 particulate matter was not directly associated
with the onset of early wheezing, however, this exposure could have had indirect effect on the
occurrence of early wheezing through its effects on size of newborns and intrauterine lung
growth. Observed in our study an inverse relationship between infants’ length at birth and
persistent wheezing could indicate that a shorter length of newborns might be a proxy measure
of slower biological maturation of respiratory tract, which obviously depends on many factors
such as maturation of target lung cell population, their relevant enzyme and detoxication
systems (33–37). Animal studies already documented that both intrauterine and postnatal
exposure to pollutants could lead to impaired lung growth (38). In this context, we may also
refer to our earlier findings, which showed that prenatal exposure to PM2.5 was significantly
associated with lower birthweight and shorter length of babies at birth (39).

The observed inverse relationship between length at birth and the occurrence of persistent
wheezing in early childhood provides a support for the fetal origins hypothesis (40). The
hypothesis proposes that the fetal growth changes with altered nutrient or oxygen supply and
intrauterine exposure to environmental hazards may affect growing organs and hormonal and
metabolic pathways and lead to impairment of fetus growth and specific organs such as lungs
(42,43). There are known reports documenting the relationship between size of newborns and
respiratory health in adult life. For instance, the recent study of over 2000 British women found
a positive association between birthweight and lung function at age 60 –79 years (43). Other
studies also reported an association between birthweight and respiratory health or lung function
measured in adulthood (44–47).

Very strong association of persistent wheezing with severity of respiratory infections found in
our study may have its origin in the fact that wheezing in early infancy is a surrogate marker
of the pulmonary immune immaturity, which is manifested by an enhanced susceptibility to
the effects of respiratory viruses. Frequent recurrent insults to the airway epithelium in the
course of respiratory infections in wheezers may result in various inflammatory processes that
induce structural airway changes (48). The importance of early wheezing for the respiratory
health of young children was emphasized by the findings that most cases of persistent wheezing
and asthma, which begin in early life are often associated with reduced infant lung function.
For instance, the recent study in preschool children in the Manchester Asthma and Allergy
Study (49) has shown that both transient and persistent wheezers have reduced lung function
compared with nonwheezing children, but the deficit was considerably greater in persistent
wheezers. It is possible that the deficits in lung function in persistent and transient wheezers
may occur at a much younger age.
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Although postnatal ETS is assumed to be a risk factor for both susceptibility and severity of
respiratory infections, but the role intrauterine exposure to ETS is less clear (50) In our study
we could only confirm the significant impact of prenatal ETS on the onset of persistent
wheezing, but we were not able to assess separate effects of ETS and PM2.5 on the severity of
respiratory symptoms. There was a significant interrelationship between PM2.5 and both
prenatal ETS (Spearman r = 0.34, p <0.001) and postnatal ETS (Spearman r = 0.28, p <0.001).
This interrelationship creates colinearity in regression models and difficulties in separating the
effect of ETS on the health outcomes from that attributed to fine particles. Stepwise regression
indicated that adding both ETS variables into the models did not better explain the amount of
variability in severity of respiratory symptoms than PM2.5 itself. After infancy and very early
childhood is over, then prenatal effect of PM2.5 exposure upon health of babies may gradually
be attenuated and postnatal environment starts to play a leading part. The harmful impact of
ETS confirmed in some previous studies may result from its interrelationship with fine particles
and in studies where the environmental impact on health outcomes was not controlled for
PM2.5 level, the effect of ETS could be demonstrated.

In our study the prenatal exposure to PM2.5 particulate matter had a moderate but significant
impact on severity of respiratory illness in postnatal early life. The biological mechanisms
whereby prenatal PM2.5 exposure might cause adverse health outcomes in children are yet
unclear. PM2.5 is a proxy measure of a whole complex of toxic agents present in the
environment – including PAHs - that could adversely affect growth and maturation of lung in
early childhood. Fine particles are usually a product of combustion processes that generate
other toxic agents (51), which may interact at the molecular level with DNA (52). Prenatal
exposure to immunotoxic fine particles may impair the immune function of the fetus and
subsequently may be responsible for an increased susceptibility of newborns and young infants
to respiratory infections.

Our observations on the importance of older siblings for respiratory health of children are in
very good agreement with the Tucson Children’s Respiratory Study (53), which has shown
that children with more exposure to other children at home or at day care were more likely to
have frequent wheezing at age of 2 years than children with little or no exposure. In the birth
cohort COAST study (54) day care attendance and/or the presence of siblings significantly
increased the likelihood of contracting viral infections (1.5 to 2.1 fold increase) during infancy.
The higher risk of respiratory infections in children having older siblings is assumed to be
related to the fact that older siblings introduce bacterial or viral infections into the family circle.

A number of earlier studies have also found significant association between respiratory
infections and family history of asthma or atopy. For example, Gurwitz and coworkers found
that children hospitalized with RSV had a higher proportion of first-degree relatives with
bronchial hyperactivity (55). Similarly, Trefny et al. (56) found that infants hospitalized with
RSV bronchiolitis were more likely to have a family history of asthma. The role of family
history of atopy in the occurrence of respiratory infections is not fully understood as yet. It
may be a proxy of intrinsic genetic susceptibility, cytokine dysregulation, lung development
altered antiviral immunity or increased inflammatory response (19,33,57). The influence of
family history is likely to be clarified by ongoing genetic studies taking into consideration
gene-environment interactions.

At present there is no convincing explanation for the inverse association between maternal age
and respiratory illnesses. Maternal age may be a proxy for some unknown social factors not
considered in the analysis. Maybe younger mothers are not as responsive as older mothers to
their infants’ needs or present some less favorable behavior during early infancy of children.
The way in which mothering skills may affect the young child and respiratory health problems
is also unknown. Interestingly, the effects of maternal education showed a similar impact as
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that found for maternal age and this again might indicate that some important mothering skills
in caring for newborns and infants related to maternal education may be important for
respiratory health of babies. Educational level of mothers is not only a proxy of socioeconomic
status of the family, but it may be related to other relevant factors such as maternal life style
and dietary habits before and during pregnancy or feeding practices of infants and young
children. In this respect the results of our study calls for more research efforts aiming at
explanation of the other factors hidden behind proxy measures of quality of maternal care of
babies.

The weakness of our study results from the fact that we could not unmistakably distinguish the
effect of prenatal PM2.5 exposure from that of the postnatal exposure since the PM2.5 postnatal
measurements were not repeated in the same way. Postnatal air indoor quality was based on
questionnaire data regarding passive smoking and the presence of dampness/moulds in the
households. Therefore, we are not certain whether our findings represent delayed effects of
prenatal PM2.5 exposure on infants, or more immediate effects of postnatal PM2.5 exposure
over the first two years of life. On the other hand, we have to underline strength of the study.
The important potential confounders of the relationship between prenatal ambient risk factors
and the respiratory outcomes of infants such as chronic diseases or active tobacco smoking by
mothers have been removed through entry criteria. Other risk factors that are thought to affect
the probability of respiratory diseases in infants such as maternal atopy, postnatal indoor air
quality (passive smoking, presence of dampness/moulds in the households) have been taken
into consideration. A significant feature of our study is the personal monitoring of ambient
PM2.5 exposure, which is a highly relevant measure of individual exposure. Previous studies
have attempted to quantify the concentration of outdoor air pollutants measured in the residence
area, and assign exposure values to the study subjects or use the area-based exposures to
approximate individual exposures. Another strong point of our study is very careful monitoring
data of respiratory health outcomes in children performed by trained interviewers over 8 time
points over the follow-up.

Summing up, the results of our study confirmed that the likelihood of persistent wheezing
increased with prenatal exposure to ETS, presence of dampness/moulds in the house, maternal
atopy but was inversely correlated with the size of the baby at delivery. Moreover, the severity
of respiratory illness in early childhood was particularly higher in wheezers and also depended
on prenatal exposure PM2.5, dampness/molds in the households, and maternal atopy.
Interestingly, the study showed a clear inverse association between maternal age or maternal
education and respiratory illnesses and calls for more research efforts aiming at explanation of
factors hidden behind proxy measures of maternal care of babies. The data support the
hypothesis that burden of respiratory symptoms in early childhood and possibly in later life
may be programmed already in prenatal period when the respiratory system is completing its
growth and maturation.
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Figure 1.
Correlation between average number of cigarettes smoked daily at home in the prenatal and
postnatal periods.
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Figure 2.
Correlation between PM2.5 and average number of cigarettes smoked daily at home in the
prenatal and postnatal periods.
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Table 2
Multinomial logit regression model of wheezing phenotypes as health outcomes and environmental exposure variables
and potential modifiers

Wheezing phenotypes RRR p-value [95% Conf. Interval]

Transient early wheezing

Age groups 1.015 0.941 0.672 1.533

Education level 1.329 0.292 0.783 2.255

Maternal atopy 1.272 0.474 0.657 2.464

Girls 0.724 0.294 0.395 1.324

Older siblings 1.173 0.537 0.706 1.950

Length at birth (cm) 1.026 0.638 0.920 1.145

Moldy/damp house 1.315 0.106 0.943 1.835

Prenatal ETS 0.984 0.759 0.894 1.084

Postnatal ETS 1.069 0.061 0.997 1.146

Transient late wheezing

Age groups 0.736 0.209 0.456 1.187

Education level 1.599 0.121 0.884 2.893

Maternal atopy 0.799 0.597 0.349 1.830

Girls 0.889 0.730 0.456 1.732

Older siblings 2.188 0.003 1.307 3.663

Length at birth 0.916 0.122 0.820 1.023

Moldy/damp house 0.966 0.890 0.594 1.571

Prenatal ETS 1.057 0.219 0.967 1.157

Postnatal ETS 1.007 0.885 0.912 1.111

Persistent wheezing

Age 0.644 0.155 0.351 1.181

Education 1.019 0.952 0.539 1.928

Maternal atopy 3.046 0.010 1.298 7.150

Girls 0.475 0.088 0.202 1.118

Older siblings 3.053 0.000 1.670 5.580

Length at birth 0.878 0.063 0.766 1.007

Moldy/damp house 1.342 0.150 0.898 2.005

Prenatal ETS 1.131 0.004 1.040 1.231

Postnatal ETS 0.945 0.483 0.809 1.104

(Children without wheezing during the first two years are the reference group)

Age groups: <26 yrs, 27 – 29 yrs, >29 yrs)

Education level (elementary/medium/high)

Maternal atopy (Y/No)

Older siblings (number of older siblings: 0, 1, 2= two or more siblings)

Length at birth (cm)

Moldy/damp house (Y/No)
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Prenatal ETS (number of cigarettes smoked daily at home over pregnancy)

Postnatal ETS (number of cigarettes smoked daily at home in the postnatal period)
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Table 3
Zero-inflated Poisson model for number of days with coughing in two-years olds due to prenatal air quality and other
potential risk factors

Poisson portion IRR p-value [95% Conf. Interval]

Age groups

 Age <=26 Reference

 Age_27 – 29 0.967 0.106 0.929 1.007

 Age_>29 0.791 0.000 0.754 0.830

Maternal education

 Elementary Reference

 Medium 0.943 0.038 0.892 1.000

 Higher 0.767 0.000 0.728 0.809

Maternal atopy 1.132 0.000 1.091 1.175

Girls 1.026 0.111 0.993 1.061

Older siblings 1.259 0.000 1.227 1.291

Wheezing phenotypes

 No wheezing Reference

 Transient early wheeze 1.612 0.000 1.540 1.688

 Transient late wheeze 1.514 0.000 1.438 1.593

Persistent wheezing 2.137 0.000 2.032 2.248

Prenatal PM2.5 1.032 0.001 1.012 1.052

Moldy/damp house 1.088 0.000 1.068 1.108

Logistic portion OR p-value [95% Conf. Interval]

Age groups −0.429 0.358 −1.344 0.485

Education levels −0.169 0.799 −1.470 1.132

Maternal atopy 0.185 0.630 −0.567 0.937

Girls 0.172 0.603 −0.476 0.819

Older siblings −0.379 0.240 −1.011 0.252

Wheezing phenotypes −1.279 0.012 −2.279 −0.280

Prenatal PM2.5 −0.286 0.172 −0.696 0.124

Moldy/damp house −0.238 0.403 −0.795 0.319

_cons −0.286 0.837 −3.001 2.429

Age groups: <26 yrs, 27 – 29 yrs, >29 yrs)

Education level (elementary/medium/high)

Maternal atopy (Y/No)

Older siblings (number of older siblings: 0, 1, 2= two or more siblings)

Length at birth (cm)

Prenatal PM2.5 (μg/m3) log-transformed to the basis 2.

Moldy/damp house (Y/No)

Prenatal ETS (number of cigarettes smoked daily at home over pregnancy)

Postnatal ETS (number of cigarettes smoked daily at home in the postnatal period)
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Table 4
Zero-inflated Poisson model for number of days with difficult breathing in two- years olds due to prenatal air quality
and other potential risk factors

Poisson portion IRR p-value [95% Conf. Interval]

Age groups

 Age <=26 yrs Reference

 Age_27 – 29 yrs 0.923 0.096 0.840 1.014

 Age_>29 yrs 0.681 0.000 0.608 0.764

Maternal education

 Elementary Reference

 Medium 0.654 0.000 0.577 0.743

 Higher 0.831 0.002 0.740 0.932

Maternal atopy 1.467 0.000 1.356 1.588

Girls 0.632 0.000 0.584 0.684

Older siblings 1.300 0.000 1.232 1.371

Wheezing phenotypes

 No wheezing Reference

 Transient early wheeze 1.602 0.000 1.455 1.764

 Transient late wheeze 1.193 0.002 1.065 1.337

 Persistent wheezing 1.325 0.000 1.188 1.477

Prenatal PM2.5 1.174 0.000 1.123 1.227

Moldy/damp house 1.126 0.000 1.082 1.172

Logistic portion OR p-value [95% Conf. Interval]

Age groups −0.093 0.510 −0.370 0.183

Education levels 0.052 0.746 −0.263 0.367

Maternal atopy −.0.317 0.179 −0.781 0.145

Girls −0.169 0.407 −0.569 0.231

Older siblings −0.265 0.138 −0.617 0.085

Wheezing phenotypes −0.847 0.000 −1.107 −0.585

Prenatal PM2.5 −0.072 0.559 −0.314 0.170

Moldy/damp house −0.075 0.576 −0.342 0.190

_cons 1.745 0.035 0.120 3.370

Age groups: <26 yrs, 27 – 29 yrs, >29 yrs)

Education level (elementary/medium/high)

Maternal atopy (Y/No)

Older siblings (number of older siblings: 0, 1, 2= two or more siblings)

Length at birth (cm)

Prenatal PM2.5 ((μg/m3) log-transformed to the basis 2

Moldy/damp house (Y/No)

Prenatal ETS (number of cigarettes smoked daily at home over pregnancy)

Postnatal ETS (number of cigarettes smoked daily at home in the postnatal period)
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Table 5
Zero-inflated Poisson model for number of days with pharyngitis/tonsillitis in two- years olds due to prenatal air quality
and other potential risk factors

Poisson portion IRR p-value [95% Conf. Interval]

Age groups

 Age <=26 yrs Reference

 Age_27 – 29 yrs 1.099 0.007 1.026 1.178

 Age_>29 yrs 0.861 0.001 0.790 0.938

Maternal education

 Elementary Reference

 Medium 0.784 0.000 0.712 0.864

 Higher 0.757 0.000 0.693 0.828

Maternal atopy 1.194 0.000 1.120 1.273

Girls 0.893 0.000 0.843 0.946

Older siblings 1.213 0.000 1.159 1.269

Wheezing phenotypes

 No wheezing Reference

 Transient early wheeze 1.036 0.445 0.945 1.135

 Transient late wheeze 1.225 0.000 1.118 1.342

 Persistent wheezing 1.085 0.113 0.980 1.201

Prenatal PM2.5 1.105 0.000 1.068 1.143

Moldy/damp house 1.116 0.000 1.084 1.149

Logistic portion OR p-value [95% Conf. Interval]

Age groups 0.46 0.275 −0.116 0.354

Education levels −0.044 0.771 −0.343 0.620

Maternal atopy −0.158 0.488 −0.604 0.288

Girls −0.272 0.159 −0.652 0.107

Older siblings −0.355 0.039 −0.692 −0.018

Wheezing phenotypes −0.080 0.470 −0.298 0.138

Prenatal PM2.5 −0.097 0.402 −0.326 0.131

Moldy/damp house −0.218 0.120 −0.492 0.056

_cons 1.055 0.178 −0.480 2.592

Age groups: <26 yrs, 27 – 29 yrs, >29 yrs)

Education level (elementary/medium/high)

Maternal atopy (Y/No)

Older siblings (number of older siblings: 0, 1, 2= two or more siblings)

Length at birth (cm)

Prenatal PM2.5 ((μg/m3) log-transformed to the basis 2

Moldy/damp house (Y/No)

Prenatal ETS (number of cigarettes smoked daily at home over pregnancy)

Postnatal ETS (number of cigarettes smoked daily at home in the postnatal period)

Environ Int. Author manuscript; available in PMC 2010 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jedrychowski et al. Page 22

Table 6
Zero-inflated Poisson model for number of days with runny or stuffy nose in two- years olds due to prenatal air quality
and other potential risk factors

Poisson portion IRR p-value [95% Conf. Interval]

Age groups

 Age <=26 yrs Reference

 Age_27 – 29 yrs 0.919 0.000 0.891 0.948

 Age_>29 yrs 0.775 0.000 0.747 0.804

Maternal education

 Elementary Reference

 Medium 1.096 0.000 1.045 1.150

 Higher 1.108 0.000 1.060 1.159

Maternal atopy 1.188 0.000 1.155 1.222

Girls 1.007 0.548 0.982 1.033

Older siblings 1.382 0.000 1.356 1.409

Wheezing phenotypes

 No wheezing Reference

 Transient early wheeze 1.461 0.000 1.410 1.513

 Transient late wheeze 1.203 0.000 1.154 1.255

 Persistent wheezing 1.803 0.000 1.730 1.878

Prenatal PM2.5 1.009 0.201 0.994 1.025

Moldy/damp house 1.030 0.000 1.015 1.046

Logistic portion OR p-value [95% Conf. Interval]

Age groups 1.117 0.004 0.358 1.878

Education levels −0.604 0.136 −1.398 0.190

Maternal atopy 0.535 0.425 −0.779 1.850

Girls 0.258 0.656 −0.879 1.396

Older siblings −1.833 0.023 −3.416 −0.251

Wheezing phenotypes −8.180 0.998 −12.360 12.324

Prenatal PM2.5 −0.264 0.466 −0.976 0.446

Moldy/damp house −0.076 0.850 −0.877 0.723

_cons −0.040 0.987 −5.021 4.941

Age groups: <26 yrs, 27 – 29 yrs, >29 yrs)

Education level (elementary/medium/high)

Maternal atopy (Y/No)

Older siblings (number of older siblings: 0, 1, 2= two or more siblings)

Length at birth (cm)

Prenatal PM2.5 (μg/m3) log-transformed to the basis 2

Moldy/damp house (Y/No)

Prenatal ETS (number of cigarettes smoked daily at home over pregnancy)

Postnatal ETS (number of cigarettes smoked daily at home in the postnatal period)
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