
Exposure to traffic exhaust and night cough
during early childhood: the CCAAPS birth
cohort

The prevalence of night cough in children is
estimated to be 14.5% at age one, 16% at age
two, and increasing to 22% by age four (1–3).
Frequent episodes of child cough, especially at
night, can cause loss of sleep to both parent and
child, leading to poor school and work perfor-
mance. The occurrence of a dry night cough is
frequent in asthmatic children and asthma is the
most commonly identified cause of chronic
cough in this age group (4). Among asthmatic
children, the prevalence of night cough has been
estimated to be 14.5% at age seven decreasing to
9.5% by 12 yrs of age (5). Night cough, in
particular, is highly indicative of asthma with a

sensitivity for predicting the asthma phenotype
of 91% (6, 7).
Exposure to air pollution has been consistently

associated with poor respiratory outcomes in
children including wheezing (8–10), hospital
admissions for asthma symptoms (11), wheezing
bronchitis (12), and incidence of asthma (13).
Few studies, however, have evaluated the etiol-
ogy for dry night cough despite cough being
among the most common symptoms of pediatric
asthma presented to family physicians (14). In a
German cohort study, Morgenstern et al. (15)
found a positive association between dry night
cough and nitrogen dioxide (NO2) exposure in
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Though studies have investigated the association between air pollution
and respiratory health outcomes in children, few have focused on night
cough. The study objective was to simultaneously evaluate family
factors (i.e., race, gender, maternal and paternal asthma, and breast-
feeding), health (allergen sensitization and wheezing symptoms), home
factors (dog, cat, mold, endotoxin, and dust mite), and other environ-
mental exposures (traffic exhaust and second-hand tobacco smoke) for
associations with recurrent dry night cough (RNC) during early child-
hood. A structural equation model with repeat measures was developed
assessing RNC at ages one, two, and three. The prevalence of RNC was
relatively large and similar at ages, one, two, and three at 21.6%,
17.3%, and 21.1%, respectively. Children exposed to the highest tertile
of traffic exhaust had an estimated 45% increase in risk of RNC com-
pared with children less exposed (adjusted OR 1.45, 95% CI: 1.09, 1.94).
Also, wheezing was associated with a 76% higher risk of RNC (adjusted
OR 1.76, 95% CI: 1.36, 2.26). A protective trend for breastfeeding was
found with a 27% reduction in risk associated with breastfeeding
(adjusted OR 0.73, 95% CI: 0.53, 1.01). No other factors were
significant. These results suggest that traffic exhaust exposure may be
a risk factor for night cough in young children.

Heidi Sucharew1, Patrick H. Ryan1,
David Bernstein2, Paul Succop1, Gurjit
K. Khurana Hershey3, James Lockey1,
Manuel Villareal2, Tiina Reponen1,
Sergey Grinshpun1 and Grace
LeMasters1

1Department of Environmental Health, University of
Cincinnati Medical Center, Cincinnati, OH, USA,
2Department of Internal Medicine, University of
Cincinnati Medical Center, Cincinnati, OH, USA,
3Cincinnati Children�s Hospital Medical Center,
Cincinnati, OH, USA

Key words: trafic exhaust; cough; wheez; asthma;
children; structural equation model

Heidi Sucharew, Division of Epidemiology and
Biostatistics, Department of Environmental Health,
University of Cincinnati, P.O. Box 670056, Cincinnati,
OH 45267-0056 USA
Tel.: (513) 558 1944
Fax: (513) 558 6272
E-mail: sucharhj@email.uc.edu

Accepted 5 September 2009

Pediatr Allergy Immunol 2010: 21: 253–259

DOI: 10.1111/j.1399-3038.2009.00952.x

� 2009 John Wiley & Sons A/S

PEDIATRIC ALLERGY AND

IMMUNOLOGY

253



the first year of life, but this finding was not
confirmed in the second year of life. In this same
study, particulate matter <2.5 lm (PM2.5) expo-
sure was not found to be significantly associated
with dry night cough at either age (15). In a
previous study, the authors had found significant
associations between PM2.5 and NO2 and dry
cough at night at age one and attenuated effects
at age two (16). In a UK cohort study, Pierse
et al. (17) found night cough to be associated
with particulate matter <10 lm (PM10) expo-
sure, but did not report on PM2.5 exposure. In a
cohort study conducted in the Netherlands,
Brauer et al. (2) estimated home PM2.5 exposures
and found a positive but not significant associ-
ation with dry night cough in children two yrs
of age. Using self-reported traffic exposure, a
German survey study observed a positive asso-
ciation between the prevalence of night cough
and truck traffic among 13–14 yrs old children,
but no association was found among younger
children age six to seven yrs (18). Therefore, the
association between night cough and air pollu-
tion exposure remains unclear.
Air pollution in urban areas is a complex

mixture of particles and gas-phase pollutants
arising from a myriad of sources. The association
between traffic-related air pollution and respira-
tory health effects in children is of recent interest
due to the toxicological effects of the air
pollution mixture arising from mobile sources,
i.e., gasoline and diesel combustion engines (19).
In particular, fine and ultrafine particulate matter
(PM2.5 and PM1.0, respectively), is derived pri-
marily from vehicular exhaust and, in contrast to
PM10, has a larger fraction of elemental and
organic carbon (20). Diesel exhaust particles
(DEP) are a major component of PM2.5, partic-
ularly in urban areas where diesel exhaust is the
largest single source of airborne PM from vehi-
cles (21, 22). As such, DEP have been widely
studied with respect to adverse respiratory health
effects (21) where it has been demonstrated that
they are associated with increased inflammatory
cells, increased cytokine levels, decreased macro-
phage function, and increased airway resistance
(21). Though the mechanisms by which DEP
exert their toxicological effects remain unknown,
the heterogeneous mixture of diesel exhaust is
likely associated with the generation of reactive
oxygen species (ROS) and inflammation.
The Cincinnati Childhood Allergy and Air

Pollution Study (CCAAPS) is a prospective birth
cohort study that is currently underway with the
goal of determining if infants who are exposed to
traffic-related particles, in particular DEP, are at
an increased risk for the development of allergic

disease and asthma. This analysis was under-
taken to investigate the hypothesis that increased
traffic-related particle exposure will be associated
with increased risk of night cough in children
after adjusting for wheezing and other covariates.
In this study, we describe the association between
family, health, home, and environmental expo-
sures with night cough during early childhood.

Methods
Cohort description

The CCAAPS study methods have been
described in detail (23). Briefly, infants were
identified through birth records, between 2001
and 2003 in the greater Cincinnati Ohio area. To
be eligible for this study, at least one parent had
to be atopic defined as having at least one allergy
symptom and also having allergic sensitization to
at least one of 15 aeroallergens. Since the goal of
the study was to investigate exposure to traffic
exhaust, eligibility was restricted to families that
resided within 400 m or further than 1500 m
from the nearest major highway or interstate (9,
10). Families were enrolled when the child was
approximately eight months of age.
Yearly clinical exams were conducted to

obtain extensive medical history and to perform
a complete physical examination. In addition,
yearly questionnaires were personally adminis-
tered to obtain exposure information and general
health symptoms and conditions. The health
outcome of interest in this study is recurrent dry
night cough, hereafter abbreviated as RNC.
RNC was defined as the parental report of their
child coughing at night two or more times in the
past year, apart from a cold or chest infection
and was obtained at child�s age one, two, and
three.

Covariates

Family covariates included child�s race (African–
American or not), child�s gender, whether or not
the mother or father had been diagnosed with
asthma (yes or no), and whether or not the child
was breastfed during the first year (ever or
never). The health covariates included a positive
or negative skin prick test (SPT) to a panel of 15
aeroallergens and report of recurrent wheeze
defined as the parental report of the child
wheezing two or more times in the past
12 months apart from a cold. The SPT panel
included two types of grass pollen: timothy and
fescue; four types of tree pollen: white oak, maple
mix, American elm, and red cedar; short
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ragweed; four types of molds: Alternaria alter-
nata, Aspergillus fumigatus, Penicillium mix, and
Cladosporium herbarum; house dust mite mix;
German cockroach; cat; and dog (23). A positive
test was defined by a wheal size greater than or
equal to three millimeters over that for the saline
control after 15 min. These health covariates
were collected at age one, two, and three.
Clinical evaluation and on-site home assess-

ments were conducted by trained study team
members when the child reached age one. The
home covariates were obtained from the home
inspections. During this visit, signs of mold and
water damage were noted and their area mea-
sured. The homes were categorized in three
groups: no mold, low mold, and high mold, as
described by Cho et al. (24). House dust samples
were collected and used to measure endotoxin
and dust mite concentration. Dust samples were
vacuumed from the infant�s primary activity
room floor as described by Cho et al. (24).
Samples were collected from an area of two
square meters (m2) at a vacuuming rate of
two min/m2 for carpeted floors and one sample
of the entire room was collected at a rate of
one min/m2 for non-carpeted floors. The home
dust samples were sieved (355 lm sieve) and fine
dust was stored at )20�C before analysis. The
presence of a dog and/or cat in the home was
obtained from the questionnaire at the time of
family enrollment.
The environmental covariates included second-

hand tobacco smoke exposure and estimated
levels of exposure to traffic exhaust. Child�s
second-hand tobacco smoke exposure was
obtained from the year one questionnaire
responses to whether or not the mother smokes.
Particulate matter2.5 was measured from air

samples collected at 27 monitoring stations using
a source signature and land use regression model
and is explained in detail by Ryan et al. (10). Air
samples at each monitoring station were col-
lected over different seasons providing average
annual exposure estimates (25). Air filters cap-
tured PM2.5 and were analyzed for elemental
carbon (EC) concentrations as elemental carbon
is commonly used for assessing traffic-related
emissions (20). In addition, elemental carbon is
commonly used as a marker of the diesel
contribution to PM2.5 as approximately 75% of
the chemical composition of DEP is elemental
carbon in contrast to 4–15% of the overall
chemical composition of PM2.5 (26, 27). The
fraction of elemental carbon attributable to
traffic (ECAT) sources was determined (28). A
regression model was then used to determine the
significant characteristics that predict average

daily ECAT levels at each monitoring location.
The final model accounted for 75% of the
variability at the monitoring stations in the
sampled levels of ECAT sources (R2 = 0.75)
(10). Individual child traffic exposure estimates
were derived using the parameter estimates
obtained from this model and by calculating
the elevation, average daily truck count on major
roads within 400 m, and the length of bus routes
within 100 m for each child�s residence at birth.
Exposure assessment was calculated at one time
point based on the child�s address at birth.

Statistical analyses

A structural equation model (s.e.m.) was devel-
oped to simultaneously examine the occurrence
of RNC at all ages, while assessing multiple
independent covariates of family, health, poten-
tial allergens in the home, and environmental
exposures on their association with RNC. With a
dichotomous outcome, the logistic link function
was used, and the method of analysis was
maximum likelihood estimation. Covariate
effects (odds ratios (OR) and 95% confidence
intervals (CI)) on RNC during early childhood
were estimated by this model. This model
provided an average effect over the first three yrs
of life by using a linear combination of the
outcome RNC at age one, two, and three. Age
one, two, and three responses for wheeze and the
clinical evaluation of SPT positive/negative were
included in the model as independent covariates.
Due to skewed distributions, traffic exhaust,
endotoxin, and house dust mite were dichoto-
mized with levels above the highest tertile of
exposure defined as the highest exposure group
(10). Covariate interactions were explored and a
backward elimination procedure determined the
final model. A second s.e.m. was fit in order to
investigate child wheeze as an intervening vari-
able in the pathway from each covariate to
recurrent RNC. The ability to include an inter-
vening pathway in the model is one of the
benefits of using a s.e.m. over a traditional
Generalized Estimating Equations (GEE) type
model. In addition, s.e.m. allows us to consider
the temporal ordering of covariates and the
mechanistic relationships among the covariates
(29). The model can be specified such that, for
example, traffic exhaust exposure predicts child�s
wheezing symptom which then predicts RNC,
and at the same time traffic exhaust exposure
independently predicts RNC. Statistical analy-
ses were performed using sas (SAS Institute
Inc., Cary, NC, USA) and Mplus (version 4.2,
Muthen & Muthen).
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Results

A total of 762 children fulfilled the eligibility
requirements and enrolled into the CCAAPS
cohort. Of these children, 550 (72%) had infor-
mation available for all three clinical exams and
were included in this analysis. Demographic and
exposure variables for infants with and without
RNC during the three yrs of follow-up are
presented in Table 1. Fewer children were breast-
fed in the RNC group compared to the no RNC
group, 66% vs. 75% (p = 0.02). About 45% of
parents reported their child was wheezing in the
RNC group compared to only 24% in the no
RNC group (p < 0.01). There were more chil-
dren with high traffic exhaust exposure in the
RNC group compared to the no RNC group,
42% vs. 29%, respectively (p < 0.01). There
were no significant differences with any other
variables.
The prevalence and incidence of RNC at age

one, two, and three are shown in Table 2. The
prevalence of RNC was similar at all three yrs of
age ranging from 17.3% to 21.6%. The incidence
of RNC steadily decreased from 21.6% to 13.5%
and 10.2% for ages one, two, and three, respec-
tively.

The full structural equation model including
all variables is depicted in Fig. 1. From the final
model after backward elimination, wheezing was
the strongest significant predictor of RNC
(adjusted OR = 1.76; 95% CI: 1.36, 2.26)
(Fig. 2). Even after adjustment for wheezing,
there remained a 45% significant increase in the
risk of RNC with high traffic exhaust exposure
(adjusted OR = 1.45; 95% CI: 1.09, 1.94)
(Fig. 2). This model provides an average effect
of traffic exhaust exposure on RNC over the first
three yrs of life. However, strong associations
between high traffic exhaust exposure and RNC
was observed at all three yrs separately (year one
unadjusted OR = 1.58; 95% CI: 1.04, 2.39; year
two unadjusted OR = 1.77; 95% CI: 1.13, 2.77;
year three unadjusted OR = 1.67; 95% CI: 1.10,
2.53). A 27% reduction in risk of RNC was
found for those children who were breastfed
compared to not breastfed (adjusted OR = 0.73;
95% CI: 0.53, 1.01; p = 0.06) (Fig. 2). All other
predictor variables were not statistically associ-
ated with RNC.
To determine if a child�s wheezing symptom

acted as an intervening condition in the causal
pathway for RNC a second model was con-
structed allowing pathways through wheeze to
RNC (Fig. 3). After backward elimination, there
remained an almost identical risk for having
RNC for those who have wheezing symptoms as
well as high traffic exhaust exposure. Addition-
ally, by allowing pathways from each variable to
also predict wheeze, a significant increase in
wheeze was also seen with high traffic exhaust
exposure (adjusted OR = 1.29; 95% CI: 1.01,
1.64; p = 0.04), but this effect was not as strong
as it was for RNC (Fig. 4). Children whose
fathers were diagnosed with asthma also had a
significant increased risk for wheeze (adjusted
OR = 1.68; 95% CI: 1.19, 2.36) as did children
with mothers who smoked (adjusted OR = 1.60;
95% CI: 1.17, 2.21) (Fig. 4). In this model,
however, there was no longer a trend of lower
risk of RNC for those children who were
breastfed. All other predictor variables were not
statistically associated with RNC or wheeze.

Discussion

This study adds to the evidence of an association
between air pollution and poor respiratory health
outcomes in children, although RNC has infre-
quently been examined. An estimated 45%
increase in the risk of RNC was found to
be associated with increased traffic exhaust
exposure. This finding is consistent with the
Hirsch et al. (30) study, who reported an increase

Table 1. Summary of demographic and exposure variables by recurrent dry
night cough (RNC) ever vs. never at age one, two, and/or three

No RNC
(n = 335)*

RNC at Age
1, 2, and/or 3

(n = 215)* v2 p value

Female (n = 251) 153 (45.7%) 98 (45.6%) 0.98
African–American (n = 99) 53 (15.8%) 46 (21.4%) 0.10
Breastfed (n = 391) 250 (74.6%) 141 (65.6%) 0.02
Wheeze (n = 175) 79 (23.6%) 96 (44.7%) <0.01
Mother smokes (n = 68) 39 (11.6%) 29 (13.5%) 0.52
Maternal asthma (n = 134) 76 (22.7%) 58 (27.0%) 0.25
Paternal asthma (n = 76) 45 (13.5%) 31 (14.4%) 0.75
Dog in home (n = 198) 120 (35.8%) 78 (36.3%) 0.91
Cat in home (n = 127) 78 (23.3%) 49 (22.8%) 0.89
Visible mold (n = 276) 170 (54.1%) 106 (54.6%) 0.91
Highest traffic exhaust� (n = 198) 104 (31.1%) 94 (43.7%) <0.01
Highest endotoxin� (n = 162) 103 (33.6%) 59 (30.7%) 0.51
Highest dust mite� (n = 188) 118 (37.7%) 70 (35.5%) 0.62

*Denominators may vary slightly.
�Highest = above the top tertile of exposure: traffic exhaust = 0.375 lg/m3,
endotoxin = 133 EU/mg, dust mite = 22 EU/mg.

Table 2. Prevalence and incidence of recurrent dry night cough (RNC) at age
one, two, and three

Age 1 Age 2 Age 3

Prevalence 21.6%(119/550) 17.3%(95/550) 21.1%(116/550)
Incidence 21.6%(119/550) 13.5%(58/431) 10.2%(38/373)
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in the prevalence of cough in children associated
with an increase in exposure to traffic-related air
pollution, based on a cross-sectional study in
Germany. Also, a cross-sectional study among
children residing in Switzerland with lower PM10

levels showed a decline in dry night cough (31).
In the intervening model, a 41% increase in the

risk of RNC and a 29% increase in the risk of

wheeze were both significantly associated with
high traffic exhaust exposure. Traffic exhaust
exposure is a strong predictor of RNC and not
just for children who wheeze, as we have previ-
ously shown (9, 10). In addition, infants with
wheezing symptoms were found to have an
estimated 71% higher risk of RNC compared
to non-wheezers. This result is consistent with the
findings by Powell and Primhak (32) who
reported that children with RNC were more
likely to develop wheezing if they had a family
history of atopy. The children in the CCAAPS
cohort also have a family history of atopy, since
at least one parent had to have one or more
symptoms of allergy and a SPT positive result.
Infants who were breastfed were 27% less

likely to have RNC compared to those infants
that were not breastfed (p = 0.06). The health
benefits associated with breastfeeding have long
been advocated. In a cohort study, Cushing et al.
(33) found that full breastfeeding was associated
with a lower risk of lower respiratory illness and
a reduced duration of all respiratory illnesses in
the first 6 months of life. The protective effect of
breastfeeding on the development of asthma,
however, is still controversial. Our findings
suggest that breastfeeding may have limited
protective effect on RNC.
In the intervening model, we found that

children of fathers diagnosed with asthma were
at increased risk of wheeze, but paternal asthma
was not directly associated with the risk of RNC.

Recurrent
dry night
cough

Family

Health

Age 1

Age 2

Age 3

Home

Environment

Wheeze

Age 1

Age 2

Age 3

Traffic exhaust

Mother smokes

Cat

Mold

Endotoxin

Dust mite

SPT +

Age 1

Age 2

Age 3

Dog

Race

Gender

Maternal asthma

Paternal asthma

Breastfeeding

Fig. 1. Structural equation
model with pathways from each
covariate to recurrent dry night
cough (RNC). By convention,
latent variables are depicted as
ovals and rectangles represent
indicator and other measured
variables. For example, the
latent variable wheeze is mea-
sured by the indicator variable
wheeze at age one, wheeze at age
two, and wheeze at age three.
Solid lined arrows indicate
significant associations and
dashed lined arrows show asso-
ciations that were not significant.
Significant covariates are also
shaded. The directions of the
arrows distinguish between pre-
dictors and outcomes and do not
necessarily imply causality.

0.1 0.2 0.5 1.0 2.0 5.0 10.0 20.0
Adjusted odds ratio (95% CI)

Traffic exhaust

1.45 (95% CI: 1.09, 1.94)

Wheeze

1.76 (95% CI: 1.36, 2.26)

Breastfeeding

0.73 (95% CI: 0.53, 1.01)

p = 0.01

p < 0.01

p = 0.06

Fig. 2. Adjusted odds ratios and 95% confidence intervals
from the final structural equation model after backward
elimination of insignificant covariates.
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Similarly, children of mothers who smoked were
at increased risk of wheeze, but mother smoking
was not directly associated with the risk of RNC.
This model implies that these factors may
be more important in predicting wheezing
symptoms which, in turn, are strongly associated
with RNC.
These findings have some limitations. The

limitations include the potential for misclassifi-

cation of exposure estimates, although the expo-
sure regression modeling techniques may reduce
this possible bias. Findings, also, may not be
generalizable to all infants, since these were
children at higher risk for allergic symptoms.
Further, all infants resided in the greater Cincin-
nati area, a region with the convergence of five
interstates (I-75, I-74, I-275, I-475, and I-71)
which contributes to high truck traffic with over
60,000 trucks passing through it daily (34).
One of the benefits of this study is the use of

longitudinal data that allowed for the estimation
of exposure effects of RNC over three yrs of
follow up during early childhood. To our knowl-
edge, this is the first study to use a s.e.m. to assess
multiple independent variables on the outcome
of RNC during early childhood. With this model,
the intervening pathways, i.e., through childhood
wheezing symptoms, can be specified in addition
to direct pathways to the outcome of interest,
RNC. Hence, this model helps to dissect the
complex relationships among variables and
symptoms. This study is unique as it also utilized
objective measures of traffic exhaust as well as
other exposures, whereas other studies have
relied solely on distance from a major road as a
surrogate of air pollution exposure.
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