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A B S T R A C T

Background: Exposure to traffic-related air pollutants, including polycyclic aromatic hydrocarbons (PAHs),
can induce asthma. However, the effects of early repeated PAH exposure over time on different asthma
phenotypes have not been examined.
Objective: To assess associations between repeated PAH exposure, measured from prenatal personal and
residential indoor monitors in children’s homes, and asthma in an inner-city cohort.
Methods: Prenatal exposurewas assessed by personal airmonitoring during 48 hours and exposure at 5 to 6
years of age by 2-week residential monitoring in the Columbia Center for Children’s Environmental Health
cohort. PAH was dichotomized into pyrene (representative semivolatile PAH) and the sum of 8 nonvolatile
PAHs.High exposure to eachwasdefined asmeasures above themedian at both repeated timepoints. Asthma
and wheeze were determined by validated questionnaires at ages 5 to 6 years. Children with specific IgE
levels greater than 0.35 IU/mL to any of 5 indoor allergens were considered seroatopic.
Results: Among all 354 children, repeated high exposure to pyrene was associated with asthma (odds ratio
[OR], 1.90; 95% confidence interval [CI], 1.13-3.20). Among 242 nonatopic children, but not those sensitized
to indoor allergens (n � 87) or with elevated total IgE levels (n � 171), high pyrene levels were associated
positivelywith asthma (OR, 2.89; 95% CI, 1.77-5.69), asthmamedication use (OR, 2.28; 95% CI, 1.13-4.59), and
emergency department visits for asthma (OR, 2.43; 95% CI, 1.20-4.91). Associations between the levels of the
8 nonvolatile PAHs and asthma were not observed, even when stratifying by seroatopy.
Conclusion: Nonatopic children may be more susceptible to the respiratory consequences of early pyrene
exposures.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Allergic sensitization is a well-established risk factor for the
development of asthma,1 and early sensitization to indoor aller-
gens in particular may be associated with asthma among urban
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hildren.2 The development of the atopic phenotype, as opposed to
he nonatopic phenotype, depends on the child’s genetic suscepti-
ility and exposure to environmental allergens. Much of childhood
sthma research has focused on those with the atopic phenotype,
ven though a substantial portion of childhood asthma (up to 31%-
9%) is not attributed to allergic immune responses.3-5 In these
ases, the environmental exposures that induce asthma are less
vident.
Exposure to particulate matter less than 2.5 �m (PM2.5), a com-

on air pollutant, has been linked to asthma exacerbations, the
evelopment of newwheeze, and decreased lung function.6,7 More
ecently, exposure to individual chemical components of PM2.5 has
een associatedwith the development of asthma in young children,

ncluding the diesel soot fraction of PM2.5 (black carbon or elemen-

munology. Published by Elsevier Inc. All rights reserved.
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tal carbon),8 transition metals (eg, nickel and vanadium),9,10 and
polycyclic aromatic hydrocarbons (PAHs).11,12

PAHs have 2 types of anthropogenic sources: petrogenic (eg,
direct evaporation of petroleum products, such as gasoline and
diesel fuel) and pyrogenic (eg, incomplete combustions of organic
material, such as fuels, coal, wood, tobacco, and oil). Although
lower-molecular-weight semivolatile PAHs, such as pyrene, are
emitted from both petrogenic and pyrogenic sources, the higher-
molecular-weight nonvolatile PAHs with 5 to 6 benzene rings are
generatedpredominantly bypyrogenic emissions.13,14 Semivolatile
PAHs also have prominent indoor sources, such as space heating,
cooking, smoking, or burning incense or candles, whereas nonvol-
atile PAHs arise predominantly from traffic emissions and heating
oil combustion.15 Experimental work suggests that pyrene in par-
ticular can induce either allergic or nonallergic immune responses,
depending on themodel.16-18 Our group at the Columbia Center for
Children’s EnvironmentalHealth (CCCEH) reported that higher pre-
natal exposure to the sum of 8 nonvolatile PAHs (�8PAHnonvolatile)
combinedwith environmental tobacco smoke (ETS)was associated
with wheeze and asthma in infants and young children.12,19 Al-
though these studies highlighted the importance of the prenatal
period of PAH exposure with ETS exposure on the later develop-
ment of asthma in young children, the effects on asthma of re-
peated pyrene and �8PAHnonvolatile exposure over time are not well
understood.

Because emerging evidence has suggested that exposure to traf-
fic-related air pollutants (eg, PM) may trigger the development of
nonatopic asthma in particular,5 we sought a priori to examine
whether the associations between repeated early pyrene and
�8PAHnonvolatile exposure and asthma would differ between nona-
topic and atopic children in an inner-city cohort. Our approachwas
to study participants from the CCCEH cohort, a longitudinal birth
cohort in Northern Manhattan and South Bronx, New York. We
hypothesized that (1) early repeated exposure to pyrene and
�8PAHnonvolatile measured from prenatal personal and childhood
residential monitors in children’s homes is associated with a
greater risk of developing asthma and asthma-related symptoms at
5 to 6 years of age and (2) associations between pyrene and
�8PAHnonvolatile exposure and asthmamay vary by the development
of seroatopy.

Methods

Study population

A total of 727 nonsmoking, healthy Dominican or African Amer-
icanwomen living in NorthernManhattan or the South Bronxwere
enrolled during pregnancy and their children were followed up
prospectively.19 Questionnaires were administrated to the mother
prenatally, every 3 months through 2 years of age, and every 6
months thereafter. Data were analyzed for those children (n�349)
who completed airborne PAH measures at 2 time points (prenatal,
5-6 years of age) and the questionnaire given at 5 to 6 years of age.
The study was approved by the Columbia University Institutional
Review Board, andwritten informed consent was obtained from all
study participants.

Air monitoring

Prenatal PAH (pyrene and �8PAHnonvolatile) exposure was mea-
sured from 48-hour personal air monitoring between 1998 and
2006, and PAH exposure at 5 to 6 years of age was measured from
2-week residential indoor monitoring between 2005 and 2011.
Samples were analyzed for pyrene and �8PAHnonvolatile (benz[a]an-
thracene, chrysene/iso-chrysene, benzo[b]fluoranthene, benzo[k]-
fluoranthene, benzo[a]pyrene, indeno[1,2,3-c,d]pyrene, dibenz[a,h]-
anthracene, ad benzo[g,h,i]perylene) as a single extract (gas and

particle phase combined) at Southwest Research Institute as previ- y
usly described.15,19 Seven other semivolatile PAHs (1-methyl-
henanthrene, 2-methylphenanthrene, 3-methylphenanthrene,
-methylphenanthrene, 1,7-dimethylphenanthrene, 3,6-dimethyl-
henanthrene, andphenanthrene)weremeasuredonly at 5 to6years
f age and not included in the main analysis. Prenatal and postnatal
TS exposure was assessed using report of any smoker in the home
uringpregnancy andwhen the childwas 6months or 1, 2, 3, or 5 to 6
ears of age, respectively.
For a subset of study participants (n�102), prenatal residential

ndoor samples were collected continuously beginning during the
2nd week of pregnancy until delivery.20 This protocol permitted
imultaneous comparisons of PAH levels measured by different
ampling methods (48-hour personal vs concurrent 2-week resi-
ential indoor exposure) during the prenatal period.

ealth outcomes

The International Study of Asthma and Allergies in Childhood
uestionnaire21 assessed ever wheeze and recent wheeze, the lat-
er defined as any report of wheeze in the past 12 months at either
or 6 years of age. The Brief RespiratoryQuestionnaire, validated in
similar local urban population,22 was used to assess parental

eport of physician diagnosis of asthma and asthmamedication use
n the past 12 months at either age. Emergency room (ER) visits
ere defined as reporting at least one visit to the ER in the past 12
onths due to breathing problems when queried by Brief Respira-

ory Questionnaire at 5 or 6 years of age.
Total serum IgE and specific IgE to cat, mouse, dog,Dermatopha-

oides farinae, and German cockroach at 5 years of age were mea-
ured in duplicate from serum samples using ImmunoCap (Phadia,
ppsala, Sweden).2,23 Children were considered sensitized to in-
oor allergens if they had a specific IgE level of 0.35 IU/mL or
reater to any of the allergens tested. Theywere classified as having
ny sensitization if the total IgE level was 50 IU/mL or higher.
hildren were defined as seroatopic if they met either of these
riteria.

tatistical analysis

Because of the different properties of semivolatile pyrene and
he nonvolatile PAHs, especially in regards to volatility,24 sources,24

enotoxicity,25 reactivity with ambient oxidizing compounds,15

nd their relativelyminimal correlations with each other (r � 0.35;
� .001 for prenatal and r � 0.24; P�.001 for 5-6 years of age),
yrene and �8PAHnonvolatile were analyzed separately. Given high
orrelations between pyrene and other semivolatile PAHs mea-
ured at 5 to 6 years of age (r � 0.51-0.78; P�.001), pyrene was
onsidered a marker for semivolatile PAH exposure.
As published previously,26 prenatal PAHs were dichotomized at

hemedian to obtain ameasure of high and low exposure (median,
.61 ng/m3 and 2.08 ng/m3 for pyrene and �8PAHnonvolatile, respec-
ively). Similarly,measures at 5 to 6 years of agewere dichotomized
t the median (median, 1.01 ng/m3 and 1.29 ng/m3 for pyrene and
8PAHnonvolatile, respectively). The repeated high PAH exposure
roupwas defined as thosewith high prenatal and high 5 to 6 years
f agemeasures (abovemedian for each; high-high) and compared
ith the other groups (high-low, low-high, and low-low).
Respiratory outcomes were analyzed using 2 pollutant logistic

egression models. Potential confounding variables used in the
nalyses includedmaternal ethnicity, sex,maternal asthma,mater-
al education, prenatal ETS exposure, postnatal ETS exposure, and
old/influenza season.9,12 Prenatal maternal demoralization score
range, 0-4), previously associated with childhood wheeze by 5
ears of age in this cohort,27 was also included. One dichotomous
ariable was included in the model to indicate whether the partic-
pant had any change in address between the prenatal and 5 to 6

ears of age exposure assessment. Another dichotomous variable
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indicated whether the residential monitoring was conducted be-
fore the 5 or 6 years of age questionnaire.

Sensitivity analyses were conducted as follows: (1) reanalysis
after removing upper or lower 5% of measures at both time points
and (2) reanalysis after eliminating the 5% of prenatal and child-
hood exposures immediately above and below the median. All
statistical analyses were performed using SPSS statistical software,
version 18 (SPSS Inc, Chicago, Illinois).

Results

Cohort characteristics

Children who underwent prenatal and 5 to 6 years of age air
monitoring and completed questionnaires at 5 or 6 years of age did
not differ demographically fromCCCEH children excluded from the
current analyses (ie, had not reached 5 years of age orweremissing
exposure or health outcome data), with the exception of a lower
frequency of prenatal ETS exposure, lower prenatal maternal de-
moralization scores, and ahigher prevalence of an elevated total IgE
level (�50 IU/mL) (Table 1). A total of 28% and 26% of children fell
repeatedly in the high category of pyrene and�8PAHnonvolatile expo-
sure, respectively.

Repeated PAH measures and health outcomes

Overall, higher levels of pyrene were associated with report of
asthma (odds ratio [OR], 1.90; 95% confidence interval [CI], 1.13-
3.20; Table 2) but not other asthma symptom-related outcomes.
Furthermore, 2 stratified models were built based on sensitization
to indoor allergens at 5 years of age. Among the 242 nonatopic
children (ie, lacking an elevated indoor IgE level), high pyrene
levels were associated with asthma (OR, 2.89; 95% CI, 1.47-5.69),
asthma medication use (OR, 2.28; 95% CI, 1.13-4.59), emergency
department visits (OR, 2.43; 95% CI, 1.20-4.91), and ever wheeze
(OR, 2.79; 95% CI, 1.46-5.34) (Fig 1 and Table 2). When nonatopic
children were redefined as possessing a total IgE level less than 50
IU/mL (n � 171), the positive association between high pyrene and
asthma remained, with a greater OR (OR, 3.59; 95% CI, 1.58-8.15).
Also among nonatopic children, an inverse association was found

Table 1
Demographic characteristics for the study cohorta

Characteristic Patients included in
studyb (n � 379)

Maternal ethnicity
Dominican 242/379 (64)
African American 137/378 (36)

Girls 201/378 (53)
Maternal high school or greater degree 238/378 (63)
Maternal asthma 96/379 (25)
Prenatal ETSe 115/374 (31)
Postnatal ETSf 161/379 (43)
Sensitized to indoor allergensg 97/351 (28)
Total IgE �50 IU/mL 150/330 (45)
Asthmah 123/379 (33)
Prenatal demoralization,i mean � SD 1.12 � 0.66

Abbreviation: ETS, environmental tobacco smoke.
aData are presented as number/total number (percentage) of patients unless otherw
bIncludes participants who underwent residential monitoring and had questionnair
cBecause of missing data, 313 Columbia Center for Children’s Environmental Health
prenatal or childhood monitoring periods, and 5 had missing questionnaire data.
dPearson �2 testwas performed. Demographic characteristicswere similar between
ETS, total IgE, and prenatal demoralization score.
ePrenatal ETS exposure was defined as the report of any smoker in the house during
fPostnatal ETS was defined as the report of any smoker in the house when the child
gAt least one specific IgE level of 0.35 IU/mL or greater at 5 years of age.
hAsthma defined as parental report of physician diagnosis of asthma at 5 to 6 years
iMaternal demoralization score (range, 0-4) was measured using the Psychiatric Ep
jMann-Whitney test was performed.
between high �8PAHnonvolatile levels and recent wheeze (OR, 0.47; p
5% CI, 0.22-1.00) but not asthma. Among the 87 children sensi-
ized to indoor allergens, significant associationswere not detected
etween pyrene or �8PAHnonvolatile and asthma and asthma-related
utcomes (Fig 1 and Table 2).
In secondary analyses, adjusted logistic models were repeated

ith multilevels of pyrene exposure (prenatal to 5-6 years of age:
igh-high, high-low, and low-high vs low-low as reference). Con-
istent with the main findings, among nonatopic children, but not
hildren sensitized to indoor allergens, a positive association was
ound between persistently high-high pyrene exposure and
sthma (OR, 3.28; 95% CI, 1.40-7.66; Fig 2). In contrast, no signifi-
ant associations were found between asthma and low-high or
igh-low pyrene exposure or �8PAHnonvolatile exposure (Fig 2).

ensitivity analysis

Models displayed in Figure 1A were robust to the exclusion of
he upper or lower 5% of pyrenemeasures (Table 3). After removing
he 5% of prenatal and 5 to 6 years of age measures immediately
bove and below themedian, the association between high pyrene
nd asthma remained, with a greater OR (OR, 3.43; 95% CI, 1.46-
.27).

iscussion

Our objective was to assess associations between repeated PAH
xposure, measured from prenatal personal and residential indoor
onitors in children’s homes, and asthma.We found that repeated
igh exposure to semivolatile pyrene, but not �8PAHnonvolatile, was
ssociated positively with the development of asthma, ever
heeze, asthmamedication use, and emergency department visits

or asthma. The positive association with repeated exposure to
yrene detected here is novel andmay indicate that pyrene, used as
representative maker for semivolatile PAH exposure, may be a
ey component responsible for adverse respiratory effects. Fur-
hermore, we observed that these associations were greatest
mong nonatopic children.
Among the few cohort studies that focused on environmental

riggers of nonatopic asthma, it was reported that exposure to air

Patients excluded from the
studyc (n � 348)

P valued

.48
232/348 (67)
116/348 (33)
175/348 (50) .46
219/335 (65) .56
66/288 (23) .05

131/342 (38) .03
116/285 (41) .71
35/127 (28) .71
48/136 (35) .04
52/158 (33) .92

1.19 � 0.60 .05j

dicated.
at 5 or 6 years of age.
ts did not undergo childhood air monitoring, 30 had invalid air measures either at

ildren includedwhen comparedwith those excluded (all P�.05) except for prenatal

nancy.
ged 6 months or 1, 2, 3, or 5 to 6 years.

.
ology Research Instrument–Demoralization during pregnancy.
the

ise in
e data
patien

the ch

preg
was a

of age
ollution (eg, PM and ETS) may induce or exacerbate the dis-
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ease.5,28 Nonatopic asthmatic children also have been found to
exhibit greater bronchial reactivity after methacholine challenges
than atopic children, suggesting that nonatopic children may be
more susceptible to airway irritants, such as ambient air pollu-
tion.29 In this urban CCCEH cohort, in which 62% of asthmatic
children are not sensitized to indoor allergens at 5 years of age, we
found that these children and those without elevated total IgE
levelsmay bemore susceptible to the effects of pyrene exposure on
asthma and asthma symptoms.

Growing evidence suggests that long-term air pollution expo-
sure may contribute to the development of new asthma and ad-
verse effects on lung growth. For example, early long-term expo-
sure to ambient PM and black carbon was associated with the
development of asthma and new wheeze among young chil-
dren30,31 and reduction of lung growth in preadolescent children in
urban cohorts.32 The latterwas supported by experimental findings
that found that mice exposed in the long term to urban levels of
PM2.5 during the prenatal and postnatal period developed altera-
tions of alveolar structure and lung elastic properties, reducing
lung growth.33 A prospective study in Krakow, Poland, found that
ambient prenatal measures of 9 PAHs (pyrene and �8PAHnonvolatile)
were associatedwith higher risks of transient wheeze and cough at
1 to 2 years of age.11,34 One study conducted in California reported
that higher 1-year averaged particulate PAH exposure, estimated
by a land use regression model, was associated with decreased
forced expiratory volume in 1 second in asthmatic children.35 Pre-
viously, our group at CCCEH reported that higher prenatal
�8PAHnonvolatile levels, only when combined with exposure to ETS,
were associated with respiratory symptoms at 1 to 2 years of age
and asthma at 5 to 6 years of age.12,19 However, the interaction of
repeated PAHs with ETS exposure on asthma was not significant in
these analyses (data not shown). To our knowledge, this is the first
study in which the associations of repeated measures of PAHs

Table 2
Effect of sensitization to indoor allergen on the associations between repeated poly

Measure Cases, No. (%)b

Overall (N � 354)
Asthmac 115 (32.5)
Asthma medication used 107 (30.2)
ED visitse 97 (27.4)
Ever wheezef 159 (44.9)
Recent wheezeg 110 (31.1)

Nonatopic children (n � 242)
Asthmac 70 (28.9)
Asthma medication used 62 (25.6)
ED visitse 59 (24.4)
Ever wheezef 103 (42.6)
Recent wheezeg 67 (27.7)

Sensitized to indoor allergens (n � 87)
Asthmac 40 (46.0)
Asthma medication used 41 (47.1)
ED visitse 36 (41.4)
Ever wheezef 51 (56.0)
Recent wheezeg 39 (44.8)

Abbreviations: �8PAHnonvolatile, sum of 8 nonvolatile polycyclic aromatic hydrocarb
aModelwas adjusted for ethnicity, sex,maternal educational level,maternal asthma,
season, prenatalmaternal demoralization, evermoved, and residentialmonitoring co
specific IgE level was 0.35 IU/mL or higher to any of indoor allergen tested at 5 year
bCases of symptom outcomes are presented.
cAsthma defined as parental report of physician diagnosis of asthma.
dMedication use defined as taking medication due to wheeze or whistling in the pa
eED visits defined as a report of ED visit at 5 or 6 years of age.
fWheeze ever defined as any report of wheeze in the past.
gRecent wheeze defined as any report of wheeze in the past 12 months.
hP�.05.
iP�.01.
during pregnancy and 5 to 6 years of age were assessed on young �
hildren, particularly nonatopic children in an inner-city birth
ohort.
We suspect that the volatility associated with pyrene, as op-

osed to the higher-molecular-weight �8PAHnonvolatile, may facili-
ate inhalation into the distal airways and be absorbed more effi-
iently by the respiratory tract.36 In addition to experimental
upport for pyrene’s role in the induction of several types of inflam-
ation,16-18 another semivolatile PAH, phenanthrene, also has
een shown to upregulate B-cell and IgE production in vitro37 and
ct in vivo as an adjuvant for allergen specific IgE production in the
uman upper airways.38 Although these latter results mostly sup-
ort the role of semivolatile PAHs on asthma through allergic im-
une mechanisms, there is also evidence that nonallergic mecha-
isms may be important. Fluoranthene, a structural isomer of
yrene, induced airway surface acidification through impaired cy-
lic adenosinemonophosphate–mediatedHCO3

� secretion and po-
entiated Cl� secretion.39 Airway acidification is associated with
irway inflammation and bronchoconstriction.40 Alternately, it is
ossible that observed positive associations between PAH levels
nd asthma in previous studies was driven by pyrene or fluoran-
hene, generally the most dominant compounds among the mea-
ured PAHs.15 Previous studies, conducted in Krakow, Poland, and
resno, California, assessed PAHs as either �8PAHnonvolatile com-
ined with pyrene or the sum of �8PAHnonvolatile and fluoranthene.
Sensitivity analyses revealed the associations with pyrene to be

obust. The positive association of pyrene with asthma also was
eplicated when a total IgE level less than 50 IU/mL was used to
efine those who were nonseroatopic. Furthermore, analyses of
ultilevel PAH exposure confirmed the positive association be-

ween asthma and persistently high exposure to pyrene (high-
igh) but not other exposure categories (high-low or low-high)
renatally and at 5 to 6 years of age.
We observed an unexpected inverse association of

aromatic hydrocarbon measures and asthma symptoms at 5 to 6 years of agea

OR (95% CI)

Pyrene �8PAHnonvolatile

1.90h (1.13-3.20) 0.90 (0.52-1.56)
1.35 (0.80-2.29) 0.89 (0.51-1.53)
1.21 (0.71-2.09) 0.82 (0.46-1.45)
1.53 (0.93-2.51) 0.86 (0.52-1.42)
1.39 (0.81-2.37) 0.62 (0.35-1.11)

2.89i (1.47-5.69) 0.67 (0.33-1.36)
2.28h (1.13-4.59) 0.62 (0.30-1.28)
2.43h (1.20-4.91) 0.67 (0.32-1.40)
2.79i (1.46-5.34) 0.65 (0.35-1.23)
1.95 (0.95-3.97) 0.47h (0.22-1.00)

0.90 (0.32-2.56) 0.74 (0.22-2.47)
0.61 (0.22-1.68) 1.41 (0.44-4.53)
0.59 (0.19-1.78) 0.90 (0.26-3.18)
0.77 (0.28-2.15) 0.92 (0.27-3.12)
1.04 (0.37-2.96) 0.52 (0.18-2.15)

I, confidence interval; ED, emergency department; OR, odds ratio.
tal environmental tobacco smoke, postnatal environmental tobacco smoke, cold/flu
ted before the 5 or 6 years of age questionnaires. Sensitized to indoor allergens if the
e.

onths.
cyclic

ons; C
prena
nduc
s of ag

st 12 m
8PAHnonvolatile with recent wheeze. Although it is intuitively im-
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probable, there are several plausible mechanisms by which
�8PAHnonvolatile levels could be associatedwith lower odds of recent
wheeze, such as impairment of T-cell and/or B-cell function.41-44 In
addition, studies have shown that exposure to diesel exhaust par-
ticles containing nonvolatile PAHsmay induce a low level of oxida-
tive stress that increases antioxidant defense activities and thus
protects against airway inflammation and asthma.45Alternatively,
nonvolatile PAHs can be degraded by oxidizing compounds (hy-

Fig. 1. Effect of sensitization to indoor allergens on the associations betweenpyrene
exposure and asthma symptoms at 5 to 6 years of age: (A) nonatopic children (n �

242) and (B) children sensitized to indoor allergens (n � 87). The data points and
error bars indicate the odds ratios and 95% confidence intervals, respectively, for an
increase in respiratory outcomes at 5 to 6 years of age associated with repeated
polycyclic aromatic hydrocarbon exposure, adjusting for ethnicity, sex, maternal
educational level, maternal asthma, prenatal ETS exposure, postnatal ETS exposure,
cold/flu season, prenatal maternal demoralization, ever moved, and residential
monitoring conducted before the 5 or 6 years of age questionnaires; *P�.05 and
**P � .01.

Fig. 2. Relationship of repeatedly elevated levels of prenatal and 5 to 6 years of age
pyrene levelswith asthma among nonatopic children (n� 242). The data points and
error bars indicate the odds ratios (ORs) and 95% confidence intervals, respectively,
for an increase in asthma at 5 to 6 years of age associated with each combination of
prenatal and age 5 to 6 years pyrene levels (low-high, high-low, and high-high vs
low-low), adjusting for race/ethnicity, sex, maternal educational level, maternal
asthma, prenatal ETS exposure, postnatal ETS exposure, cold/flu season, prenatal

maternal demoralization, evermoved, and residentialmonitoring conducted before
the 5 or 6 years of age questionnaires; **P � .01. c
roxyl radicals, nitrate radicals, and ozone) in the ambient air and
urther transformed into unmeasured and possibly toxic oxygen-
ted or nitrated PAHs,46 underestimating their true exposure lev-
ls. Nevertheless, our use of indoor PAH measures, which have
ignificantly lower ozone levels compared with the outdoors,
akes this possibility less likely.47 The inverse relationship with
8PAHnonvolatile may be an interesting pattern; however, it needs to
e studied further and interpreted in the context of other cohort
esearch on PAHs.

We acknowledge several limitations to the study. First, the
anel of PAHs studied was not completely representative of all
AHs known to comprise urban air. Levels of additional semivola-
ile PAHs beyond pyrene, such as phenanthrene, a predominant
raffic-related PAH, were not included in these analyses because
heywere notmeasured in prenatal air samples. However, they did
orrelate strongly in the 5 to 6 years of age residential air samples.
econd, prenatal and 5 to 6 years of age PAHs were collected using
ifferent sampling methods. However, our previous study found
hat the personal and residential PAH samples collected simultane-
usly during the prenatal period correlated significantly with each
ther.48 When also analyzed as dichotomized measures (high vs
ow), the results were mostly similar regardless of sampling meth-
ds (data not shown). This latter result indicates that most of the
tudy participants who were exposed to high prenatal personal
AH levels also would be exposed to high prenatal residential PAH
evels, especially because people spend most of their time in-
oors.49 Third, high PAH exposure was assessed only by 2 repeated
easures 5 to 6 years apart, leading to the possibility of exposure
isclassification. Fourth, reliance on the parental reports of
heeze could result in both false-positive and false-negative re-
ponses,50 although this would be expected to bias toward the null
nd therefore is unlikely to affect the positive associations ob-
erved between pyrene levels and asthma. Lastly, wewere not able
o compare directly high exposure level (eg, above the median
evels of prenatal personal and 5-6 years of age residential PAHs)
ith that reported in other cohort studies because they were mea-
ured by different sampling and analytical methods.
To our knowledge, this prospective study provides the first

vidence of early repeated exposure to pyrene during pregnancy
nd at 5 to 6 years of age being associated with nonatopic asthma
mong young, urban children. This positive association was not
pparentwith atopic asthma or the nonvolatile PAHs. These results
uggest that exposure to semivolatile pyrene, mostly generated
rom indoor sources beyond traffic emission, may be a key compo-
ent responsible for adverse respiratory effects, and children not
lready sensitized to allergens may be more susceptible. Given the
igh prevalence of nonatopic asthma, these results indicate that
any childrenmay be at significant risk of asthma-relatedmorbid-

ty due to early pyrene exposure. Specific interventions aimed at
educing PAH exposure by reducing sources of indoor emissions,

able 3
ensitivity analysis with asthma outcome among nonatopic childrena

xclusion No. of
children

OR (95% CI) for
pyrene

pper 5% of prenatal and childhood PAHs 196 2.51b (1.20-5.26)
ower 5% of prenatal and childhood PAHs 198 3.23c (1.54-6.76)
% of exposures above and below the
median

173 3.43c (1.46-8.27)

bbreviations: CI, confidence interval; OR, odds ratio; PAHs, polycyclic aromatic
ydrocarbons.
Model adjusted for ethnicity, sex, maternal educational level, maternal asthma,
renatal environmental tobacco smoke, postnatal environmental tobacco smoke,
old/flu season, prenatal maternal demoralization, ever moved, and residential
onitoring conducted before the 5 or 6 years of age questionnaires.

P�.05.
P�.01.
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such as cooking, space heating, burning incense and candle, and
ETS, may help to diminish the risk of developing asthma, especially
for nonatopic, young children.
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