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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 exposure was assessed by personal air monitoring 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 each was defined as measures above the median at both repeated time points. Asthma
and wheeze were determined by validated questionnaires at ages 5 to 6 years. Children with specific IgE
levels greater than 0.35 [U/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
positively with asthma (OR, 2.89; 95% CI, 1.77-5.69), asthma medication 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.

children.? The development of the atopic phenotype, as opposed to
the nonatopic phenotype, depends on the child’s genetic suscepti-
bility and exposure to environmental allergens. Much of childhood
asthma research has focused on those with the atopic phenotype,
even though a substantial portion of childhood asthma (up to 31%-
59%) is not attributed to allergic immune responses.> In these
cases, the environmental exposures that induce asthma are less
evident.

Introduction

Allergic sensitization is a well-established risk factor for the
development of asthma,! and early sensitization to indoor aller-
gens in particular may be associated with asthma among urban
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Exposure to particulate matter less than 2.5 um (PM, 5), a com-
mon air pollutant, has been linked to asthma exacerbations, the
development of new wheeze, and decreased lung function.®” More
recently, exposure to individual chemical components of PM, 5 has
been associated with the development of asthma in young children,
including the diesel soot fraction of PM, 5 (black carbon or elemen-
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tal carbon),® transition metals (eg, nickel and vanadium),®'° and
polycyclic aromatic hydrocarbons (PAHs).'"-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
generated predominantly by pyrogenic emissions.'># 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.'® Experimental work suggests that pyrene in par-
ticular can induce either allergic or nonallergic immune responses,
depending on the model.'®"'® Our group at the Columbia Center for
Children’s Environmental Health (CCCEH) reported that higher pre-
natal exposure to the sum of 8 nonvolatile PAHs (2gPAH, onvolatite)
combined with environmental tobacco smoke (ETS) was associated
with wheeze and asthma in infants and young children.'>'® 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 SgPAH, v o1atile €XPOSure 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,” we sought a priori to examine
whether the associations between repeated early pyrene and
3sPAH, o nvolatiie €Xposure and asthma would differ between nona-
topic and atopic children in an inner-city cohort. Our approach was
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
3.sPAH, onvolatiie 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
3.sPAH o nvolatile €Xposure and asthma may vary by the development
of seroatopy.

Methods
Study population

A total of 727 nonsmoking, healthy Dominican or African Amer-
ican women living in Northern Manhattan or the South Bronx were
enrolled during pregnancy and their children were followed up
prospectively.'® 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, and written informed consent was obtained from all
study participants.

Air monitoring

Prenatal PAH (pyrene and gPAH, ,nvolatiie) €XPOSUre 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 3gPAH,,qnvoratiie (P€NZ[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-

ously described.’>'® Seven other semivolatile PAHs (1-methyl-
phenanthrene, 2-methylphenanthrene, 3-methylphenanthrene,
9-methylphenanthrene, 1,7-dimethylphenanthrene, 3,6-dimethyl-
phenanthrene, and phenanthrene) were measured only at 5 to 6 years
of age and not included in the main analysis. Prenatal and postnatal
ETS exposure was assessed using report of any smoker in the home
during pregnancy and when the child was 6 monthsor1,2,3,or5to 6
years of age, respectively.

For a subset of study participants (n=102), prenatal residential
indoor samples were collected continuously beginning during the
32nd week of pregnancy until delivery.?° This protocol permitted
simultaneous comparisons of PAH levels measured by different
sampling methods (48-hour personal vs concurrent 2-week resi-
dential indoor exposure) during the prenatal period.

Health outcomes

The International Study of Asthma and Allergies in Childhood
questionnaire?! assessed ever wheeze and recent wheeze, the lat-
ter defined as any report of wheeze in the past 12 months at either
5 or 6 years of age. The Brief Respiratory Questionnaire, validated in
a similar local urban population,?® was used to assess parental
report of physician diagnosis of asthma and asthma medication use
in the past 12 months at either age. Emergency room (ER) visits
were defined as reporting at least one visit to the ER in the past 12
months due to breathing problems when queried by Brief Respira-
tory Questionnaire at 5 or 6 years of age.

Total serum IgE and specific IgE to cat, mouse, dog, Dermatopha-
goides farinae, and German cockroach at 5 years of age were mea-
sured in duplicate from serum samples using ImmunoCap (Phadia,
Uppsala, Sweden).>?* Children were considered sensitized to in-
door allergens if they had a specific IgE level of 0.35 IU/mL or
greater to any of the allergens tested. They were classified as having
any sensitization if the total IgE level was 50 IU/mL or higher.
Children were defined as seroatopic if they met either of these
criteria.

Statistical analysis

Because of the different properties of semivolatile pyrene and
the nonvolatile PAHs, especially in regards to volatility,?* sources,**
genotoxicity,?® reactivity with ambient oxidizing compounds,'®
and their relatively minimal correlations with each other (r = 0.35;
P < .001 for prenatal and r = 0.24; P<.001 for 5-6 years of age),
pyrene and XgPAH,  nvoiaile Were analyzed separately. Given high
correlations between pyrene and other semivolatile PAHs mea-
sured at 5 to 6 years of age (r = 0.51-0.78; P<.001), pyrene was
considered a marker for semivolatile PAH exposure.

As published previously,?® prenatal PAHs were dichotomized at
the median to obtain a measure of high and low exposure (median,
2.61 ng/m> and 2.08 ng/m? for pyrene and SgPAH, ., olatiler TESPEC-
tively). Similarly, measures at 5 to 6 years of age were dichotomized
at the median (median, 1.01 ng/m? and 1.29 ng/m? for pyrene and
SgPAH, onvolatiter T€SPectively). The repeated high PAH exposure
group was defined as those with high prenatal and high 5 to 6 years
of age measures (above median for each; high-high) and compared
with the other groups (high-low, low-high, and low-low).

Respiratory outcomes were analyzed using 2 pollutant logistic
regression models. Potential confounding variables used in the
analyses included maternal ethnicity, sex, maternal asthma, mater-
nal education, prenatal ETS exposure, postnatal ETS exposure, and
cold/influenza season.”'? Prenatal maternal demoralization score
(range, 0-4), previously associated with childhood wheeze by 5
years of age in this cohort,?” was also included. One dichotomous
variable was included in the model to indicate whether the partic-
ipant had any change in address between the prenatal and 5 to 6
years of age exposure assessment. Another dichotomous variable
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Table 1
Demographic characteristics for the study cohort?
Characteristic Patients included in the Patients excluded from the P value?
study® (n = 379) study® (n = 348)
Maternal ethnicity A8
Dominican 242/379 (64) 232/348 (67)
African American 137/378 (36) 116/348 (33)
Girls 201/378 (53) 175/348 (50) .46
Maternal high school or greater degree 238/378 (63) 219/335(65) .56
Maternal asthma 96/379 (25) 66/288 (23) .05
Prenatal ETS® 115/374 (31) 131/342 (38) .03
Postnatal ETSf 161/379 (43) 116/285 (41) 71
Sensitized to indoor allergens® 97/351 (28) 35/127(28) 71
Total IgE =50 IU/mL 150/330 (45) 48/136 (35) .04
Asthma® 123/379 (33) 52/158 (33) 92
Prenatal demoralization,' mean + SD 1.12 + 0.66 1.19 + 0.60 .05

Abbreviation: ETS, environmental tobacco smoke.

aData are presented as number/total number (percentage) of patients unless otherwise indicated.
PIncludes participants who underwent residential monitoring and had questionnaire data at 5 or 6 years of age.
“Because of missing data, 313 Columbia Center for Children’s Environmental Health patients did not undergo childhood air monitoring, 30 had invalid air measures either at

prenatal or childhood monitoring periods, and 5 had missing questionnaire data.

dpearson y? test was performed. Demographic characteristics were similar between the children included when compared with those excluded (all P>.05) except for prenatal

ETS, total IgE, and prenatal demoralization score.

®Prenatal ETS exposure was defined as the report of any smoker in the house during pregnancy.
fPostnatal ETS was defined as the report of any smoker in the house when the child was aged 6 months or 1, 2, 3, or 5 to 6 years.

At 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 of age.
iMaternal demoralization score (range, 0-4) was measured using the Psychiatric Epidemiology Research Instrument-Demoralization during pregnancy.

IMann-Whitney test was performed.

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 from CCCEH children excluded from the
current analyses (ie, had not reached 5 years of age or were missing
exposure or health outcome data), with the exception of a lower
frequency of prenatal ETS exposure, lower prenatal maternal de-
moralization scores, and a higher 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 2gPAH o volatile €XPO-
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% (I, 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
between high 3sPAH, ,,volatite l€Vels and recent wheeze (OR, 0.47;

95% (I, 0.22-1.00) but not asthma. Among the 87 children sensi-
tized to indoor allergens, significant associations were not detected
between pyrene or 3gPAH,,,yolatiie aNd asthma and asthma-related
outcomes (Fig 1 and Table 2).

In secondary analyses, adjusted logistic models were repeated
with multilevels of pyrene exposure (prenatal to 5-6 years of age:
high-high, high-low, and low-high vs low-low as reference). Con-
sistent with the main findings, among nonatopic children, but not
children sensitized to indoor allergens, a positive association was
found between persistently high-high pyrene exposure and
asthma (OR, 3.28; 95% CI, 1.40-7.66; Fig 2). In contrast, no signifi-
cant associations were found between asthma and low-high or
high-low pyrene exposure or 3gPAH, . olatile €Xposure (Fig 2).

Sensitivity analysis

Models displayed in Figure 1A were robust to the exclusion of
the upper or lower 5% of pyrene measures (Table 3). After removing
the 5% of prenatal and 5 to 6 years of age measures immediately
above and below the median, the association between high pyrene
and asthma remained, with a greater OR (OR, 3.43; 95% CI, 1.46-
8.27).

Discussion

Our objective was to assess associations between repeated PAH
exposure, measured from prenatal personal and residential indoor
monitors in children’s homes, and asthma. We found that repeated
high exposure to semivolatile pyrene, but not XgPAH, volatiles WaS
associated positively with the development of asthma, ever
wheeze, asthma medication use, and emergency department visits
for asthma. The positive association with repeated exposure to
pyrene detected here is novel and may indicate that pyrene, used as
a representative maker for semivolatile PAH exposure, may be a
key component responsible for adverse respiratory effects. Fur-
thermore, we observed that these associations were greatest
among nonatopic children.

Among the few cohort studies that focused on environmental
triggers of nonatopic asthma, it was reported that exposure to air
pollution (eg, PM and ETS) may induce or exacerbate the dis-
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Table 2
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Effect of sensitization to indoor allergen on the associations between repeated polycyclic aromatic hydrocarbon measures and asthma symptoms at 5 to 6 years of age?

Measure

Cases, No. (%)P

OR (95% CI)

Pyrene

ESP“\]-lnonvolatile

Overall (N = 354)

1.90" (1.13-3.20)
1.35 (0.80-2.29)
1.21(0.71-2.09)
1.53 (0.93-2.51)
1.39(0.81-2.37)

2.891 (1.47-5.69)
2.28"(1.13-4.59)
2.43" (1.20-4.91)
2.791 (1.46-5.34)

1.95 (0.95-3.97)

0.90(0.32-2.56
0.61(0.22-1.68

0.77 (0.28-2.15

0.90 (0.52-1.56)
0.89 (0.51-1.53)
0.82 (0.46-1.45)
0.86 (0.52-1.42)
0.62 (0.35-1.11)

0.67 (0.33-1.36)
0.62 (0.30-1.28)
0.67 (0.32-1.40)
0.65 (0.35-1.23)
0.47" (0.22-1.00)

0.74(0.22-2.47
1.41(0.44-4.53

0.92(0.27-3.12

Asthma“ 115(32.5)
Asthma medication used 107 (30.2)
ED visits® 97 (27.4)
Ever wheeze® 159 (44.9)
Recent wheeze® 110(31.1)
Nonatopic children (n = 242)
Asthma“ 70 (28.9)
Asthma medication use4 62 (25.6)
ED visits® 59 (24.4)
Ever wheeze® 103 (42.6)
Recent wheeze® 67 (27.7)
Sensitized to indoor allergens (n = 87)
Asthma“ 40 (46.0)
Asthma medication use? 41(47.1)
ED visits® 36 (41.4)
Ever wheezef 51 (56.0)
Recent wheeze$ 39(44.8)

) )
) )
0.59 (0.19-1.78) 0.90 (0.26-3.18)
) )
) )

1.04 (0.37-2.96 0.52(0.18-2.15

Abbreviations: YgPAH ,,nyolatile: SUM of 8 nonvolatile polycyclic aromatic hydrocarbons; CI, confidence interval; ED, emergency department; OR, odds ratio.

aModel was adjusted for ethnicity, sex, maternal educational level, maternal asthma, prenatal environmental tobacco smoke, postnatal environmental tobacco smoke, cold/flu
season, prenatal maternal demoralization, ever moved, and residential monitoring conducted before the 5 or 6 years of age questionnaires. Sensitized to indoor allergens if the
specific IgE level was 0.35 IU/mL or higher to any of indoor allergen tested at 5 years of age.

PCases of symptom outcomes are presented.
“Asthma defined as parental report of physician diagnosis of asthma.

dMedication use defined as taking medication due to wheeze or whistling in the past 12 months.

€ED 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.

eRecent wheeze defined as any report of wheeze in the past 12 months.
hp<.05.

ip<.01.

ease.>?® 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.? 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
levels may be more 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-
dren®°>! and reduction of lung growth in preadolescent children in
urban cohorts.>2 The latter was supported by experimental findings
that found that mice exposed in the long term to urban levels of
PM, 5 during the prenatal and postnatal period developed altera-
tions of alveolar structure and lung elastic properties, reducing
lung growth.>? A prospective study in Krakow, Poland, found that
ambient prenatal measures of 9 PAHs (pyrene and 3gPAH, o nvolatite)
were associated with higher risks of transient wheeze and cough at
1 to 2 years of age.'"** 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.>® Pre-
viously, our group at CCCEH reported that higher prenatal
3.sPAH  onvolatite 1€Vels, 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.'>'° 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
during pregnancy and 5 to 6 years of age were assessed on young

children, particularly nonatopic children in an inner-city birth
cohort.

We suspect that the volatility associated with pyrene, as op-
posed to the higher-molecular-weight Z3PAH . o1atiie» May facili-
tate inhalation into the distal airways and be absorbed more effi-
ciently by the respiratory tract.>® In addition to experimental
support for pyrene’s role in the induction of several types of inflam-
mation,'®'® another semivolatile PAH, phenanthrene, also has
been shown to upregulate B-cell and IgE production in vitro®” and
act in vivo as an adjuvant for allergen specific IgE production in the
human upper airways.*® Although these latter results mostly sup-
port the role of semivolatile PAHs on asthma through allergic im-
mune mechanisms, there is also evidence that nonallergic mecha-
nisms may be important. Fluoranthene, a structural isomer of
pyrene, induced airway surface acidification through impaired cy-
clicadenosine monophosphate-mediated HCO, ™~ secretion and po-
tentiated Cl~ secretion.®® Airway acidification is associated with
airway inflammation and bronchoconstriction.*® Alternately, it is
possible that observed positive associations between PAH levels
and asthma in previous studies was driven by pyrene or fluoran-
thene, generally the most dominant compounds among the mea-
sured PAHs.!® Previous studies, conducted in Krakow, Poland, and
Fresno, California, assessed PAHs as either SgPAH, volatile COM-
bined with pyrene or the sum of 2gPAH, ;. o1atie aNd fluoranthene.

Sensitivity analyses revealed the associations with pyrene to be
robust. The positive association of pyrene with asthma also was
replicated when a total IgE level less than 50 IU/mL was used to
define those who were nonseroatopic. Furthermore, analyses of
multilevel PAH exposure confirmed the positive association be-
tween asthma and persistently high exposure to pyrene (high-
high) but not other exposure categories (high-low or low-high)
prenatally and at 5 to 6 years of age.

We observed an unexpected inverse association of
SgPAH, o nvolatile With recent wheeze. Although it is intuitively im-
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Fig. 1. Effect of sensitization to indoor allergens on the associations between pyrene
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.

probable, there are several plausible mechanisms by which
S.¢PAH, o nvolatite l€VELS could be associated with lower odds of recent
wheeze, such as impairment of T-cell and/or B-cell function.*!-*4 In
addition, studies have shown that exposure to diesel exhaust par-
ticles containing nonvolatile PAHs may induce a low level of oxida-
tive stress that increases antioxidant defense activities and thus
protects against airway inflammation and asthma.**Alternatively,
nonvolatile PAHs can be degraded by oxidizing compounds (hy-

10.0 =
[\]
£
E
w
3]
5 1.0 L 3 : ' ' ,
o
(@]

0.1 -

Low-Low Low-High High-Low High-High

Prenatal-Age 5-6 Pyrene levels

Fig. 2. Relationship of repeatedly elevated levels of prenatal and 5 to 6 years of age
pyrene levels with 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, ever moved, and residential monitoring conducted before
the 5 or 6 years of age questionnaires; **P < .01.

droxyl radicals, nitrate radicals, and ozone) in the ambient air and
further transformed into unmeasured and possibly toxic oxygen-
ated or nitrated PAHs,*® underestimating their true exposure lev-
els. Nevertheless, our use of indoor PAH measures, which have
significantly lower ozone levels compared with the outdoors,
makes this possibility less likely.#” The inverse relationship with
3.sPAH,,onvolatile My be an interesting pattern; however, it needs to
be studied further and interpreted in the context of other cohort
research on PAHs.

We acknowledge several limitations to the study. First, the
panel of PAHs studied was not completely representative of all
PAHs known to comprise urban air. Levels of additional semivola-
tile PAHs beyond pyrene, such as phenanthrene, a predominant
traffic-related PAH, were not included in these analyses because
they were not measured in prenatal air samples. However, they did
correlate strongly in the 5 to 6 years of age residential air samples.
Second, prenatal and 5 to 6 years of age PAHs were collected using
different sampling methods. However, our previous study found
that the personal and residential PAH samples collected simultane-
ously during the prenatal period correlated significantly with each
other.*® When also analyzed as dichotomized measures (high vs
low), the results were mostly similar regardless of sampling meth-
ods (data not shown). This latter result indicates that most of the
study participants who were exposed to high prenatal personal
PAH levels also would be exposed to high prenatal residential PAH
levels, especially because people spend most of their time in-
doors.*® Third, high PAH exposure was assessed only by 2 repeated
measures 5 to 6 years apart, leading to the possibility of exposure
misclassification. Fourth, reliance on the parental reports of
wheeze could result in both false-positive and false-negative re-
sponses,’° although this would be expected to bias toward the null
and therefore is unlikely to affect the positive associations ob-
served between pyrene levels and asthma. Lastly, we were not able
to compare directly high exposure level (eg, above the median
levels of prenatal personal and 5-6 years of age residential PAHs)
with that reported in other cohort studies because they were mea-
sured by different sampling and analytical methods.

To our knowledge, this prospective study provides the first
evidence of early repeated exposure to pyrene during pregnancy
and at 5 to 6 years of age being associated with nonatopic asthma
among young, urban children. This positive association was not
apparent with atopic asthma or the nonvolatile PAHs. These results
suggest that exposure to semivolatile pyrene, mostly generated
from indoor sources beyond traffic emission, may be a key compo-
nent responsible for adverse respiratory effects, and children not
already sensitized to allergens may be more susceptible. Given the
high prevalence of nonatopic asthma, these results indicate that
many children may be at significant risk of asthma-related morbid-
ity due to early pyrene exposure. Specific interventions aimed at
reducing PAH exposure by reducing sources of indoor emissions,

Table 3

Sensitivity analysis with asthma outcome among nonatopic children?

Exclusion No. of OR (95% CI) for

children pyrene

Upper 5% of prenatal and childhood PAHs 196 2.51(1.20-5.26)

Lower 5% of prenatal and childhood PAHs 198 3.23°(1.54-6.76)

5% of exposures above and below the 173 3.43°(1.46-8.27)
median

Abbreviations: CI, confidence interval; OR, odds ratio; PAHs, polycyclic aromatic
hydrocarbons.

aModel adjusted for ethnicity, sex, maternal educational level, maternal asthma,
prenatal environmental tobacco smoke, postnatal environmental tobacco smoke,
cold/flu season, prenatal maternal demoralization, ever moved, and residential
monitoring conducted before the 5 or 6 years of age questionnaires.

bp< 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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