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SUMMARY

We examined whether proximity to a major roadway and traffic density around the home during

pregnancy are associated with risk of early life respiratory infection in a pre-birth cohort in the

Boston area. We geocoded addresses for 1,263 mother-child pairs enrolled during the first

trimester of pregnancy in Project Viva during 1999-2002. We calculated distance from home to

nearest major roadway and traffic density in a 100 m buffer around the home. We defined

respiratory infection as maternal report of >1 doctor-diagnosed pneumonia, bronchiolitis, croup or

other respiratory infection from birth until the early childhood visit (median age 3.3). We used

relative risk regression models adjusting for potential confounders to estimate associations

between traffic exposures and risk of respiratory infection. Distance to roadway during pregnancy

was associated with risk of respiratory infection. In fully adjusted models, relative risks (95% CI)

for respiratory infection were: 1.30 (1.08, 1.55) for <100 m, 1.15 (0.93, 1.41) for 100 to <200 m,

and 0.95 (0.84, 1.07) for 200 to <1000 m compared with living ≥1000 m away from a major

roadway. Each interquartile range increase in distance to roadway was associated with an 8%

(95% CI 0.87, 0.98) lower risk, and each interquartile range increase in traffic density was

associated with a 5% (95% CI 0.98, 1.13) higher risk of respiratory infection. Our findings suggest
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that living close to a major roadway during pregnancy may predispose the developing lung to

infection in early life.

Keywords

Epidemiology; Environmental Lung Disease; Air pollution; Traffic; Prenatal exposures;
Respiratory Infection

INTRODUCTION

A number of epidemiologic studies have associated pre- and post-natal exposure to ambient

air pollution with adverse respiratory outcomes. Post-natal exposures to air pollutants,

including particulate matter (PM), ozone (O3), nitrogen dioxide (NO2), carbon monoxide

(CO), and sulfur dioxide (SO2), have been associated with increased infant mortality, even

in developed countries such as the United States, with the strongest associations for post-

neonatal respiratory mortality1–4.

Although a number of studies report increased risks of respiratory symptoms in early life in

association with air pollution exposure5,6, relatively few studies have specifically examined

early life respiratory infection (the leading cause of infant morbidity) in relation to traffic-

related emissions. Although some case control and emergency room visit studies suggest

that exposure to traffic-related pollutants may increase risk of early life infection, the

number of studies is small and these studies have relied on administrative data to assess

health outcomes and regional monitors to estimate individual exposures7,8. Using GIS as a

tool for estimating individual exposure in a well-characterized longitudinal birth cohort in

the Boston area, we tested the hypothesis that greater pre- and post-natal exposure to traffic-

related pollution increases risk of doctor-diagnosed respiratory infection in early childhood.

We evaluated traffic-related pollution exposure based on the shortest distance from the

home to a major roadway and traffic density around the home.

MATERIALS AND METHODS

Study Population

Study subjects were participants in Project Viva, a prospective, pre-birth cohort study that

recruited women during early pregnancy from Harvard Pilgrim Medical Associates, a multi-

specialty group practice in eastern Massachusetts. In our primary analysis, we included only

participants with a recorded address at study enrollment and who had questionnaire data

after birth indicating whether the child had a diagnosed respiratory infection by the early

childhood visit (N = 1,263 participants, median age 3.3). Subjects were enrolled between

April 1999 and July 2002. Detailed enrollment criteria have been described previously9.

Briefly, pregnant women were approached at their initial prenatal visit. Exclusion criteria

included multiple gestation, inability to answer questions in English, plans to move out of

the area before delivery, and gestational age >22 weeks at initial prenatal clinic appointment.

All mothers provided written consent for themselves and their child. This study was
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approved by the institutional review boards of Brigham and Women’s Hospital and Harvard

Pilgrim Health Care.

Exposure Assessment

Each subject’s address at study enrollment and time of delivery was geocoded using ArcGIS

(ESRI, Redlands, CA). U.S. neighborhood-level census data, including median household

income and percent with at least a high school education, was assigned from the tract-level

2000 U.S. Census. Distance to the nearest A1 or A2 road (U.S. Census Features Class) was

calculated as the distance to the nearest roadway from the home address at the time of study

enrollment (1st trimester visit) and at the time of delivery. Based on published findings that

traffic-related pollutants decay to background levels exponentially with distance from a

freeway10,11, we examined associations with respiratory infection using categories of

distance (<100 m, 100 to <200 m, 200 to <1000 m, and ≥1000 m) and the natural log of

proximity to a major roadway. In our previous work, we have found that residential

proximity to a major class A1 or A2 roadway using these distance categories and also the

natural log of distance to roadway were associated with mortality in adults12.

Traffic density was examined in separate models from distance to roadway and was

calculated for the 100 m buffer zone around each home address as the number of vehicles x

road length (km) per day at home address at the time of study enrollment (1st trimester visit)

and at the time of delivery. Daily traffic counts for each road were measured or estimated in

2002 for each road in the state by the Massachusetts Department of Transportation. Road

length in the 100 m buffer was calculated using GIS software. We examined the log of

traffic density in association with risk of respiratory infection, consistent with previous

studies of traffic density and health outcomes13. There were 14 observations with an

estimated traffic density of 0 that were excluded from the analysis.

Questionnaire and Interview Data

Questionnaire and/or interview data were obtained from the mother at study enrollment

during the first prenatal visit, by questionnaire when the child reached 6 months, 1, and 2

years of age, and by interview at the early childhood visit (median age 3.3). Information was

obtained about the child’s health (including diagnosis of respiratory infection),

demographics, smoking, breastfeeding, and the home environment. Each child was

categorized as having had an acute respiratory infection if there was at least one parental

report of a diagnosis of bronchiolitis, pneumonia, bronchitis, croup or other respiratory

infection since the child’s birth (at age 1) or last birthday (at ages 2 and 3) by a health care

professional (e.g., doctor, physician assistant or nurse practitioner) on an annual

questionnaire at age 1 or 2 or the early childhood interview (median age 3.3). The diagnosis

of respiratory infection did not include colds, ears infections or sinusitis, which were asked

about separately on the questionnaire and interview. Participants who reported a diagnosis of

acute respiratory infection at least once were included in the primary analysis even if one or

more questionnaires or interviews were missing on other years. Participants who did not

report a respiratory infection diagnosis and who had missing outcome data on at least one

annual questionnaire or interview were excluded from the primary analysis.
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Statistical Analysis

The associations between exposures (proximity to major roadway and traffic density during

the first trimester) and respiratory infection (a binary outcome) were analyzed using relative

risk regression, adjusting for potential confounders that were selected a priori based on

known associations with air pollution and/or risk of respiratory infection. We directly

estimated relative risk rather than odds of respiratory infection because the outcome was

common (affecting 53.4% of participants) and therefore the odds ratio would not closely

approximate relative risk of infection. Models were fit using the PROC GENMOD

procedure using SAS 9.2 software with a log link, Poisson distribution and robust standard

errors (SAS Institute, Cary, NC). This has been shown to be a consistent estimator of the

relative risk of a binary outcome, using robust standard errors to account for the fact that the

data are not Poisson distributed14,15. We first ran parsimonious models adjusting only for

maternal race/ethnicity, infant sex, season of birth, and time. The fully adjusted model

adjusted for the these covariates and also maternal education, smoking during pregnancy,

months of any breastfeeding, smokers in the household after birth, presence of at least one

child under age 12 in the household, census tract income (quartile), census tract education,

gestational age, birth weight for gestational age z-score (based on US nationality data16) and

childcare attendance. We used sine and cosine functions of the date of birth to estimate the

amplitude and phase of the seasonal cycle. We adjusted for time as a continuous linear

variable using the date of the last menstrual period.

We performed several sensitivity analyses on our data. To account for potential bias arising

from excluding participants in whom it was unknown (due to missing outcome data)

whether at least 1 respiratory infection was diagnosed by the early childhood visit, we

performed a sensitivity analysis including only those participants who completed all 3

questionnaires/interviews at ages 1, 2 and 3 (N = 1,137 participants compared to 1,263 in the

primary analysis) and a last-observation-carried-forward sensitivity analysis assigning the

last reported respiratory infection status for those with missing outcome data (N = 1,369

participants). Since 10% of the cohort moved between the first trimester and the time of

birth, we examined the associations of distance to roadway and traffic density with

respiratory infection using the home address at the time of delivery instead of the first

trimester visit. We excluded gestational age and birth weight for gestational age from our

models in a sensitivity analysis to evaluate whether the observed associations with

respiratory infection might be mediated by pre-term birth and intra-uterine growth

restriction, as a number of studies have found associations between air pollution exposure

and both gestational age and birth weight17,18. We evaluated the linearity of the

relationships between the natural log of distance to roadway and traffic density with risk of

respiratory infection using restricted cubic splines with knots at the 5, 27.5, 50, 72.5, and

95th percentiles of the distribution19 and compared the fit of these models to the linear

models using likelihood ratio tests.

We investigated whether associations between exposure to traffic-related pollution and risk

of respiratory infection varied according to infant sex, preterm birth (<37 weeks, 7.0% of the

cohort), maternal smoking during pregnancy (9.7% of the cohort) and census tract income

quartile. We tested for statistical interaction of associations of the natural log of distance to
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roadway and traffic density with risk of respiratory infection by these characteristics using

cross-product terms and determined statistical significance from the p-value from the Wald

test of the cross-product.

RESULTS

Participant characteristics stratified by distance to nearest A1/A2 roadway are summarized

in Table 1. The mothers were predominantly of white race (75% in total), with a higher

proportion of white mothers (79%) living furthest from a major roadway. The mothers were

overall well-educated: 73% were college graduates. Maternal smoking during pregnancy

was rare in all groups, though smoking during pregnancy was slightly more common in the

group living closest to a major roadway (12.5% vs 8.5 to 10.1% in the other groups). The

average duration of any breastfeeding was more than 6 months for mother-infant pairs in all

distance to roadway categories. Fewer than 20% of households had a smoker after the birth

of the child in all distance categories. Most households (>70%) had least one other child

under the age of 12 during the study follow-up period. The average median census tract

income was $59,329 overall and was similar in all distance to roadway categories ($55,989

to $60,800). Study participants lived in neighborhoods where, on average, nearly 90% of

adults had completed at least a high school education, according to the 2000 U.S. Census. A

higher proportion of female than male infants lived close to major roadways compared to

living further away. On average, the children were born at term, mean (SD) gestational age

was 39.5 (1.9), with a normal birth weight for gestational age: mean (SD) z-score of birth

weight for gestational age was 0.23 (0.94). Most children attended childcare during the

study follow-up period. Childcare attendance was highest in the group living closest to a

major roadway (69.0% vs 57.5 to 61.8% in the other groups). The prevalence of any doctor-

diagnosed respiratory infection was highest in the groups closest to a major roadway (65.9%

and 57.7% among those in the two closest categories compared to 50.0% and 53.4% in the

groups further away).

The median, interquartile range (IQR) and range of distance to roadway and traffic density

based on address at enrollment are provided in Table 2. The median distance to a major

roadway was just over 1 km, but there was a wide range of distances with some families

living only a few meters from a census feature class A1 or A2 road and others living several

km away. The median traffic density, 895 vehicle-km/day, was consistent with an urban

setting and more than twice as high as the median traffic density in a study conducted in the

metropolitan area of Worcester, Massachusetts (369 vehicle-km/day)13.

Of the 1,263 children followed, 675 (53.4%) had at least one doctor-diagnosed respiratory

infection by the early childhood visit. Figure 1 shows the fully adjusted relative risk of

respiratory infection by distance to roadway category during the first trimester. There was a

30% higher risk (95% CI 1.08, 1.55) of respiratory infection among those living <100 m

from a major roadway compared to the reference group living >1000 m from a major road.

There was a somewhat elevated risk among those living between 100 and 200 m (RR 1.15,

95% CI 0.93, 1.41), though confidence intervals include the null.
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Table 3 shows the relative risk of respiratory infection by distance to roadway and by traffic

density during the first trimester, each modeled continuously and log transformed. Results of

the parsimonious and fully adjusted models for each exposure are shown. The point

estimates and confidence intervals for the full and parsimonious models for each exposure

were nearly the same. There was a negative linear relationship of distance to roadway with

respiratory infection: each IQR increase in distance to roadway was associated with an 8%

reduction (95% CI 0.87, 0.98) in risk of respiratory infection in the fully adjusted model.

Each IQR increase in traffic density was associated with a 5% higher (95% CI 0.98, 1.13)

risk of respiratory infection in the fully adjusted model, though the confidence interval for

this association includes the null.

In sensitivity analyses, distance to roadway and traffic density had very similar associations

with risk of respiratory infection in the complete case analysis (N = 1,137) and last-

observation-carried-forward analysis (N = 1,369) as the primary analysis (N = 1,263).

Neither the point estimates nor the confidence intervals were materially changed in either

sensitivity analysis. We found that distance to roadway and traffic density using birth

address instead of the first trimester address (which were different addresses for 10% of the

cohort who moved during pregnancy) had nearly identical associations with risk of

respiratory infection. We found that risk of respiratory infection was 1.31 (95% CI 1.08,

1.60) times higher for those living <100 m compared to those living >1000 m from a major

roadway at the time of birth. The relative risk was 1.04 (95% CI 0.97, 1.11) per IQR

increase in traffic density using birth address. Excluding gestational age and birth weight for

gestational age from the models did not change the observed associations with distance to

roadway and traffic density. In our sensitivity analysis examining non-linear relationships

between each exposure and risk of respiratory infection, we constructed restricted cubic

splines but did not observe any statistically significant evidence of departures from linearity

(p=0.49 for distance to roadway, p=0.49 for traffic density).

The observed associations of distance to roadway and traffic density with respiratory

infection did not differ according to infant sex, preterm birth, maternal smoking during

pregnancy or census tract income quartile (p-values for interaction terms ranged from 0.10

to 0.75).

DISCUSSION

In this pre-birth cohort study in the Boston area, we found that living near a major roadway

during pregnancy or at the time of birth was associated with a higher risk of doctor-

diagnosed respiratory infection by early childhood. There was a borderline significant higher

risk of infection associated with greater traffic density around the home.

Results of a modest number of studies suggest that long-term exposure to traffic-related

outdoor air pollution may increase risk of early life respiratory infection. A case-control

study in Southern California found increased risk of hospitalization for infant bronchiolitis

with exposure to particulate matter less than 2.5 microns in diameter (PM2.5) the month

prior to hospitalization and over the infant’s lifetime8. In a large cohort study in the

Netherlands that modeled long-term air pollutant concentrations at the home address using
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air pollution measurements and GIS traffic data, lifetime exposure to PM2.5, soot and NO2

were all associated with increased risk of doctor-diagnosed flu/severe colds and ENT

infections by age 220. A study in Munich that also estimated individual air pollutant

exposure using GIS variables and exposure measurements found an increased risk of

sneezing and rhinitis at ages 1 and 2 in association with PM2.5 and increased risk of dry

cough or bronchitis in association with NO 21
2. No associations with respiratory infections

were found in that study. This group also examined proximity to roadways and found an

increased risk of wheeze, but not infection. A Swiss study measuring pollution exposures

inside bedrooms and outside the homes of children aged 0 to 5 found that exposures to NO2

and total suspended particles were associated with episodes of coughing, upper respiratory

infections, and episodes of breathing difficulty22. Karr and colleagues examined modeled air

pollution exposure and distance to roadway at home address in a nested case-control study

in British Columbia and found increased risk of clinical encounters for bronchiolitis in

association with NO2 (OR 1.12, 95% CI 1.09, 1.16 per interquartile range increase) and

proximity to major roadways (OR 1.06, 95% CI 0.97, 1.17 for living <50m from a highway),

but not PM 23 2.5. Karr and colleagues also examined community-level exposure to PM2.5

and infant hospitalization for RSV bronchiolitis in the relatively unpolluted region of Puget

Sound, Washington State and found only non-significant trends in association with chronic

PM2.5 exposure (OR 1.14, 95% CI 0.88, 1.46 per 10 mcg/m3 increase in lifetime exposure)

and living <150 m from a highway (OR 1.17, 95% CI 0.95, 1.44)24. These studies suggest

that chronic exposure to traffic-related air pollution may modestly increase risk of lower and

possibly upper early life respiratory infection.

Very few studies have examined exposure traffic-related pollution in the prenatal period in

association with respiratory infection, despite a relatively large literature demonstrating that

prenatal tobacco exposure increases risk of infection25. A recent study measured personal

prenatal PM2.5 exposure in a pre-birth cohort and found an increased odds for recurrent

broncho-pulmonary infections (five or more spells of doctor-diagnosed bronchitis and/or

pneumonia) by age 7 in association with prenatal PM 26 2.5. A Spanish cohort study found

that prenatal and first year exposures to NO2 (a marker of traffic-related pollution) estimated

by land-use regression models were associated with lower respiratory infections during the

first 12-18 months of life (RR 1.08, 95% CI 0.97, 1.21 per interquartile range increase in

prenatal NO2) 27.

We cannot conclude from the results of our study whether the pre- or early post-natal traffic

exposures were responsible for the association between distance to roadway and respiratory

infection, since the majority of mothers did not move during pregnancy. The

abovementioned Spanish cohort study also observed very high correlation between pre- and

post-natal NO2 exposure levels, making it difficult to determine which exposure is

responsible for the observed association with respiratory infection27. A study of pre- and

post-natal traffic-related PM2.5 exposure in mice found that exposure during both the pre-

and postnatal periods impaired lung growth, but not either exposure alone28. Similarly, a

study of pre- and early post-natal tobacco exposure in rats found marked airway sensitivity

alterations, decrease compliance and a larger number of neuroendocrine cells in the lungs of

rats who were exposed to tobacco both in utero and during the post-natal period but not in

those who were only exposed pre- or post-natally29. These studies suggest that critical
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windows of lung growth and development likely include both fetal and early post-natal

periods and that both pre- and early post-natal air pollution exposures are harmful to the

developing lung.

Animal exposure studies have identified both anatomic/mechanical and immunological

mechanisms by which pre-natal and early post-natal air pollution exposure may increase

susceptibility of the respiratory system to infection. PM2.5 and tobacco exposure have been

found to impair pre- and post-natal development of tracheobronchial tree28,30. Post-natal

diesel exposure has been found to attenuate the lung’s immune response to viral respiratory

infection and to augment the inflammatory response, which likely result in a worse course of

illness31,32. Perinatal tobacco exposure has also been found to alter the inflammatory

response to pulmonary infection33.

There are a number of limitations to our study. This investigation included a population of

predominantly white, well-educated women and their children residing in the Boston area;

generalizability to other groups may be limited. We did not have information on frequency

or severity of infection. Further, there was no confirmation of respiratory infections, for

example by medical record review or viral testing. We used distance to roadway and

estimates of traffic density as proxies for long-term traffic-related ambient air pollution

exposure, which may not reflect actual pollution exposures. Although we did not find

evidence that risk of respiratory infection in association with distance to roadway and traffic

density differed by infant sex, preterm birth, maternal smoking during pregnancy and census

tract income quartile, we had limited power to test for effect modification by preterm birth

(7.0% less than 37 weeks) and maternal smoking during pregnancy (9.7%) and cannot

conclude with confidence that these subgroups are not more susceptible to traffic-related air

pollution. Lastly, as this was an observational study, we cannot infer causality from the

associations observed.

This study also has a number of strengths. While most studies have focused on short-term

air pollution exposure and hospitalization for respiratory infection using administrative data,

we analyzed associations between long-term traffic-related pollution during both the preand

early post-natal periods in a well-characterized urban pre-birth cohort. We used GIS to

estimate exposures at the child’s home address and were able to account for changing

addresses over time through sensitivity analyses. Our results were adjusted for a robust list

of potential confounders and predictors of respiratory infection, including measures of

income from census tract data, personal education, detailed smoking history, and other

details about the child’s environment. Comparison of our parsimonious and full model

results (which were essentially identical), suggests that there was very little confounding of

the associations of distance to roadway and traffic density with respiratory infection by these

potential confounders. Although our outcome of interest (doctor-diagnosed respiratory

infection) required access to healthcare, healthcare access was an unlikely confounder or

limitation of this study, as this cohort had excellent access to healthcare with 99.8% of the

study cohort reporting a current (verified) relationship with a pediatrician at age 3.

In conclusion, we found that proximity to a major roadway during pregnancy and early life

was associated with higher risk of doctor-diagnosed respiratory infection by early childhood.
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These findings have potential clinical implications for children at high risk for respiratory

infection who live in urban environments or near highways, and also policy implications

regarding traffic pollution control and urban planning to protect the respiratory health of

children. To inform policies aimed at reducing the most harmful pollutants, there is a need

for longitudinal research on long-term pre-natal and early life air pollution exposures to

identify which traffic-related exposures contribute to early life respiratory infection risk.
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Figure 1. Distance to Major Roadway and Relative Risk of Respiratory Infection by Early
Childhood*
Data from 1,263 mother-infant pairs participating in Project Viva.

* Adjusted for maternal race/ethnicity, maternal education, smoking during pregnancy,

breastfeeding, smokers in household after birth, other children <12y in household, census

tract income (quartile), census tract education, infant sex, gestational age, birth weight for

gestational age z-score, season of birth, childcare attendance, and time
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