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Abstract

Objective We previously reported that total suspended

particulates exposure (a measure of air pollution) at the

time of birth was related to increased postmenopausal

breast cancer risk. In this study, we examined breast cancer

risk in relation to exposure to air pollution from traffic

emissions throughout life.

Methods We conducted a case–control study of breast

cancer. Participants were women, aged 35–79, residents of

Erie and Niagara Counties. Cases had incident, primary,

histologically confirmed breast cancer. Controls were ran-

domly selected from the population, frequency-matched on

age and race. Using lifetime residential histories, exposure

to traffic emissions was modeled for each woman using her

residence as a proxy. Estimates were calculated for resi-

dence at menarche, her first birth, and 20 and 10 years

before interview. Unconditional logistic regression was

used to calculate odds ratios (OR) and 95% confidence

intervals (CI).

Results Higher exposure to traffic emissions at the time

of menarche was associated with increased risk of pre-

menopausal breast cancer (OR 2.05, 95% CI 0.92–4.54, p

for trend 0.03); and at the time of a woman’s first birth for

postmenopausal breast cancer (OR 2.57, 95% CI 1.16–

5.69, p for trend 0.19). Statistically significant associations

were limited to lifetime non-smokers; there was a signi-

ficant interaction between exposure at time of menarche

and smoking for premenopausal women.

Conclusion Our findings add to accumulating evidence

that early life exposures impact breast cancer risk and

provide indication of potential importance of traffic emis-

sions in risk of breast cancer.

Keywords Breast cancer � Lifecourse � Traffic emissions �
Polycyclic aromatic hydrocarbons (PAHs)

Introduction

Breast cancer is a major cause of morbidity and mortality. In

addition to established risk factors, it has been hypothesized

that environmental exposures may also contribute to breast

cancer risk [1–3]. Potentially important in explaining

observed differences in breast cancer rates over time and

between countries are exposures related to industrialization.

Breast cancer risk tends to be higher in more industrialized

countries than in less well developed countries [4, 5], as well
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as being higher in the urban (compared to the rural) areas of

industrialized nations [6–8]. Incidence of breast cancer is

particularly high in the Northeastern US [9], an area with

heavy industrial and traffic emissions. While some of the

observed geographic differences in rates are likely to be

related to differences in distribution of known reproductive

risk factors [10, 11], investigators have been interested in

identifying potential carcinogens in the environment,

including compounds in air that may also contribute to the

observed variation. Traffic emissions are the major source of

air pollutions in urban areas, and they contain many poten-

tial carcinogens, e.g., polycyclic aromatic hydrocarbons

(PAHs) and benzene. Studies have found that exposure to

traffic emissions may be associated with increased risk of

total childhood cancer and childhood leukemia [12, 13].

However, there are few studies on traffic emissions and other

cancers, although one study suggested that there was in-

creased breast cancer risk among women living close to

industrial sites and heavy traffic in Long Island, New York

[14].

While there is increasing evidence that exposures in

utero and in childhood may impact breast cancer risk [15],

there has been little study of environmental exposures

during this time period. However, there is evidence breast

tissues may be more sensitive to carcinogens during

childhood, particularly at the time of birth and during

puberty [1, 16, 17]. Previously, we examined risk associ-

ated with exposure to total suspended particulates (TSP),

an indicator of ambient air pollution. For each participant’s

residence at the time of her birth, menarche, and first birth,

we estimated TSPs. We found that increased TSP exposure

was associated with increased postmenopausal breast can-

cer risk for birth residence exposure [18].

We report here on a case-control study of breast cancer,

the Western New York Exposures and Breast Cancer

(WEB) study. Linking residential histories for participating

cases and controls with measures of historical traffic

emissions, we estimated exposures using a geographic

traffic model for time periods of potential breast tissue

sensitivity (i.e., at menarche, and at the time of a woman’s

first birth), and at other time windows in lifecourse (i.e., 20

and 10 years prior to interview).

Materials and methods

The WEB study included women who were aged 35–79

and residents of Erie and Niagara Counties in western New

York State including the cities of Buffalo and Niagara

Falls. Included were women with no previous history of

cancer other than non-melanoma skin cancer. Details of the

study have been described elsewhere [18, 19]. Briefly,

cases had incident, primary, histologically-confirmed

breast cancer. Controls were randomly selected from the

residents of Erie and Niagara Counties and frequency-

matched to cases on age and race. Those between the ages

of 35 and 64 were selected from the New York State

Department of Motor Vehicle list. Those 65 and over were

identified through Health Care Finance Administration re-

cords. Among those determined eligible, response rates for

the study were 72% (cases) and 63% (controls). All par-

ticipants provided written informed consent, and the study

protocol was approved by the Institutional Review Boards

of the University at Buffalo and of all the participating

hospitals.

Due to differences in risk factors for breast cancer by

menopausal status, all analyses were stratified by meno-

pausal status. In our study, a woman was defined as

postmenopausal if her menses had ceased permanently

and naturally. Also considered postmenopausal were wo-

men on hormone replacement therapy who were over age

55, women who had had a bilateral oophorectomy, wo-

men who had had a hysterectomy and were older than 50,

women whose menses had ceased permanently due to

radiation or other medical treatment and were older than

55, and women over 55 whose menses had not ceased

permanently.

Data collection

In-person interviews were used to collect data on potential

breast cancer risk factors. Included were race, age, educa-

tion, body mass index (BMI = weight (kg)/height (m)2),

smoking history, usual diet during the period 12–24 months

prior to interview, medical history, reproductive history,

family history of breast cancer, previous benign breast

disease, and occupational history.

Self-reported lifetime residential histories were also

collected. Participants listed each of their residences for

their entire lives, providing the addresses and the time

periods when they lived at those addresses. For the

addresses with incomplete information, an extensive search

of available records, including the Polk Directory, was

conducted to find as much missing data as possible.

Addresses were geocoded using ArcView 3.2 (ESRI,

Inc., Redlands, CA), with GDT/Dynamap 2000 (GDT, Inc.,

Lebanon, NH) as the reference theme. ZP4 (Semaphore

Co., Aptos, CA) software was used to correct and update

the zip code for each address before the geocoding process.

Geocoding was limited to participants’ addresses in Erie

and Niagara Counties. Our previous validation study

showed good positional accuracy of the geocoded ad-

dresses in comparison to a global positioning system unit

used as the gold standard to measure the latitude and lon-

gitude of the locations [20].
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Exposure assessment

A geographic traffic exposure model, the Buffalo version

of a model developed for the Long-Island Breast Cancer

Study Project, was used to estimate historical residential

exposure to traffic emission. The model estimated PAH

exposure using benzo[a]pyrene (BaP) as a surrogate for

total PAH exposure. This emissions and meteorological

dispersion model, along with its validation and calibration,

has been described in detail previously [21, 22]. The data

used for validation and calibration included PAH mea-

surements carried out on a subset of study subjects, e.g.,

soil and carpet BaP concentrations, and PAH-DNA adducts

in study subjects’ blood, as well as measurements of carbon

monoxide (CO) at an U.S. Environmental Protection

Agency monitoring station. The authors found that, in three

out of four of these comparisons, the model successfully

predicted the relevant measurement [21, 22].

For use of the model in the Erie and Niagara Counties

region, Long-Island data were replaced with region-specific

meteorological and traffic data. Meteorological data were

obtained from the National Climatic Data Center. The

numbers of vehicles on roads in the two counties were ob-

tained from the Greater Buffalo-Niagara Regional Trans-

portation Council (GBNRTC) for the years from 1971 to

2002, and from the New York State Department of Trans-

portation (NYSDOT) for the years from 1960 to 1975.

The traffic exposure model entails the choice of a scale

factor corresponding to higher emissions at intersections,

where vehicles are accelerating and decelerating [21]. This

factor was obtained by calibrating the model to Erie and

Niagara Counties regional air pollution data (carbon monox-

ide) collected by the U.S. Environmental Protection Agency.

Carbon monoxide air concentration is highly correlated with

PAH air concentration in cities (R2 = 0.5–0.8) [21].

With the region specific adjustments in place, the meteo-

rological dispersion model was applied to estimate traffic

emissions, particularly PAHs, emitted along the 54,494 road

segments in the two study counties, producing exposure

estimates for each residence for the participants specific to the

time period of interest. Emission data per road segment were

derived from historical data obtained for tailpipe emissions

(Beyea J, Hatch M, Stellman SD, Gammon MD, unpublished

data) and for number of vehicles on roads. The model pro-

duces relative rather than absolute estimates of exposure be-

cause the former are less sensitive to uncertainties in model

parameters and because the model cannot really distinguish

between traffic PAH pollutants and co-pollutants.

Statistical methods

Of the total of 1,170 cases and 2,116 controls in the

WEB study, 1,068 cases and 1,944 controls provided

information on lifetime residential history. There were a

total of 20,862 individual addresses, among which

15,969 (77%) were within Erie and Niagara Counties.

This study was limited to those residences within Erie

and Niagara Counties, with adequate information for

geocoding and with consistent information on the year

the participant moved in and out of the residential

location. For these studies of traffic emissions, we were

limited to historical data beginning in 1960; therefore,

we limited our analysis here to residences in which study

participants lived during or after 1960. Analyses were

done separately for each of the time windows, i.e., at

menarche, at the time of a woman’s first birth, and 20

and 10 years prior to interview. We were not able to

examine risk in relation to exposure at the time of the

woman’s own birth, because of these limitations in the

availability of historical data.

To describe the distribution of the studied variables,

means and standard deviations (SDs) were calculated for

the continuous variables for cases and controls, and t-tests

were used to compare means. v2 tests were used for

comparisons of categorical variables. Since the distribu-

tion of traffic emissions was skewed, all these values were

natural log transformed. These exposure estimates were

categorized into quartiles based on the distribution of

traffic emissions among controls. The cutoffs of the traffic

emissions varied based on menopausal status and time

windows examined, i.e., premenopausal women at men-

arche analysis (7.65, 8.36, and 8.84), premenopausal

women at first birth analysis (6.42, 7.41, 8.16), post-

menopausal women at first birth analysis (7.57, 8.35,

8.76), premenopausal women at 20 years prior analysis

(7.03, 7.73, 8.11), postmenopausal women at 20 years

prior analysis (6.94, 7.72, 8.14), premenopausal women at

10 years prior analysis (5.40, 6.15, 6.75), and postmeno-

pausal women at 10 years prior analysis (5.49, 6.29,

6.82). Unconditional logistic regression was used to cal-

culate odds ratios (OR) and 95% confidence intervals

(CI). To test for linear trend, we also examined a model

with traffic emissions entered as a continuous variable.

Breast cancer risk factors were adjusted for in the model,

including the matching factors of age and race. Also in-

cluded were education, BMI, age at menarche, age at

menopause (for postmenopausal women only), age at first

birth, number of births, family history of breast cancer,

and previous benign breast disease. In addition to

matching variables, i.e., age and race, a reduced model

including education, age at first birth and year at inter-

view was determined by removing covariates that did not

alter the OR by more than 10%. To test potential effect

modification, analyses stratified by smoking status, and

estrogen receptor (ER) and progesterone receptor (PR)

status were also performed.
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Results

The number of cases and controls included in this study in

periods of interest are shown in Table 1. The study sample

size varied among the time periods because of the lack of

information about exposure in the earlier time periods and

because of in-migration to the study region of study par-

ticipants over time. We included all participants living in

the two study counties at each time period.

The characteristics of subjects who were included in the

analysis and those who were excluded from the study were

compared in groups defined by case–control status and by

menopausal status, for the different time periods of interest.

In the excluded category were those who did not live in the

two counties during the time period of interest, who lacked

data regarding residence, or for whom the relevant time

period (e.g., menarche) was before 1960. Women included

in the study were somewhat younger than those who were

excluded, particularly for the earlier time periods analyses,

i.e., menarche and first birth analyses. This was the result

of excluding women who had menarche or first birth before

1960. There were also some differences in the two groups

for race, years of education, family history of breast cancer,

history of previous benign breast disease, and reproductive

factors. However, these differences generally were not of

great magnitude. Further, when there was a difference,

cases and controls tended to follow a similar pattern (data

not shown).

Characteristics of breast cancer cases and controls by

menopausal status are shown in Table 2 for the subsamples

included in the analyses for exposure at menarche and at

first birth (data for time periods of 20 years and 10 years

prior to interview are not shown).

Crude and adjusted ORs for traffic emissions exposure

are shown in Table 3. The association of risk of post-

menopausal breast cancer with traffic emissions exposure

at the time of menarche was not included because the

sample size was too small. For premenopausal women,

there was some indication of an increase in breast cancer

risk for traffic emissions exposure at the time of menarche.

p for trend for the association was 0.03, and the fourth

quartile OR was 2.05 (95% CI 0.92–4.54). For postmeno-

pausal women, we found that traffic emissions exposure at

the time when a woman first gave birth was associated with

increased risk (OR 2.57, 95% CI 1.16–5.69, p for trend

0.19). There was no evidence that exposure to traffic

emissions for any of the other time periods was associated

with breast cancer risk.

When we stratified the subjects by smoking status

(lifetime never and ever smokers), the observed increased

risk associated with exposure to traffic emissions was

limited to non-smokers (Table 4). Among non-smoking

premenopausal women, exposure at the time of menarche

was associated with breast cancer risk (OR 6.67, 95% CI

1.74–25.67, p for trend 0.01). Similarly, for non-smoking

postmenopausal women, there was also increased risk (OR

6.23, 95% CI 1.70–22.82, p for trend 0.08). Among

smokers, traffic emissions were not associated with risk.

Controlling for smoking did not appreciably alter the

results (data not shown). The interaction between smoking

status and traffic emission exposure at menarche was sta-

tistically significant for premenopausal women (p = 0.01),

but did not reach formal statistical significance regarding

exposure at the time of first birth among postmenopausal

women (p = 0.06). Associations of traffic emissions

exposure with breast cancer risk were not different in strata

of ER and PR status (data not shown).

Discussion

We used a validated model to estimate exposure to traffic

emissions based on residential location in potential critical

time periods of breast cancer. We found increased risk of

breast cancer among premenopausal women exposed to

more traffic emissions at menarche and among postmeno-

pausal women exposed at first birth; the observed increased

risk was limited to non-smokers. Inconsistency in results

between premenopausal and postmenopausal women may

due to the differences in etiology for pre and postmeno-

pausal breast cancer, or may relate to the fact that pre-

menopausal women who were generally younger were

exposed to less traffic emissions than postmenopausal

women, because of the decreased trend of traffic emissions

in later time periods. Although some of the p’s for trend

were statistically significant, these increased risks appeared

Table 1 Numbers of cases and controls included in the study in different time periods, WEB study, 1996–2001

Time period Cases Controls

Premenopausal Postmenopausal Premenopausal Postmenopausal

Menarche 187 52 347 76

First birth 181 221 371 308

20 years prior to interview 210 672 413 1200

10 years prior to interview 258 717 501 1265
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to be nonmonotonic; further study is needed to exam the

dose-response effect. Traffic emissions exposure in other

time periods, including 20 or 10 years prior to interview,

were not associated with breast cancer risk.

We found a striking difference for analyses stratified by

smoking status. Our study suggests that among smokers

whose exposure to the products of cigarette combustion

may be already high, additional exposure from traffic may

not make a difference. However, among non-smokers,

increased traffic emissions exposure appeared to increase

breast cancer risk.

Russo et al. [17] have hypothesized that in the period

between menarche and a first birth when breast tissues are

at a peak of cell replication and are less differentiated,

breast tissue may be more susceptible to initiation by car-

cinogens. In previous analyses in the WEB study data, we

found evidence of more clustering of premenopausal breast

cancer cases than for controls for residence at earlier life,

i.e., at birth and menarche [19]. We also found that TSP

exposures at birth residence were associated with increased

postmenopausal breast cancer risk [18]. These previous

findings and those reported here add to the evidence that

earlier life environmental exposure may play a role in

breast cancer risk.

The model that we used to estimate traffic emissions was

based on an estimation of BaP exposure, a PAH. Although

studies have found that higher concentrations of PAH-

DNA adducts are present in human breast tissues of cancer

cases than noncancer controls [23–25] and that higher

levels of PAH-DNA adducts in blood were associated with

increased risk of breast cancer [26], PAHs have not been

strongly linked to breast cancer risk in epidemiological

studies. Although cigarette smoking is one of the major

sources of PAH exposure, most studies have not found an

association between adult smoking and breast cancer risk

[27]. In the WEB study, both active (unpublished data) and

secondhand smoking [28] were not statistical significantly

associated with the risk of breast cancer. There are, how-

ever, several studies that suggest higher breast cancer risk

among those who initiate smoking at an early age [29–32].

These findings are consistent with our study, suggesting the

potential importance of earlier life exposure. Most occupational

Table 2 Characteristics of study sample by case–control status for subsamples included in the analyses for exposure at menarche and at the time

of a woman’s first birth, WEB study, 1996–2001

Characteristics* Premenopausal Postmenopausal

Cases Controls Cases Controls

At menarche (N) 187 347 52 76

Age (years) 43.8 (4.0)* 43.0 (3.9)* 49.4 (3.0)* 47.3 (3.0)*

Education (years) 13.8 (2.0) 14.2 (2.2) 14.6 (2.4) 14.0 (2.4)

Race (% of whites) 96.3 96.3 92.3 90.8

Body mass index 27.0 (7.0) 27.4 (6.8) 28.3 (5.3) 28.5 (7.1)

Nulliparous (%) 17.6 16.1 26.9 22.4

Age at menarche (years) 12.6 (1.6) 12.7 (1.6) 12.9 (1.5) 13.1 (1.8)

Age at menopause (years) / / 45.0 (5.1)* 42.1 (6.5)*

Family history of breast cancer (% Yes) 22.5* 9.8* 17.3 13.2

Previous benign breast disease (% Yes) 33.2* 19.6* 30.8 22.4

Smoking (packyears) 7.6 (11.4)* 5.1 (9.0)* 8.6 (15.5) 12.0 (15.8)

Never Smoker (%) 47.6 53.5 52.9 43.4

At first birth (N) 181 371 221 308

Age (years) 44.5 (4.7) 44.2 (4.6) 57.0 (6.0)* 54.5 (6.1)*

Education (years) 13.9 (2.0) 14.1 (2.1) 14.1 (2.4) 13.7 (2.3)

Race (% of whites) 95.6 96.0 93.7 94.2

Body mass index 27.2 (7.2) 27.3 (6.6) 28.8 (5.6) 28.7 (6.4)

Age at menarche (years) 12.5 (1.4) 12.7 (1.6) 12.4 (1.6) 12.5 (1.7)

Age at menopause (years) / / 48.5 (4.7)* 46.9 (5.9)*

Family history of breast cancer (% Yes) 21.0* 8.9* 20.4* 10.1*

Previous benign breast disease (% Yes) 35.4* 21.8* 38.5* 25.6*

Smoking (packyears) 7.7 (11.4)* 5.4 (9.7)* 10.2 (13.8) 12.6 (17.4)

Never Smoker (%) 45.3 53.9 38.2 38.6

* Values shown are means (SD) unless noted otherwise. Two-sided comparisons of means between the cases and controls were computed by

Student’s t-test; comparisons of categories were with the v2 test. Those with * are significantly different, p < 0.05
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Table 3 Exposure to traffic emissions throughout life and risk of breast cancer, WEB study, 1996–2001

Quartiles of exposure Cases Controls Adjusted OR (CI)a Adjusted OR (CI)b

At menarche

Premenopausal

1: 29 86 1.00 1.00

2: 48 86 2.01 (0.93–4.36) 1.86 (0.83–4.15)

3: 51 87 2.31 (1.03–5.17) 2.14 (0.93–4.94)

4: 56 83 2.05 (0.92–4.54) 2.07 (0.91–4.72)

p for trend 0.03 0.03

At first birth

Premenopausal

1: 45 91 1.00 1.00

2: 55 88 1.77 (0.82–3.84) 1.80 (0.81–3.99)

3: 39 94 0.90 (0.39–2.11) 0.78 (0.33–1.86)

4: 39 92 1.27 (0.48–3.32) 1.22 (0.44–3.36)

p for trend 0.74 0.82

Postmenopausal

1: 39 75 1.00 1.00

2: 66 73 2.09 (0.96–4.54) 2.08 (0.93–4.65)

3: 53 78 1.25 (0.55–2.83) 1.20 (0.52–2.77)

4: 62 75 2.57 (1.16–5.69) 2.58 (1.15–5.83)

p for trend 0.19 0.19

20 years prior

Premenopausal

1: 54 101 1.00 1.00

2: 52 101 0.84 (0.42–1.69) 0.79 (0.39–1.64)

3: 65 104 1.48 (0.76–2.90) 1.48 (0.74–2.99)

4: 35 100 1.37 (0.64–2.92) 1.29 (0.59–2.82)

p for trend 0.44 0.60

Postmenopausal

1: 186 294 1.00 1.00

2: 205 296 0.92 (0.67–1.25) 0.88 (0.64–1.20)

3: 148 299 0.91 (0.66–1.26) 0.89 (0.64–1.24)

4: 119 292 0.87 (0.61–1.23) 0.82 (0.58–1.18)

p for trend 0.82 0.65

10 years prior

Premenopausal

1: 90 122 1.00 1.00

2: 85 125 0.89 (0.50–1.58) 0.83 (0.46–1.49)

3: 55 120 1.53 (0.84–2.78) 1.41 (0.76–2.60)

4: 22 124 1.58 (0.71–3.54) 1.49 (0.65–3.43)

p for trend 0.38 0.62

Postmenopausal

1: 256 312 1.00 1.00

2: 249 310 1.12 (0.84–1.49) 1.10 (0.83–1.47)

952 Cancer Causes Control (2007) 18:947–955

123



studies have not supported an association between PAH

exposure and increased breast cancer risk [33]; the number

of cases in most of these studies is very small. In a study by

Petralia et al. [34], PAHs were only associated with in-

creased cancer risk among those with ER positive breast

cancer. In our study, the associations of traffic emissions

and breast cancer did not appear to be different by ER and

PR status. In a study on Long Island, New York, high-

density traffic (a major source of PAH exposure) was found

to be associated with a non-significant increase in breast

cancer risk in one of the two study counties [14]. It is

important to note that there are numerous other potential

carcinogens in traffic emissions as well as PAHs. It is not

possible, of course, in the context of this study, to distin-

guish the various components of the traffic emissions.

Traffic emissions have been linked to increased risk of

total childhood cancer and childhood leukemia [12, 13].

The methods used for estimating traffic emissions in many

previous studies have been based on aggregate traffic

density data and/or proximity analysis. In some studies,

only traffic density was used as the exposure measurement

[12, 35–38], and in others, distance-weighted traffic density

was used [13, 39–41]. These measures do not take into

account meteorological conditions and the excess emis-

sions at intersections and during engine warm-up, which

may also be important sources of variation in exposure.

Another study used monitored benzene data as a marker of

traffic exposure [42]. Although all these methods provide

some indication of total traffic emissions, with geographic

modeling to incorporate GIS data, it is possible to model

quantitative individual exposure estimates [43].

Although use of a geographic traffic model is a novel

way to reconstruct historical traffic exposures, confidence

in its suitability for use in an epidemiologic study requires

comparison with field data. As discussed earlier, the model

we used was validated and calibrated using both spatial and

Table 3 continued

Quartiles of exposure Cases Controls Adjusted OR (CI)a Adjusted OR (CI)b

3: 115 313 1.06 (0.76–1.47) 1.04 (0.74–1.45)

4: 81 310 0.85 (0.58–1.22) 0.80 (0.55–1.17)

p for trend 0.32 0.22

a Odds ratios and 95% confidence intervals adjusted for age, race, education, age at first birth, and year at interview
b Odds ratios and 95% confidence intervals adjusted for age, education, race, BMI, age at menarche, age at menopause (for post-menopausal

women only), age at first birth, number of births, family history of breast cancer, previous benign breast disease, and year at interview

Table 4 Exposure to traffic emissions throughout life and risk of breast cancer by smoking status, WEB Study, 1996–2001

Quartiles of exposure Non-smokers Ever smokers

Cases Controls Adjusted OR p for trend Cases Controls Adjusted OR p for trend

At menarche

Premenopausal

1: 11 54 1.00 18 32 1.00

2: 24 44 4.89 (1.34–17.83) 24 42 1.02 (0.36–2.91)

3: 26 44 6.96 (1.86–26.02) 25 43 1.02 (0.33–3.18)

4: 26 40 6.67 (1.74–25.67) 0.01 30 42 0.80 (0.27–2.36) 0.87

At first birth

Premenopausal

1: 20 56 1.00 25 35 1.00

2: 30 44 3.17 (0.98–10.24) 25 43 1.00 (0.33–3.03)

3: 16 48 1.42 (0.40–5.11) 23 46 0.60 (0.18–2.00)

4: 13 48 2.06 (0.44–9.73) 0.24 26 44 0.82 (0.23–2.92) 0.52

Postmenopausal

1: 16 41 1.00 22 34 1.00

2: 30 28 4.20 (1.22–14.44) 36 45 1.21 (0.43–3.41)

3: 13 25 1.89 (0.47–7.61) 40 53 0.86 (0.30–2.46)

4: 25 24 6.23 (1.70–22.82) 0.08 37 51 1.35 (0.47–3.83) 0.85

Odds ratios and 95% confidence intervals adjusted for age, race, education, age at first birth, and year at interview
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temporal data collected on Long Island and adapted to our

study area.

The geographic model does have limitations. For

instance, it does not consider the fact that the exposure

estimate in each residence is not merely determined by

traffic emissions and wind patterns but is also affected by

the configuration of the street and buildings—the so-called

street canyon effect [44]. The formation of a street canyon

vortex may lead to recirculation of the pollutant, thus

potentially increasing the pollutant level in the residence.

However, neglect of street canyon effects may not have

much impact on traffic exposure estimates in our study

area, because the effect is strongest for locations with row

housing, and such housing was rare. Another potential is-

sue is historical changes in the road network. In spite of the

fact that traffic road structure may change over time, we

did not include an algorithm to ‘‘remove’’ any road sections

from the network in backwards extrapolation. In addition,

in this study, we ignored the effect of traffic emission

sources from areas outside the two study counties. Since

the study region is bounded by Lake Erie on one side and a

suburban or rural area with very low traffic flow on all the

other sides, this omission should have little effect on esti-

mates. Additional measurement error might have been

introduced because our exposure estimates did not account

for exposure to traffic emissions while away from home.

Our assumption here is that residential exposure would be a

proxy for the majority of exposures, particularly in early

life. Another possible important source of ambient air

pollution and exposure to combustion products that we

were unable to model in the current study is industrial

emissions. Industrial emissions may be particularly

important in terms of early life exposure. In the western

New York region, industrial emissions would be a signif-

icant source of air pollution particularly before 1960 when

steel industries were dominant in certain parts of the study

areas. They would be less important after that time. Due to

the limitations of the available data on traffic count, we

were not able to include residences prior to 1960 in this

study, preventing us from the examination of the associa-

tion between traffic exposure at birth and breast cancer,

although exposure at birth is another potentially important

critical time window in terms of development of breast

cancer.

As a case–control study design, this study may be subject

to bias. Selection bias may be a concern, particularly for the

time period analyses, where many participants could not be

included. While we were not able to examine selection bias

for the analyses of exposure in the past, we did examine it for

current residence. There was some tendency for both par-

ticipating cases and controls to have current residences

closer to our study center than non-participants [19]. We did

not find differences in the major characteristics between

subjects who were included and excluded in the study, ex-

cept that excluded women were older, particularly in the

earlier time periods analyses, because women whose men-

arche or first birth was before 1960 were excluded. Recall

bias is not likely in this study. At the time of study, partic-

ipants were generally unaware of our study hypotheses and

were unlikely to selectively report residential history dif-

ferently by case–control status. There was likely misclassi-

fication from the self-reported residence information. In

addition, there is misclassification in exposure from the

model used to estimate traffic exposure; however, this mis-

classification is likely non-differential.

In this study, most participants provided their lifetime

residential history; significant efforts were made to recon-

struct historical traffic exposure. This allowed us to

examine the relationship between breast cancer and traffic

emissions in different time windows potentially critical to

breast tissue development and to breast cancer.

Our study population was relatively stable with regard to

residence. Approximately 77% and 82% of the participants

lived in the study area at the time of menarche and first

birth, respectively. Women, on average, moved six times in

their lifetime. Thus, the exposure estimates for each time

period are not limited to a single slice of time but rather are

representative of a longer time period. The examination of

cumulative traffic exposure may be of value in better

understanding a relation, if any, with traffic exposure and

risk and to capture the changes of exposure due to moving.

In summary, our study found evidence of increased

breast cancer risk among premenopausal women exposed

to high traffic emissions during the time of menarche and

among postmenopausal women with high traffic exposure

at the time of their first birth. This increased risk was

limited to lifetime non-smokers. While these findings are

subject to the limitations of epidemiologic observational

studies, they are provocative in providing evidence both of

the importance of early exposures and of the potential

importance of a traffic-related environmental agent in risk

of breast cancer. Further examination of traffic emissions in

early life is warranted.
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