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Objectives: Environmental exposures play an important role in the development of
breast cancer. The incidence of breast cancer is increasing in young women, and its
etiology differs from that of older women. Epidemiological studies have provided
mixed evidence about whether proximity to urban greenness reduces the risk of
breast cancer, but few studies have evaluated this risk in younger women.
Methods: We investigated associations between residentially-based measures of
greenness and breast cancer among participants of the Ontario Environmental
Health Study (OEHS). The OEHS was a case–control study of Ontario women,
18–45 years of age, who provided questionnaire data between 2013 and 2015.
The study included 465 cases diagnosed with a pathologically confirmed primary
diagnosis of breast cancer, and 242 population-based controls. Residentially-
based measures of greenness, the Normalized Difference Vegetation Index (NDVI)
and tree coverage percentage, at 100-, 250-, 500-, and 1,000-m buffers, were
assigned to the residential histories of the women. Odds ratios and their 95%
confidence intervals (CIs) were estimated using logistic regression, adjusted for
potential confounders including traffic-related air pollution [nitrogen dioxide (NO2)].
Results: We found no evidence that an increase in NDVI or tree coverage were
significantly associated with breast cancer. The adjusted odds ratio of breast
cancer in relation to an interquartile range increase (IQR) in the NDVI (500-m
buffer) was 0.86 (95% CI =0.59–1.13). Similarly, the odds ratio of breast cancer
among those in the highest quartile of tree coverage (500-m buffer) relative to the
lowest was 1.11 (95% CI =0.59–2.07). Risk estimates for both measures of
greenness did not vary substantially across different buffer distances. Exposure to
NO2 was an important confounder in these associations.
Conclusions:Our findings do not support the hypothesis that residential greenness
reduces the risk of breast cancer among young women, while highlighting the
importance of adjusting for air pollution.
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1 Introduction

Breast cancer is the most prevalent cancer in women worldwide

(1). In Canada, breast cancer accounted for an estimated one

quarter of all newly diagnosed cancer cases, and 14% of deaths

among women in 2022 (2). Overall, breast cancer age-

standardized incidence rates in Canadian women have slightly

declined from 1991 to 2017 by an annual percent change of 0.2%

(3). However, between 2000 and 2015, the incidence of breast

cancer has increased among Canadian women less than 40 years

of age by an average annual value of 0.66% (4). These trends

may be partially explained by changes in breast cancer risk

factors such as lower birth rates and increased age at first birth

(4). However, they are unlikely to be influenced by population

screening rates for mammography as, until recently, these

procedures were only recommended for those 50 years of age

and older (5).

Premenopausal women diagnosed with breast cancer, on average,

experience a poorer prognosis relative to those diagnosed at older ages,

as they tend to have more aggressive tumors that are less amenable to

treatment (6, 7). It is also recognized that women diagnosed with

breast cancer at an earlier age are more likely to have a higher

genetic susceptibility for breast cancer as demonstrated by the

increased presentation of a family history of breast cancer (8) and

genetic BRCA mutations when compared with older women (9).

The role of other risk factors, particularly obesity, is also recognized

to differ by menopausal status (10, 11), suggesting the need for

epidemiological studies to characterize these risks separately.

Breast cancer is a multifactorial disease. While several biological

and behavioral risk factors including reproductive history, age at

menarche, smoking, and alcohol use are well recognized (12), there

is an increasing awareness that environmental exposures are

important (13). Epidemiological studies of breast cancer have

evaluated a diversity of environmental exposures including

organophosphate insecticides (14), fine particulate matter (PM2.5),

and nitrogen dioxide (NO2) air pollution (15), polycyclic aromatic

hydrocarbons (16), and artificial light at night (17). While there

have been differences in the risks reported for these exposures

across studies, as a whole, the findings suggest that environmental

exposures have a greater impact on the risk of premenopausal

than postmenopausal breast cancer (14–17).

The urban built environment encapsulates the area around an

individual’s residence, work, and other locations with which they

interact, and this in turn modulates one’s behavioral and

environmental determinants of health (18, 19). Greenness, also

referred to as “green spaces” or “natural vegetation” (20), is a key

component of the urban built environment. An expansive

literature has shown that greenness has many health benefits

including the promotion of physical activity, reduction of stress,

enhancement of social interactions, and mitigation of harmful

environmental stressors such as noise, urban heat islands, and air

pollution (20, 21). Further, epidemiological studies have found

that greenness reduces the rates of mortality (22, 23) and the risk

of several other diseases and health-related outcomes (24),

including cancer (25–27).
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To date, a small number of studies have investigated the

relationship between greenness and breast cancer. The

conclusions from these studies have been inconsistent, with two

studies reporting that greenness reduces the risk of breast cancer

(27, 28) and four studies finding null results (26, 29–31). An

inverse association, as well as a positive association between

greenness and breast cancer risk, was even reported in one study

that used different measures of greenness (32).

Of the mentioned studies, only two have evaluated whether the

association between greenness and breast cancer risk was modified

by menopausal status (29, 32). A case–control study of 1,738 cases

and 1,910 controls by O’Callaghan-Gordo et al. considered

menopausal status as a potential effect modifier (32). The

researchers found that an inverse association between the

presence of urban green space and the positive association

between the Normalized Difference Vegetation Index (NDVI)

and breast cancer were not modified by menopausal status.

Meanwhile, the Terre-Torras et al. cohort study of 1,798,838

participants found no statistically significant association with

either the NDVI or the percentage of greenspace and breast

cancer risk in both the pre- and postmenopausal women (29).

Differences in findings across the studies are likely due to a

number of factors including different measures of greenness,

varying spatial resolution of the metrics, use of different buffer

intervals, and the ability to control for other risk factors.

Most studies on this topic have modeled surrounding

greenness using the NDVI (20). The use of NDVI offers several

advantages, most notably an objective overall measure of

greenness (or vegetation), thereby avoiding potential biases

associated with self-reported measures of greenness. However, the

NDVI is unable to distinguish between the various features of

greenness such as forest areas, grassy fields, and agricultural

lands. The ability to incorporate different features of greenness

may be relevant from the perspective of providing insights

about the plausibility of different pathways influencing breast

cancer development.

This study was undertaken to evaluate whether residential

greenness is associated with the development of breast cancer in

young women. Our analyses address several research gaps within

this topic by incorporating data on multiple measures of

greenness at different buffer distances. In addition, the study

makes use of previously collected case–control data that include

a comprehensive series of environmental, occupational, and

lifestyle/behavioral risk factors, including air pollution. As

greenness represents a modifiable exposure, our findings may

help inform urban design policies with the ultimate goal of

improving population health.
2 Materials and methods

2.1 Study population

Data were collected from the Ontario Environmental Health

Study (OEHS) (33, 34); a population-based case–control study
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designed to investigate exposure to environmental, dietary, and

occupational risk factors for breast cancer in Ontario women

18–45 years of age. Indeed, the primary objective of the OEHS

was to assess whether exposure to polybrominated diphenyl

ethers (PBDEs) increased the risk of breast cancer in young

women (34). The eligible cases were identified from women who

had a newly pathologically confirmed primary diagnosis of breast

cancer recorded in the Ontario Cancer Registry (OCR) ePATH

system between the years 2013 and 2015. The system allows for a

timely identification of all newly diagnosed cases in Ontario (35),

and allowed OEHS to recruit women and administer a

questionnaire to them typically within 2–3 months of diagnosis.

The eligible controls were identified by the Institute for Social

Research at York University by using random-digit dialing

methods from a sample of Ontario women that were frequency-

matched within 5-year age groups. All eligible cases and controls

who agreed to be contacted, except those living in Thunder Bay,

Timmins, and Sault Ste. Marie (areas that are not serviced by the

biological collection laboratory Gamma-Dynacare), were sent a

formal invitation to participate by mail (including six follow-up

attempts for non-responders). All study participates were

required to complete online consent and questionnaires in

English on the OEHS website. From the 1,181 potential

participants who initially responded to the mail-outs, 70.1% of

the cases and 47% of the controls participated in this study.

These study participants completed a web-based

Environmental Health Questionnaire (EHQ), which collected

information on sociodemographic, lifestyle, anthropometric,

physical activity, reproductive, family history, occupational

history, and other breast cancer risk factors. Of the individuals

who gave online consent, four were excluded from the current

study because they did not complete the EHQ. Residential

histories in the form of postal code, street address, and the years

resided were collected for four different time periods: the time of

survey, previous address (if they had moved in the previous 2

years), longest address between the age of 10–17, and address at

birth. All participants provided a six-character postal code for

their residence at the time of the interview. However,

information was only available for 12.7% of participants’ postal

codes for their previous address, 71.3% for their address during

adolescence, and 44.7% for their address at birth. In Canada, six-

character postal codes in urban areas typically represent one side

of a city block or a single multiunit building, while in rural areas

they cover a much larger land area, sometimes even an entire

town (36).
2.2 Assignment of residential surrounding
greenness and other area-related exposures

Postal codes were linked to the environmental exposure

datasets provided by the Canadian Urban Environmental Health

Research Consortium (CANUE) (37). CANUE has assembled

and maintains a data platform of environmental spatiotemporal

exposure surfaces for use in health research. It has assigned these

exposure surfaces to Canadian postal codes by using the
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geographical location represented by the centroid of each postal

code. Individual-level residential addresses were linked to

greenness exposures and other area-related measures for two

time periods: (i) year at time of interview and (ii) 5 years prior

to interview. These correspond roughly to the time of diagnosis,

and 5 years before diagnosis for the cases. Unfortunately, we

were unable to model exposures at earlier periods of the

residential history owing to the large amount of missing data,

coupled with relatively small overall sample sizes. For those

participants who did not provide postal codes but, provided

detailed residential addresses, we determined their postal codes

by using the Canada Post postal code look up tool and Google

Maps (38, 39). The land area for each of the postal codes was

obtained from DMTI Spatial Inc. (40).

The NDVI and tree canopy coverage percentage were linked to

participants’ postal codes to assign an estimate of an individual-

level exposure to residential surrounding greenness. The mean

annual NDVI and percentage of average tree canopy coverage

estimates were obtained for 100, 250, 500, and 1,000-m buffers

from the centroid of the participants’ postal codes.

The NDVI measures the intensity of green vegetation and is

derived by using remote satellite sensors that detect land surface

reflectance of visible and near-infrared range radiation. The

NDVI captures the photosynthetic capacity of vegetation

absorbing visible radiation while reflecting near-infrared radiation

(41). It ranges from −1 to 1, where the lower range of values

represents the absence of vegetation or presence of bodies of

water. By contrast, values closer to 1 represent a greater amount

of vegetation. Barren surfaces are usually characterized by NDVI

values less than 0.2, grasslands by values from 0.2 to 0.4, and

values greater than 0.4 indicate increasingly lush vegetation. In

our analysis, any negative NDVIs were assigned a value of zero

(this only occurred once for an NDVI exposure at the 100 m

buffer). Unfortunately, we did not have a spatial surface for

water and therefore were unable to isolate or control for the

possible beneficial effects of blue spaces. The annual NDVI

measures were generated based on scenes captured by satellite

data between the first day and the last day of the year. The

United States Geological Survey’s Landsat 5 and 8 satellites

captured scenes every 16 days at a 30-m resolution (42, 43).

Accessed via Google Earth Engine, CANUE calculated mean

annual NDVI from all cloud-free composites available within

that year and assigned annual measurements to the DMTI

Spatial Inc. postal codes (44, 45). The pixels within the satellite-

captured scenes flagged as cloud covered or cloud shadowed are

omitted from the calculations. The measurements of annual

mean NDVI were available from 1984 to 2019, which allowed us

to retrospectively assign NDVI values to the year at interview

(2013–2015) and 5 years prior to interview (2008–2010).

Tree canopy coverage refers to areas covered by vegetation (i.e.,

tree leaves, branches, and stems) that cover the ground when

viewed from above (46). The annual percentage of tree canopy

coverage was calculated using data collected by satellites that

estimated the percentage of pixels covered with vegetation over

5 m in height. Measurements of tree canopy coverage were

derived from Landsat 5 Thematic Mapper and Landsat 7
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Enhanced Thematic Mapper Plus based estimates of the Global

Forest Cover Change Surface Reflectance product at a 30-m

resolution (42, 47, 48). As tree canopy measures were only

available for 2010 and 2015, we assigned the values from 2015 to

the residence at the time of interview, while we used the 2010

values for the exposure 5 years before interview.

Residential-based measurements of area-level socioeconomic

status and air pollution were also obtained through the CANUE

datasets, and these values were similarly linked to participants’

postal codes. The Canadian Marginalization Index (CAN-Marg)

is a census-based summary measure of deprivation and

marginalization (49, 50). This area-level socioeconomic measure

is derived at the census dissemination area level, which is the

smallest possible geographical area that typically captures

approximately 400–700 residents. We used the 2006 CAN-Marg

Index, which incorporates four dimensions of marginalization:

residential instability, material deprivation, ethnic concentration,

and dependency. A summary measure was calculated by

consolidating the quintile rank scores for these four dimensions

into a summary measure (51).

Our analysis also considered the spatiotemporal surfaces of

ambient NO2, which is a marker of traffic-related air pollution

(52). The methodology used to create this surface has been

previously described in detail by Hystad et al. (53). In brief, the

surface was created by using a national surface land use

regression (LUR) model to estimate annual ambient NO2

concentration in parts per billion (ppb) for individual postal

code locations across Canada available from 1984 to 2016

(45, 53). This LUR model incorporated fixed site monitoring

data, remote sensing data at a spatial resolution 10 × 10 km,

geographic land use variables, and deterministic gradients (53).

This resulted in a spatial surface of NO2 at a resolution of 10 m.

Estimates of NO2 from this surface were previously linked to the

centroids of all Canadian postal codes. This allowed for the

annual average NO2 measurements to be assigned to the postal

codes provided by the participants.

We chose to prioritize modeling NO2, rather than PM2.5, in our

adjusted models to control for air pollution’s potential confounding

role in the association between greenness and breast cancer. NO2

has been shown to have substantially greater within-city

variability than PM2.5 (54) and exhibits a stronger correlation

with greenness that also varies within urban areas (55, 56). It is

our view that this is the preferred approach to adjusting for

possible confounding by air pollution. Our approach to control

for NO2 is consistent with other studies that have evaluated the

health benefits of greenness (57–60).
2.3 Other covariates

We considered the potential confounding influence for an

extensive series of breast cancer risk factors that were collected in

the EHQ. The selection of confounding factors was guided by

our review of previous literature that investigated the association

of greenness and breast cancer risk. In addition, we conducted

bivariate analyses to identify those factors related to both case
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status and greenness. Following this, the variables included in

our models were: participants’ age at interview (continuous

variable), race and ethnicity, highest level of education achieved

(high school or below, non-university certificate or trade school,

Bachelor’s degree or higher), body mass index [(BMI)

categorized based on the WHO classification scheme (61) as

underweight/normal weight (<25 kg/m2), overweight (25 to <30 kg/

m2), and obese (≥30 kg/m2)], smoking status (never smoker, ever

smoker), parity (parous, nulliparous), and family history of breast

cancer (yes, no). Race and ethnicity were self-reported by the study

participants. Data on race and ethnicity were collected as part of an

OEHS questionnaire. We categorized race and ethnicity as either

White or all other races and ethnicities combined (which included

participants identifying as Aboriginal, Arab, Black, East Asian,

Jewish, Latin American/Hispanic, South Asian, and other groups

not listed) owing to the small number of participants that

precluded a more detailed classification. For BMI and smoking

variables, values are representative of participants’ height and

weight measurements and smoking habits 2 years prior to the

interview. CAN-Marg and NO2, previously described, were also

considered as possible confounding variables.
2.4 Statistical analysis

We undertook analyses to describe the distribution of potential

covariates and characterize the study participants. Specifically, for

each variable we provided a summary of the distributional

characteristics, and estimated the odds ratios in relation to case

status. We also calculated the mean NDVI (at a 500-m buffer)

across the levels of each classification variable. The distributional

characteristics for area-related environmental exposures were

described, along with the assessment of Pearson correlation

coefficients between greenness (NDVI and tree coverage

percentage), air pollution (NO2), and CAN-Marg exposures to

describe the direction and strength of associations between these

variables. Multivariable logistic regression was used to estimate

odds ratios and their 95% confidence intervals (CIs) between

greenness and incident breast cancer risk. In our primary

analysis, we modeled the annual mean NDVI and tree coverage

percentage based on a 500-m residential buffer at the time of

survey completion. Our analysis was conducted at a 500-m

buffer as this is a commonly used distance within greenness

literature. This buffer distance covers areas within approximately

a 15-min walk from a participant’s residence. We categorized

measures of greenness based on quartiles to evaluate the

possibility of a non-linear association. We also modeled NDVI as

a linear term and expressed the odds ratio in relation to an

interquartile range increase.

Four models were fit to evaluate the effects of adjusting for

different sets of potential confounding factors. The first model

(M1) assessed associations with a minimal adjustment for age.

The second model (M2) further included covariates for

sociodemographic, behavioral, and reproductive risk factors

(race and ethnicity, BMI, smoking, parity, and family history of

breast cancer). Individual (highest education completed) and
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area-level (CAN-Marg summary quintiles) socioeconomic

variables were introduced into Model 3 (M3). Finally, for the

fully adjusted model (M4), the analysis was extended to

incorporate the potential confounding effect of traffic-related

air pollution (NO2).

A number of sensitivity analyses were undertaken. Specifically,

we explored whether associations between greenness and breast

cancer varied across different buffer distances (100, 250, 500, and

1,000 m). This was conducted for both annual mean NDVI and

tree coverage percentage. In addition, we estimated odds ratios

and their confidence intervals using measures of greenness

defined 5 years before the time of interview, and for duration of

time lived at current residence (stratified by less than 5 years and

5 years or more). All statistical analysis was performed using SAS

software, version 9.4.
3 Results

Overall, 465 cases and 242 controls participated in this study.

The study participants predominantly self-identified as White

(80.5%), were 30 years of age or older (92.4%), and had a

university education (55.7%) (Table 1). Participants’ residences

were typically located within urban postal codes (85.9%). The

land areas of the postal codes differed substantially based on

whether the residence was in an urban or rural area. Specifically,

the median land area of urban postal codes was 0.02 km2

(IQR = 0.01–0.03 km2), while for rural codes it was 109.87 km2

(IQR = 69.29–201.61 km2).

For the most part, the magnitude and direction of the age-

adjusted odds ratios were consistent with established knowledge

regarding risk factors associated with breast cancer in

premenopausal women. As seen in Table 1, there are increased

odds of breast cancer among smokers, alcohol drinkers, and

those with a family history of breast cancer. Further, we observed

reduced odds of breast cancer for parous individuals and those

who were obese. However, decreased physical activity, an

established risk factor for breast cancer (62), was not significantly

associated with breast cancer risk. For most risk factors, the

mean NDVI at a 500-m buffer did not vary substantially across

factor levels. However, there were noticeable differences in the

mean NDVI by race and ethnicity (White = 0.46; all other races

and ethnicities = 0.38), and across levels of marginalization (least

deprived = 0.48; most deprived = 0.39).

The distributional characteristics and Pearson’s correlation

coefficients of the residentially-based environmental exposures

are presented in Table 2. As anticipated, the NDVI and tree

coverage percentage were positively correlated with each other

(r = 0.44), while inversely correlated with NO2 (r =−0.47 and r =

−0.59, respectfully). Both greenness measures were inversely

correlated with greater deprivation (r =−0.28 for the NDVI and

r =−0.16 for tree canopy). We observed high correlations

between greenness measured at multiple buffer distances

(Supplementary Table S1). Environmental exposures based on

measurements (i) at interview and (ii) 5 years prior to interview

were similar; however, the mean measurements of tree coverage
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percentage and NO2 were marginally higher 5 years before the

interview (Supplementary Table S2).

In the fully adjusted logistic model, an interquartile range

increase (IQR = 0.14) in the annual mean NDVI within a 500-m

buffer distance was not significantly associated with breast cancer

risk (OR = 0.86; 95% CI = 0.65–1.13) during the time of the

interview (Table 3). Similarly, a non-statistically significant

association was observed for average annual tree coverage

percentage at a 500-m buffer at the interview and breast cancer

risk among those in the upper quartile relative to the lowest

quartile (OR = 1.11; 95% CI = 0.59–2.07). Of note, in our models

that were not adjusted for NO2, an inverse association between

greenness and breast cancer was observed (Table 3). The

addition of NO2 to these models strongly attenuated the

association between greenness and breast cancer, producing a

non-significant result.

No substantial differences were observed when comparing the

odds ratios of breast cancer for the annual mean NDVI and tree

coverage percentage at 100, 250, 500, and 1,000-m buffers

(Supplementary Table S3). For an IQR increase in the annual

mean NDVI, the odds ratios of breast cancer for participants

living less than 5 years at current residence was slightly

decreased in comparison with participants who had resided for 5

years or more (respectively, OR = 0.83; 95% CI = 0.52–1.34 and

OR = 0.94; 95% CI = 0.66–1.35) (Supplementary Table S4). The

surrounding NDVI at participants’ current and 5 years’ prior

interview address were found to have similar estimates

(respectively, OR = 0.86; 95% CI = 0.65–1.13 and OR= 0.95; 95%

CI = 0.66–1.36) (Supplementary Table S5).
4 Discussion

Overall, we found that there was no statistically significant

association between residential greenness and the risk of breast

cancer in women 45 years of age and younger. The risk estimates

for young women did not materially change across multiple

buffer distances (100, 250, 500, and 1,000 m), and similar results

were obtained for residential greenness measures at the time of

interview compared with 5 years before. Interestingly, we found

that adjusting for traffic-related air pollution (NO2) strongly

attenuated the initial inverse association observed with greenness.

A cohort study based in Catalonia, Terre-Torras et al., was the

only other study we identified that characterized estimates for

associations between residential greenness and breast cancer in

young women (29). Within this cohort, premenopausal breast

cancer cases had a median age of 38 (IQR = 34–41) years,

resembling our population’s age structure. They reported that an

IQR increase of NDVI (HR = 0.989; 95% CI = 0.966–1.012) and

greenspace percentage (HR = 0.991; 95% CI = 0.963–1.020) were

not related to the risk of premenopausal breast cancer. This

finding is consistent with our own.

Our study had the advantage of using two greenness metrics,

namely, the NDVI and tree coverage percentage. While NDVI

has its strengths as a quantifiable and standardized metric for

greenness exposure, it also has limitations. Even though NDVI
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TABLE 1 Characteristics of the study population.

Characteristics Total n (%) Cases n (%) Controls n (%) Age-adjusted OR
(95% CI)

NDVI
mean (SD)a

N = 707 N = 465 N = 242
Age (years)

≤30 54 (7.6) 23 (5.0) 31 (12.8) 1.00 0.44 (0.11)

>30–35 110 (15.6) 64 (13.8) 46 (19.0) 1.88 (0.97–3.63) 0.46 (0.12)

>35–40 236 (33.4) 150 (32.3) 86 (35.5) 2.35 (1.29–4.29) 0.45 (0.11)

>40–45 307 (43.4) 228 (49.0) 79 (32.6) 3.89 (2.14–7.07) 0.44 (0.10)

Race and ethnicity

White 569 (80.5) 362 (77.9) 207 (85.5) 1.00 0.46 (0.11)

All othersb 138 (19.5) 103 (22.2) 35 (14.5) 1.78 (1.16–2.74) 0.38 (0.09)

Birth country

Canada 531 (75.1) 330 (71.0) 201 (83.1) 1.00 0.42 (0.10)

Other 176 (24.9) 135 (29.0) 41 (16.9) 1.93 (1.29–2.87) 0.46 (0.11)

Marital statusc

Couple 554 (78.4) 363 (78.1) 191 (78.9) 1.00 0.46 (0.10)

Single 153 (21.6) 102 (21.9) 51 (21.1) 1.36 (0.90–2.04) 0.42 (0.12)

Education

High school and below 83 (11.7) 58 (12.5) 25 (10.3) 1.00 0.44 (0.11)

Trade/certificate 230 (32.5) 144 (31.0) 86 (35.5) 0.68 (0.39–1.18) 0.46 (0.11)

Bachelors’ and above 394 (55.7) 263 (56.6) 131 (54.1) 0.84 (0.49–1.43) 0.44 (0.11)

Canadian marginalization summary quintiles

Q1—least deprived 143 (20.2) 86 (18.5) 57 (23.6) 1.00 0.48 (0.09)

Q2 93 (13.2) 62 (13.3) 31 (12.8) 1.27 (0.73–2.22) 0.47 (0.09)

Q3 198 (28.0) 127 (27.3) 71 (29.3) 1.15 (0.73–1.81) 0.45 (0.11)

Q4 140 (19.8) 89 (19.1) 51 (21.1) 1.22 (0.75–2.00) 0.43 (0.12)

Q5—most deprived 130 (18.4) 98 (21.1) 32 (13.2) 2.18 (1.28–3.72) 0.39 (0.09)

BMIc

<25 403 (57.0) 291 (62.6) 112 (46.3) 1.00 0.46 (0.11)

25–<30 164 (23.2) 106 (22.8) 58 (24.0) 0.63 (0.42–0.94) 0.44 (0.11)

≥30 127 (18.0) 64 (13.8) 63 (26.0) 0.33 (0.22–0.51) 0.43 (0.11)

High physical activity (≥3 times/week)

None 255 (26.1) 164 (35.3) 91 (37.6) 1.00 0.44 (0.11)

Only moderate 174 (24.6) 116 (25.0) 58 (24.0) 1.09 (0.72–1.64) 0.46 (0.10)

Only strenuous 26 (3.7) 18 (3.9) 8 (3.3) 1.27 (0.52–3.09) 0.47 (0.10)

Both 229 (32.3) 155 (33.3) 74 (30.6) 1.15 (0.78–1.69) 0.45 (0.11)

Smokingd

Never 459 (64.9) 292 (62.8) 167 (69.0) 1.00 0.45 (0.11)

Ever 226 (32.0) 163 (35.1) 63 (26.0) 1.40 (0.99–2.00) 0.45 (0.11)

Alcohole

Non-drinker 358 (50.6) 229 (49.3) 129 (53.1) 1.00 0.44 (0.11)

Drinker 330 (46.7) 228 (49.0) 102 (42.2) 1.28 (0.92–1.77) 0.46 (0.11)

Parity

Nulliparous 181 (25.6) 135 (29.0) 46 (19.0) 1.00 0.42 (0.11)

Parous 512 (72.4) 321 (69.0) 191 (78.9) 0.37 (0.24–0.57) 0.46 (0.11)

Age at menarche

<12 138 (19.5) 80 (17.2) 58 (24.0) 1.00 0.45 (0.11)

12–13 423 (59.8) 292 (62.8) 131 (54.1) 1.47 (0.98–2.21) 0.45 (0.10)

≥14 131 (18.5) 88 (18.9) 43 (17.8) 1.30 (0.78–2.16) 0.44 (0.12)

Hormone replacement therapy

Never 657 (92.9) 438 (94.2) 219 (90.5) 1.00 0.45 (0.11)

Ever 37 (5.2) 19 (4.1) 18 (7.4) 0.48 (0.24–0.94) 0.40 (0.10)

Hormonal contraceptive use

Never 133 (18.8) 92 (19.8) 41 (16.9) 1.00 0.41 (0.09)

Ever 571 (80.8) 372 (80.0) 199 (82.2) 0.82 (0.54–1.25) 0.46 (0.11)

Family history of breast cancer

No 447 (63.2) 272 (58.5) 175 (72.3) 1.00 0.44 (0.11)

Yes 244 (34.5) 186 (40.0) 58 (24.0) 2.07 (1.45–2.97) 0.46 (0.11)

Missing observations: Canadian marginalization summary quintiles (n= 3), BMI (n= 13), high physical activity (≥3 times/week) (n= 23), smoking (n= 22), alcohol (n= 19),

parity (n= 14), age at menarche (n= 15), hormone replacement therapy (n= 13), hormone contraceptive use (n= 3), and family history of breast cancer (n= 16).
aThe mean of the annual mean NDVIs within a 500-m distance of the participant’s residential postal code at the time of the interview.
bAll other race and ethnicity distributions: Aboriginal (n= 3), Arab (n= 7), Black (n= 16), East Asian (n= 36), Latin American/Hispanic (n= 11), Jewish (n= 10), South Asian

(n= 35), West Asian (n= 9), and other groups not listed (n= 11).
cMarital status categories equate to married or living with a partner for couples and divorced, widowed, separated, single, or never married for singles.
dConsidered ever a smoker if before 2 years ago they smoked at least 100 cigarettes in their life time.
eConsidered a drinker if before 2 years ago they did not regularly consume at least one alcoholic beverage per week.
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TABLE 2 Pearson’s correlation matrix and distributional statistics of area-level exposures at participants’ residence during the time of the interview.

Environmental exposure N Mean 25th—75th Pearson’s correlation matrix

Annual NDVI Tree coverage percentage NO2 CAN-Marg summary
Annual NDVIa 707 0.45 0.37–0.51 1

Tree coverage percentagea 707 26.45 22.00–30.87 0.44 1

NO2 704 8.06 4.33–10.94 −0.47 −0.59 1

CAN-Marg summaryb 704 2.74 2.25–3.25 −0.28 −0.16 0.28 1

All Pearson correlation coefficients were statistically significant (p < 0.001).
aEnvironmental exposure measurements at 500-m buffers around residence.
bCanadian marginalization (CAN-Marg) summary is the calculated summary score of the four dimensions of CAN-Marg (residential instability, material deprivation, ethnic

concentration, and dependency).

TABLE 3 Odds ratios and 95% CIs between breast cancer and annual mean NDVI and tree coverage percentage at 500 m buffer distance around
residential address at the time of the interview.

M1 M2 M3 M4

n = 707 n = 667 n = 664 n = 661

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Annual mean NDVI (500 m)

Quartile 1 1.00 1.00 1.00 1.00

Quartile 2 0.95 (0.60–1.50) 0.97 (0.58–1.65) 0.99 (0.58–1.68) 1.04 (0.61–1.77)

Quartile 3 0.71 (0.45–1.12) 0.70 (0.42–1.17) 0.76 (0.45–1.29) 0.86 (0.50–1.47)

Quartile 4 0.54 (0.35–0.85) 0.53 (0.31–0.89) 0.56 (0.33–0.96) 0.74 (0.42–1.32)

Continuous 0.70 (0.57–0.86) 0.72 (0.56–0.92) 0.74 (0.57–0.95) 0.86 (0.65–1.13)

Tree coverage percentage (500 m)

Quartile 1 1.00 1.00 1.00 1.00

Quartile 2 0.70 (0.45–1.11) 0.68 (0.41–1.13) 0.70 (0.42–1.17) 0.89 (0.52–1.53)

Quartile 3 0.93 (0.58–1.48) 0.99 (0.58–1.68) 1.04 (0.61–1.78) 1.55 (0.86–2.79)

Quartile 4 0.58 (0.37–1.11) 0.63 (0.37–1.06) 0.63 (0.37–1.07) 1.11 (0.59–2.07)

Models sequentially adjusted for age, potential risk factors, individual and area-level socioeconomic status, and air pollution.

M1: adjusted for age at interview; M2: adjusted for age at interview, ethnicity, BMI, smoking, parity, and family history of breast cancer; M3: adjusted for the variables

included in M2 and education, and Canadian marginalization summary quintiles; M4: adjusted for the variables included in M3 and NO2.

Waddingham et al. 10.3389/fenvh.2023.1274563
facilitates comparisons between studies conducted in different

locations and time periods, it only captures overall greenness and

does not provide insights on specific types of greenness or the

usability of the greenspace. We lacked data for blue spaces, and

thus were unable to differentiate low values that could be the

result of water, or impervious surfaces. The moderate Pearson’s

correlation we found between NDVI and tree coverage (r = 0.44)

suggests that these two metrics capture overlapping features of

greenness, yet they also have some distinct features.

There have been few previous attempts to evaluate specific

features or types of greenness in relation to breast cancer risk.

An exception is the work by O’Callaghan-Gordo et al., which

found a reduced odds ratio for the presence of an “urban green

area” within a 300-m residential buffer (OR = 0.65, 95%

CI = 0.49–0.86), while the presence of agricultural land

(OR = 1.33, 95% CI = 1.07–1.65) and an IQR increase in

surrounding NDVI (32). Conversely, Zare Sakhvidi et al., a

cohort study from France, found no associations between

residential proximity to urban greenspaces, forests, or

agricultural lands and breast cancer risk (28). While there has

been some consideration of different types of green spaces,
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epidemiological studies that capture the amount of time

participants spend in these areas.

The proposed mechanisms explaining the hypothesis that

greenness reduces the risk of breast cancer have mainly described

ways that physical activity and air pollution drive the relationship

with greenness to improve an individual’s wellbeing and health

(21). Our analyses of data from the OEHS indicated that physical

activity was not related to the risk of breast cancer, and

therefore, does not fit the criteria of either a mediator or

confounder of the greenness and breast cancer relationship.

O’Callaghan-Gordo et al. similarly found physical activity did not

substantially change their risk estimates when considered as a

confounder (31). Markevych et al. have described that overall

greenness may not necessarily equate to promoting physical

activity, but could rely more on the perception of its safety,

accessibility, and type of greenness (21).

The addition of air pollution strongly attenuates the

relationship between greenness and breast cancer, as the odds

ratio for an IQR increase in NDVI at a 500 m buffer changed

from 0.74 (95% CI = 0.57–0.95) to 0.86 (95% CI = 0.65–1.13).

In urban areas, NO2 is inversely correlated with greenness, which
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largely results from the fact that urban environments with green

spaces are void of roadways. Greenness also contributes to lower

levels of air pollution as vegetation has been shown to reduce

concentrations of ambient pollution (63). Terre-Torras et al., the

only other study specifying risk estimates among younger

women, also adjusted for NO2, but their associations between

overall greenness and breast cancer prior to adjustment were

already null (29). A similar role of NO2 was observed in another

Canadian study of greenness and incident breast cancer (64). The

findings from our study highlight the importance of

epidemiological studies to control for the confounding influence

of traffic-related air pollution.

There are several important study limitations that should be

acknowledged. This includes a small sample size which limits the

ability to detect an association. In addition, the small sample

sizes limited our approach to adjust for the confounding

influence of other variables, and we acknowledge there may be

residual confounding. Even though our study is population-

based, our associations may not be readily generalized to all

women in Ontario. The OEHS excluded participants from

Northern Ontario who did not live close to a biological collection

laboratory (usually, at least a 3 h drive). Although we were able to

examine the relationship with respect to the density of forests

inferred by tree coverage percentage, further investigations may be

warranted to clarify whether other aspects of greenness around

residences may impact breast cancer risk among young women.

We recognize that modeling exposure to residential greenness

during the time of the interview or 5 years prior may not

capture the most etiologically relevant exposure period for breast

cancer. The latency time to a solid tumor like breast cancer may

be over a decade from the time of first exposure to a harmful

environmental stimuli, or during periods of increased

vulnerability (e.g., puberty and pregnancy) (65). We were limited

in our ability to assess earlier exposure periods because of a large

number of residential data missing. Specifically, only 74.3% of

the participants had information on their residence 5 years

before the interview, while 43.7% of the participants had

residential information for 10 years before the interview.

Lastly, although a population-based methodology was used to

obtain cases and controls, OEHS encountered challenges

acquiring the desired number of controls due to low response

rates. This possibly reflects, in part, a lack of willingness or

logistical challenges in providing biological specimens. The

original aim of the study was to characterize the risk of breast

cancer in relation to exposures to PBDEs, which were

determined using blood samples. The lower response rate among

the controls compared with the cases raises the possibility of

selection bias. However, when we evaluated recognized breast

cancer risk factors for young women (e.g., BMI, parity, smoking),

overall, we observed that they demonstrated expected directional

effects that were similar to those previously published (66).

Moreover, the reported odds ratios for greenness and breast

cancer risk did not substantially change with the addition of

socioeconomic variables, which is typically correlated with

participation rates. This suggests that our study findings are not

unduly influenced by participation bias.
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The study possesses several strengths. As studies focusing on

breast cancer in younger women remain scarce, our findings

offer valuable evidence with respect to this subpopulation. In

addition, breast cancer cases were identified through a provincial

cancer registry, and therefore our study is population based.

Moreover, greenness exposure estimates were derived using the

NDVI and linked to participants residential addresses and are

thus objective measures of exposure that are not susceptible to

recall bias. Another notable advantage of the study is the

extensive collection of information on environmental and other

relevant risk factors. The OEHS’s focus on research of

environmental exposures affecting breast cancer allowed for a

comprehensive examination of potential confounders within this

study. Furthermore, the study was able to investigate whether a

specific type of greenness such as tree coverage had a different

association with breast cancer risk compared with the overall

surrounding greenness. Access to partial residential histories

allowed us to conduct sensitivity analyses, which did not reveal

substantial change of observed associations after evaluating a lag

time of 5 years prior to interview for participants’ duration at

current address and environmental exposure levels.
5 Conclusion

The lack of a statistically significant association between

greenness and breast cancer incidence determined by our study

suggests that urban greenness does not confer a reduced risk of

breast cancer in premenopausal women. Future studies that

investigate greenness and breast cancer should account for air

pollution’s role within the studied relationship, and efforts should

be made to better account for the time participants spend in

green spaces. While our findings do not support the hypothesis

that greenness reduces the risk of breast cancer, we recognize

that urban greenness does contribute to a number of health

benefits.
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