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Introduction
Epidemiological investigations focusing on geographic varia-
tions of breast cancer risk may help determine social and en-
vironmental factors that influence observed disease disparities. 

Breast cancer incidence rates among older women in the United 
States have been reported to be higher in the Northeast than 
in the South and in urban areas compared with rural areas.1–3 
Regional variations were observed in the California Teachers 
Study, with higher incidence rates in San Francisco and coastal 
Southern California, after accounting for covariates.4 In an 
early prospective analysis of regional variation among post-
menopausal women in the Nurses’ Health Study (NHS), hazard 
ratios adjusted for individual-level known breast cancer risk 
factors were elevated in the Northeast and California (the only 
state from the West) compared with the South.5 The modest 
elevations in breast cancer risk observed in specific geographic 
areas suggest that regional variation in breast cancer risk fac-
tors (e.g., age, body mass index, reproductive history, hormone 
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Background: Evidence of geographic disparities in breast cancer incidence within the United States and spatial analyses can 
provide insight into the potential contribution of environmental exposures or other geographically varying factors to these disparities.
Methods: We applied generalized additive models to smooth geocoded residential coordinates while adjusting for covariates. 
Our analysis included 3,478 breast cancer cases among 24,519 control women from the Nurses’ Health Study II. We first exam-
ined associations with residential location during adolescence (high school address) or early adulthood (address in 1991). We then 
assessed the contribution from known individual-level risk factors, measures of socioeconomic status, and occupational and envi-
ronmental factors that vary spatially and have been linked to breast cancer. Secondary analyses by estrogen receptor and meno-
pausal status were also conducted.
Results: We identified geographic patterns of breast cancer risk associated with location during adolescence, with increased risk 
apparent in Michigan, the Northwest, and the New York City area, that shifted to southern New England when addresses during 
early adulthood were analyzed. Similar results were observed after adjustment for individual- and area-level factors, although spatial 
associations were no longer statistically significant.
Conclusions: Breast cancer risk is not spatially uniform across the United States, and incidence patterns varied depending on the 
timing during life of the residence considered. Geographic disparities persisted even after accounting for established and suspected 
breast cancer risk factors, suggesting that unmeasured environmental or lifestyle risk factors may explain geographic variation in risk 
in different parts of the country.

What this study adds
Our analyses disentangle the contribution of spatially varying 
risk factors, including environmental exposures and sociode-
mographics, to geographic patterns of breast cancer disparities 
and identify high risk populations throughout the United States. 
This is of epidemiologic significance, especially as researchers 
try to understand the impact of multiple exposure to chemical 
and non-chemical stressors on breast cancer risk. We observed 
differences in the spatial distribution of breast cancer risk when 
we compare associations with location of residence during ad-
olescence and location during early adulthood. Patterns also 
differed by estrogen receptor and menopausal status, indicating 
that geographic risk factors vary by type of breast cancer. To our 
knowledge, our analyses are the first to investigate address-level 
geographic variation at a national scale while simultaneously 
controlling for spatial confounding by individual-level risk fac-
tors, household and community-level socioeconomic status, and 
occupational and environmental exposures.
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use) do not fully explain the observed patterns. Although pro-
vocative, these past studies examined location at a regional 
level for one time point in the woman’s life. The importance of 
location, a potential proxy for social and environmental fac-
tors, is as much a function of exposure timing as it is of the 
exposures themselves.

The current study seeks to further investigate geographic 
disparities in breast cancer risk using prospective cohort 
data from the Nurses’ Health Study II (NHSII) by applying 
generalized additive models (GAMs) to determine associa-
tions with geocoded address locations. This spatial approach 
allows for identification of geographic disease patterns while 
systematically determining predictors of the pattern. The first 
objective was to investigate the association between breast 
cancer risk and location at two time periods, during ado-
lescence and early adulthood. Our second objective was to 
determine the impact of socioeconomic and environmental 
factors on the underlying spatial patterns of incident breast 
cancer risk associated with location in early adulthood, 
accounting for known individual-level breast cancer risk fac-
tors. Identification of geographic patterns and where patterns 
persist after adjustment for known risk factors may provide 
additional insight into unexplored risk factors that vary by 
location.

Methods

Study population

We investigated the association between location and incident 
invasive breast cancer risk using data from the NHSII, a long-
term prospective cohort study of US female nurses. Participants 
were geographically distributed throughout the United States, 
although we restricted the spatial analyses to the contiguous 48 
states. At the start of the study in 1989, 116,429 female nurses, 
25–42 years old, completed a self-administered questionnaire 
and were followed up every 2 years to update current residen-
tial addresses, health outcomes, and behavioral risk factors. The 
medical records of participants were reviewed to confirm cases 
among those who self-reported a diagnosis of invasive breast 
cancer. We excluded women who developed all other cancers 
except non-melanoma skin cancer prior to their breast cancer 
diagnosis. From June 1989 to May 2013, we identified a total 
of 3,941 women with confirmed incident invasive breast cancer. 
We used incidence density sampling to randomly select 20 con-
trols per case from among the noncases in the cycle of diagnosis 
(n = 78,820).6,7 From this nested case-control study, we then 
conducted our spatial analyses using addresses at adolescence 
and early adulthood.

Spatial analyses

We conducted spatial analyses by applying GAMs to determine 
the association between breast cancer incidence and geocoded 
addresses8,9 and to elucidate the potential role of environmental 
exposures and other risk factors in any observed geographic dis-
parities.6,10–13 GAMs provide an efficient framework for simulta-
neously including a bivariate smooth of the x and y coordinate 
of a geocoded residence while adjusting for spatial confounders. 
We implemented a LOESS (locally weighted scatterplot smooth) 
with an a priori determined smoothing parameter of 0.2 to cap-
ture regional variation in breast cancer risk. The smoothing 
parameter reflects the proportion of data used to fit the local 
regression and it is well suited to adapt to variable population 
density.13 We fit a GAM using case status as the binary outcome 
as implemented in the R package MapGAM.10,12 To account 
for missingness among confounders, we used fully conditional 
specification implemented by the R package mice to generate 
five imputed datasets and present the average of the pointwise 
predictions.12

Geographic disparities associated with location during 
adolescence compared with early adulthood

Our first aim was to evaluate geographic patterns of incident 
breast cancer risk associated with location for two time period 
analyses: (1) during adolescence using high school addresses and 
(2) during early adulthood using addresses in 1991, the first year 
of cohort follow-up with robust addresses. In 1991, the mean 
age of participants was 25.7 years. High school addresses were 
only available for 32% of participants. We linked the partici-
pants in the nested case-control study to available high school 
addresses; the comparison analysis included all available par-
ticipants with both sets of addresses (n = 26,323; 1,342 cases). 
In addition to the bivariate smooth for location, these spatial 
analyses included individual-level variables that may have been 
potential risk factors associated with exposures during adoles-
cence: body mass index (BMI) at age 18, age at menarche, ado-
lescent somatotype (average of somatotypes at ages 10 and 20), 
alcohol consumption at age 15 and 18, and family history of 
breast cancer. Events occurring after high school (e.g., screen-
ing mammography, postmenopausal hormonal use, parity, age 
at menopause) cannot affect residential location at high school, 
indicating that they are not confounders; as such, they were not 
included in the analyses comparing the contribution of addresses 
during adolescence and early adulthood to breast cancer risk.11

Assessment of the role of socioeconomic and 
environmental factors on geographic disparities

Another important aim of the study was to assess the poten-
tial contribution of socioeconomic and environmental factors to 
spatial patterns of breast cancer risk. As these variables were not 
available for participants during adolescence, we restricted the 
analyses to use only early adulthood locations (1991 addresses), 
regardless of whether they were missing high school addresses. 
We applied a multi-stage spatial modeling approach that com-
pared breast cancer associations across a series of models, each 
adjusted for additional covariate. We included for our baseline 
model the variables adjusted for in our analyses comparing ado-
lescence and early adulthood: BMI, age at menarche, adolescent 
somatotype, alcohol consumption, and family history of breast 
cancer. This allowed us to assess the impact of our reduced 
sample size due to limited availability of high school addresses 
in our analyses comparing adolescence and early adulthood 
locations described above. Our baseline model associations 
were compared with models additionally adjusted for (1) soci-
oeconomic status (SES) variables and (2) occupational and en-
vironment factors (i.e., fully adjusted model). If the results of 
the adjusted models revealed differences in the geographic areas 
of significant breast cancer odds ratios, then it is likely due to 
the presence of these additional factors in those regions. The 
SES model (1) included 1990 census tract median home value, 
median income, population density and whether the participant 
was married or lived alone as measures of household and com-
munity SES in addition to the baseline model covariates.

To assess if geographic disparities in breast cancer incidence 
were due to certain environmental factors, we then addition-
ally included, in a fully adjusted model, variables related to 
the participants’ environment that have been observed to have 
suggestive associations with breast cancer, including shift work, 
outdoor light at night (LAN) and radon exposure.14–16 Shift 
work was categorized as no shift work, <120 months, or 120 
months of shift work or more. Cumulative LAN was estimated 
using 1-km2 resolution satellite data to assign nighttime radi-
ance values to participants’ residential history.15 Radon expo-
sure was categorized into quintiles of cumulative average radon 
based on the Lawrence Berkeley National Laboratory US radon 
exposure model of county-level indoor radon concentrations.16 
Particulate matter17 and hazardous air pollutants18 were not 
associated with breast cancer incidence in the NHSII and thus 
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were not considered in the current spatial analyses. Although 
addresses were for 1991, all variables were continuously 
updated through 2013.

Lastly, as a sensitivity analysis, we included mammographic 
screening which has been shown to vary geographically19 and, 
in our cohort, is lower in the Southeast. To capture any residual 
confounding from using only measures of risk factors during 
adolescence in our baseline model, we also adjusted for poten-
tially spatially varying individual risk factors measured later in 
life (postmenopausal hormonal use, current BMI, parity and age 
at first birth).

As our spatial confounders for the early adulthood analyses 
included group-level census tract SES measures, analyzing all 
address data may induce spatial clustering due to geographi-
cally linked factors. To account for this, we sampled from our 
eligible cases and non-cases in our nested case-control study (n 
= 82,761; 3,941 cases) one participant per census tract using the 
sampcont function in the MapGAM package in R.10 After sam-
pling and excluding participants with missing data for geocoded 
1991 residential coordinates (0.2%), the final analyses for the 
early adulthood addresses included 3,478 cases and 21,041 
non-cases. GAMs were then fit to the independent individu-
al-level data using inverse probability weighting.20,21

In addition to our primary spatial analyses that examined risk 
of all incident invasive breast cancer cases, we performed sec-
ondary analyses of estrogen receptor (ER)-positive (n = 2,084) 
and ER-negative cases (n = 509), each with 20,994 non-cases. 
We also stratified by menopausal status at breast cancer diag-
nosis. Among premenopausal women, there were 1,786 cases 
and 12,062 non-cases; among postmenopausal women, there 
were 885 cases and 9,738 non-cases. All secondary analyses 
used addresses during early adulthood and were fully adjusted.

Mapping of breast cancer odds ratios

We predicted continuous breast cancer odds ratios across the 
United States, excluding regions of extremely low population 
density along the geographic edges of our study population.21 
Odds ratios were calculated using the odds of breast cancer inci-
dence in the whole study area as the reference, holding confound-
ers constant at the reference level for categorical covariates and 
the median value for continuous covariates.12 The MapGAM 
package also allows for calculation of confidence intervals for 
the point estimates of the risk map. Geographic areas where the 
confidence interval excludes one are indicated on the map with 
black contour lines. The absence of these contours indicates that 
the odds ratios are not statistically significant. All maps were 
mapped using the same odds ratio scale ranging from 0.5 to 1.6 
for better comparison across the analyses. We present odds ratio 
ranges for the average across the five imputed datasets.

Analyses were conducted using R Package 3.4.0 (R Foundation 
for Statistical Computing, Vienna, Austria) and maps were cre-
ated using the colormap function in the MapGAM package.20,21 
The study protocol was approved by the institutional review 
boards of the Brigham and Women’s Hospital, Harvard T.H. 
Chan School of Public Health, the University of California, 
Irvine, and those of participating registries as required. Return 
of the questionnaires implied informed consent, and all partici-
pants (or next-of-kin) provided written approval to obtain med-
ical records.

Results

The distribution of selected characteristics among study partic-
ipants are provided in the Table. Cases of breast cancer had a 
higher proportion of family history of breast cancer and per-
sonal history of BBD compared with non-cases. Consequently, 
they were also more likely to have a screening mammography 
compared with non-cases. Cases were also of higher SES, as 

Table. Select characteristics of NHSII participants (n = 24,519) 
included in spatial analyses of early adulthood (1991) addresses.

Characteristic
Cases  

(n = 3,478)
Non-cases  

(n = 21,041)

Age at diagnosis or index year (years) (mean ± SD) 49.0 ± 6.9 47.5 ± 7.6
White (%) 95.7 93.9
Family history of breast cancer (%) 18.5 10.5
Age at menarche (%)   
 � <12 years 25.7 24.8
 � 12 years 30.2 30.0
 � 13 years 28.0 27.2
 � 14+ years 15.7 17.8
 � Missing 0.4 0.4
Parity and age at first birth (%)   
 � Nulliparous 18.0 16.1
 � 1–2 children and <25 years 13.9 14.3
 � 1–2 children and 25–29 years 19.8 18.0
 � 1–2 children and ≥30 years 15.4 13.1
 � 3–4 children and <25 years 9.3 10.3
 � 3–4 children and 25–29 years 10.0 9.0
 � 3–4 children and ≥30 years 3.2 2.3
 � 5+ children and <25 years 0.7 1.0
 � 5+ children and ≥25 years 0.6 0.7
 � Missing 9.3 15.3
Menopausal status and hormone use (%)   
 � Premenopausal 56.1 58.3
 � Never users 6.6 6.0
 � Past users 13.2 14.3
 � Current users 13.1 9.5
 � Missing 11.0 11.9
Body mass index (BMI) (kg/m2) at age 18 (mean ± SD) 20.7 ± 2.7 21.3 ± 3.2
 � Missing (%) 1.1 1.4
Current BMI (%)   
 � <18.5 kg/m2 1.3 1.6
 � 18.5–19.9 kg/m2 5.6 5.5
 � 20–21.9 kg/m2 19.4 19.6
 � 22–24.9 kg/m2 21.5 20.7
 � 25–29.9 kg/m2 26.9 26.8
 � 30–34.9 kg/m2 13.5 14.0
 � 35+ kg/m2 8.8 11.6
 � Missing 3.0 0.3
Personal history of biopsy-confirmed benign breast  
  disease (BBD) (%)

29.6 18.4

 � Missing 0.02 0.0
Alcohol consumption at age 15–17 years (g/day)  
  (mean ± SD)

0.8 ± 3.2 1.1 ± 3.6

 � Missing (%) 0.8 1.1
Alcohol consumption at age 18–22 years (g/day)  
  (mean ± SD)

4.7 ± 7.6 4.9 ± 8.1

 � Missing (%) 0.6 0.7
Screening mammography (%)   
 � No mammogram since last questionnaire 12.3 16.8
 � Screening mammogram 68.0 55.6
 � Missing 19.8 27.6
Currently married (%) 61.8 55.1
Lives alone (%) 8.4 7.4
Census tract population density (per km2) (mean ± SD) 3,350 ± 7,829 3,718 ± 9,811
Census tract level median income ($) (mean ± SD) 65,963 ± 24,960 62,387 ± 24,771
Census tract median home value ($1,000) (mean ± SD) 172.6 ± 125.8 166.0 ± 128.6
 � Missing (%) 0.06 0.07
Cumulative average LAN (nW/m2/sr) (mean ± SD) 28.3 ± 25.1 28.9 ± 26.6
 � Missing (%) 0.03 0.05
Radon quintiles of exposure (%)   
 � First 21.0 24.0
 � Second 20.4 21.9
 � Third 19.8 18.4
 � Fourth 18.6 18.0
 � Fifth 20.1 17.6
 � Missing 0.03 0.1
Shift work   
 � No shift work 31.1 30.6
 � 120 months of shift work 61.8 62.6
 � 120+ months of shift work 7.2 6.7
 � Missing (%) 0.0 0.1
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indicated by their marital status and higher census tract median 
income and home values. Data for most covariates included in 
the analyses were missing for <2% of participants (BMI at age 
18, age at menarche, adolescent somatotype, alcohol consump-
tion, family history of breast cancer, census tract median home 
value and median income, shift work, cumulative LAN, radon 
exposure). However, postmenopausal hormonal use, screening 
mammography, parity, and age at first birth were missing for 
~10%–30% of participants.

The geographic distributions of adjusted breast cancer 
odds ratios at the participants’ addresses during adolescence 
(Figure 1A) and early adulthood (Figure 1B) show significant 
variation. After adjusting for family history of breast cancer, BMI 
at age 18, age at menarche, alcohol consumption, and adoles-
cent somatotype, odds of incident breast cancer at their location 
during adolescence were increased in the Northwest, Michigan 
and Iowa, and the greater New York City area relative to the 
average odds in the study area. Decreased odds were observed 
in northern New York and across West Virginia (Figure  1A; 
OR range: 0.1–2.0). The early adulthood analysis revealed sim-
ilar patterns of breast cancer risk, although increased risk had 
shifted from the New York City area to southern New England. 
Risk in the Northwest remained elevated but was no longer sig-
nificant whereas risk in Iowa was significantly increased in the 
early adulthood analysis (Figure 1B; OR range: 0.3–2.0).

Figure 2 shows the contribution of SES and environmental 
factors to geographic patterns of breast cancer odds ratios as-
sociated with the participants’ location during early adulthood. 
Similar to results shown in Figure 1B (which used a subset of 
participants of the NHSII cohort with both addresses), odds of 
breast cancer were generally lower in the Southeast and higher 
in Iowa, Ohio, and southern New England relative to the av-
erage odds in the study area. Geographic disparities in risk 
remained even after adjustment for SES and environmental fac-
tors, although odds ratios in these areas were no longer statis-
tically significant except for southern New England. Compared 
with the baseline results (adjusted for the BMI, age at menarche, 

adolescent somatotype, alcohol consumption, and family his-
tory of breast cancer, Figure  2A; OR range: 0.6–1.4), inclu-
sion of household and community-level SES variables slightly 
attenuated the ORs (range: 0.7–1.3), and the statistically sig-
nificant area of increased risk in Ohio was no longer signifi-
cant (Figure 2B). Additional adjustment for occupational and 
environmental factors (shift work, cumulative LAN, and radon 
exposure) did not appreciably change the magnitude of the 
association between breast cancer and location during early 
adulthood (Figure 2C; OR range: 0.6–1.3). Furthermore, mam-
mographic screening and individual known risk factors included 
in the sensitivity analyses did not explain the geographic dispar-
ities, but areas of increased risk in the Southeast and southern 
New England were no longer statistically significant after inclu-
sion (Figure 2D; OR range: 0.6–1.3).

When we examined cases stratified by ER status, we 
observed similar patterns of reduced ORs in the Southeast with 
ER-positive cases but for a much larger region (Figure 3A; OR 
range: 0.4–1.8). Geographic distributions of ORs were very 
different for ER-negative cases (Figure 3B; OR range: 0.3–2.7), 
with high ORs in the Southwest, but the number of cases was 
much smaller and results less stable. Premenopausal breast 
cancer risk was also decreased in the Southeast and increased in 
Ohio and the southern New York area (Figure 4A; OR range: 
0.5–1.6). Postmenopausal breast cancer risk was decreased in 
Florida (Figure 4B; OR range: 0.1–2.0). Confidence intervals for 
the odds ratios associated with these spatial patterns did not ex-
clude one when averaged across the five imputed analyses.

Discussion
Our analyses suggest that women have different breast cancer 
risks depending on where in the United States they live at the 
time of adolescence or early adulthood. Women living in the 
New York City area during adolescence had increased ORs, 
while those living in southern New England during early adult-
hood (average age was in their mid-twenties) were at increased 

Figure 1. Geographic distribution of adjusted incident breast cancer odds ratios associated with participants’ location during adolescence (A) and early adulthood 
(B) for subset of NHSII participants with both addresses (n = 26,323). The address during high school and at study baseline was used to examine location in the 
adolescence and early adulthood analyses, respectively. Both analyses were adjusted for family history of breast cancer, alcohol consumption at age 15 and 18, 
BMI at age 18, age at menarche, and adolescent somatotype. Black contour lines indicate areas where the upper and lower confidence bands exclude one.
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risk. Geographic disparities observed in Iowa, Michigan, Ohio, 
and the Southeast were no longer statistically significant after 
fully adjusting for potential risk factors. For example, the area of 
significant increased ORs in Ohio was no longer apparent after 
median income was adjusted for. Patterns also differed by ER 
and menopausal status, indicating that geographic risk factors 
vary by type of breast cancer, although numbers of ER-negative 
and post-menopausal cases were small. Thus, we are cautious in 
interpreting differences among these types as they are likely un-
derpowered and more susceptible to edge effects.8–10

To our knowledge, our analyses are the first to investigate 
address-level geographic variation at a national scale while si-
multaneously controlling for spatial confounding by individu-
al-level risk factors, household and community-level SES, and 
occupational and environmental exposures (shift work, cumu-
lative LAN, radon exposure). These environmental exposures 
were selected because of recent studies that suggested associ-
ations with breast cancer risk in the NHSII.14–16 Other recent 
studies of particulate matter17 and hazardous air pollutants18 
did not support an association with breast cancer incidence 
in the NHSII and were not considered in the current spatial 

analyses. Our results showing elevated breast cancer risk in the 
New York and southern New England areas are consistent with 
results from studies of other cohorts that identified increased 
breast cancer risk in the New York City and Long Island areas 
of New York,22 in parts of Connecticut23 and throughout Cape 
Cod County in Massachusetts.24,25 In Cape Cod County, drink-
ing water contamination has been implicated as a potential risk 
factor,26,27 suggesting that the geographic disparities identified 
in our study may be related to local environmental exposures.

Although patterns of breast cancer risk varied in their sig-
nificance, the magnitude of breast cancer risk appeared to be 
independent of several established individual risk factors as well 
as socioeconomic and environmental predictors, indicating that 
these factors are not driving the disparities we observed and that 
other geographically distributed factors may be associated with 
breast cancer ORs among women in the NHSII. While we can-
not rule out inadequate measurement of the included variables 
in our cohort, the persistence of geographic disparities after 
controlling for confounders has also been seen in other spatial 
studies.4,5 The combination of individual geographic and risk 
factor data from a prospective cohort study with a point-level 

Figure 2. Contribution of covariates to geographic distribution of incident breast cancer odds ratios associated with NHSII participants’ location during early 
adulthood. Analyses of 1991 addresses included adjustment for baseline risk factors previously controlled for: family history of breast cancer, alcohol consump-
tion at age 15 and 18, BMI at age 18, age at menarche, and adolescent somatotype (A), followed by further adjustment for SES variables (B), environmental 
exposures (C), and additional adulthood individual level risk factors including screening mammography, postmenopausal hormonal use, parity, and age at men-
opause (D). Black contour lines indicate areas where the upper and lower confidence bands exclude one.
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spatial modeling approach allowed us to examine geographic 
disparities in breast cancer risk that would not be feasible when 
using aggregated residential data.

Despite the methodological strengths, our current geo-
graphic analyses have some potential limitations. Although 
address data were available for women throughout the United 

States, data were sparse in some regions (e.g., the upper 
Midwest). We excluded these areas from our predictions and 
are cautious in interpreting data from low-population density 
regions. We did not control for race as our study population is 
95% white; this limits generalizability of our results to other 
populations. Geographic patterns of breast cancer risk may 

Figure 3. Differences by ER status in the geographic distribution of incident breast cancer odds ratios associated with NHSII participants’ location during 
earlyadulthood. Geographic distribution of ER-positive (A) and ER-negative (B) adjusted incident breast cancer odds ratios associated with NHSII participants’ 
location during early adulthood. Analyses of 1991 addresses included adjustment for SES variables, environmental exposures, and individual level risk factors.

Figure 4. Differences by menopausal status in the geographic distribution of incident breast cancer odds ratios associated with NHSII participants’ location 
during early adulthood. Geographic distribution of premenopausal (A) and postmenopausal (B) adjusted incident breast cancer odds ratios associated with 
NHSII participants’ location during early adulthood. Analyses of 1991 addresses included adjustment for SES variables, environmental exposures, and individual 
level risk factors.
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differ for nonwhite racial groups. In addition, patterns may be 
more pronounced for groups with limited access to screening 
compared with nurses. Although we included mammographic 
screening because of its strong spatial component,19 nurses are 
likely to seek out screening more than other women.28 Our 
analyses are also limited by missing high school addresses for 
many of the participants and the lack of sociodemographic 
and environmental data for that adolescent time period. Our 
assessment of the contribution of these factors to breast cancer 
risk was restricted to location of the woman during early 
adulthood using their address in 1991. Similarly, we do not 
have full residential histories for participants prior to enroll-
ment at the study inception, restricting our ability to conduct 
an extensive spatiotemporal analysis as has been done in other 
studies in Cape Cod, MA25 and Denmark.29 Nonetheless, using 
the MapGAM package in R, we generated maps of breast 
cancer risk in the United States and identified areas with sta-
tistically significant breast cancer odds ratios. Patterns may be 
explained by spatial variation in inadequately measured or un-
measured environmental exposures. Further research is needed 
to understand geographic disparities in breast cancer and pos-
sible spatial risk factors.

Conclusions
Breast cancer risk is not spatially uniform across the United 
States and varied depending on timing of residence. Geographic 
disparities persisted even after accounting for established and 
suspected breast cancer predictors, suggesting that unmeasured 
environmental or lifestyle risk factors are distributed unevenly 
in different parts of the country.
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