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Abstract
Purpose  Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer, more commonly diagnosed among 
black women than other subgroups. TNBC varies geographically, but little is known about area-level characteristics associ-
ated with elevated incidence.
Methods  We generated 2011–2013 age-adjusted TNBC incidence rates for state economic areas (SEAs) in 43 states using 
data from North American Association of Central Cancer Registries. For cases missing data on molecular markers, we 
imputed TNBC status using cross-marginal proportions. We linked these data to SEA covariates from national sources. 
Using linear ecological regression, we examined correlates of TNBC incidence rates for the overall population and for age 
(< 50 years or 50 + years)- or race (white or black)-specific subgroups.
Results  The mean annual incidence of TNBC across SEAs was 13.7 per 100,000 women (range = 4.5–26.3), with especially 
high and variable rates among African American women (mean = 20.5, range 0.0–155.1). TNBC incidence was highest in 
South Atlantic and East South Central Census Divisions and lowest in Mountain Division. Overall TNBC incidence was 
associated with SEA sociodemographics (e.g., percent of females age 45 + who are non-Hispanic black: coefficient estimate 
[est.] = 1.62), healthcare characteristics (e.g., percent of population without health insurance: est. = − 0.52), and health 
behaviors (e.g., prevalence of obesity among women: est. = 0.72) (all p < 0.05). Other variables related to TNBC incidence 
included density of obstetrician/gynecologists and prevalence of smoking.
Conclusion  TNBC incidence varied across SEAs in the U.S., particularly for African American women. Identifying areas 
with elevated TNBC incidence can facilitate research and interventions on area- and individual-level correlates of TNBC.
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Introduction

Breast cancer is the most commonly diagnosed can-
cer among women in the United States, with more than 
250,000 new cases each year [1]. Molecular profiling of 
breast tumors provides insight into treatment and prognosis 
for breast cancer subtypes [2, 3]. The most common tumor 
subtype (73% of breast cancers) is characterized by positive 
estrogen receptors (ER) or progesterone receptors (PR), and 
negative human epidermal growth factor type 2 receptors 
(HER2) [2]; this subtype is associated with the most prom-
ising prognoses [4]. In contrast, the tumor subtype that is 
negative for ER, PR, and HER2 (i.e., triple-negative breast 
cancer, or TNBC) makes up 12% of breast cancers [2] and 
has the poorest prognosis [3, 4].
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TNBC differs from other breast cancer subtypes in many 
ways. Compared to other breast cancer subtypes, TNBC is 
more commonly diagnosed among women who are African 
American [5-7], premenopausal [3, 5, 8], and low socio-
economic status (SES) [3] than other types of breast cancer. 
TNBC is positively associated with reproductive factors 
including early menarche [5, 6, 9] and high parity [5, 8, 9], 
but may be negatively associated with breastfeeding [5, 8, 
9]. Another risk factor is obesity [5, 9–11], although the 
full nature of this relationship is not clear. Mammography 
screening is not closely linked to detection of TNBC [12], 
partly because many women develop TNBC before the age 
of routine screening [13] and partly due to fast-growing 
interval cancers [14]. In 2015, the Annual Report to the 
Nation on the Status of Cancer indicated that TNBC inci-
dence varies geographically more than do other subtypes, 
with especially high rates in the Southeast [2].

Geographic variation in TNBC is likely due to a combi-
nation of individual-level factors (including those described 
above) and area-level factors. For example, high TNBC inci-
dence in the Southeast could be due to the higher incidence 
of TNBC among African American women [5-7], who 
disproportionately live in Southeastern states. Other, more 
contextual explanations are also possible. For example, a 
sociological perspective could suggest that young women 
living in low-SES areas are exposed to more female-headed, 
unmarried households, resulting in earlier initiation of child-
bearing [15]; younger age at first birth is, in turn, associated 
with increased risk of TNBC [16]. Ecological analyses of 
area-level correlates of TNBC incidence can examine these 
relationships to help prioritize future research inquiries 
about the etiology of TNBC and why it varies so markedly 
by geography.

In the current paper, we describe geographic patterns in 
TNBC incidence rates and identify ecological correlates of 
TNBC. We contrast these findings with patterns of (1) ER-
positive/HER2-negative breast cancer incidence and (2) total 
breast cancer incidence to highlight differences across tumor 
subtypes. These findings can inform future research studies 
and public health interventions targeting TNBC.

Materials and methods

Data sources and variables

Dependent variable: age‑adjusted breast cancer incidence 
rates

We calculated age-adjusted incidence rates of TNBC 
for State Economic Areas (SEAs) using data from the 
North American Association of Central Cancer Regis-
tries (NAACCR)’s Cancer in North American (CiNA) 

restricted data files (https​://www.naacc​r.org/cina-in-seers​
tat/). NAACCR collects data from cancer registries for all 
50 states and Washington, D.C. [17] (hereafter referred to 
collectively as “states”). Data are available at the county 
level, but due to concerns about patient confidentiality and 
data scarcity (72% of counties had < 16 cases of TNBC dur-
ing the study period), we linked counties to the SEA level. 
SEAs are sets of neighboring counties within a state that 
have similar economic characteristics [18].

Currently, breast cancer records in CiNA include tumor 
data on molecular markers (i.e., ER, PR, and HER2). How-
ever, NAACCR only began requiring registries to include 
HER2 status in 2010, and the first year of data is consid-
ered incomplete. Thus, we calculated age-adjusted TNBC 
incidence rates (defined as breast cancers that were nega-
tive for ER, PR, and HER2 [2]) for 2011–2013, expressed 
as cases per 100,000 women per year. We calculated these 
rates for the overall female population, and then for sub-
groups defined by race (White or Black) or age (< 50 years 
or 50 + years).

For breast cancer cases that were missing data on 
molecular markers (7%, primarily missing HER2 status), 
we imputed TNBC status. We calculated the marginal pro-
portions of TNBC versus other subtypes of breast cancer 
among known cases, and applied those proportions to assign 
unknown cases to TNBC versus other subtypes of breast 
cancer [19]. This procedure has demonstrated adequate 
equivalence to other methods of imputation [20]. For anal-
yses stratified by age or race categories, we repeated this 
imputation procedure for each subgroup separately.

As a comparison outcome, we also estimated SEA inci-
dence rates of ER + /HER2− breast cancers and of breast 
cancers and for 2011–2013.

Independent variables: SEA characteristics

We gathered data on area-level characteristics that have 
previously demonstrated associations with TNBC either at 
the individual or area level (for a full list of variables, see 
Supplementary Table S1). For each characteristic, data were 
gathered for counties but aggregated to SEAs. Independ-
ent variables were standardized to a mean of 0 and stand-
ard deviation of 1 prior to inclusion in regression models 
(described below).

SEA sociodemographic characteristics came from the 
American Community Survey (ACS) 2010–2014 five-year 
estimates, generated by the U.S. Census Bureau [21]. These 
variables include measures of the population composition 
by sex, age, and race/ethnicity (e.g., percent of females age 
45 + who are non-Hispanic black) and SES indicators (e.g., 
percent of population living below 150% of the federal pov-
erty line).

https://www.naaccr.org/cina-in-seerstat/
https://www.naaccr.org/cina-in-seerstat/
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SEA healthcare access characteristics came from the ACS 
and the 2011–2013 Area Health Resource Files, compiled 
by the Health Resources and Services Administration [22]. 
These variables include measures of density of healthcare 
resources (e.g., number of primary care providers per 1000 
population) and health insurance coverage (e.g., percent of 
population without health insurance).

Finally, SEA health behavior characteristics came from 
national health surveys. These variables include prevalence 
of obesity among females (defined as having a body mass 
index of 30 or greater, from the Behavioral Risk Factor Sur-
veillance System [23]) and prevalence of recent mammog-
raphy screening (defined as within the last 2 years among 
women ages 40 + , from the National Cancer Institute’s 
Small Area Estimates [24]).

Statistical analysis

First, we conducted descriptive analysis by examining the 
distribution of the independent variables and age-adjusted 
TNBC incidence rates (using imputed data) across SEAs. As 
part of this analysis, we created a choropleth map depicting 
TNBC incidence across SEAs. The choropleth maps indi-
cate TNBC incidence across SEAs, with classes determined 
using the Jenks natural breaks classification method [25] 
to maximize variation between classes and to minimize it 
within classes. The choropleth map for the overall distribu-
tion of rates for the total population used one classification 
scheme. The choropleth map for the distribution of rates 
by age and by race used different classification schemes to 
facilitate comparisons across groups. As appropriate, SEAs 
with zero observed cases of TNBC, SEAs not included in the 
dataset, and SEAs with suppressed values (i.e., with fewer 
than 16 cases of TNBC [26]) are also indicated.

Next, we conducted ecological linear regression analy-
ses examining the associations between the independent 
variables and age-adjusted TNBC incidence rates. Bivariate 
models regressed TNBC incidence (separately for the total 
population and for age- or race-specific subgroups) on each 
independent variable. To create a multivariable ecological 
linear regression model, we conducted backwards selection 

for the overall TNBC incidence rates, eliminating independ-
ent variables until all remaining independent variables were 
associated (p < 0.10) with TNBC [27]. We used this set of 
independent variables to run multivariable linear regressions 
for TNBC across age- or race-specific subgroups. We noted 
the adjusted R2 value to indicate how well these independ-
ent variables explain the variation in cancer incidence rates. 
Then we conducted a sensitivity analysis by repeating the 
multivariable linear regression analysis using TNBC inci-
dence rates based only on the observed cases of TNBC (i.e., 
excluding the imputed cases).

Finally, as a comparison analysis, we conducted multi-
variable linear regression analysis for ER + /HER2− breast 
cancers and for all breast cancers (for the overall population 
only).

The current study analysis was approved by the NAACCR 
Research Application Review Workgroup and the NAACCR 
Institutional Review Board on Human Subjects. Forty-seven 
NAACCR registries (covering 42 states, Washington, D.C., 
and five metro areas) consented to participate in the cur-
rent analysis; participating registries covered 2526 (of 3142) 
counties and 415 (of 508) SEAs. (States that did not have 
any data included in the present analysis were Florida, Illi-
nois, Kansas, Maryland, Minnesota, Missouri, Nevada, and 
Vermont.) Analyses were conducted using SAS version 9.4 
(Cary, NC), and maps were generated using ArcGIS 10.6 
(ESRI, Inc., Redlands, CA). All statistical tests used a two-
sided p value of 0.05.

Results

During 2011–2013, 595,789 cases of breast cancer were 
diagnosed in the included registries. Of these cases, an 
estimated 67,903 cases were TNBC (including imputed 
cases; 11.4% of all breast cancers). Across SEAs, the age-
adjusted TNBC incidence rate for the overall population 
was 13.7 cases per 100,000 women per year (standard error 
[SE] = 0.2), ranging from 4.5 to 26.3 (Table 1). As expected, 
TNBC incidence varied across age- or race-specific sub-
groups, with higher rates observed among older women 

Table 1   Distribution of age-
adjusted breast cancer incidence 
rates per 100,000 women per 
year across state economic areas 
(n = 415) in the United States, 
2011–2013

ER estrogen receptor, HER2 human epidermal growth factor type 2 receptors, SE standard error

Triple-negative breast 
cancer

ER + /HER2− breast cancer All breast cancer

Mean SE Range Mean SE Range Mean SE Range

All women 13.7 0.2 (4.5–26.3) 75.9 0.7 (21.7–115.2) 120.3 0.7 (65.4–161.6)
 < 50 years 6.3 0.1 (1.0–22.4) 23.0 0.3 (8.3–38.9) 41.1 0.3 (19.8–62.2)
50 + years 33.1 0.4 (9.2–66.0) 214.5 2.0 (49.6–331.1) 327.7 1.8 (184.7–438.3)
White women 12.6 0.1 (4.6–26.9) 77.8 0.8 (22.6–118.2) 120.6 0.7 (65.8–162.4)
Black women 20.5 0.9 (0.0–155.1) 58.7 2.2 (0.0–627.2) 108.3 2.7 (0.0–627.2)
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(33.1 per 100,000; SE = 0.4; range across SEAs: 9.2–66.0) 
and black women (20.5 per 100,000; SE = 0.9; range across 
SEAs: 0.0 to 155.1). For the whole population, TNBC inci-
dence rates were highest in the South Atlantic and East 
South Central Census Divisions and lowest in the Mountain 
Division (Fig. 1). For each age- (Fig. 2) and race- (Fig. 3) 
specific subgroup, the highest observed rates for that group 
generally clustered in the South Atlantic and East South 
Central areas, as well.

Bivariate associations with TNBC

In bivariate analysis, overall TNBC incidence (among 
women of all ages and all races) was higher in SEAs with 
more black women, female-headed households, and resi-
dents living in poverty; with greater densities of obstetrician/
gynecologists (OBGYNs) and oncologists; and with higher 
prevalence of obesity, recent mammography, and smoking 
(all p < 0.05) (Table 2). In contrast, overall TNBC incidence 
was lower in SEAs with more non-literacy and with greater 
densities of mammography facilities (both p < 0.05). For 
example, for each one-unit increase in the concentration of 
black women over age 45, there were 2.04 additional cases 
of TNBC per 100,000 women per year (p < 0.001), and for 
each one-unit increase in non-literacy, there were 0.56 fewer 
cases of TNBC (p < 0.01).

These patterns of associations were relatively similar 
across age- or race-specific subgroups. However, the magni-
tude of these associations varied; for example, among white 
women, relatively small differences in TNBC incidence were 
observed by the concentration of black women over age 45 
in an SEA (estimate (est.) = 0.30, p < 0.05), but this associa-
tion was much stronger for TNBC incidence among black 
women (est. = 3.38, p < 0.001) and older women (est. = 4.57, 

p < 0.001). In general, relationships between the independent 
variables and TNBC incidence were stronger among older 
women compared to younger women, and among black 
women compared to white women.

Multivariable associations with TNBC

In multivariable analysis, we retained seven independ-
ent variables that captured sociodemographic, healthcare, 
and health behavior characteristics across SEAs (Table 3). 
Overall TNBC incidence was higher in SEAs with more 
black women (est. = 1.62), greater densities of OBGYNs 
(est. = 0.40), and higher prevalence of obesity (est. = 0.72) 
and smoking (est. = 0.63) (all p < 0.05) (adjusted R2 = 0.36). 
In contrast, overall TNBC incidence was lower in SEAs 
with more working class residents (est. = − 0.55) and more 
residents without health insurance (est. = − 0.52) (both 
p < 0.05).

Generally, these patterns of associations were similar 
across age- or race-specific subgroups, although many coef-
ficient estimates lost statistical significance and the adjusted 
R2 values were smaller in the subgroup analyses. Thus, none 
of the independent variables were associated with TNBC 
incidence for all of the age- or race-specific subgroups. 
Again, the magnitude of the associations varied. Among 
white women, TNBC incidence was not associated with 
the concentration of black women (est. = − 0.05, p < 0.05), 
but this association was large and statistically significant 
among older women (est. = 3.44, p < 0.001). In general, 
relationships between the independent variables and TNBC 
incidence were stronger among older women compared to 
younger women, and among black women compared to 
white women.

Fig. 1   Age-adjusted incidence 
rate of triple-negative breast 
cancer, per 100,000 women, in 
state economic areas (n = 415) 
in the United States, 2011–
2013. Values are suppressed for 
areas with < 16 cases
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Sensitivity analysis

When we repeated the multivariable models using incidence 
rates based on only the observed cases of TNBC, we found 
very similar associations with the SEA characteristics as in the 
main analysis (Supplementary Table S2). All of the model esti-
mates maintained the same direction and similar magnitude, 
with only a few differences in statistical significance compared 
to the models using the imputed data (Table 3).

Comparison of associations for TNBC versus other 
breast cancers

Bivariate (Table  2) and multivariable (Table  3) mod-
els examining TNBC for all ages and all races were 

relatively similar to the results of models examining ER + /
HER2− breast cancer and all breast cancers across SEAs 
(Supplementary Table S3). A major exception concerns the 
associations between breast cancer and health behaviors. In 
multivariable models, TNBC incidence was positively asso-
ciated with prevalence of obesity and smoking; however, 
these behaviors were negatively associated with incidence 
of ER + /HER2− and all breast cancers (although these were 
only statistically significant for ER + /HER2− cancers). 
Other variables that demonstrated distinct associations 
with incidence for the different types of breast cancer are 
population without health insurance (est. = − 0.52, p < 0.05 
for TNBC; est. = −  6.63, p < 0.001 for ER + /HER2−; 
est. = − 5.07, p < 0.001 for all breast cancer) and OBGYN 
density (est. = 0.40, p < 0.05 for TNBC; est. = 2.19, p < 0.01 

Fig. 2   Age-adjusted incidence 
rate of triple-negative breast 
cancer, per 100,000 women, 
for a women < 50 years and 
b women 50 + years in state 
economic areas (n = 415) in 
the United States, 2011–2013. 
Values are suppressed for areas 
with < 16 cases
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for ER + /HER2−; est. = 2.50, p < 0.001 for all breast 
cancer).

Discussion

In this analysis of more than half a million cases of breast 
cancer across 42 states and Washington, D.C., we found 
striking geographic variation in the incidence of TNBC. The 
highest rates of TNBC incidence were observed primarily in 
the southeastern regions, and the lowest rates were generally 
in the western parts of the country. For the entire popula-
tion of women, TNBC incidence was 13.7 cases per 100,000 
women (SE = 0.2; range = 4.5–26.3) across SEAs, but rates 
were especially high for older women (33.1, SE = 0.4) and 

black women (20.5, SE = 0.9). In multivariable analysis, 
TNBC incidence was associated with several SEA char-
acteristics, particularly racial/ethnic composition, percent 
uninsured, and prevalence of smoking and obesity. This pat-
tern of finding was relatively consistent across subgroups 
of women and in our sensitivity and comparison analyses.

Among sociodemographics of SEAs, we found asso-
ciations between TNBC incidence and the percent of (1) 
women who were black and age 45 + and (2) people in the 
labor force in working class occupations. TNBC incidence 
was higher in areas that had higher densities of older black 
women in models examining incidence among all women 
and in age-specific subgroups. This finding is expected 
given the elevated rates in older women and black women 
observed in the current analysis and in the extant literature 

Fig. 3   Age-adjusted incidence 
rate of triple-negative breast 
cancer, per 100,000 women, 
for a white women and b black 
women in state economic areas 
(n = 415) in the United States, 
2011–2013. Values are sup-
pressed for areas with < 16 cases
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[2, 5, 7]. Interestingly, these associations in the multivari-
able models varied considerably in magnitude, with an 
especially strong relationship for older women (of any 
race); this association suggests that areas with high con-
centrations of older black women are especially vulnerable 
to TNBC, but it is unclear why. The association with work-
ing class, however, is more difficult to interpret. Working 
class employment is often observed to be a risk factor for 
cancer outcomes [28], but in the current study, it was pro-
tective: TNBC incidence rates were lower in SEAs with 

more working class workers (for all women and for Black 
women). Several potential explanations exist, including 
the fact that TNBC has not been linked to occupational 
exposures (as in the relationship between exposure to agri-
cultural pesticides and non-Hodgkin lymphoma [29]) and 
living in an area with more working class workers could 
protect women from the more deleterious effects of liv-
ing in an area with higher unemployment [30]. Additional 
research is needed to clarify this association, especially 
for black women.

Table 2   Bivariate associations 
between independent variables 
and triple-negative breast cancer 
incidence rates across state 
economic areas (n = 415) in the 
United States, 2011–2013

Linear regression models regress the respective TNBC incidence rate on the independent variable
est coefficient estimate, HS high school, PCP primary care provider, OBGYN obstetrician/gynecologist
*p < 0.05; **p < 0.01; ***p < 0.001

All women  < 50 years 50 + years White Black
est. est. est. est. est.

Percent female (45 +) − 0.04 0.07 − 0.34 0.03 − 0.50
Percent black 2.04*** 1.07*** 4.57*** 0.30* 3.38***
Urbanicity 0.31 0.09 0.90* 0.21 1.11
Kids per household 0.14 0.19 0.00 − 0.25 − 0.29
Female-headed households 1.65*** 0.96*** 3.47*** 0.27 2.77**
Females with HS degree − 0.18 − 0.33** 0.23 0.18 − 1.11
English non-literacy − 0.56** − 0.26* − 1.34** − 0.25 − 0.84
Poverty 0.62*** 0.50*** 0.93* 0.00 0.64
Working class − 0.32 0.01 − 1.19** − 0.26 − 0.55
PCP density 0.33 0.01 1.18** 0.34* − 0.54
OBGYN density 1.02*** 0.41** 2.65*** 0.42** 1.64
Oncologist density 0.73*** 0.23 2.05*** 0.41** 1.18
Mammography facility density − 0.35* − 0.11 − 0.99* − 0.15 − 2.84**
Population without health insurance − 0.06 0.11 − 0.49 − 0.40** 0.42
Population with public health insurance 0.33 0.38** 0.21 − 0.03 0.38
Obesity prevalence (females) 1.27*** 0.78*** 2.54*** 0.28* 2.82**
Recent mammography prevalence 0.51** 0.11 1.57*** 0.29* 0.64
Current smokers prevalence 0.36* 0.41** 0.23 0.15 1.59

Table 3   Multivariable 
associations between 
independent variables and 
triple-negative breast cancer 
incidence rates across state 
economic areas (n = 415) in the 
United States, 2011–2013

Linear regression models regress the respective TNBC incidence rate on the independent variables. R2 
indicates the proportion of variation in the triple-negative breast cancer incidence rates explained by the 
combined contribution of the independent variables
Est. coefficient estimate, OBGYN obstetrician/gynecologist *p < 0.05; **p < 0.01; ***p < 0.001

All women  < 50 years 50 + years White Black
est. est. est. est. est.

Percent black 1.62*** 0.92*** 3.44*** − 0.05 1.81
English non-literacy 0.41 0.51** 0.14 0.41 2.48
Working class − 0.55* − 0.38 − 0.98 − 0.41 − 3.72*
OBGYN density 0.40* 0.13 1.12* 0.38* 0.44
Population without health insurance − 0.52* − 0.26 − 1.21* − 0.56** − 0.44
Obesity prevalence (females) 0.72** 0.31 1.78* 0.65* 2.77
Current smokers prevalence 0.63* 0.80*** 0.20 0.44 3.87*
R2 0.36 0.21 0.30 0.06 0.04
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Among SEA healthcare characteristics, we found asso-
ciations between TNBC incidence and (1) the number of 
OBGYNs per 1000 people and (2) the percent of people 
without health insurance. For both variables, TNBC inci-
dence was greater in areas that were marked by increased 
availability and accessibility of healthcare resources (i.e., 
higher densities of OBGYNs; lower percentages of unin-
sured). (Note that, in addition, in bivariate analysis, TNBC 
incidence was positively associated with density of other 
types of healthcare providers, although these relationships 
did not maintain statistical significance in multivariable 
analysis.) These findings are counterintuitive, since research 
studies often find that cancer outcomes are worse in areas 
with lower geographic access to healthcare [31]. However, 
healthcare services may be limited in their potential for low-
ering TNBC incidence, given that there are few prevention 
strategies and precursor markers for this type of breast can-
cer [32]. Instead, these healthcare characteristics may reflect 
other dimensions of area-level SES (beyond working class, 
noted above); indeed, SEA-level OBGYN density and per-
cent uninsured were highly correlated with percent working 
class (r = − 0.62 and r = 0.39, respectively; both p < 0.05; 
data not shown). One possibility is that these healthcare 
characteristics reflect constructs such as urbanicity, popula-
tion density, and/or access to care; although urbanicity was 
not associated with TNBC incidence in bivariate analyses, 
it is notoriously difficult to measure aspects of urbanicity 
relevant to healthcare outcomes [33]. The observed mul-
tivariable associations between healthcare characteristics 
and TNBC incidence were limited to the subgroups of older 
women and white women, potentially indicating that the 
healthcare environment is less germane to TNBC risk among 
other women.

Among SEA health behaviors, we found associations 
between TNBC incidence and the prevalence of (1) obesity 
among women and (2) smoking among all people. TNBC 
incidence rates (for all women, older women, and white 
women) were higher in areas with greater prevalence of 
obesity, and TNBC incidence rates (for all women, younger 
women, and black women) were higher in areas with greater 
prevalence of smoking. Thus, the two behaviors correlate 
with TNBC for different age- or race-specific subgroups; 
understanding the potential differential risk associated with 
these behaviors for TNBC among different subgroups is an 
area for future research. At the individual level, obesity is 
positively associated with risk of TNBC [5, 9, 10], but sev-
eral previous studies have demonstrated a null relationship 
between smoking and TNBC risk [9, 10, 34–36]. Areas that 
currently have relatively high smoking rates, such as states 
in the Southeast [37], may have other risks for TNBC, such 
as higher densities of black residents [38], lower SES [39], 
higher parity [40], and less generous welfare and Medicaid 
policies [41]. Understanding whether aggregated measures 

of health behaviors (e.g., obesity, smoking) function as 
proxies for individual health behaviors or as confounders 
for other, more important contextual factors (such as social 
welfare policies [41]) is an important next step for probing 
the geographic variation in TNBC.

Taken together, these ecological findings indicate that 
TNBC incidence rates are highest in regions marked by 
sociodemographic, healthcare, and health behavior chal-
lenges. These results complement individual-level analyses 
that highlight risk factors including race/ethnicity, SES, age, 
genetics, and reproductive factors [2, 3, 5, 9, 10]. While 
we had a tentative hypothesis that higher area-level SES 
(especially around educational attainment, employment, 
and family structure among women) would correlate with 
lower TNBC incidence (because young women would have 
role models to encourage them to delay early childbearing 
[16]), we did not find evidence for this relationship. More 
theoretical development is needed to explicate the observed 
ecological relationships, as well as to situate these findings 
within the context of individual-level risk factors. Additional 
research is needed to examine these ecological relationships 
in different settings, e.g., at different geographic units or in 
different countries. It is possible, for example, that in other 
countries with different healthcare systems, the proportion 
of the population without health insurance may not be mean-
ingfully related to TNBC. In addition, this study (and other 
studies) have indicated that TNBC is more common among 
black women and in black communities; in the U.S., ‘black’ 
race includes individuals with incredibly different origins 
and ancestries. The relationship between TNBC and race/
ethnicity likely varies in countries outside the U.S. that have 
different (1) social structures and (2) populations with racial/
ethnic profiles.

From a methodological standpoint, this study used several 
best practices for dealing with sparse data and maintaining 
patient confidentiality. First, we preserved as much sample 
size as possible by imputing triple-negative status for breast 
cancer cases with missing data on hormonal markers. Next, 
we aggregated data to a relatively large geographic area, 
SEA, to accumulate enough cases in each unit to allow for 
stable estimation of age-adjusted rates (including rates strati-
fied by age and race). Finally, we used geographic analysis 
methods to examine ecological associations with TNBC 
incidence; although individual-level and ecological analyses 
are complementary, in many cases, individual-level data are 
not available. Other researchers interested in the epidemiol-
ogy of rare cancers and/or subtypes may benefit from using 
similar approaches.

In terms of study strengths, we used a large, population-
based dataset covering cancer patients throughout most 
of the United States. The data from these cancer regis-
tries provide near-100% coverage of cancer cases in their 
respective catchment areas [17], increasing our confidence 
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in the validity of the findings. In addition, we used inde-
pendent variables capturing area-level variation in several 
domains (i.e., sociodemographics, healthcare, and health 
behavior) relevant to TNBC incidence. Finally, we found 
consistency across the findings from the main analysis, 
the sensitivity analysis, and the comparison analysis, with 
some important (and expected) exceptions. In terms of 
study limitations, our data only included 3 years of TNBC 
incidence, since NAACCR only began requiring registries 
to report HER2 status in 2010; additional years of data 
will increase the stability of the observed TNBC incidence 
rates. A related limitation is that 7% of breast cancer cases 
had incomplete data on hormonal markers; however, we 
employed a previously-tested imputation technique [19] to 
address this limitation, and findings were relatively similar 
when we restricted the analysis to only cases with com-
plete hormonal information (although alternative imputa-
tion approaches may find slightly different estimates of 
rates and standard errors [20]). In addition, we had miss-
ing data because registries from eight states declined to 
participate in this study; some bias in the observed asso-
ciations could result from incomplete geographic cov-
erage. Another limitation is that, due to concerns about 
patient confidentiality and statistical stability, data were 
aggregated to a relatively large geographic area (i.e., state 
economic areas); using alternative levels of spatial aggre-
gation may reveal different relationships [42]. Some risk 
factors for TNBC, such as BRCA1 mutations [43, 44], are 
not available at the ecological level; multilevel analyses 
that incorporate individual- and area-level factors are an 
important next step to overcome this limitation. Multilevel 
analyses which include individual-level risk factors would 
likely also explain much more of the variation in TNBC 
incidence than the ecological models in the current study. 
Finally, we used backwards stepwise regression to develop 
a multivariable model to use with all the outcome vari-
ables. This technique is limited [27], but we chose to use 
this approach to ensure comparability of models analyzing 
TNBC for all the subgroups.

In conclusion, we found great geographic variation in 
TNBC incidence in an analysis of more than half a mil-
lion cases of breast cancer from cancer registries in 43 
states, with especially high rates among older women and 
black women. TNBC incidence rates for SEAs correlated 
with sociodemographics (e.g., racial/ethnic composition), 
healthcare characteristics (e.g., insurance coverage), and 
health behaviors (e.g., prevalence of obesity). These find-
ings have important implications for additional research 
to (1) create theoretically informed hypotheses about how 
these ecological variables influence individual-level risk 
of TNBC and (2) integrate ecological and individual-level 
variables into a more comprehensive analysis of TNBC 
risk.
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