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A B S T R A C T

Objectives: Assess geographic variation in breast cancer racial mortality disparity by age cohorts in US and ten
cities with large African American populations.
Methods: Non-Hispanic Black (NHB) and Non-Hispanic White (NHW) female breast cancer mortality rates and
NHB:NHW rate ratio (RR) (disparity) were calculated by four age group categories: < 40, 40–49, 50–64 and
65+ with time period 1999–2013.
Results: In all 10 cities and the US, the most pronounced breast cancer disparities, measured by RR, were seen
among younger women. In age group<40, the RR ranges from 1.71 in Houston to 5.37 in Washington, DC. For
age group 50–64, the disparity was less pronounced, ranging from 1.24 in New York to 1.72 in Chicago. For 65+
age group, there was wide city to city variation in breast cancer mortality disparity. Three cities had higher
mortality for NHW compared to NHB; Baltimore 0.78, Washington DC 0.94 and New York 0.98. One city had no
statistically significant racial variation in breast cancer mortality in this age group and six cities had increased
NHB: NHW mortality disparities.
Conclusions: While the mortality rate for breast cancer is lower among younger women, the NHB:NHW dis-
parities, as measured by rate ratios, are most pronounced in these age groups. Given the absence of available
data regarding incidence, stage and subtypes, further research is necessary and such research is important, given
the possible policy implications of these results with respect to screening guidelines and coverage for mam-
mography and breast cancer treatment in particular for younger NHB women.

1. Introduction

With an estimated 40,160 deaths to occur in 2017, breast cancer is
the second leading cause of cancer death among women in the US with
Non-Hispanic Black (NHB) women experiencing the highest mortality
rate compared to other race/ethnic groups [1,2]. Breast cancer mor-
tality among younger NHB women, (< 50) in particular, is higher
compared to that of younger Non-Hispanic White (NHW) women [3,4].
The latest data also suggest that, among women 20–49 years of age, the
Black:White disparity in breast cancer mortality is the largest disparity
among cancer-specific diseases and has widened over the past 30 years
[5].

Recent analyses have documented significant variation in NHB and

NHW breast cancer mortality and disparity across the US and its largest
cities [6,7]. This is the first study to address age specific racial breast
cancer mortality disparity at the city level. Analyses at the city level are
necessary as certain public health systems, interventions and policies
are organized at a city level. Also, as access to care in cities can vary
from neighborhood to neighborhood, because of historical patterns of
segregation and structural racism in America’s largest cities, we hy-
pothesized that these conditions could result in variation in age specific
racial breast cancer disparity rates.

The current study explores breast cancer mortality disparities by age
group (< 40, 40–49, 50–64, and 65+) and geographic location
building upon prior work [7] that looked at city-level geographic var-
iation overall without breaking out age cohorts. These city-specific data
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can help inform local health officials and contribute to more tailored
public health interventions and policies.

2. Methods

2.1. Population

In addition to the US, 10 cities were included in this analysis based
on the following criteria: 1) total population of at least 500,000 and 2)
the largest number of African Americans (the US Census 2010 “The
Black Population” Table 6). Cities that met these criteria were:
Baltimore, MD; Chicago, IL; Dallas, TX; Detroit, MI; Houston, TX; Los
Angeles, CA; Memphis, TN; New York City, NY; Philadelphia, PA; and
Washington, District of Columbia (DC). Deaths where the cause was
malignant neoplasm of the breast (ICD-10 C50.0-C50.9) were extracted
from the mortality data files maintained by the National Center for
Health Statistics for the period 1999–2013. The extracted death cases
were restricted to Non-Hispanic White (NHW) and Non-Hispanic Black
(NHB) women. The Person-years (P-years) were obtained from the US
Census Bureau. Population by 5-year age groups for the individual 15
years of our study was available for Baltimore, New York City,
Philadelphia, Washington, DC, and the US. For Chicago, Dallas, Detroit,
Houston, Los Angeles, and Memphis, the P-years were estimated using
linear extrapolation and interpolation of the 2000 and 2010 population
data from the US Census Bureau by 5-year age group.

2.2. Statistical analysis

The data were stratified by four age groups:< 40, 40–49, 50–64
and 65+. For these categories, truncated age standardization was used
to obtain the mortality rates. Using the NHB:NHW rate ratio (RR) with
95% confidence intervals (CI), the disparity was assessed by age group
for the US and the 10 cities over the 15-year study period. A 15-year
period was chosen to increase the stability of the city-level data,
especially in younger age groups, but the overall trend in the disparity
by age group for each individual year was calculated for the US and is
displayed in Fig. 1a. A RR of 1.00 indicates no disparity between NHB
and NHW mortality rates and it represents the target to reach. A RR
greater than 1 indicates higher mortality rates among NHB compared to
NHW, and a RR less than 1 indicates that the mortality rates is lower
among NHB compared to NHW.

Another measure of disparity, the mortality risk differences (RD)
with 95% confidence interval, were calculated across the different age
groups. Excess deaths among NHB stemming from the NHB:NHW dis-
parity were obtained by applying the age-specific NHW breast cancer
mortality rate per 100,000 to the age-specific NHB population for the
entire 15 years of the study. These were then totaled and subtracted
from the NHB observed number of deaths and the difference represents
the excess breast cancer mortality deaths due to the disparity [7]. The
excess deaths were only calculated for age group and cities where sta-
tistically significant disparities were observed. The analyses were not
stratified or controlled by breast cancer incidence, subtypes or stage as
the mortality data files do not include any of these variables and they
are not available elsewhere at the city level. All statistical analyses were
conducted with STATA.14 (StataCorp. 2015. Stata Statistical Software:
Release 14. College Station, TX: StataCorp LP.)

3. Results

Table 1 presents the 15-year NHB and NHW breast cancer mortality
rates and rate ratios by age group for the US and the 10 study cities. In
the US, the disparity is statistically significantly different between each
age cohort and largest among women<40 (RR of 2.17, 95% CI
[2.10–2.25], second largest for the 40–49 age cohort RR 1.90, CI
[1.86–1.93], with the 50–64 showing a lower RR 1.55, CI[1.53–1.57]
and the lowest RR 1.18, CI[1.17–1.19] for the 65+ age cohort.

The pattern of larger disparities among younger age groups (< 40
and 40–49) is observed across all 10 study cities. For example, in
Chicago, the disparity is largest among women younger than 40 years
old (RR 2.57, 95% CI [1.87; 3.52]) and among women 40–49 (RR 1.93,
95% CI [1.62; 2.31]). It is then followed by women 50–64 (RR 1.72,
95% CI [1.54; 1.91]) and 65+ (RR 1.19, 95% CI [1.11; 1.28]). Across
the 10 study cities, the largest disparities in NHB:NHW breast cancer
mortality rates were observed in the< 40 age group in Washington, DC
(RR 5.37, 95% CI [2.28; 12.67]) and the 40–49 age group in Memphis
(RR 3.10, 95% CI [2.07; 4.65]).

In all cities, the lowest disparities in NHB:NHW breast cancer were
found for the age group 65+. However, for this age cohort, there was
considerable variation between cities regarding the level and direction
of this disparity. In Baltimore, NHB women aged 65+ had a statistically
significantly lower breast cancer mortality rate as compared to NHW
(Table 1). In several other cities (New York, Detroit, Philadelphia, and
Washington DC), there was an absence of mortality disparity as mea-
sured by Rate Ratios for this 65+ age group. In contrast, Memphis,
Dallas and Los Angeles retained significantly higher disparities at this
65+ age stage (Memphis RR 1.60, 95% CI [1.40–1.84], Dallas RR 1.45
95% CI [1.28–1.65], Los Angeles RR 1.35, 95% CI [1.24–1.47] com-
pared to New York, Philadelphia, Washington DC and Baltimore.

These data are illustrated in Fig. 1a and b, which show mortality
rates and disparity trends over the 15 years of the study in the US as a
whole. While the lowest mortality rates occur among women<40 and
40–49, these are the age groups for which the largest disparity in
mortality outcomes is observed. Conversely, the highest mortality rates
are observed among women 65+ and this is the age group for which
the smallest disparity in mortality rates is observed. Similar results were
found with different age group cut-offs (< 50, 50–69 and 70+) (Sup-
plemental Fig. 1)

Table 2 contains the mortality rate difference and the number of
excess NHB deaths by age group for the period 1999–2013. In the US,
the number of excess NHB deaths among women<40 was 2832, fol-
lowed by 6479 excess death in the age group 40–49. Among age groups
50–64 and 65+, there were 10,775 and 5583 excess NHB deaths, re-
spectively. In Chicago, 93 excess NHB deaths were seen among
women<40, 197 among women 40–49. In the 50–65 age group, 418
excess NHB deaths were observed, and in the 65+ age group, 234
excess NHB deaths were calculated. As expected in Baltimore, NHW
women in the age group 65+ had a higher number of excess deaths
compared to NHB. Similar results were found with different age group
cut-offs (< 50, 50–69 and 70+) (Supplemental Table 2).

4. Discussion

The findings of this study supplements prior city level analysis of
racial disparity on breast cancer mortality [7], adding comparison of
mortality disparities by age cohorts between the 10 cities with the
largest African American populations and the US. There is a statistically
significant gradient in the NHB:NHW breast cancer mortality disparity
across age groups with the largest disparities observed among women
less than 40 years old and aged 40–49 and the smallest among women
aged 50–64 and those 65+. All 10 cities demonstrated the same trend.
However, the direction and magnitude of disparities varied not only by
age group, but by geographic location. Some cities have less racial
breast cancer mortality disparity than other cities across age groups.
For example, US Eastern cities such as New York, Philadelphia, Wa-
shington and Baltimore exhibited no or lower breast cancer mortality
disparities among women 65+ compared to the US or other cities.
Lastly, almost two-thirds of excess deaths were observed among women
in< 50.

These results were not controlled for incidence, stage, and subtype
due to the lack of such data. NHB women in their forties are known to
have a higher incidence of breast cancer compared to NHW. Also, there
is a higher proportion of estrogen negative breast cancer among NHB
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women, especially NHB women<50 [8]. Both of these factors might
explain the larger disparity observed among women in their forties.
However NHB women in older age groups also have a significantly
higher proportion of estrogen negative breast cancer compared to NHW
women, but the disparity is smaller in this age group and non-existent
in some cities. Nevertheless, the convergence of breast cancer incidence
among older NHW and NHB [4] could have played a role in the lower
disparity observed among women age 65+. While variation in in-
cidence and tumor biology may contribute to the observed mortality
disparities, the considerable variation between cities and the US as a
whole suggests structural factors and not biologic variation as an ex-
planation.

Certain public policies (public insurance coverage, eligibility for
certain preventive health screening programs) vary by age and geo-
graphy. Eligibility rules for enrollment in federal Medicare do not vary
from state to state and provide access to health insurance for most in-
dividuals over the age of 65, though there are well demonstrated racial
variations in care delivery in the Medicare covered population. State
coverage through Medicaid has been subject to considerably more
variation between states as well as temporal changes in eligibility re-
lated to state budgets and state policy decisions. Over the past 2 dec-
ades, including the 15 years considered in this paper which precedes
implementation of the Affordable Care Act states have varied con-
siderably in their approaches to expanding Medicaid [9]. New York and

Illinois have implemented extensive coverage expansions prior to the
Affordable Care Act, as has Pennsylvania. Tennessee in the mid–2000 s
had the largest contraction of its Medicaid program in its history due to
budgetary challenges [10,11]. A new paper published on breast cancer
outcomes in Tennessee post Medicaid contraction indicates that post
contraction of the Tennessee Medicaid program, there were increases in
delays in accessing treatment and an increase in later stage of diagnosis
for breast cancer [12]. Further study is needed to examine how closely
the regional variations in disparity correlate with variations in provi-
sion of health insurance.

For the 65+ age group, variation regarding insurance coverage is
less, due to the universality of Medicare coverage in all states, for most
though not all residents. However, geographic variations in the mor-
tality disparity remain, though the magnitude is less pronounced, with
several cities demonstrating mortality rates favoring NHBs and others
displaying virtually no disparity at all. Cities such as Memphis, Dallas
and Los Angeles, have elevated rate ratios, suggesting that structural
factors beyond insurance coverage are likely at play. Certain public
health systems and public policies are organized at a city level and
distribution of resources/access points across a city varies. Social fac-
tors such as structural racism, as well as intersectionality of regional
variations in access to high quality screening, diagnostics, and treat-
ment exist and might have played a role in the gradient of disparities
within cities [13–16]. However further research is necessary given the

Fig. 1. a) Non-Hispanic Black (NHB) and Non-Hispanic White (NHW) breast cancer mortality rates by year and age group in the US (Logarithmic scale has been used). b) Non-Hispanic
Black (NHB) and Non-Hispanic White (NHW) breast cancer rate ratios by year and age group in the US.
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Table 1
Non-Hispanic Black (NHB) and Non-Hispanic White (NHW) breast cancer mortality rates (1999–2013) and rate ratios by age group for the US and 10 study cities.

< 40 40–49 50–64 65+

NHW NHB NHW NHB NHW NHB NHW NHB

US 1.32 2.87 16.11 30.53 40.99 63.65 101.38 119.40
Baltimore, MD 2.45 6.73 28.14 37.17 49.38 61.15 136.84 106.20
Chicago, IL 1.27 3.26 18.69 36.13 41.96 71.98 114.67 136.49
Dallas, TX 0.82 2.96 17.63 36.22 37.74 63.71 100.46 145.90
Detroit, MI 1.42 3.79 22.07 31.69 54.86 69.21 124.46 125.76
Houston, TX 2.22 3.80 23.36 46.15 54.49 86.80 123.02 142.03
Los Angeles, CA 1.39 3.58 19.89 40.41 46.76 80.05 111.55 150.80
Memphis, TN 1.12 3.43 12.26 38.05 45.22 74.54 95.16 152.72
New York City,

NY
1.25 2.59 18.10 28.23 45.98 57.25 113.07 110.95

Philadelphia, PA 1.33 3.08 19.03 28.90 51.23 70.35 127.15 136.33
Washington, DC 0.55 2.96 13.72 37.15 41.66 66.65 134.36 126.34

NHB:NHW rate ratio and 95% CI*

< 40 40–49 50–64 65+

US 2.17 2.10–2.25 1.90 1.86–1.93 1.55 1.53–1.57 1.18 1.17–1.19
Baltimore, MD 2.75 1.69–4.46 1.32 0.98–1.78 1.24 1.02–1.51 0.78 0.68–0.89
Chicago, IL 2.57 1.87–3.52 1.93 1.62–2.31 1.72 1.54–1.91 1.19 1.11–1.28
Dallas, TX 3.59 1.96–6.56 2.06 1.55–2.72 1.69 1.42–2.01 1.45 1.28–1.65
Detroit, MI 2.67 0.99–7.24 1.44 0.88–2.35 1.26 0.97–1.63 1.01 0.86–1.19
Houston, TX 1.71 1.21–2.41 1.98 1.62–2.41 1.59 1.42–1.79 1.15 1.04–1.28
Los Angeles, CA 2.57 1.81–3.65 2.03 1.69–2.45 1.71 1.53–1.92 1.35 1.24–1.47
Memphis, TN 3.06 1.47–6.38 3.10 2.07–4.65 1.65 1.37–1.98 1.60 1.40–1.84
New York City, NY 2.07 1.69–2.53 1.56 1.40–1.74 1.24 1.17–1.33 0.98 0.94–1.03
Philadelphia, PA 2.32 1.53–3.51 1.52 1.22–1.89 1.37 1.22–1.55 1.07 0.99–1.16
Washington, DC 5.37 2.28–12.67 2.71 1.73–4.23 1.60 1.28–2.00 0.94 0.81–1.09

Some cities are doing better than the national level and are doing better than the other. There is a geographic variation as some cities are doing better than the others.
* All confidence intervals that include 1 do not display a statistically significant result. For example, Detroit in the age< 40 doesn’t show a statistically significant result.

Table 2
Risk difference (RD) and annual excess Non-Hispanic Black deaths by age group for the US and the 10 study cities with statistically significant rate ratios, 1999–2013. All confidence
intervals that include 0 do not display a statistically significant result.

< 40 40–49 50–64 65+

RD CI RD CI RD CI RD CI

US 1.55 −0.41 to 3.51 14.43 12.47–16.39 22.65 20.69–24.61 18.02 16.07–19.99
Baltimore, MD 4.28 2.32–6.24 9.03 7.11–11.03 11.77 9.94–13.86 −30.64 −34.58–−30.66
Chicago, IL 1.99 0.03–3.95 17.44 15.5–19.42 30.02 28.16–32.08 21.82 20.28–24.20
Dallas, TX 2.13 0.17–4.09 18.60 16.69–20.61 25.98 24.23–28.15 45.44 46.72–50.64
Detroit, MI 2.37 0.41–4.33 9.62 7.71–11.63 14.35 12.71–16.63 1.30 −0.52 to 3.40
Houston, TX 1.57 −0.39 to 3.53 22.79 20.9–24.82 32.31 30.66–34.58 19.01 17.91–21.83
Los Angeles, CA 2.19 0.23–4.15 20.52 18.61–22.53 33.29 31.63–35.55 39.25 38.91–42.83
Memphis, TN 2.31 0.35–4.27 25.79 23.9–27.82 29.31 27.69–31.61 57.55 59.64–63.56
New York City, NY 1.34 −0.62 to 3.30 10.13 8.17–12.09 11.27 9.32–13.24 −2.13 −4.10 to −0.18
Philadelphia, PA 1.75 −0.21 to 3.71 9.87 7.92–11.84 19.12 17.27–21.19 9.18 7.48–11.40
Washington, DC 2.41 0.45–4.37 23.43 21.54–25.46 24.99 23.31–27.23 −8.02 −10.80 to −6.88

Excess Death

< 40 40–49 50–64 65+

US 2832 6479 10,775 5583
Baltimore, MD 119 – 72 −137
Chicago, IL 93 197 418 234
Dallas, TX 33 68 107 117
Detroit, MI – – – –
Houston, TX 39 131 219 82
Los Angeles, CA 37 96 182 174
Memphis, TN 50 125 156 183
New York City, NY 182 266 338 –
Philadelphia, PA 81 81 180 –
Washington, DC 51 92 128 –

“-“ No Statistically significant NHB/NHW rate ratio (see Table 2).
*A negative number means there were no excess deaths among NHB women as they had s statistically significant lower mortality rate.
The death rate was per 100,000 women.
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lack of available data to control for incidence, state, and breast cancer
sub-types.

Extant research has established that regular screening mammo-
graphy, early diagnosis, and timely treatment initiation reduce the
morbidity and mortality associated with breast cancer [17–20]. To
promote early stage breast cancer diagnosis and treatment initiation,
regular screening is strongly advocated by all national clinical guide-
lines [17,21–23]. However, over the past several years, disagreement
has arisen over the age at which a patient should initiate routine
screening with the United States Preventive Services Task Force
(USPSTF) recommending that average risk women undergo routine
screening biennially at age 50 [23,24,22]. Although our study does not
provide data on whether the cancer was screen-detected and we cannot
directly link the observed disparities to mammography screening po-
licies, we believe that recommendations by the USPSTF may increase
racial disparity in outcomes among women in their forties, though
additional research is needed that could control for variation in in-
cidence, stage, and subtypes. Notably, 29% of all NHB breast cancer
deaths occurred among women<50, compared to 20% among NHW
women and two third of excess deaths were observed among women in
their forties.

5. Limitations

One limitation of the study is the lack of information on breast
cancer death by subtype and stage at diagnosis and incidence from the
mortality data files. Although there are no such data available by age
group and at the city level, available data that have assessed breast
cancer incidence (2010–2014) and mortality (2011–2015) rates at the
states level have shown that, with the exception of Maryland and
Tennessee where NHB/NHW incidence rate ratios were not statistically
significant, the NHB/NHW incidence rate ratios were significantly
lower in all the states of the cities included in this study while mortality
rate ratios on its own were significantly higher in all these states;
ranging from 1.32 in Maryland to 1.52 in Texas and Tennessee [25].
Also, the findings of our study might not necessarily be generalizable to
non-metropolitan areas, where the disparities could go in either di-
rection.

6. Conclusion

In summary, this work has possible implications for health in-
surance, mammography and breast cancer treatment coverage, which is
particularly timely given our current national debate and state’s deci-
sion-making based on budgetary needs and possible federal cuts in
support to the Medicaid program. While more research is necessary to
understand how variation in incidence, stage, and subtype of breast
cancer affects such disparities, the public health implications of the age
variation in breast cancer disparities are significant and with further
research might trigger further examination of current conflicting breast
cancer screening guidelines and the models used to generate the
guidelines, possibly leading to more nuanced and targeted guidelines.
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