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Abstract

This study was planned with the goal to evaluate the potential contribution of racial
disparities in obesity to that in breast cancer specific mortality. Previous studies have found
that breast cancer risk is associated with non-modifiable factors such as advancing age (65
years and above), genetic factors (BRCAL,?2 etc.), early menarche and family history of
breast cancer. Modifiable factors highlighted as increasing risk include alcohol consumption,
diet, use of post-menopausal hormone replacement therapy and adiposity/obesity. Non-
Hispanic Black women experience consistently worse outcomes and higher recurrence and
mortality rates which has been attributed to socio economic status, access to care, genetic and
pathologic factors that tend to vary with race. This study aimed to examine this phenomenon
at a population level with a focus on obesity and breast cancer specific mortality using an
ecologic approach with the US census as a framework (states and Census regions, divisions).
SEER-STAT and the CDC BRFSS survey results were tapped as sources for our outcome
and exposure data respectively. The Joinpoint Regression Analysis program version 4.9
(National Cancer Institute, 2020) was used to examine trends in overall age-adjusted obesity
and mortality rates for the 17 states in the southern US region from 1990-2016. Results: The
largest gaps between the races in Obesity Average annual percentage change (AAPC) were
in Arkansas (NHW AAPC 4%, NHB 1.9%) and Georgia (NHW AAPC %, NHB -3.2%) with
the Non-Hispanic Black women experiencing a slower decline in rates than and Non-
Hispanic White women. Non-Hispanic White women experienced a more rapid decline in
breast cancer mortality in all states; with the widest gaps in Georgia (NHW AAPC -8.0 %,
NHB AAPC -3.2%), Oklahoma (NHW AAPC -6.4 %, -0.5%) and Maryland (NHW AAPC -
11.2 %, NHB AAPC -6.7%). Similar findings in many states supported an inference that
populations with wide racial disparities in obesity also tended to experience five to ten years
later, a wide gap in the pattern of breast cancer mortality with the average annual percentage
changes being similarly concurrent.
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CHAPTER I: Background

Breast cancer is the most commonly diagnosed cancer worldwide, accounting for nearly 12% of
all cases (Kolak et al., 2017). In 2019, Breast cancer was the leading cause of cancer-related
death among women with 17.4 million disability-adjusted life years lost, the majority contributed
by high middle socio demographic index (SDI) countries including the United States (Global
disease burden Collaboration, 2019). It is assumed that one in eight women worldwide will
develop mammary gland cancer, only 5-10% of which are caused by genetic factors. The
remaining 90-95% are connected to several, often modifiable lifestyle factors (Breast cancer

statistics WCRF, 2021).

This warrants a multidisciplinary approach to better understand modifiable factors at various
levels — individual, community, and population to enhance knowledge of factors leading to
disease occurrence. Obesity/Adiposity, alcohol consumption, reproductive history and post-
menopausal hormone replacement are among the major causative factors discovered (Kolak et
al., 2017). Primary prevention of breast cancer through lifestyle modification may be an
effective strategy to mitigate the increasing morbidity, mortality and economic costs incurred
due to breast cancer. Obesity’s potential contribution to breast cancer mortality is a major
concern since the United states saw the world’s largest absolute increase in the number of obese

people between 1980 and 2008 - 56 million (Stevens et al., 2012).

Health equity is an emerging public health goal in the United States with the recognition of

persistent disparities in health outcomes among minority racial and ethnic communities. To



reduce inequity, governments and health care organizations may consider what contributes to the
disparities such as unique risk factors among minority groups, and disproportionate lack of
access to diagnosis and treatment. In addition, a commitment to collecting meaningful data to
understand local needs and priorities and ongoing assessment of health outcomes are vital to

maintaining progress (Wong, LaVeist, & Sharfstein, 2015).

Non-Hispanic Black women have been documented to have up to twice higher breast cancer
specific mortality risk compared to non-Hispanic White women (Akinyemiju, Moore, Ojesina,
Waterbor, & Altekruse, 2016). In 2018, Non-Hispanic Black adults had the highest age-
standardized prevalence of obesity (49.6%) while the rate among non-Hispanic White adults was
42.2% (Hales, Carroll, Fryar, & Ogden, 2020). While the relationship between obesity and
cancer incidence is well documented, there remains a need to better explore its contribution to
breast cancer-specific mortality and the racial disparities therein. A community-wise or
geographic perspective would help fill this need by localizing the disparities and inform resource

allocation for preventive interventions.

Breast cancer — Risk factors and Epidemiology

Breast cancer is the most diagnosed cancer among women in the US with 268,600 new cases in
2019. Having caused 41760 deaths in the same year, it remains the second leading cause of

cancer mortality — exceeded only by lung and bronchus cancers (DeSantis et al., 2019).

Among the major non-modifiable risk factors for breast cancer are certain inherited genetic
mutations (such as BRCAL, BRCA2) (Bogdanova, Helbig, & Dork, 2013), Female biological
sex and advancing age (peaks around 60 years) (Sun et al., 2017). Family and personal history of

breast cancer, early radiation exposure, mammographically dense breasts, early menarche and
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late menopause constitute a few other risk factors that are outside of an individual’s control

(Majeed et al., 2014).

This brings us to risk factors that are modifiable, namely alcohol consumption, oral contraceptive
use, menopausal hormone replacement therapy and obesity (Sun et al., 2017). Physical exercise/
weight control (Bianchini, Kaaks, & Vainio, 2002), and earlier pregnancy and breastfeeding for

at least one year (Sun et al., 2017) have been documented as protective.
1.2 Role of Obesity

Recent decades have seen an unprecedented rise in obesity with 600 million people worldwide
considered obese - defined in terms of a body mass index greater than 30 kg/m?. In the United
states, 42% of adults and 43% of women fulfilled the criteria in 2018 (Hales et al., 2020). It is a
comorbidity that exists alongside several disease conditions including cancers and affects their

outcomes.

A 1.3- to 1.5-fold increase in breast cancer risk was shown in postmenopausal women with
obesity. This increase exhibited a ‘dose-response’ effect with a 1.09- to 1.31- fold increase for
every 5 kg/m? rise in BMI, especially among those who never used hormone replacement
therapy (Renehan, Zwahlen, & Egger, 2015) . Moreover, obesity appeared to increase this risk
even in geographical areas with historically low and moderate risk, thus warning of a possible
rapid rise of risk with obesity. In women diagnosed with breast cancer, obesity has been
associated with greater risk for the occurrence of cancers at other sites, contralateral breast
cancers and all-cause mortality (Dignam et al., 2006). Obese breast cancer patients are at
increased risk for morbidities during their clinical course and recovery including surgical wound
complications, lymphoedema and possibly, congestive heart failure if treated with doxorubicin

(McTiernan, 2018).



There are multiple mechanisms studied by which obesity increases cancer risk. Endocrine
factors secreted by adipose tissue that have been studied in this regard are IGF-1 (insulin-like
growth factor), estrogens, leptin or adiponectin (Laurent, Nieto, Valet, & Muller, 2014).
Mammary adipose tissue also releases cytokines that promote inflammation such as interleukin 6
or TNFa (tumor necrosis factor alpha). A complication of obesity, hyperinsulinemia has also

been implicated (Laurent et al., 2014).

Obese patients and those with diabetes frequently have elevated levels of cholesterols such as
very-low-density lipoprotein (VLDL), triglycerides, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) (Chahil & Ginsberg, 2006). Elevated total cholesterol and
triglycerides coupled with decreased HDL cholesterol have been associated with an 18%, 15%,
and 20% increased risk of cancer, respectively (Melvin et al 2013). Breast cancers in obese
postmenopausal women also tend to express estrogen and progesterone receptors, which both

impact prognosis (Renehan et al., 2015).

Racial disparities in breast cancer outcomes

Non-Hispanic Black women have had up to twice as high breast cancer specific mortality risk
compared to non-Hispanic White women (Akinyemiju et al., 2016). Later stage at diagnosis,
differences in tumor characteristics (estrogen receptor negative) and in prevalence of
comorbidities have been said to explain a part of the disparity (Jemal et al., 2018). Insurance and
socioeconomic factors that influence access to timely diagnostic services and healthcare are also

major contributing factors to the gap. Black women are also less likely to live in areas with good



healthcare access and are less likely to receive surgical treatment for breast cancer compared to

their White counterparts (Akinyemiju et al., 2016).

Existing studies of ecological design

In two novel studies in 2012 and 2014 examining city-level data for racial disparities in breast
cancer mortality in the United States, Non-Hispanic Black to non-Hispanic White mortality rate
ratios were calculated as the main measures of disparity. Mortality in Black women compared to
White women was found to be significantly greater than the null in many of the cities studied
(Whitman, Orsi, & Hurlbert, 2012). The ecological design of these studies allowed examination
of large numbers of individuals over an extended period of time (20 years) and lent a vital
geographic dimension to the results (Hunt, Silva, Lock, & Hurlbert, 2019). It also enabled the
investigators to study several variables at the ecological level as potential correlates. The
increase in the disparity was apparent as White mortality rates improved substantially over the
20-year study period, while rates in the Black population did not improve by a significant
amount. The authors agreed that the use of this type of design is vital to progress towards

mitigating the wide racial disparities.
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CHAPTER II

Title: Potential contribution of obesity to disparate breast cancer outcomes: an ecologic study

Author: Anirudh Shreedhar, MBBS
Abstract:

This study was planned with the goal to evaluate the potential contribution of racial
disparities in obesity to that in breast cancer specific mortality. Previous studies have found
that breast cancer risk is associated with non-modifiable factors such as advancing age (65
years and above), genetic factors (BRCA1,2 etc.), early menarche and family history of
breast cancer. Non-modifiable factors highlighted as increasing risk include alcohol
consumption, diet, use of post-menopausal hormone replacement therapy and
adiposity/obesity. Non-Hispanic Black women experience consistently worse outcomes and
higher recurrence and mortality rates which has been attributed to socio economic status,
access to care, genetic and pathologic factors that tend to vary with race. This study aimed to
examine this phenomenon at a population level with a focus on obesity and breast cancer
specific mortality using an ecologic approach with the US census as a framework (states and
Census regions, divisions). SEER-STAT and the CDC BRFSS survey results were tapped as
sources for our outcome and exposure data respectively. The Joinpoint Regression Analysis
program version 4.9 (National Cancer Institute, 2020) was used to examine trends in overall
age-adjusted obesity and mortality rates for the 17 states in the southern US region from
1990-2016. Results: The largest gaps between the races in Obesity Average annual
percentage change (AAPC) were in Arkansas (NHW AAPC 4%, NHB 1.9%) and Georgia
(NHW AAPC %, NHB -3.2%) with the Non-Hispanic Black women experiencing a slower
decline in rates than and Non-Hispanic White women. Non-Hispanic White women
experienced a more rapid decline in breast cancer mortality in all states; with the widest gaps
in Georgia (NHW AAPC -8.0 %, NHB AAPC -3.2%), Oklahoma (NHW AAPC -6.4 %, -
0.5%) and Maryland (NHW AAPC -11.2 %, NHB AAPC -6.7%). Similar findings in many
states supported an inference that populations with wide racial disparities in obesity also
tended to experience five to ten years later, a wide gap in the pattern of breast cancer
mortality with the average annual percentage changes being similarly concurrent.
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Introduction

Breast cancer is the second leading cause of cancer mortality among women (Global disease
burden Collaboration, 2019) and is responsible for substantial morbidity and mortality in the US
population. While the past few decades have seen an improvement in breast cancer mortality in
the general population, Black women remain disproportionately affected with mortality rates that
have not seen the same decline as their White counterparts (Akinyemiju et al., 2016). Among the
major modifiable risk factors of breast cancer recurrence and mortality is obesity/adiposity — an
ever-rising phenomenon in the United States. Obesity has been associated with an increased risk
of incidence, recurrence, worse prognosis and mortality in breast cancer (Renehan et al., 2015).
This study was planned with an overall goal to evaluate the potential contribution of obesity to
the disparity in breast cancer mortality between non-Hispanic White and non-Hispanic Black
women in the United States. An ecologic approach to the study design was chosen to facilitate
the detection of population-level trends i.e., state and census region. Trend analysis is an
emerging group of methods for the study of population level health outcomes. Join point
regression is a trend analysis protocol that selects the best fitting piecewise continuous log-linear
model for a given line. The permutation test is then conducted to determine the minimum
number of “join points” necessary to fit the data. Especially suited to the analysis of time-based
trends, annual percentage change and average annual percentages changes are generated to
describe the trajectory and inform predictions. The application of these methods in population
cancer research was first demonstrated in a 2000 paper describing trends of the most common
types of cancer in the United States (Kim, Fay, Feuer, & Midthune, 2000).

Since 10 years is regarded as the “average” lag period for obesity related cancer development
risk (De Pergola & Silvestris, 2013), trends in breast cancer mortality data were examined with a

5- and 10-year lag to the corresponding obesity trend lines. The specific aims of this study were:
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Q) To describe US state-wise prevalence of obesity among Non-Hispanic White and

Non-Hispanic Black women over a 25-year period (1990-2015) and characterize the

disparities between the two groups.

(i)  To describe US state-wise rates for breast cancer specific mortality over a 25-year

period (1990-2015) and characterize the disparities between the two groups.

(ili)  To detect ‘spikes’ in trends of obesity and breast cancer specific mortality using Join

point regression. Then, systematically compare the trends and highlight any apparent

concurrence in patterns of breast cancer mortality with a 5- and 10-year lag to the

corresponding obesity trends at state and regional levels.

Methods

Study design and population

This study utilized an ecological design with data obtained at the state level. Exposure data

comprised state-level self-reported obesity prevalence data (BRFSS). Race/ and ethnicity data

LEGEND

£ REGION

== DIVISION

— STATE

Figure 1 US Census regions

were also collected alongside
obesity prevalence data. The
primary outcome was breast cancer
mortality according to state and
race/ethnicity as well as year it was
sourced from the Surveillance,
Epidemiology, and End Results

(SEER) Program of the National
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Cancer Institute. This study was restricted to women with mortality specifically attributed to

breast cancer. Mortality case counts of less than 10 in any state or year were excluded.

Following initial descriptive analyses, the population of interest was restricted to the
Southeastern census region of the USA (17 states, Fig 1) since these states have higher
proportions of non-Hispanic Black populations (Office of minority health USA Census 2019),

which would allow for better estimates of racial disparities in breast cancer mortality rates.

Region 3: South Trend
Division 5: Division 6: Division 7: .

South Atlantic East South Central West South Central comparisons for
Arkansas (05)

Delaware (10) Alab 01 An )

District of Columbia (11) K:mim {(21]] Louisiana (22) obesity and

Florida (12) Mississippi (28) Oklahoma (40)

Georgia (13) Tennessee (47) Texas (48)

Maryland (24) breast cancer

North Carolina (37)
South Caralina (45)

Virginia (51) .
West Virginia (54) mortality  have

Figure 2 US Census Southern region divisions been done at the
state, regional division and overall region levels as defined by the map in Figure 1. Regional
divisions were used as geographic units of inquiry as a middle-order step between the state and

regional levels to facilitate possible location-based insights into the prevalence and influence of

obesity on cancer mortality. The divisions were defined as in Figure 2.

Exposure Data

The Behavioral Risk Factor Surveillance System (BRFSS) is a nation-wide health-related
telephone survey conducted and compiled annually since 1984 by the Centers for Disease
control. Data collected include health related behaviors, chronic health conditions and use of

preventive measures and services, organized into a complex stratified database. This study
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utilized self-reported body weight and height data from the BRFSS 1990 to 2016. Body Mass
Index, defined as the weight in kilograms divided by the square of the height in meters, was

calculated using self-reported height and weight data as a proxy for obesity prevalence (Table 1).

Outcome Data

Breast cancer mortality categorized by state, race/ethnicity and year sourced from the
Surveillance, Epidemiology, and End Results (SEER) Program database of the National Cancer
Institute. The mortality rates were age-standardized to the population of the United States in

2000.

The “time lag” in cancer development in the presence of adiposity due to obesity implies that the
typical follow up period is longer than 10 years in most cohorts assessing cancer risk (De Pergola
& Silvestris, 2013). Thus, 10 years is regarded as the “average” lag period for obesity related
cancer development. We examined for changes in race-specific mortality trends with a 5- and
10-year lag to the corresponding obesity trend line. A decision was made to calculate 2-year
averages of mortality rates at 5-year increments to stabilize rates and reduce noise in the trend

lines from 1990 to 2016.

Data extraction and calculation

Annual breast cancer specific mortality data for pairs of years in 5-year increments from 1990 to
2016 was extracted from the SEER database using the SEER*Stat interface. Two-year averages

were first calculated (1990-91, 1995-96 etc. up to 2015-16) following which mortality rate
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differences between Non-Hispanic Black and Non-Hispanic White populations were obtained

(table 2).

Obesity data categorized by race and year were extracted using SAS-callable SUDAAN. The
data sets were first sorted by survey strata and primary sampling unit serial numbers and variable
names suitably standardized using the BRFSS codebook. The cut-off used for obesity was a body
mass index of 30.00 or greater (Apovian, 2016). The datasets were then concatenated, and the
survey weight variable was divided by the total number of datasets i.e. 12. ‘Proc cross tab’ was
then used to obtain state-wise tables of obesity rates categorised by race and ‘Proc R logist’
function was used to obtain adjusted rates. Exposure and outcome data for each state contained a
timeline of 26 years (1990-2016) comprising 6 data points, each denoting a 2-year average rate
for obesity or breast cancer mortality. The data were further cleaned and formatted suitably to be

imported into the analysis software.

Validation of breast cancer mortality data

The mortality data were compared to data from corresponding periods compiled by American
Cancer Society sourced from the biannual ‘breast cancer — facts and figures’ documents
published on their website (Table 3). ACS breast cancer mortality data are publicly available
starting from 1998 in 4-year periods up to 2015. The mortality rates for both race categories are
lower in the ACS data compared to SEER data. However, the rates for each state and both races
are similarly downward trending overall. Mortality rate differences in the South Atlantic region

were the lowest overall throughout the study period.
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Trend visualization and descriptive analysis

The exposure and outcome datasets were exported to Excel™ where the obesity prevalence
differences between Non- Hispanic Black and Non-Hispanic White populations were calculated.
The tables were suitably modified using macros and pivot table functions to obtain formats
suitable for trend visualization. The graphs comprised the study period in 5-year increments on
the x-axis and mortality or obesity rates on the y-axis. The trend figures for each state, census
sub-division, and the overall southern region of the US each contain a line for Non- Hispanic

Black, Non-Hispanic White and the rate difference or prevalence difference.

Obesity rates for non-Hispanic Black populations were higher in a large majority of state and
region trends. prevalence difference in obesity and mortality rate difference were the measures
chosen to highlight disparities among the race categories. (Table 1, 2). Trends were examined
using the US census scheme for the Southern United States with South Atlantic, East south

central and West south-central divisions as shown in Figures 2.

In the overall trend for the southern US (Figure 3), Obesity rates remain consistently higher
among non-Hispanic Black population with the prevalence difference peaking in 2005-2006. The
mortality rates on the other hand are close together with a crossover of trend line in 1995-1996.
The widest gap i.e., highest rate difference between NHW and NHB occurs in 2010-2011 — 5

years after the peak in obesity prevalence difference.

South Atlantic division (comprising DE, DC, FL, GA, MD, NC, SC, VA, WV) (Fig 4)

Obesity prevalence differences between non-Hispanic White and non-Hispanic Black
populations widened around 2005-2006 and apparently plateaued for the following decade. The

mortality rate difference shows a late gradual uptick in the decade following the rise in obesity
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prevalence difference. Similar to the ACS data, mortality differences between NHB and NHW

were the lowest in the South Atlantic sub-division compared to all the others.

Examining a few states in particular, the obesity trend line for both Non-Hispanic Black and Non
— Hispanic White women in Georgia (Fig 4a) show substantial peaks in 2000-2001 and are
followed by a marked uptick in breast cancer mortality rate in 2005-2006 for NHB and 2010-
2011 for NHW. Obesity prevalence difference spikes in 2000-2001 and in 2010-2011. These are
followed by rises in mortality rate differences in 2005-2005 and 2015-2016. Maryland (Fig 4b)
saw a rise in obesity prevalence among NHB population in 2005-2006, which also increased the
prevalence difference. This was followed by a spike in NHB mortality rate and thus the rate
difference in 2010-11. Obesity prevalence difference in North Carolina (Fig 4c) rises sharply in
1995-1996 and then rises gradually until 2010-2011. Mortality rate difference shows a similar

rise peaking in 2005-2006.

East South-Central Division (AL, KY, MS, TN) (Fig 5)

The trend line for obesity prevalence difference spikes in 2000-2001 and is followed by a
widening of the gap in mortality rate in 2005-2006 and 2010-2011. Alabama (Fig 5a) shows a
widening of the gap in obesity prevalence in 1995-1996 and 2005-2006 and followed by gradual
and constant rise in mortality prevalence difference in 2005-2006. In Mississippi (Fig 5c),
obesity prevalence difference line peaks in 2000-2001 while the gap in mortality rate difference
is highest in the following 5 years, i.e., 2005-2006. Tennessee (Fig 5d) saw a rise is obesity
prevalence difference starting from 1995-1996 and ending in a spike in 2005-2006. This
precedes a spike in mortality rate difference in 2005-2006 with a similarly wide gap in 2010-

2011.
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West South-Central division (AR LA OK TX) (Fig 6)

Obesity spikes in 2000-2001 with an overall rise until 2015. This coincides with a consistent
widening of the mortality rate difference from 2000-2001 up to 2015. Louisiana (Fig 6a) shows a
2005-2006 peak in obesity prevalence difference which precedes a marked widening between the
mortality trend lines with a peak in mortality rate difference in 2010-2011. In Texas (Fig 6b), a
1995-1996 peak in obesity prevalence difference is followed by a mortality rate difference peak

in 2010-2011.

Trend Analysis: Joinpoint Regression

The Joinpoint Regression Analysis program version 4.9 (National Cancer Institute, 2020) was
used to examine trends in overall age-adjusted mortality rates for the 17 states in the southern US
region from 1990-2016. The Joinpoint program selects the best fitting piecewise continuous log-
linear model. The permutation test was performed to determine the minimum number of
“joinpoints” necessary to fit the data (Kim et al., 2000). A significance level of 0.05 was used for
the permutation test. The program estimated and displayed graphically the state-wise annual
percent change (APC) with 95% confidence intervals for the 26-year study period. Average
annual percentage change was reported with a 95% confidence interval to construct a more

complete picture over the study period.
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Results

The joinpoint regression with permutation test at 95% confidence interval was performed for

both exposure and outcome variables, categorized by state and race (Table 4, 5).

A positive annual average percentage change implies a generally upward trend while a negative
AAPC describes a downward one. Across all states and race categories, obesity saw an upward
trend with most states having a statistically significant confidence interval i.e., that the increase
in obesity prevalence was sufficiently different from zero across two-and-a-half-decade the study
period. Breast cancer specific mortality on the other hand showed a negative AAPC signifying

downward trends across all states and race categories.

Non-Hispanic White women in Georgia (AAPC 4.3%, 95 % CI 0.9, 7.7), Mississippi (3.9% 95
% CI 1.8, 6.1), Oklahoma (3.8%, 95 % CI 2, 5.7) and Tennessee (3.7%, 95 % CI 0.7 , 6.8)
experienced the steepest rise in obesity in this study period. For NHB women, the steepest rise in
obesity was in Kentucky (AAPC 3.3%, 95% CI 1.3, 5.3), Maryland (2.9%, 95% CI 1.5,4.2),
Tennessee (2.6%, 95% CI 0.5, 4.7), and Georgia (2.6%, 95% CI 0,5.4). The largest gaps in
obesity AAPC were in Arkansas (NHW AAPC 4%, NHB AAPC -0.4,4.2) and Georgia with the
NHB women experiencing a slower decline in rates than and Non-Hispanic White women.
Kentucky on the other hand had the smallest gap of just 0.1% (NHW AAPC 3.3%, NHB AAPC

3.2%) i.e., the rates remained almost stationary throughout the study period.

With our outcome of interest, i.e., breast cancer specific mortality, White women across the
board tended to have a steeper decline (i.e., improvement) in mortality rates. The one exception
was Kentucky where Black women had steeper fall in breast cancer mortality [NHB -9.4% (-
14.8,-3.7), NHW -7.3% (-8.5,-6)]. Non-Hispanic White women experienced a more rapid decline

in breast cancer mortality in all states with the widest gaps in Georgia [NHW AAPC -8.0 % (-
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9.8,-6.1), NHB -3.2% (-7.1,0.9)], Oklahoma [NHW AAPC -6.4 % (-7.7,-5) , NHB AAPC -0.5 (-

8.8, 8.5)] and Maryland [NHW AAPC -11.2 % (-13.3, -9), NHB AAPC -6.7% (-10.3,-2.9)].

Discussion

While the results of our join point regression analyses make apparent the marked difference in
the way Non-Hispanic White and Black women experienced acceleration or decline in obesity
and breast cancer mortality, a concurrent examination of the visual trend lines gives us a more

comprehensive picture of the population level dynamics of these health parameters.

Georgia showed the widest disparities in obesity rates (NHB consistently higher than NHW with
a large rate difference) coupled with the widest gaps in breast cancer mortality rates (NHW rates
falling more rapidly than NHB) with an apparent 5- and 10- year lag time from the spikes in
obesity rate difference (2000-2001, 2010-2011) to those in mortality rates (2005-2006, 2015-
2016). Maryland showed a similar 5-year concurrence of obesity rated difference to mortality
rate difference with a steep rise in NHB obesity and one of the widest gaps in BC mortality

AAPC (NHW women had a much faster improvement in mortality compared to NHB women).

Tennessee, Mississippi, and Texas had similar findings supporting an inference that populations
with wide racial disparities in obesity also tended to experience five to ten years later, a wide gap
in the pattern of breast cancer mortality with the average annual percentage changes being

concurrent.

These insights will aid identification of communities in need and can support advocacy for
changes in medical guidelines to include weight management as a recurrence risk reducer for
breast cancer survivors. These results may also be used to inform allocation of resources for
targeted risk-reducing interventions. Further, as the United States looks to address inequities in

health at a national level, knowledge of which populations experience increased mortality will
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help promote tailor-made programs that are culturally sensitive and thus attract community buy-

in.

The ecologic design of our study precludes individual level correlation and cannot be used to
infer a cause-and-effect relationship between the exposure and outcome data. However, this
design does allow an initial examination of the health status and needs of communities, which
was the intended goal. A prospective cohort design would be the ideal format to definitively
explore individual level risk for breast cancer mortality in women with obesity across race

categories.
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TABLES

Table 1: 2-year Avg Obesity Prevalence (%) for Non-Hispanic White (NHW), and Non-Hispanic
Black (NHB) and Prevalence difference (PD), 1990-2016

Race
State/Sub- Category/
division | "revalence
difference | 1990- | 1995- 2000- | 2005- | 2010- | 2014-
(PD) 1991 | 1996 2001 | 2006 | 2011 | 2015
NHW | 1074 | 1533 | 21.37 | 2447 | 2882 | 28.65
Alabama | NHB | 2373 | 3367 | 3875 | 4562 | 4641 | 4891
PD 1299 | 1834 | 17.38 | 2115 | 1759 | 20.26
NHW | 11.83 | 1572 | 1973 | 2533 | 3713 | 3356
Arkansas | NHB | 3742 | 27.05 | 402 | 47.78 | 4279 | 4921
PD 2559 | 1133 | 2047 | 2245 | 566 | 1565
NHW | 1302 | 1652 | 1701 | 21.20 | 2468 | 29.30
Delaware | NHB | 3276 | 3169 | 3249 | 3964 | 419 | 4933
PD 1974 | 1517 | 1548 | 1844 | 1722 | 20.03
NHW | 466 | 575 755 | 758 | 688 | 1061
Wasgggton NHB | 27.35 | 2749 | 3595 | 3861 | 4189 | 43.03
PD 2269 | 2174 | 2840 | 3103 | 3501 | 3242
NHW | 1081 | 1422 | 1612 | 1864 | 2218 | 2267
Florida NHB | 2547 | 2998 | 3506 | 40.17 38 37.44
PD 1466 | 1576 | 1894 | 2153 | 1582 | 14.77
NHW | 832 | 948 | 1841 | 2222 | 2425 | 2648
Georgia NHB | 2102 | 206 | 3558 | 3846 | 4571 | 4095
PD 1270 | 1112 | 17.17 | 1624 | 2146 | 1447
NHW | 1310 | 17.95 | 2212 | 2799 | 2747 | 30.10
Kentucky
NHB | 2682 | 2686 | 3504 | 4436 | 5801 | 50.22
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PD 1372 | 891 | 1292 | 1637 | 3054
NHW | 12.02 | 1605 | 19.99 | 22.66 | 2591 | 28.96

Louisiana | NHB | 2464 | 2886 | 36.65 | 42.83 | 4476 | 47.18
PD 1262 | 1281 | 1666 | 2017 | 1885 | 18.22

NHW | 908 | 1547 | 17.92 | 1993 | 20.76 | 27.03

Maryland | NHB | 21.38 | 29.09 | 3154 | 395 | 4226 | 4500
PD 1230 | 1362 | 1362 | 1957 | 2150 | 18.06

NHW | 1122 | 1536 | 1929 | 2556 | 30.76 | 28.77

Mississippi | NHB 30 3498 | 4223 | 4632 | 486 | 50.93
PD 1878 | 1062 | 2294 | 2076 | 17.84 | 22.16

NHW | 11.60 | 1409 | 1859 | 2309 | 2397 | 26.14

C':r%rlti?]a NHB | 2361 | 3436 | 3085 | 4645 | 4867 | 4516
PD 1201 | 2027 | 2126 | 2336 | 2470 | 19.02

NHW | 1169 | 1464 | 1956 | 2540 | 3202 | 3107

Oklahoma | NHB | 22.99 | 2501 | 3197 | 3515 | 4238 | 40.88
PD 1130 | 1037 | 1241 | 975 | 1036 | 981

NHW | 10.73 | 1343 | 1743 | 2363 | 2663 | 2568

Cifglti?]a NHB | 26.06 | 3031 | 3957 | 444 | 5142 | 49.74
PD 1533 | 1688 | 22.14 | 2077 | 2479 | 24.06

NHW | 10.02 | 1725 | 20.89 | 2558 | 21.96 | 26.74

Tennessee | NHB | 26.68 | 27.35 | 37.38 | 46.63 | 4122 | 4524
PD 1666 | 1010 | 1649 | 2105 | 1926 | 1850

NHW | 950 | 1383 | 1882 | 2339 | 2393 | 2405

Texas NHB | 2093 | 3343 | 3323 | 3618 | 4227 | 4184
PD 1143 | 1060 | 1441 | 1279 | 1834 | 17.79

NHW | 973 | 1576 | 1645 | 2282 | 2282 | 24.35

NHB | 2545 | 2824 | 3332 | 4047 | 4524 | 4262

Virginia PD 1572 | 1248 | 1687 | 1765 | 2242 | 1827
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NHW | 1526 | 1930 | 2398 | 2982 | 3618 | 34.05

West NHB 27 3934 | 2918 | 5021 | 4053 | 4461
Virginia

PD 11.74 | 20.04 520 | 2039 | 4.35 10.56

NHW 1078 | 1472 | 1854 | 2247 | 2567 | 2695

South OB 2608 | 2990 | 3576 | 4252 | 4483 | 4543
Overall

PD 1529 | 1519 | 1722 | 2005 | 1916 | 1848

NHW 1861 | 2407 | 2372 | 2966 | 3012 | 3010

Wgsetn‘:’;‘:th NHB 26495 | 28.5875 | 35,5125 | 40.485 | 43.05 | 44.7775

PD 7.88 452 1179 | 10.83 | 1293 | 14.67

East South | NHW 1424 | 2059 | 2047 | 3001 | 2848 | 2967
Central

entral - "NHB 26.8075 | 30.715 | 38.35 |45.7325| 4856 | 48.825

PD 1257 | 1012 | 17.88 | 1572 | 2008 | 1915

South | NHW 1752 | 2037 | 2477 | 2912 | 3083 | 31.27
Atlantic

NHB 2557 | 3012 | 3473 | 41.99 | 4396 | 44.22

PD 8.05 9.75 996 | 1287 | 1313 | 12.95

25



Table 2: 2-year Avg Breast Cancer Mortality rate (per 100,000) for Non-Hispanic
White (NHW), and Non-Hispanic Black (NHB) and Rate difference (RD) , 1990-

Source: NCI SEER database, standardized to 2000 US population.

2016,

Race
Category/
Rate
State/Sub- | difference | 1990- | 1995- | 2000- | 2005- | 2010- 2015-
division (RD) 1991 | 1996 | 2001 2006 2011 2016
NHW 39.5 35.5 36.2 31.9 27.8 27.7
Alabama NHB 53.6 49.2 48 47.6 43.9 39.9
RD 1410 | 13.70 | 11.80 15.70 16.10 12.20
NHW 38.8 35.8 31.6 31.7 28.5 26.9
Arkansas NHB 50.4 50.9 48 48.8 46.4 41.5
RD 11.60 | 15.10 | 16.40 17.10 17.90 14.60
NHW 52.9 44.3 39.1 32 30.8 29.7
Delaware NHB 56.8 53.3 46.5 29.5 36.5 33.9
RD 3.90 9.00 7.40 -2.50 5.70 4.20
NHW 48.2 31.6 40.1 31.6 30.4 20.5
Wasgggm” NHB | 681 | 689 | 537 | 452 | 468 | 459
RD 19.90 | 37.30 | 13.60 13.60 16.40 25.40
NHW 43.4 39.9 32.5 29.6 28.6 25.5
Florida NHB 51.8 47.3 42.7 41.7 37 34.5
RD 8.40 7.40 | 10.20 12.10 8.40 9.00
NHW 412 | 36,5 | 33.8 29.9 29.6 26.8
Georgia NHB 43.3 49.6 41.9 44.4 40.9 39.4
RD 2.10 13.10 | 8.10 14.50 11.30 12.60
NHW 42.4 39.2 37.1 334 30.5 29.7
Kentucky NHB 54.2 58.2 46.4 37.2 39.1 36.2
RD 11.80 | 19.00 | 9.30 3.80 8.60 6.50
Louisiana NHW 43 42.4 37.9 34.2 28.8 27
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NHB 50.7 | 54.2 | 55.4 54 495 40.8
RD 16.70 | 11.80 | 17.50 | 19.80 | 20.70 | 13.80
NHW | 47.8 | 442 | 367 | 341 | 287 27.6
Maryland | NHB 545 | 535 | 47 412 | 444 38.3
RD 670 | 930 | 1030 | 7.10 | 1570 | 10.70
NHW | 368 | 361 | 358 | 305 | 285 27.7
Mississippi | NHB 513 | 518 | 51.8 50 44 40
RD 1450 | 15.70 | 16.00 | 19.50 | 1550 | 12.30
NHW 42 | 373 | 321 | 315 | 297 26.6
C';'r%rltirr']a NHB | 494 | 558 | 457 | 464 | 415 | 392
RD 740 | 1850 | 13.60 | 14.90 | 11.80 | 12.60
NHW | 425 | 415 | 369 | 356 | 335 30.6
Oklahoma | NHB 399| 54.7| 555| 456| 477 46.9
RD 260 |13.20 | 18.60 | 10.00 | 14.20 | 16.30
NHW | 437 | 37.7 | 338 | 326 30 27.6
Ci‘r’:fi:a NHB 541 | 489 | 506 | 441 | 421 37.4
RD 10.40 | 11.20 | 16.80 | 1150 | 1210 | 9.80
NHW | 412 | 392 | 352 | 331 | 285 29.5
Tennessee | NHB 592 | 53.7 | 469 | 544 | 478 39.6
RD 18.00 | 14.50 | 11.70 | 21.30 | 19.30 | 10.10
NHW | 397 | 381 | 339 | 309 | 275 26.9
Texas NHB 543 | 528 | 512 | 477 | 448 39.5
RD 1460 | 1470 | 17.30 | 16.80 | 17.30 | 12.60
NHW | 477 | 39.1 | 372 | 338 | 296 28.8
Virginia NHB 546 | 581 | 559 | 485 44 38.6
RD 690 |19.00 | 18.70 | 14.70 | 1440 | 9.80
West NHW | 415 | 385 | 37.3 | 335 | 312 29.9
Virginia NHB 479 | 548 | 522 | 461 | 262 43.1
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RD 6.40 11630 | 1490 | 1260 | 500 | 13.20

NHW | 4483 | 4044 | 3584 | 3227 | 2924 | 27.69

South NHB | 4044 | 4016 | 3758 | 33.70 | 3279 | 29.23
Overall

RD 439 | 028 | 173 | 143 | 356 154

NHW | 41.00 | 39.45| 3508 | 33.10 | 2958 | 27.85

West South OB~ | 51.08 | 53.15 | 52.53 | 49.03 | 47.10 | 42.18
Central

RD 1008 | 1370 | 1745 | 1593 | 17.53 | 14.33

EastSouth | NHW | 39.98 | 37.50 | 36.08 | 3223 | 28.83 | 28.65

Central NHB | 5458 |53.23 | 4828 | 4730 | 4370 | 3893

RD 1460 | 1573 | 12.20 | 1508 | 14.88 | 1028

South NHW | 4538 | 38.79 | 3584 | 3207 | 2984 | 27.00

Atlantic NHB | 53.39 |54.47 | 48.47 | 4301 | 39.93 | 38.92

RD 801 |1568| 1262 | 1094 | 1000 | 11.92
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Table 4: Join Point Regression Analysis: Annual Average Percentage Change in Obesity, 1990-

2015 by US State in Non-Hispanic White (NHW) And Non-Hispanic Black (NHB) Women.

With 95% confidence intervals and P-values. (Insufficient data available for NHB women in

South Carolina).

JP Ob table 4 NHW NHB AAPC

P_Value P- Difference

State AAPC | AAPC 95%ClI AAPC | AAPC95% ClI Value | (NHW-NHB)
Alabama 3.5 1.5,5.6 1.2 2.3 0.8,3.9 0.014 1.2
Arkansas 4 25,56 2.1 1.9 -0.4,4.2 0.087 2.1
Delaware 3.2 24,39 1.2 2 1,2.9 0.005 1.2
Washington DC 2.6 04,438 0.5 2.1 1.2,3 0.003 0.5
Florida 2.7 1.9,3.6 1.4 13 -0.4,3 0.096 1.4
Georgia 4.3 09,77 1.7 2.6 0,5.4 0.051 1.7
Kentucky 3.2 12,53 -0.1 3.3 1.3,5.3 0.009 -0.1
Louisiana 3 2.1,4 0.7 2.3 1,3.6 0.008 0.7
Maryland 3.3 1.5,5.2 0.4 2.9 1.5,4.2 0.004 0.4

Mississippi 3.9 1.8,6.1 2 1.9 0.9,3 0.006 2

North Carolina 2.9 1,49 1.3 1.6 -0.7,3.8 0.126 1.3
Oklahoma 3.8 2,57 1.5 2.3 13,34 0.003 1.5
South Carolina 3.1 0.7,5.5 0.8 2.3 0.9,3.7 0.011 0.8
Tennessee 3.7 0.7,6.8 1.1 2.6 0.5,4.7 0.026 1.1
Texas 3.1 0.5,5.7 1.1 2 0.5,3.5 0.02 1.1
Virginia 2.7 0.7,4.8 0.8 1.9 0.7,3.2 0.012 0.8
West Virginia 3 15,46 1.4 1.6 -0.9,4.2 0.156 1.4
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Table 5: Join Point Regression Analysis: Annual Average Percentage Change in Breast Cancer-

Specific Mortality 1990-2015 By State in Non-Hispanic White (NHW) And Non-Hispanic Black

(NHB) Women. With 95% confidence intervals and P-values. (Insufficient data available for

NHB women in South Carolina).

NHW NHB AAPC
difference
AAPC P- AAPC 95% P- (NHB-
State AAPC 95%CI Value | AAPC Cl Value NHW)
Alabama -7.3 -10.1, -4.4 0.002 -5.1 -7,-3.1 0.002 2.2
Arkansas -6.9 -8.7,-5.2 <0.001| -35 -6.1,-0.9 0.021 3.4
Delaware -11.3 -14.9,-7.6 0.001 | -10.8 -18.9,-1.8 0.03 0.5
Washington 33
DC -12.5 -21.3,-2.7 0.025 -9.2 -14.6,-3.5 0.012
<
Florida -10.1 -12.8,-7.3 0.001 -7.7 -8.9,-6.4 0.001 2.4
Georgia -8 -9.8,-6.1 <0.001| -3.2 -7.1,0.9 0.096 4.8
Kentucky -7.3 -8.5,-6 <0.001| -94 -14.8,-3.7 0.011 2.1
Louisiana -9.7 -12.3,-7 0.001 -6 -10.2,-1.6 0.02 3.7
Maryland -11.2 -13.3,-9 <0.001| -6.7 -10.3,-2.9 0.008 4.5
Mississippi -6.4 -9.2,-3.5 0.004 -5.1 -8.8,-1.2 0.022 1.3
North
Carolina -8.2 -10.4,-5.9 0.001 -6 -10.2,-1.7 0.019 2.2
Oklahoma -6.4 -7.7,-5 <0.001| -05 -8.8,8.5 0.877 5.9
South
Carolina -8.3 -10.2,-6.3 | <0.001 - - - -
Tennessee -7.4 -9.9,-4.8 0.001 -6 -11.6,-0.1 0.049 1.4
Texas -8.2 -10,-6.5 <0.001| -6.1 -8.4,-3.9 0.002 2.1
Virginia -9.3 -11.9,-6.7 0.001 -7.8 -12.1,-3.3 0.009 1.5
West
Virginia -6.6 -7.7,-5.4 <0.001| -6.9 -19.5,7.7 0.245 -0.3
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CHAPTER I11: Summary, Public Health Significance, Possible Future Directions

This study was initiated with an aim to better understand the potential contribution of obesity to
racial disparities in breast cancer mortality. With an aim to highlight population level dynamics
of the chosen parameters, an ecologic approach was chosen with the US census as a framework

(states and census regions, divisions).

American Cancer Society SEER-STAT and the CDC BRFSS survey results were tapped as
sources for our outcome and exposure data respectively. The Southern United States region was
chosen as a focus citing the higher proportions of non-Hispanic Black populations in these states.
The background and literature review informed our decisions to examine the mortality data with
5- and 10-year lags to the obesity data and supported the choice of joinpoint regression as the

method for analysis with annual average percentage changes as the parameter for comparison.

Visual descriptive examination of population level trends revealed an apparent pattern of wide
disparities in obesity prevalence with non-Hispanic Black women having a higher rate as a rule
and their non-Hispanic White counterparts experiencing sharper declines in breast cancer
mortality. Additional insight afforded by the joinpoint regression analysis added weight to the
above findings and highlighted a few states such as Georgia, Maryland and Texas as populations

that may benefit from further studies and targeted risk reduction interventions.

Public health significance of thesis

With obese breast cancer patients showing several detrimental prognostic factors, weight
reduction/ management of obesity is being widely explored in long-term observational studies as

a mortality-reducing measure. Efforts to reduce or re-distribute adiposity have been targeted
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especially at obese post-menopausal women diagnosed with breast cancer who have a higher
recurrence and mortality rate. (Picon-Ruiz, Morata-Tarifa, Valle-Goffin, Friedman, &

Slingerland, 2017)

This study found several southern US states with slow declining rates of mortality in Non-
Hispanic Black women occurring alongside sharply rising obesity rates that supports the above
hypotheses at a population level. Moreover, these insights may be used to identify states with
high-risk communities in need, help with advocacy for policy changes and allocation of
resources for targeted risk-reducing interventions. Knowledge of minority populations
experiencing increased mortality is vital to ensure cultural sensitivity and community buy-in of

the interventions.

Strengths, limitations, and possible future directions

We acknowledge several limitations of the methods used in this study. The source of the
exposure data i.e., the Behavioral Risk Factor Surveillance system is a telephone-based survey
that relies on self-reported parameters. Weight is likely to be underreported whereas height is
likely to be overreported by the general population — however, the wide sampling and

stratification are measures built into the survey to help reduce bias.

The ecologic design restricts itself to a large-scale examination of health outcomes. This
precludes any individual level correlation and cannot be used to infer a cause-and-effect
relationship between the exposure and outcome data. However, this design does allow an initial
examination of the health status and needs of communities, which was the intended goal.
Ecologic studies are best employed as a means of generating hypotheses rather than deriving

definitive information about associations between risk factors and health outcomes. A
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prospective cohort design would be the ideal format to definitively explore individual level risk
for breast cancer mortality in women with obesity. Studies of obesity in high-risk groups such as
post-menopausal women with breast cancer and those with certain tumor hormone receptor
status categorized by race and ethnicity may help elucidate why these individuals remain at a

disproportionately higher breast cancer recurrence and mortality risk.
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Appendix : Trend Visualization Figures

Fig 3 - Trends for the Southern region, over all

() 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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Fig 4 -Trends for South Atlantic division (DE, DC, FL, GA, MD, NC, SC, VA,
WV)

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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Fig 4a - Trends for Georgia

(i)

2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic

Black women (NHB) and Prevalence Difference (PD) 1990-2015
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Fig 4b - Trends for Maryland

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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Fig 5 - Trends for East South-Central Division (AL, KY, MS, TN)

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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Fig 5a - Trends for Alabama

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black

women (NHB) and Prevalence Difference (PD) 1990-2015
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(ii) 2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW) and
Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 5b — Trends for Kentucky

Q) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic
Black women (NHB) and Prevalence Difference (PD) 1990-2015
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and Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 5¢ - Trends for Mississippi

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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(i)  2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW)
and Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 5d - Trends for Tennessee

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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(ii)2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW) and
Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 6 - Trends for West South-Central division (AR LA OK TX)

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic
Black women (NHB) and Prevalence Difference (PD) 1990-2015
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(ii) 2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW) and
Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 6a - Trends for Louisiana

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic Black
women (NHB) and Prevalence Difference (PD) 1990-2015
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(ii)2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW) and
Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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Fig 6b - Trends for Texas

(i) 2-year Avg Obesity Prevalence (%) in Non-Hispanic White (NHW) and Non-Hispanic

BlackBlack women (NHB) and Prevalence Difference (PD) 1990-2015
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(ii)2-year Avg Breast Cancer Mortality rate (per 100,1000) in Non-Hispanic White (NHW) and
Non-Hispanic Black women (NHB) and Rate difference (RD) 1990-2016
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