Energy Balance and Cancer 9

Deborah J. Bowen
Gerald V. Denis

Nathan A. Berger Editors

Impact of
Energy Balance
on Cancer
Disparities

N Springer



Energy Balance and Cancer

Series Editor:

Nathan A. Berger

Case Western Reserve University
Cleveland, OH, USA

For further volumes:
http://www.springer.com/series/8282






Deborah J. Bowen ¢ Gerald V. Denis *
Nathan A. Berger

Editors

Impact of Energy Balance
on Cancer Disparities

@ Springer



Editors

Deborah J. Bowen Gerald V. Denis
Department of Community Boston University
Health Sciences Boston, MA, USA

Boston University
Boston, MA, USA

Nathan A. Berger

Center for Science, Health & Society

Case Western Reserve University
School of Medicine

Cleveland, OH, USA

ISBN 978-3-319-06102-3 ISBN 978-3-319-06103-0 (eBook)
DOI 10.1007/978-3-319-06103-0
Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014942691

© Springer International Publishing Switzerland 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief excerpts
in connection with reviews or scholarly analysis or material supplied specifically for the purpose of being
entered and executed on a computer system, for exclusive use by the purchaser of the work. Duplication
of this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from
Springer. Permissions for use may be obtained through RightsLink at the Copyright Clearance Center.
Violations are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

Energy Balance and Cancer Disparities

While great progress has been made across the spectrum of cancer research,
extending from prevention, diagnosis, and therapy to survivorship, the benefits of
these advances have not been realized by all groups. Significant disparities exist due
to a variety of factors including age, gender, ethnicity, socioeconomic status,
geography, built environment, and others. Since energy balance impacts the entire
continuum of cancer care, from prevention through survivorship, groups affected
by disparities in energy balance including the complex issues influencing obesity,
exercise, sedentary behavior, sleep, insulin resistance, and more may show pro-
found differences in cancer outcomes. Moreover, these disparities may have diverse
contributors and consequences in different regions throughout the world.

The goal of this volume is to identify cancer disparities in different groups in the
USA and around the world and compare similarities and variations in energy
balance to identify commonalities in order to inform further opportunities for
transdisciplinary research and interventions. Specific chapters have been included
to provide information regarding application of current state-of-the-art strategies to
analyze and alter biologic, behavioral, community, and policy effects on energy
balance and the disparities that result from barriers that restrict their generalized
implementation.

In Chap. 1, Rory Weier, James Fisher, and Electra Paskett (Ohio State Univer-
sity) along with Jesse Plascak (University Washington) discuss the distinctive
features of Appalachia and its unique contribution to the burden of obesity, cancer
incidence, and mortality in the USA. In Chap. 2, Donald Nicolson and Una Macleod
(Hull York Medical School) and David Weller (University Edinburgh) examine
socioeconomic factors that determine disparities in lifestyle factors, cancer inci-
dence and outcomes in the United Kingdom.

In Chap. 3, Donna Spruijt-Metz, Lauren Cook, CK Freddy Wen, Robert Garcia,
Gillian A. O’Reilly, Jennifer B. Unger, (University Southern California Keck
School of Medicine), Selena T. Nguyen-Rodriguez (California State University,
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Long Beach), and Ya-Wen Hsu (Chia Nan University of Pharmacy and Science,
Taiwan) discuss behavioral influences on racial/ethnic and socioeconomic dispar-
ities versus incidence and mortality by cancer sites. Chapter 4, by Kathryn Schmitz
(University Pennsylvania), Tanya Agurs-Collins (National Cancer Institute, Marian
Neuhouser (Fred Hutchinson Cancer Research Center), Lisa Pollack and Sarah
Gehlert (Washington University in St. Louis), reviews the impact of obesity, race,
and ethnicity on cancer survivorship, which is particularly important in view of the
projected increase in this group of patients. In Chap. 5, Nathan LeBrasseur (Mayo
Clinic), Derek Huffman (Albert Einstein College of Medicine), and Gerald Denis
(Boston University College of Medicine) discuss the impact of aging on obesity,
inflammation, and cancer. They raise the possibility that healthy aging may main-
tain fitness or protect against these chronic disorders and examine the social
determinants of healthy and unhealthy aging. Focusing on specific malignancies
with established disparities, in Chap. 6, Graham Colditz, Kari Bohlke, Su-Hsin
Chang, and Kenneth Carson (Washington University School of Medicine) review
the evidence that obesity, more common in African Americans, and other factors
such as lower serum levels of 25-hydroxy vitamin D, may contribute to the
significantly higher incidence of Multiple Myeloma. In Chap. 7, Melissa Kang
and Temitope Keku (University of North Carolina) discuss single nucleotide poly-
morphisms (SNPs) that occur in a racially oriented manner, resulting in differences
in obesity and inflammatory genes that may contribute to racial disparities in
colorectal cancer incidence and survival. Rebecca Hasson (University Michigan)
and Michael Goran (University Southern California) in Chap. 8 and Sarah Cohen
(EpidStat Institute) and Loren Lipworth (Vanderbilt-Ingram Cancer Center) in
Chap. 9 provide comprehensive assessments of racial differences in biological
mechanisms linking obesity to cancer with particular focus on insulin resistance,
sex steroids, inflammatory mediators, and adipokines. In Chap. 10, Melinda Stolley
(University of Illinois at Chicago) analyzes behavioral factors contributing to
disparities in breast cancer survival and describes community-based strategies to
alter energy balance and decrease disparities. In Chap. 11, Deborah Bowen (Uni-
versity of Washington) and Stacey Zawacki (Boston University) examine differen-
tial responsibilities and potential contributions to change neighborhood-based
policies that impact the obesogenic environment or, as uniquely defined in this
chapter, the inflammatory environment. In the last section, Chap. 12, Debra Haire-
Joshu (Washington University) focuses on the important issue of how public and
social policy has been and can be used to prevent obesity-related disparities in
young children thereby reducing their predisposition to cancer at later stages of life.

This current volume in the series on Energy Balance and Cancer provides a
unique transdisciplinary approach to analyze problems associated with disparities
in energy balance and cancer in diverse geographic areas and among different
ethnicities from a biological, behavioral, socioeconomic, environmental, and policy
basis as well as to suggest where and how potential interventions may be helpful.
This volume should provide a valuable resource to all investigators, practitioners,
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and policy makers dealing with problems of obesity, energy balance, and cancer.
It is the first major book dealing with biology, behavior, and policy that contributes
to and results from disparities in energy balance and cancer. It should provide a
valuable resource to disparity-focused investigators at the molecular, psychosocial,
community, and policy levels and serve as an important guide to the broad range of
professionals who regularly deal with these issues.

Boston, MA Deborah J. Bowen
Boston, MA Gerald V. Denis
Cleveland, OH Nathan A. Berger
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Chapter 1
Obesity and Cancer in Appalachia

Rory C. Weier, Jesse J. Plascak, James L. Fisher, and Electra D. Paskett

Abstract Appalachia, a diverse, federally designated region that spans 13 states, is
home to nearly 25 million residents. It is also an area in which the leading cause of
death is cancer and financial and physical access to healthcare are known barriers to
regular medical care. Obesity and its risk factors contribute to the region’s burden
of cancer incidence and mortality. Disparate prevalences of overweight and obesity
have been found in Appalachia as early as preschool, and, compared to the rest of
the country, parts of Appalachia have higher rates of physical inactivity and lower
prevalence of fruit and vegetable consumption. Obesity is related to at least eight
types of cancer, of which colorectal cancer and female breast cancer have been the
most heavily examined in Appalachia. This report reviews what is known about
obesity and cancer in the Appalachian region and provides suggestions for future
intervention and research to address Appalachia’s cancer and obesity burdens.
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2 R.C. Weier et al.

Keywords Obesity * Diet « Exercise ¢ Disparities ¢« Cancer * Rural health *
Appalachia

The Relationship Between Overweight and Obesity
and Cancer

Body mass index (BMI), a ratio of weight in kilograms (kg) to height in meters
(m) squared, is commonly used to categorize body weight. Among adults, over-
weight is defined as a BMI between 25.0 and 29.9 and obesity is defined as BMI
greater than or equal to 30.0 [1]. Among children, overweight is defined as BMI
between the 85th and 95th percentiles for children of the same sex and age, and
obesity is defined as equal to or greater than the 95th percentile for children of the
same sex and age [1].

Overweight and obesity have greatly increased over the past three decades in the
USA [2]. Results from the 2009 to 2010 National Health and Nutrition Examination
Survey (NHANES) show that 68.7 % of US adults aged 20 years and older are
estimated to be overweight or obese, and among children and teens, aged 2-
19 years, 17.0 % are estimated to be obese [3]. According to the American Cancer
Society, diet, physical activity, and weight status are associated with cancer risk.
One-third of the more than 500,000 cancer deaths that occur each year in the USA
can be attributed to poor diet and physical inactivity, which are also risk factors for
overweight and obesity. Additionally, it is estimated that overweight and obesity
are responsible for approximately 14 % of all cancer deaths among men and 20 % of
all cancer deaths among women [4].

Epidemiologic and molecular studies in various countries and different settings
have provided supporting evidence of a causal relationship between excess adipos-
ity (fat storage) and cancer risk [5, 6]. Adipose tissues are highly metabolically
active and produce an array of hormones, growth factors, and signaling molecules
fueling inflammation and cellular proliferation that may lead to cancer
[5, 6]. According to the National Cancer Institute (NCI) overweight and obesity
increases the risk of at least the eight following cancers: esophageal, pancreatic,
colorectal, female breast (after menopause), endometrial, kidney, thyroid, and
gallbladder cancers [7]. Obesity and physical inactivity may account for approxi-
mately 25-30 % of new cases of colon, female breast (postmenopausal), endome-
trial, kidney, and esophageal cancers [8]. In addition, overweight and obesity may
increase the risk of several other sites/types of cancer (e.g., prostate, other male
genitals, ovary, non-Hodgkin’s lymphoma, leukemia, liver, and hemangioma) [7].

A population group suffering from a cancer burden that is significantly higher
than that of the general population is defined as a cancer disparity population
[9]. The Appalachian population suffers a disproportionate burden of cancer, and
cancer risk factors such as obesity. The purpose of this report is to review what is
known about obesity and cancer in Appalachia.
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Fig. 1.1 The current Appalachian region of the USA (Adapted from the Appalachia Regional
Commission) [12]

The Appalachian Region

Appalachia is a federally designated region of the USA that includes 24.8 million
residents living within 420 contiguous counties across 13 states that include some
portion of the Appalachian mountains or foothills [10]. In most cases, Appalachian
status was given to a county because of lagging socioeconomic indicators [10,
11]. Once designated as “Appalachian” a county is qualified for special government
funding and subsidies [10, 11]. The Appalachian Regional Commission (ARC)—a
regional economic development agency—has been charged with coordinating pro-
grams in the region [10]. The ARC has categorized Appalachian counties into sub
regions based on similar demographic and socioeconomic characteristics (Fig. 1.1)
[12]. Despite this, subregions are not consistently defined throughout the Appala-
chian health literature.
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The demographic and socioeconomic characteristics vary greatly between
regions of Appalachia and non-Appalachia and within Appalachia. According to
an analysis of 2007-2011 American Community Survey data, 83.9 % of Appala-
chian residents, compared to 64.2 % of US residents, were non-Hispanic Whites
[13]. Between Appalachian subregions, the percentage of non-Hispanic Whites
varied from 70.4 % (Southern) to 95.5 % (Central). The same analysis indicated
that 16.5 % of Appalachian residents, compared to 14.6 % of US residents, aged
25 years and older had not attained a high school diploma. However, Northern
Appalachia had a percentage of residents not attaining a high school diploma that
was lower than that of US residents (11.8 %), while Central Appalachia had the
highest percentage (27.2 %). Similarly, the poverty rate among Appalachian resi-
dents (16.1 %) is higher than that of the USA (14.3 %) [13]. Again, the Northern
Appalachia poverty prevalence of 13.8 % was slightly lower than that of the USA,
while all other regions had prevalences that were higher, with the Central Appala-
chian prevalence of 23.5 % being the highest among the subregions. These region-
ally dependent demographic and socioeconomic characteristics of Appalachia are
important factors that could affect various health outcomes including cancer and
risk factors such as obesity.

The Burden of Obesity in Appalachia

An analysis of data from the 2007 Behavioral Risk Factor Surveillance System
(BRFSS) indicates that West Virginia and Appalachian counties in Tennessee and
Kentucky were among the areas of the USA with the highest prevalence of obesity
(>30.9 %) [14]. Estimates indicate that 81 % of counties in Kentucky, Tennessee,
and West Virginia and 77 % in Alabama, Georgia, Louisiana, Mississippi, and
South Carolina had obesity prevalences greater than 60 % of all US counties
[14]. Many of these counties are located within Appalachia (Fig. 1.2). According
to 20042007 state BRFSS data, Appalachian regions of Kentucky, Ohio, Pennsyl-
vania, Virginia, and West Virginia had obesity prevalences ranging between 27 %
(Pennsylvania) and 34.7 % (Kentucky) among men and 26.0 % (Pennsylvania,
Virginia) and 31.7 % (Kentucky) among women [15]. Moreover, in each of these
states, except Pennsylvania, the obesity prevalence was greater in the Appalachian
region, compared to the non-Appalachian region.

A number of studies have estimated the burden of overweight and obesity among
children and adults in Appalachia. There is evidence of disparate rates of over-
weight and obesity among low-income Appalachian children as early as preschool
[16]. The rates of high BMI among nearly 500 preschool-aged children participat-
ing in Southeastern Ohio Head Start programs exceeded national estimates
[16]. Among a sample of 2,000 children aged 6-11 years participating in a
school-based screening program in Southeastern Ohio, the overweight (BMI > 85th
percentile) and obesity (BMI >95th percentile) prevalences of (17 %) and
(209 %), respectively, both significantly exceeded national estimates
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Fig. 1.2 County-level estimates of adult (>20 years) obesity prevalence, 2007 (Adapted from the
Centers for Disease Control and Prevention) [29]

[17]. Additionally, among a sample of over 1,500 Appalachian adults living in West
Virginia, 39 % were overweight and 34 % were obese [18]. Despite the high BMI
status of this population, 74 % viewed themselves as healthy [18]. Discrepancies
between subjective and objective measures of health were also observed among
over 200 adults in Appalachian Kentucky. Over 60 % of the sample considered their
health to be good, while 75 % were overweight or obese [19]. The observed
disconnect between self-reported health and BMI demonstrates the importance of
understanding obesity from an Appalachian perspective in order to make progress.

The Burden of Cancer in Appalachia

Nationally and worldwide, the leading cause of death is heart disease [20]. How-
ever, within the Appalachian region, the leading cause of death is cancer [21]. Com-
pared to the rest of the country, the Appalachian region had higher incidence rates
of cancers diagnosed between 2001 and 2003 [22]. There were also differences
between the Northern, Central, and Southern regions of Appalachia. Overall, cancer
incidence rates were lowest in the Southern region of Appalachia and were highest
in the Central and Northern regions [22]. Similar differences in cancer mortality
rates were found using National Center for Health Statistics (NCHS) cancer mor-
tality data from 2003 to 2007 [21]. Compared to the rest of the USA, the mortality
rate for all cancers combined was 7 % higher in the 13 states that compromise the
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Appalachian region [21]. Within these 13 states, the mortality rate for all cancers
combined was 5 % higher in Appalachian counties than in non-Appalachian
counties [21].

According to 2003-2007 state BRFSS data, Appalachian regions of Kentucky,
Ohio, Pennsylvania, Virginia, and West Virginia had prevalences of tobacco
smoking that ranged between 25.9 % (Virginia) and 33.6 % (Kentucky) among
men and 25.9 % (Virginia) and 29.0 % (Kentucky) among women [15]. For both
genders, the prevalence of smoking was higher in Appalachian regions of the five
states [15]. And, for each state, the prevalence was greater than that for the
non-Appalachian region. The high prevalence of tobacco smoking in Appalachia
undoubtedly underlies some of the cancer differences observed between the Appa-
lachian region and the rest of the USA. However, tobacco use and associated effects
do not fully explain these disparities [23, 22]. Obesity also contributes to the
region’s disparate cancer incidence and mortality. Of the eight cancers related to
obesity, colorectal cancer and female breast cancer have been the most heavily
studied in Appalachia.

Colorectal Cancer

As the third leading cause of cancer incidence and mortality in the USA, colorectal
cancer is estimated to account for 9 % of new cancer cases (73,680) and 9 % of
deaths (26,300) among males and 9 % of new cancer cases (69,140) and 9 % of
deaths (24,530) among females in 2013 [24]. According to the NCI, high BMI and
waist circumference, a measure of abdominal obesity, are more strongly associated
with increased colorectal cancer risk among men than women. A potential mech-
anism that may explain the relationship between obesity and increased risk of
colorectal cancer is insulin and insulin-related growth factor levels, which tend to
be higher in people who are obese [7].

Across Appalachian regions of Kentucky, Ohio, Pennsylvania, Virginia, and
West Virginia, 2001-2006 state cancer registry data indicate that the average
annual, age-adjusted incidence rate of colorectal cancer was 56.8 per 100,000
(Virginia) to 70.7 per 100,000 (West Virginia) among men and 39.9 per 100,000
(Virginia) to 52.3 per 100,000 (Kentucky) among women [15]. For both genders,
the colorectal cancer incidence rate was higher in the Appalachian region of the
states, except for Virginia [15].

An analysis of 2003—-2007 NCHS colorectal cancer mortality data indicates that
Appalachian regions of 9 of the 13 states experienced colorectal cancer mortality
rates that were higher than the national rate [21]. Appalachia Kentucky had the
highest colorectal cancer mortality rate (21.6 per 100,000), Appalachia Georgia had
the lowest colorectal cancer mortality rate (17 per 100,000), and Ohio was the only
state in which the Appalachian region had a significantly higher colorectal cancer
mortality rate than the non-Appalachian region (9 %) [21]. Across Appalachian
regions of Kentucky, Ohio, Pennsylvania, Virginia, and West Virginia, 2001-2006
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state cancer registry data indicate that the average annual age-adjusted rate of
colorectal cancer mortality ranged between 21.1 per 100,000 (Virginia) up to
26.06 per 100,000 (West Virginia) among men and 13.2 per 100,000 (Virginia) to
19.0 per 100,000 (Kentucky) among women [15]. For both genders, the colorectal
cancer mortality rate was higher in the Appalachian region of the state, except for
Virginia [15].

Unlike many other cancers, it is possible to prevent colorectal cancer using
screening methods to detect precancerous polyps and prompt their surgical removal
[24]. The 3 % annual decline in the rate of colorectal cancer morality nationally
between 2000 and 2009 has primarily been attributed to an increase in the preva-
lence of screening. However, there is evidence of geographic variability in declin-
ing colorectal cancer mortality rates and uptake of screening recommendations
[25]. In the early 1990s, states in the Northeast and North central region of the USA
experienced the highest rates of colorectal cancer. However, in the mid-2000s, the
highest rates of colorectal cancer were concentrated along the southern Appala-
chian region, which may be indicative of low screening rates and late stage
diagnoses [25]. According to 2002-2006 state BRFSS data, Appalachian regions
of Kentucky, Ohio, Pennsylvania, Virginia, and West Virginia had prevalences of
adult colonoscopy or sigmoidoscopy use within the past 5 years ranging from
40.0 % (Ohio) to 66.6 % (Kentucky) [15]. The prevalence of adults having
undergone a colonoscopy or sigmoidoscopy within the past 5 years was higher in
the non-Appalachian region of the state, except for Kentucky [15]. Furthermore,
2002-2006 state cancer registry data indicate that the proportion of colorectal
cancer cases diagnosed late stage ranged from 46.5 % (Ohio) to 54.9 % (Virginia)
among men and 46.7 % (Ohio) to 55.2 % (Virginia) among women [15]. Only in
Kentucky was the prevalence of late stage colorectal cancer higher among men and
women in the Appalachian region of the state [15].

Studies also suggest screening uptake may explain Appalachian and
non-Appalachian differences. For example, a 2008 telephone survey of over
1,000 Kentucky adults found that those living in Appalachia were less likely to
have received a colonoscopy or sigmoidoscopy within the past 10 years compared
with those living outside Appalachia [26].

Female Breast Cancer

As the leading cause of cancer incidence and second leading cause of cancer
mortality among women in the USA, breast cancer is estimated to account for
29 % of new cancer cases (232,340) and 14 % of deaths (39,620) among females in
2013 [24]. Although overweight and obesity have been linked to a reduced risk of
premenopausal breast cancer, they have also been tied to an increased risk of
postmenopausal breast cancer, albeit modest [7]. Increased postmenopausal breast
cancer risk is associated with weight gain in adulthood and is most common among
women who have never used hormone therapy and whose tumors express estrogen
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and progesterone receptors, particularly among white women [7]. A potential
mechanism that may explain the relationship between obesity and a modest
increase in risk of postmenopausal breast cancer is estrogen levels, which tend to
be higher among women who are obese [7]. State cancer registry data from 2002 to
2006 indicate that the average annual age-adjusted female breast cancer incidence
rates among Appalachian regions of Kentucky, New York, Ohio, Pennsylvania,
Virginia, and West Virginia ranged from 112.2 per 100,000 (Kentucky) to 126.5 per
100,000 (New York) [15]. Only in New York was the breast cancer incidence rate
higher among women in the Appalachian region of the state [15].

Breast cancer mortality rates have decreased over the past two decades, a change
which has been attributed to a combination of screening and adjuvant treatment [27,
24]. An analysis of 1969-2007 Surveillance, Epidemiology and End Results
(SEER) mortality data indicates that the decrease in breast cancer mortality rates
occurred at a slower rate in Appalachian counties (17.5 %) compared to
non-Appalachian counties in the 13 states (30.5 %) and non-Appalachia US
counties across the country (28.3 %), which may suggest a lower prevalence of
screening and differences in treatment [28]. Analysis of NCHS breast cancer
mortality data from 2003 to 2007 indicates that Appalachian regions of nine of
the 13 states experienced breast cancer mortality rates that were higher than the
national rate [21]. Unlike colorectal cancer mortality rates, there were no in-state
breast cancer mortality rate differences between Appalachian and non-Appalachian
regions. The highest breast cancer mortality rate was in Appalachia Virginia (27.0
per 100,000) and the lowest was in Appalachia Georgia (22.3 per 100,000)
[21]. State cancer registry data from 2001 to 2006 indicate that the average annual,
age-adjusted female breast cancer mortality rates among Appalachian regions of
Kentucky, New York, Ohio, Pennsylvania, Virginia, and West Virginia ranged
from 23.4 per 100,000 (New York) to 26.6 per 100,000 (Ohio) [15]. Only in
Kentucky was the breast cancer mortality rate higher among women in the Appa-
lachian region of the state [15].

According to 2002-2006 state BRFSS data, Appalachian regions of Kentucky,
Ohio, Pennsylvania, Virginia, and West Virginia had prevalences of women having
underwent a mammogram within the past 3 years of 68.1 % (Kentucky) to 75.0 %
(Pennsylvania) [15]. The prevalences were higher in the non-Appalachian regions
of the states [15]. Furthermore, 2002-2006 state cancer registry data indicate that
the proportion of female breast cancer cases diagnosed late stage ranged from
27.0 % (Ohio) to 36.2 % (Virginia) [15]. Only in Kentucky and Virginia were the
prevalences of late stage breast cancer diagnoses higher among women in the
Appalachian region of the state [15]. Studies also suggest that screening uptake
may explain Appalachian and non-Appalachian differences. For example, a 2008
telephone survey of nearly 700 Kentucky adult women found that those living in
Appalachia were less likely to receive regular mammograms than those living
outside Appalachia [26].
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Fig. 1.3 County-level estimates of adult (>20 years) physical inactivity prevalence, 2008
(Adapted from the Centers for Disease Control and Prevention) [29]

Risk Factors for Overweight and Obesity and Cancer:
Physical Inactivity

An analysis of data from the 2008 BRFSS indicates that prevalences of leisure-time
physical inactivity are highest in counties of the Southern and Appalachian regions
of the USA [29]. Among the six states in which 70 % of counties had physical
inactivity prevalences greater than or equal to 29.2 %, four are part of the Appa-
lachian region (i.e., Alabama, Kentucky, Mississippi, and Tennessee) [29]. State
BRFSS data from 2003 to 2007 indicate that the prevalence of no physical activity
in the past month among Appalachian regions of Kentucky, Ohio, Pennsylvania,
Virginia, and West Virginia ranged from 24 % (Pennsylvania) to 36.8 % (Ken-
tucky) among men and 29.0 % (Pennsylvania) to 41.1 %(Kentucky) among women
[15]. For both genders, the prevalences of no physical activity in the past month
were higher in the Appalachian regions of the states [15] (Fig. 1.3). A study of 1,000
high school students in Southern Ohio found that only 5 % met the Centers for
Disease Control and Prevention (CDC) recommendation of 60 min of moderate
physical activity per day whereas 28 % and 78 % reported zero days of moderate
and vigorous activity, respectively [30]. Among a church-based sample of over
1,200 adults in the Ohio Valley region of West Virginia, 48 % did not exercise on a
regular basis each week whereas 42 % exercised 5 or more days per week for a total
of 150 or more minutes [31]. Among over 200 adults in Appalachian Kentucky,
60 % viewed their health as good, just as 60 % reported no physical activity in the
previous week [19].
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Fig. 1.4 County-level recreational facility rate per 100,000 population, 2008 (Adapted from the
University of Wisconsin Population Health Institute and Robert Wood Johnson Foundation) [59]

Non-Appalachia focused research has suggested a number of determinants of
physical activity behavior at both the individual level (e.g., limited time and
financial resources, competing priorities and lack of knowledge) [32] and the
environmental level (e.g., limited access to recreational facilities and sparse pro-
gramming and activities) [33]. Many of these factors have been echoed across
studies in Appalachia [34, 35, 31]. Among samples of Appalachia residents,
participation in physical activity is influenced by transportation realities, such as
long travel distances, poor road conditions, and limited transportation options
[34]. A lack of local physical activity opportunities, sometimes due to low atten-
dance to previously held programming and closure of recreational facilities within a
reasonable distance, may also negatively affect physical activity participation
[34]. As demonstrated in Fig. 1.4, access to recreational facilities is varied across
the Appalachian region.

Perceptions of exercise and physical activity influence behavior among the
Appalachian population. Focus groups conducted among Appalachian youth aged
8—17 years in Kentucky found that “physical activity” is viewed more positively
than “exercise” among this population [35]. Reasons included that “exercise” is an
activity that is planned for a specific duration and purpose and is often a require-
ment in school, whereas “physical activity” is less formal and more enjoyable
because it is conducted at one’s leisure [35]. Although exercise was viewed more
positively across focus groups of over 110 adults in Appalachia Kentucky, the
adults also viewed physical activity as a less structured activity that could be
translated into exercise [34]. Common forms of physical activity among a
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church-based sample of over 1,200 adults in the Ohio Valley region of West
Virginia were low intensity activities conducted in or around the home (e.g.,
work around the home, gardening, and leisure and brisk walks), whereas, partici-
pation in more formal activities (e.g., yoga, aerobics, swimming, sports) was much
more infrequent [31]. Therefore, informal opportunities for physical activity may
facilitate participation among this population [34, 35].

Risk Factors for Overweight and Obesity and Cancer:
Poor Diet

National BRFSS data from 2000 to 2006 indicate that the prevalence of fruit and
vegetable consumption was lower in the Mississippi Delta, Appalachian Moun-
tains, and Great Plains compared to the West Coast, Northeast, and parts of the
South [36]. State BRFSS data from 2002 to 2007 indicate that the prevalence of
inadequate fruit and vegetable consumption among Appalachian regions of Ken-
tucky, Ohio, Pennsylvania, Virginia, and West Virginia ranged from 52 % (Penn-
sylvania) to 88.9 % (Ohio) among men and 36.0 % (Pennsylvania) to 80.2 %
(Kentucky) among women [15]. For both genders, the prevalence of inadequate
fruit and vegetable consumption were higher in the Appalachian regions of the
states [15]. Access to healthy food is not distributed equally across the country, or in
the Appalachian region. A common indicator of access to healthy foods is the US
Department of Agriculture Food Measurement Atlas’s “low income and low access
to store” variable. This variable represents the percentage of people in a given
county who are of low income and, in urban areas, live more than one mile from the
nearest supermarket or large grocery store or, in rural areas, live more than 10 miles
from the nearest supermarket or large grocery store [37]. As demonstrated by
Fig. 1.5, this measure shows that limited access to healthy food varies across the
Appalachian region.

There is also variation in access to fast food in Appalachia (Fig. 1.6). Although
there is mixed evidence about the relationship between access to fast food and
health outcomes, fast-food establishments are known to offer items than are more
calorically dense and nutritionally poor than meals prepared within the home
[38, 39].

The relationship between diet quality and physical access to grocery stores,
supermarkets and fast-food retailers is complicated, and physical access to healthy
food does not necessarily result in consumption of a healthy diet. Among a sample
of over 1,500 Appalachian adults living in West Virginia, of whom 74 % viewed
themselves as healthy, 22 % reported consuming fast food three or more times a
week [18]. However, 67 % reported drinking one or more cans of regular soda on a
daily basis, which is concerning given that, on average, a 355 ml can of regular soda
contains 40 g of sugar and 150 kcal [18]. Similarly, of over 200 adults in Appala-
chia Kentucky, 60 % viewed their health as good when just over a quarter reported
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Fig. 1.5 County-level percent of the population that has limited access to healthy foods, 2006
(Adapted from the University of Wisconsin Population Health Institute and Robert Wood Johnson
Foundation) [59]
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Fig. 1.6 County-level percent of all restaurants that are fast-food establishments, 2009 (Adapted
from the University of Wisconsin Population Health Institute and Robert Wood Johnson Founda-
tion) [59]
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eating one or fewer daily servings of fruits and vegetables over the previous week
[19]. Additionally, over 220 third graders across three Appalachian Ohio counties
participating in a school-based dietary screening program did not achieve the
recommended dietary intakes of grains, vegetables, fruits, milk, and meats/beans
per the MyPyramid for Kids recommendations, the dietary recommendations for
children that were current at the time of the study [40, 41]. Alarmingly, almost a
fifth of the calories consumed by these children came from sweets, and this
proportion was even higher among those of lower socioeconomic status [40].

As in other areas of the country, individual taste preferences and time constraints
have been shown to influence diet quality in the Appalachian health literature
[35]. However, other factors seem to be more specific to the region [35]. For
example, social and familial norms and perceived support appear to greatly influ-
ence the food served at social gatherings and in the home as well as the dietary
choices made by individuals [42—44]. Given the history of poverty in Appalachia, it
is not surprising that cost is a salient determinant of what is purchased and
consumed [42]. As with physical activity, diet is also affected by transportation
realities in Appalachia [42]. It is also important to note that the region is not as
isolated as it once was. As a result, historically common food practices like
gardening and preservation are not as necessary as they once were given physical
access to modern food retail outlets [45]. For example, compared to Amish adults
living in Ohio Appalachia, non-Amish adults were more likely to purchase food
outside of the home from grocery stores and restaurants and less likely to grow their
own fruits and vegetables and use methods of preservation like canning and
pickling [46].

Interventions

Disparate prevalences of overweight and obesity in Appalachia have been found as
early as preschool [16, 47, 17, 48]. Consequently, many overweight and obesity
interventions implemented in Appalachia have been focused on children, particu-
larly in the context of school [49, 50]. For example, in Northern Tennessee, a
school-based physical activity and healthy eating initiative based on the CDC’s
coordinated school health model was designed by a community coalition and
piloted in a rural Appalachian elementary school [49]. Four-year follow-up data
demonstrated significant improvements in the daily pedometer steps of students and
their selection of healthy cafeteria food items [49]. Although commonly employed
to improve academic outcomes, teen mentoring in the school setting is not com-
monly used in childhood overweight and obesity interventions [50]. A randomized
control trial conducted among third and fourth graders in Appalachia participating
in an afterschool health promotion program found that children whose program was
mentored by teens experienced greater increases in physical activity than those
whose program was led by adult instructors [50]. The need to integrate the support
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of family, primary care, and school-based efforts to foster long-term behavior
changes among children has been noted in the literature [47, 40].

Methods currently being used to overcome barriers to improve access to health
care and promote cancer screening across Appalachia offer additional insight into
what can be done to address overweight and obesity in the region across age groups.
For example, physical access and financial access have been noted as barriers to
health care in Appalachia [51, 52]. Mobile health units, such as the Health Wagon,
have had success reaching high risk individuals who lack health insurance and/or
means of transportation [51]. The Health Wagon provides primary health care to
Southwest Virginia’s rural Appalachian population through clinics, cancer screen-
ing, case management services and telemedicine consultations with specialists that
are free of charge [51]. By collaborating with local academic, medical, religious,
and nonprofit partners and utilizing existing assistance programs and volunteers, the
Health Wagon is able to maximize its limited resources [51]. However, staffing,
financial support and coordination of care are just a few of the logistical challenges
faced by this and likely other mobile clinics [51]. Despite these challenges, mobile
health units may also be useful in the fight against overweight and obesity through
the provision of biometric and dietary screening and case management services to
individuals facing issues related to financial and physical access.

It is also possible to tailor evidence-based programs to address the region’s
burden of both overweight and obesity and cancer. Evidence-based programming is
at the core of the “Cancer Control Plan, Link, Act, Network with Evidence-based
Tools (PLANET),” an effort of the NCI, CDC, American Cancer Society, Sub-
stance Abuse and Mental Health Services Administration, Agency for Healthcare
Research and Quality, and Commission on Cancer [53]. Featured program areas
include breast and colorectal cancer screening, diet/nutrition, obesity, and physical
activity. A searchable database of research-tested intervention programs (RTIPs)
focused on cancer control is available online at: http://rtips.cancer.gov. An example
of a featured program designed outside of Appalachia is StrongWomen, an
evidence-based strength training program. This program was successfully modified
to address physical activity as well as breast cancer awareness, screening and
survivorship among women in Appalachian Pennsylvania [54]. The resulting
12-week program, New STEPS (Strength Through Education, Physical fitness
and Support) was implemented using existing community resources and networks,
which has afforded the ability for programs to extend beyond the study period [54].

The Appalachia Community Cancer Network (ACCN), a joint effort of the
University of Kentucky, The Ohio State University, Pennsylvania State University,
Virginia Tech University, and West Virginia University, is currently pursuing a
research project in collaboration with over 20 churches in the Appalachian region of
Kentucky, Ohio, Pennsylvania, Virginia, and West Virginia [55]. Using a group-
randomized study design, half of the churches receive Walk by Faith, a dietary and
physical activity faith-based intervention program, while the other half receive
Ribbons of Faith, a comparison condition focused on cancer screening. Walk by
Faith uses eHealth technology to address individual and environmental level
changes to increase physical activity and to improve healthy food choices among
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participants [55]. Changes in physical activity levels, diet, and blood pressure will
be assessed to determine the effectiveness of the faith-based intervention [55]. The
sustainability of the intervention effects will also be tested and the results will be
used to disseminate the intervention to the comparison churches, churches located
in other Appalachian and rural areas, and the RTIPs Web site.

It is important to note that the selection, adaption and implementation of
evidence-based programming to meet the needs of individuals living in Appalachia
are not simple or necessarily straight-forward undertakings [56, 57]. The realities of
Appalachian communities (e.g., limited community resources, competing time
demands for potential participants and staff, reduced access to technology, low
rates of participation) may present significant barriers to the success of evidence-
based programs, which are often derived from well-funded, highly controlled
research settings outside of the region [56, 57].

Suggestions for the Future

In summary, there are disparities in cancer rates, overweight and obesity preva-
lence, risk factors for overweight and obesity, and interventions in the Appalachian
region of the USA. Thus, efforts to develop and test interventions to improve risk
factors are urgently needed. Potential interventions that could be implemented in
Appalachia to address disparities in obesity include efforts to partner with the
USDA-sponsored cooperative extension service agents; focus on the entire family;
utilize culturally relevant activities and develop advertisements with a focus on
“health” versus “appearance” [34].

In addition, good surveillance data to monitor trends in cancer rates and risk
factors are needed. Appalachia-specific health data are limited in terms of both
volume and quality [58, 22]. Most notably, there is a lack of public health surveil-
lance efforts that span the entire 13-state Appalachian region. For example, com-
pared to other subregions, the information available on the South Central and
Southern regions of Appalachia (e.g., North Carolina, South Carolina, Georgia,
Alabama, and Mississippi) is more limited. Despite the efforts of state cancer
registries and multi-state collaborations like the ACCN, there is a need for data
that captures the heterogeneity of Appalachia. For example, an Appalachian vari-
able could be added to BRFSS and NHANES to facilitate region-wide studies.

To make a difference in overweight and obesity prevalence in Appalachia,
culturally appropriate interventions need to be developed, tested, and if effective,
disseminated through trusted channels. Lastly, for effective strategies to be adopted
the community needs to be involved from the start and take ownership of the
problem as well the solution. Efforts are currently underway using community
based participatory research (CBPR) strategies and will be able to inform
researchers and the community about possible approaches that could be dissemi-
nated to reduce disparities in overweight and obesity and cancer rates in
Appalachia.
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Chapter 2
Disparities in Cancer Outcomes: A UK
Perspective

Donald J. Nicolson, Una Macleod, and David Weller

It is the cry of men who feel themselves the victims of blind
economic forces beyond their control. .. The feeling of
despair and hopelessness that pervades people who feel with
Justification that they have no real say in shaping or
determining their own destinies (Reid 1972).

Abstract The social problem described by Jimmy Reid in 1972 [1] is still preva-
lent in the UK in the twenty-first century. Many people who are socio-economically
disadvantaged do not have the capacity to influence their freedom, and as a
consequence, they do not have control over the destiny of their own health. In
this chapter we examine how socially disadvantaged people in the UK are at greater
risk of poorer outcomes when they have cancer. That is, socio-economic factors
determine disparities in cancer outcomes, incidence, mortality, and survival rates,
in the UK.

Keywords The UK e« Cancer incidence « Health inequalities « Black report ¢
Acheson report « Marmot review ¢ National Health Service cancer plan ¢ Carstairs
deprivation index ¢ Socio-economic status ¢ Inverse care law

Preface

While the focus of this book is Energy Balance and its relation to cancer disparities,
this chapter takes a broader look at health inequalities and cancer with a UK
perspective; it draws on UK and international research and policy work spanning
the last 30 years and more. Energy balance is a key factor in cancer outcomes; the
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UK has a rich literature on health inequalities, and we hope that by examining the
multiple contributing factors to cancer outcome disparities, the role of energy
balance can be better understood. We have considered “health inequalities” to be
synonymous with “disparities” (a term that is more commonly used in the USA).
Several UK Governments have commissioned significant documents over the last
few decades and these form the principle overview and understanding of health
inequalities in the UK. The first of these was the Black Report [2], commissioned in
the late 1970s. This illustrated extensive health inequalities in the UK, despite the
advent of the National Health Service in 1948. Similarly, two decades later the
Acheson Report [3] reported a relationship between health disparities and social
class, with the higher social classes having greater decline in mortality than the rest
of the population. These landmark reports have added to our understanding of how
health inequalities arise from social inequalities.

A more recent report, the Marmot Review [4] noted that health inequalities are a
profound social justice issue for the UK; highlighting how there is a social gradient
in health and health inequalities, and concluding that addressing health inequalities
is a matter of fairness. The Marmot Review also noted that, based on deprivation
categories (a score constructed around communities access to resources, relation-
ships in society, income, housing, and employment), people from more deprived
backgrounds not only have a higher rate of cancer, but men from the most deprived
category have nearly double the risk of cancer than men from the least deprived
background. This is a powerful example of the relationship between cancer mor-
tality and level of deprivation.

Alongside these reports on health inequalities, there has been a policy drive to
improve cancer outcomes. This was initially formalised in the NHS Cancer Plan in
2000 [5] and the Cancer Reform Strategy in 2007 [6]. These set in place a national
cancer programme for England with a focus on saving more lives to ensure that
people with cancer got the right support, care, and treatments; that inequalities in
health and cancer were tackled; to invest in strong research; and to prepare for the
genetics revolution.

Incidence, Mortality, and Survival

Before we examine health inequalities in cancer outcomes, it is necessary to
understand the epidemiology of cancer outcomes. The outcomes we are interested
in are the rates of newly diagnosed cancers (incidence), the numbers of people
dying from cancer (mortality), and the survival rates for people living with a cancer.
The data reported in this section have been largely produced by Cancer Research
UK, a highly reputable source of cancer statistics in the UK, who make cancer data
available on their website (www.cancerresearchuk.org) [6]. Unless otherwise
stated, figures below have been obtained from this source.


http://www.cancerresearchuk.org/
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Fig. 2.1 Lung cancer (C33-C34), age-standardised incidence rates by deprivation category,
England and Wales, 1993

Incidence of Cancer in the UK

In the UK in 2010, around 325,000 people were newly diagnosed with a cancer.
This included a similar number of males and females, around 160,000 each.
However when the rates were standardised for age, considerably more men
(426 per 100,000) compared to women (374 per 100,000) were newly diagnosed.
The incidence of cancer in the UK has steadily risen for men and women since the
mid-1970s by 22 %. However, the rate of increase has slowed down from the period
2001-2010, with just a 2 % increase for men and a 6 % increase for women.

Data from 1993 for the incidence of lung cancer showed clear evidence of the
impact of deprivation. Two and a half times as many men and three times as many
women from the most deprived groups compared to the least deprived groups were
diagnosed with lung cancer. Figure 2.1 below shows how the age standardised rates
of lung cancer increase across deprivation categories. Although these data are old,
more recent work confirms no change [8].

Four types of cancer: breast, lung, bowel, and prostate, accounted for 54 % of all
new cases of cancer in 2010. The most commonly diagnosed cancer in men is
prostate—one in four cases. The more commonly diagnosed cancer in women is of
the breast—just under one in three cases.

Worldwide there were approximately 12.7 million new cases of cancer in 2008.
The rate was considerably greater for North America and Europe compared to the
developing world (Cancer Research UK).
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Scotland has the worse rates of cancer in the UK; reflecting the all-cause
mortality gap between Scotland and England which grew from 1981 to 2001
[9]. This is not necessarily determined by social inequalities; the Carstairs depri-
vation index (a measure of deprivation), declined during the same period
[10]. Other factors, such as the “Scottish Effect” (a factor related to living in
Scotland, independent of other risk factors) have been proposed to explain poor
outcomes in Scotland [11, 12].

Mortality from Cancer in the UK

Around 82,000 men and 75,000 women in the UK died from a cancer between 2007
and 2009, i.e. 427 per 100,000 men, and 371 per 100,000 women [13]. The 157,000
people who died from a cancer in the UK in 2010 accounted for more than one in
four (28 %) of all deaths. The most common cause of cancer mortality was due to
lung cancer 19,410 cases (24 %) in men; and 15,449 cases (21 %) in women. Death
from a cancer becomes more likely with age and is more common for men than
women.

In recent years in the UK, more men than women have been newly diagnosed
with a cancer. However, overall the rates of newly diagnosed cancers have been
falling. More men than women die from a cancer each year in the UK. Deaths from
cancer accounted for more than one quarter of all deaths in the UK in 2010. Lung
cancer was the most common cause of a cancer death in both men and women.
More people are now dying from cancer of the liver than in previous decades.

Mortality rates from cancer have been declining in the UK since the early 1990s.
Between 2001 and 2008, there was a 12 % and 9 % decrease in all cancers for men
and women respectively. However the rates of cancer mortality from liver cancer
have increased in both sexes, which may be due to trends in increased alcohol
intake. While deaths from lung cancer have decreased for men by 19 % they have
increased for women by 6 % (Cancer Research UK).

Surviving Cancer

Coleman et al. [14] analysed data from population-based cancer registries in six
countries for two to four million adults diagnosed with a cancer during 1995-2007
and found survival rates were lower in the UK (and Denmark) than in Australia,
Canada, and Sweden.

Rachet et al. [15] have found survival rates for patients with cancer was
significantly higher in the most affluent groups compared to the most deprived
groups. However, the relationship is complex, due to the interplay between the type
of cancer, patient personal factors, and the role of the health service [16].
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Trends in survival differences, by deprivation category, are also complex;
Lyratzopoulos and colleagues [17] examined changes in socio-economic inequal-
ities in survival from breast cancer for women, and from rectal cancer for men in
England and Wales from 1973 to 2004. They found survival rates increased over
this period from 55 % to 85 % for women with breast cancer, while the survival gap
between the two deprivation groups narrowed slightly from —10 % to —6 %
(Fig. 2.2). For men they found 5-year relative survival rates from rectal cancer
improved from 29 % to 53 % between 1973 and 2004; but the survival gap between
the two deprivation groups increased from —5 % to —11 % (Fig. 2.3).

These authors conclude that the cause of inequalities in survival rates remains
unknown, but may partly reflect differences in clinical management (the “health
care factors” hypotheses). If so, socio-economic inequalities should be largely
determined by socio-economic differences in the quality of treatment received,
with deprived patients more often managed suboptimally.

Coleman et al. [18] clearly highlighted the link between socio-economic disad-
vantage and poorer cancer outcomes, finding a difference in 1 and 5 year survival
rates for all cancers combined when comparing people from deprivation categories
between 1986 and 1990. People from the more affluent groups had higher survival
rates after diagnosis than people from the most deprived category. The difference
remained fairly stable between 1 and 5 year survival; 12.7 % and 11.1 % respec-
tively. Figure 2.4 shows this gap in survival rates.

In a related study, Abdel-Rahman et al. [19] found that compared with data from
countries in continental Europe, socio-economic differences in survival in Britain
may account for half the avoidable premature mortality from cancers.
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Explaining Disparities in Health Outcomes

It is estimated that only 5-10 % of cancers are attributable to genetic variation
[20]. If this is the case, then most cancers might be preventable if people avoid
specific environmental risks, or practise health promoting behaviours. It is thought
that about half of all cases of cancer could be prevented by lifestyle changes
[21]. This indicates how social and behavioural factors, e.g. gender, ethnic group,
income, geographical, education, and social class, are important determinants of
cancer.

The Black Report

The Black Report [2] has played a fundamental role in explaining health-care
disparities in the UK. It examined four ways to understand health inequalities;
they remain a useful framework in understanding disparities in people’s cancer
outcomes.'

1. Artefact: This argument proposes that a relationship between class and health is
spurious; that there is no real relationship and that the findings are a product of
the way the data were measured. Macintyre [22] suggests this relationship is not
straightforward because the level of class influence on illness will depend on
how both class and illness are measured. A failing of this hypothesis is that
evidence of health inequalities are consistent across populations and periods of
time [23], which suggests the finding reflects reality and is not a social construct.

2. Social selection: This model proposes that health determines class [22]; thus
health inequalities are thought to produce health-related social inequalities; that
is, for example, people with illness tend to suffer downward social mobility from
loss of employment and/or income. This is also known as the “reverse causation”
or “drift” hypothesis [24]. At best, this model can only partially explain health
disparities. For example the link between cancers and education cannot be
accounted for by social selection because people have usually completed their
education in early adulthood before succumbing to a cancer [24]. There is little
evidence to support this theory and it does not have widespread support in the
international literature [25].

3. Cultural/behavioural: This model proposes that health damaging behaviours
(e.g. smoking, excessive alcohol intake, or poor diet) are more common
among the socially disadvantaged. The more extreme version of this argument
suggests that individual ignorance, lifestyle choices, and neglect are the cause of
illness [26]. Individuals from lower socio-economic status (SES) groups are also

! Macintyre [22] noted that each explanation has a “hard” (extreme) and “soft” (moderate) version
for explaining the relationship between social class and health.



26 D.J. Nicolson et al.

more likely to be exposed involuntarily to environmental pollutants [27] and
occupational hazards [28]; factors which put them at high risk of developing a
cancer. This argument however ignores the social context of people’s lives and
can be said to blame the victims of health inequalities for their poor health,
although this argument in itself does not discredit this model. Critics have said
that little has been done to disentangle the relationship between social disad-
vantage and health damaging behaviour [25]. We know there is a relation, but we
are unclear why this is.

4. Material/structural: This proposal suggests that health is determined by a per-
son’s wealth—at its simplest, whether a person is “rich” or “poor”. One such
explanation proposes that health status is determined by income inequality; in
particular that negative exposure and lack of resources combine to produce
health inequalities [29]. A softer version acknowledges that psychosocial and
other influences mediate this relationship. Coleman et al. [30] spoke of a
“deprivation gap”, e.g. the deficit in a cancer outcome between the rich and
the poor.

There is clear and considerable evidence showing socio-economically disadvan-
taged people have significant health problems and poor access to health care. For
example there is a gradient in the relationship between class and mortality: as a
whole, people from lower classes have a lower life expectancy and die earlier than
people from more affluent backgrounds. As we will later show, there is much
evidence showing cancer incidence, mortality, and survival are related to social
class. The material/structural argument helps explain national and international
health disparity at a population level, but it remains a challenge to understand
how socio-structural factors influence health inequalities [25], and at an individual
level.

SES, Cancer and Pathways

The models discussed in “Incidence of Cancer in the UK” offer generic explana-
tions of health inequalities. Kawachi and Kroenke [24] have sought to explain the
mechanism linking SES and cancer by means of two possible pathways. In the first
pathway, people from higher SES groups are able to access various resources to
help prevent them developing cancer, or improving their outcome following cancer
onset. They give the example of people who, through better education, are more
“health literate” and consequently better able to understand options for cancer
treatments. The second pathway suggests that people with higher SES have a
differential exposure to psychosocial mediators (compared to people from poorer
backgrounds), which benefits their health outcomes (see below for further details).
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Examples of Disparities

Disparities are observed across a range of categories:

* Gender disparity: women have a longer life expectancy than men [31].

« Ethnic group disparity: there is a higher rate of cardiovascular disease in the UK
amongst people from South Asia [32].

» Income disparity: people with higher levels of income tend to have better health
overall than people with lower incomes [33].

» Geographic disparity: the Scottish city of Glasgow has nearly half of the 10 %
most health deprived areas in Scotland [34]. These areas have higher rates of
morbidity and mortality than more affluent areas in the same city and elsewhere.

* Education disparity: people with better education opportunities tend to have
better health and well-being than people who have not had the same level of
education [35].

e Social class disparity: people from lower social classes tend to have poorer
health, and receive poorer health care than people from higher social
classes [33].

It is important to recognise that individuals can face inequality across a number
of these categories.

The Impact of Socio-economic Disadvantage on Cancer
Outcomes

Having explored rates of people living with, surviving, and dying from cancer; and
examined how socio-economic disadvantage impacts on people’s health and access
to health care in general; we now examine the evidence that socio-economic
disparities impact on cancer outcomes. We consider lifestyle factors, public per-
ception of cancer, issues related to cancer screening, awareness and recognition of
cancer, health-care factors, and psychosocial factors.

Lifestyle Risk Factors

People who are socio-economically disadvantaged are often at greater risk of
exposure to lifestyle risk factors than people from more affluent backgrounds.
This may be seen to reflect a cultural/behavioural explanation for cancer inequal-
ities. Lifestyle is intricately woven with socio-economic conditions and so it does
not solely reflect someone’s “choices”.
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Tobacco smoking: Smoking is an unequivocal risk factor for cancer and other
diseases. For example it is considered to be the main determinant of lung cancer,
with 90 % of people with lung cancer having smoked [24]. Smoking is the main
cause of difference in morbidity and mortality between wealthy and poor
individuals [36]. Accordingly, tackling smoking among people from the lowest
socio-economic groups might reduce the incidence of smoking-related cancers
and other smoking-related diseases. Much has been done in recent times in the
UK to encourage and support people to stop smoking. The Scottish Government
banned smoking in public places in 2006, with the rest of the UK doing so a year
later. The National Health Service in the UK also runs a “Smokefree” service
which offers people who want to stop smoking support via telephone, the
Internet, and paper-based materials. However poorer people have less success
in stopping smoking than more affluent people [37]. Therefore smoking related
health inequalities will likely continue.

. Poor diet: Poor diet has been linked to around one third of cancer deaths [21].

Diets rich in fats and red meat, high in calories and low in vegetables, are
commonly related to lower SES [24]. Diets that have greater amounts of fruit
and vegetables are more often consumed by people from an affluent background
[38]. People from lower socio-economic backgrounds are at further disadvan-
taged because of the link between the availability and cost of food [39].

. Physical activity: Minimal physical activity is related to the risk of several

cancers [40], as well as obesity. Recreational physical activity tends to be
strongly correlated with higher income households [41]. This is related to
lower levels of obesity linked cancers [24]. The affordability and accessibility
of recreational physical activity may be beyond many people from poorer
backgrounds.

. Weight and obesity: As expressed in other chapters of this book, there are major

disparities in levels of obesity, between different social classes [42]. Given the
growing body of evidence linking overweight and obesity with unfavourable
cancer outcomes [43], poor dietary and energy balance trends in the UK must
play a significant role in cancer disparities. It is suggested that if individuals
maintained a healthy body weight, up to 12,000 cases of cancer could be
prevented (Cancer Research UK; Cancer and Health Inequalities: an introduc-
tion to current evidence). People from lower socio-economic backgrounds,
because they are more likely to be obese, are disadvantaged and so at greater
risk of acquiring a cancer. Being obese increases the risk of several cancers,
including cancer of the uterus, kidney, or colon [44]. Obesity levels in the UK
have trebled over the last 20 years [21], indicating that this is a recent risk factor.

. Alcohol consumption: Excessive alcohol intake is related to various diseases,

including liver disease, heart disease, stroke, and cancers of the liver and the
head and neck [21]. While the evidence of a link between alcohol and illnesses is
clear, there is no conclusive evidence that people from a disadvantaged back-
ground are more at risk of misusing alcohol. It is thought in the UK that this is
because excessive alcohol intake has no class pattern—in contrast to smoking
[21].
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Public Perceptions of Cancer

People’s perceptions of cancer are probably relevant in their decisions to take
screening tests for cancer in the absence of symptoms of cancer, or to attend for
care when they develop symptoms. Dein [45] noted that beliefs about cancer can
determine the perception of risk of developing cancer, and therefore have implica-
tions for the perceived urgency for patients to participate in screening, their
decisions about treatment, and emotional responses to the disease.

It is not only the perception of someone’s risk of cancer that can impact on their
outcome, but their opinion of the likelihood that treatment would be successful
[46]. For example, Powe & Finnie [47] have spoken of “Cancer Fatalism”, where
death from cancer is considered inevitable. This can be seen to reflect the observa-
tion by Susan Sontag [48] that some people held the belief that “cancer equals
death”. It is not difficult to see that if someone perceived this, she/he may not
appreciate an urgency or benefit from early diagnosis and treatment, because they
would not perceive any benefits from this.

Screening for Cancer

There are three national screening campaigns in the UK: for breast, bowel, and
cervical cancer. These are available through the National Health Service, which is
funded by taxation and so the tests are free to everyone. While there is no economic
barrier to their uptake, other factors intervene for each cancer screened.

There are socio-economic differences in who is screened, with poorer people
less likely to take up screening. Moser et al. [49] found a correlation between
“indicators of wealth” (e.g. an owner occupied house, or a household with a car),
and women having had breast screening. Women, who lived in a bought house or
lived in a household with one or more cars, were more likely to have had a
mammogram than women living in rented accommodation and not having a car.
Reduced uptake of cervical screening has also been found among lower socio-
economic groups [50]. Moss et al. [51] found people from lower SES less often took
up the opportunity for bowel cancer screening compared to people from higher
SES, despite it being free at the point of access. They proposed that great effort
would be necessary to avoid significant disparities in screening uptake between
deprived and wealthy people.

Despite the best efforts of national screening programmes to promote equitable
uptake of screening, significant inequalities exist across all the programmes; the
reasons for this are complex [51], and resistant to interventions. Consequently,
cancer screening has the potential to enhance disparities in cancer outcome.
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Awareness and Recognition of Cancer

There is a great deal of interest in the UK in awareness and recognition of cancer by
patients and family doctors. In countries with strong primary health-care systems,
such as the UK, family practice is typically the first point of contact for the majority
of patients. In order for timely diagnosis to take place people need to recognise that
their symptoms may be serious and so worthy of contacting a doctor, and then the
doctor needs to recognise these symptoms as potential cancer symptoms [53].

If people do not present as early as possible with cancer symptoms, an oppor-
tunity may be lost to diagnose and treat the cancer early (and, potentially, improve
survival). A link between prolonged diagnostic intervals and deprivation is chal-
lenging to prove; although we know that there are differences in stage of diagnosis
for many cancers, based on whether someone is from a deprived or better-off
background, [54] this may not be because there was any delay in presenting with
symptoms. Rather, the nature of the illness may be such that the symptoms duration
was short. There is, nevertheless, a policy drive in the UK to seek to ensure that
patients recognise symptoms as early as possible and for practitioners to refer
appropriately [55].

Systematic reviews of the evidence have been carried out to seek to understand
the factors associated with timely recognition of cancer by patients and family
doctors [53]. These reviews have concluded that, for many cancers, non-recognition
of symptom seriousness is the main patient-related factor resulting in increased
time to presentation. There is strong evidence of an association between older age
and patient delay for breast cancer, between lower SES and delay for upper
gastrointestinal and urological cancers and between lower education level and
delay for breast and colorectal cancers [53]. Fear of cancer is a contributor to
delayed presentation, while sanctioning of help seeking by others can be a powerful
mediator of reduced time to presentation [53].

These findings have resulted in an interest in awareness of cancer, even though it
is clear that awareness is insufficient in and of itself. The evidence does, however,
suggest that many people appear to have very limited knowledge about cancers.
This may be based on how they are asked about cancers. For example, a study
examined the awareness of cancer of patients from both an affluent residential and
deprived inner-city area in the same city in the North of England, and found that
people had very poor open recall, but better prompted recognition [56].

On the whole people tend to have poor awareness about the warning signs of
cancer for all symptoms (except lumps and swelling). Robb et al. [57] asked people
to freely recall and then to recognise a set of cancer symptoms, and found recog-
nition, which studies of memory have shown to be a more effective means of
retrieval of information, was much higher for cancer symptoms, e.g. mole, lump, or
swelling, than free recall. This was a general finding across the population: in
particular men, younger people, people from an ethnic minority, and people from
the lower end of the socio-economic spectrum had poorer awareness.
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Further, it appears that people from ethnic minorities, who are often amongst the
most socially disadvantaged, have poor awareness of the warning signs for cancers
[58]—these authors suggest poor understanding of English may be a contributing
factor, as people from ethnic minorities in the UK have higher levels of deprivation.

Evidence on cancer disparities has prompted considerable policy interest and
activity regarding early detection of cancer. In England, a key programme is the
National Awareness and Early Diagnosis Initiative (NAEDI) [55]; in Scotland there
is a similar initiative—the Detect Cancer Early programme. Both these
programmes seek to join up expertise from the NHS, the academic sector and the
NHS in order to improve cancer survival outcomes (The Scottish Government.
Detect cancer early. http://www.scotland.gov.uk/Topics/Health/Services/Cancer/
Detect-Cancer-Early; accessed Sept 2013) [59].

Health Service Factors

So far, we have shown how a person’s cancer outcomes are disadvantaged by socio-
economic factors. However, the patient can also be disadvantaged through poor
provision and/or poor quality of health services. Julian Tudor Hart [60] proposed
the Inverse Care Law; this states that the accessibility of good medical care is
inclined to vary inversely with the need for it by the population. Thus, people with
cancer from poorer backgrounds may be disadvantaged by the poor availability of
good quality care as much as by their own personal circumstances.

The first important health service factor is the response of the family doctor
when a patient presents himself/herself with a new symptom. The evidence for
factors associated with delay by family doctors is mixed [53]. In family practice
many patients present with symptoms that may be indicative of cancer, but diag-
nostic tests later exclude cancer. On the other hand, family doctors assigning a
diagnosis other than cancer to a set of symptoms can introduce delay in the pathway
to referral [53].

Some work has also considered whether patients from poorer regions experience
different care once diagnosed with cancer than those from better neighbourhoods
and in general this has been found not to be the case [61]. However the presence of
other coexisting illnesses occurring more commonly in socio-economically
deprived patients may in part explain the poorer outcomes.

An individual with cancer receives care across several stages, from when they
first present with their symptoms to a health-care professional, through living with
cancer and then either surviving or dying from cancer. Lewis et al. [62] noted how
SES impacts on four dimensions of access to palliative care: its availability,
affordability, accessibility, and acceptability. Broadly speaking, palliative care is
less available to people from the lower social classes and is less affordable for them;
they have less access to it, and they are less accepting of it.

While care is free at the point of delivery to all in the UK, differences in care
remain. Raine et al. [63] found patients from deprived areas, older people, and
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women were more likely to be admitted as emergencies for their cancer. People
living in deprived areas and males were less likely to receive their preferred surgical
procedures for cancers. They also found that older people were more likely to
receive their preferred surgical procedure for rectal cancer but less likely to receive
breast conserving surgery and lung cancer resection.

Psychosocial Factors

As we have shown, the evidence points to people from poor backgrounds being
differentially exposed to environmental stressors compared to people from more
affluent backgrounds. This adversely affects their health outcomes in general.
White and Macleod [64] have noted three psychological consequences from having
cancer: the patient can experience depression; the patient can feel anxiety, fear, and
panic; or if the patient has a cancer that spreads to the brain, she/he can suffer
neuropsychiatric problems.

A follow-up study of women with breast cancer showed that affluent women
were more likely to have received information from their hospital specialist and
from a breast care nurse than deprived women, but deprived women had poorer
SF-36 scores (Short-Form 36, self-reported survey of health status) than affluent
women, and reported greater anxiety about money, other health problems, and
family problems [65]. In a recent study of cancer survivors in England, individuals
from most socio-economically deprived areas reported lower quality-of-life
scores [66].

Conclusion

People with cancer from disadvantaged socio-economic backgrounds have poorer
health in general, poor access to health care, and poorer outcomes. The reasons for
this are undoubtedly multifactorial; in this chapter we have emphasised that the
relationship between inequalities and cancer is complex and probably not unidi-
rectional. People from lower SES groups may be in a poorer position to cope with
hardship resulting from living with cancer, while people from a more affluent
background will have the resources and knowledge to cope with cancer. In other
words, understanding context is key.

Because socio-economic inequalities can determine people’s health in general
and particularly for cancer, people from poorer backgrounds do not always have
access to the same quality of care as more affluent people. Reflecting Wilkinson and
Pickett [67] we argue that political efforts need to be made to rebalance social and
health inequalities. Heath [68] has likewise argued the need to confront causes of
health inequalities. Reducing disparities is difficult; there was hope that the NHS
Cancer Plan [5], with a number of measures focused on deprived sectors of the
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population, would improve cancer survival rates and reduce disparities. While it
resulted in a decrease in the deprivation gap for cancer outcomes at 1 year, this was
not maintained, and the reason for this is unclear [15]. It may be that changes
enacted around this time needed longer to impact on morbidity and mortality from a
cancer. Or perhaps social class (and resultant social inequalities) are so well
entrenched within society and so less responsive to policy initiatives.

The problem of health inequalities was recognised in 1997 by the UK Secretary
of State for Health Frank Dobson, He stated that:

Inequality in health is the worst inequality of all. There is no more serious inequality than
knowing that you’ll die sooner because you’re badly off. (Dobson and Department of
Health 1997) [69].

Health inequalities prevail in the UK and have a significant impact on people
with a cancer. To ensure that everyone has the best possible outcome from a cancer,
regardless of whether they are affluent or poor, will probably require great effort at
a national policy level.
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Abstract The patterns of racial/ethnic, gender, and socio-demographic disparities
in cancer incidence patterns are complex. While susceptibility, exposure, environ-
ment, access to and attitudes towards screening and medical treatment influence
cancer incidence and mortality, there are strong behavioral influences on racial/
ethnic and socioeconomic disparities in incidence and mortality by cancer site.
These behaviors are intertwined with culture and acculturation. In this chapter, we
discuss disparities in four central areas of behavior that are related to both energy
balance and cancer. These include dietary intake (broken down by key nutrients),
disparities in physical activity and sedentary behavior, disparities in sleep, and
disparities in smoking.

Keywords Racial/ethnic disparities « Socioeconomic disparities * Diet « Physical
activity ¢ Sleep * Smoking ¢ Sugar consumption * Red meat consumption ¢ Fish
consumption ¢ Dietary fat ¢ Fruit and vegetable consumption

Introduction

Racial/ethnic and socioeconomic disparities in cancer screening, incidence, treat-
ment, and mortality are both glaring and complex. For all cancer sites combined,
African-American men have a 14 % higher incidence rate and a 33 % higher death
rate than white men, whereas African-American women have a 6 % lower inci-
dence rate but a 16 % higher death rate than white women [1]. However, specific
cancers are more prevalent in particular groups. For instance, stomach and liver
cancer incidence and death rates are twice as high in Asian Americans/Pacific
Islanders as in Whites [2]. Another example is that kidney cancer incidence and
death rates are the highest among American Indians/Alaskan Natives, which may
reflect the high prevalence of obesity and smoking in this population [3]. In some
cases, equal treatment for similar disease and tumor status has been shown to yield
similar outcomes between racial/ethnic minorities and Whites [4, 5]. Nonetheless,
racial disparities continue to exist in cancer treatment [4, 5]. Several systemic and
doctor-related barriers contribute to these differences, as do factors that influence
patient freedom of choice, decision-making, and ultimately, patient behaviors.

Broad disparities between subgroups within racial and ethnic groupings reflect
possible differences in exposure, susceptibility, and access, but also between
cultures and behaviors. For instance, the incidence rate for invasive cervical cancer,
much of which is preventable by screening, is four times higher among Vietnamese
women than in all Asian American/Pacific Islander populations combined. Another
example of subgroup disparities is the regional influence on cancer rates among
some American Indian populations, which increases with proximity to
reservations [6].

The strong socioeconomic gradients in cancer incidence differ by racial/ethnic
group, gender, country/region and type of cancer [7]. For instance, in the USA, lung
cancer incidence is associated with markers of lower socioeconomic status in
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Whites, Blacks, and Asians but with markers of higher socioeconomic status in
Hispanics. One study in California Hispanics found that higher neighborhood
socioeconomic status was associated with increased lung cancer incidence in
women, but weakly associated in men, and ever-smoking rates were higher with
increased acculturation [8].

Thus, although susceptibility, exposure, environment, access to and attitudes
towards screening and medical treatment influence cancer incidence and mortality,
there are strong behavioral influences on racial/ethnic and socioeconomic dispar-
ities in incidence and mortality by cancer site. These behaviors are intertwined with
culture, acculturation, and socioeconomic status [9]. The links and mechanisms
between energy balance-related behaviors and cancer have been discussed previ-
ously [10]. In this chapter, we discuss disparities in four central areas of behavior
that are related to both energy balance and cancer. These include dietary intake
(broken down by key nutrients), disparities in physical activity and sedentary
behavior, disparities in sleep, and disparities in smoking.

Racial/Ethnic and Socioeconomic Disparities in Dietary
Intake

Sugar Intake

Much research aimed at elucidating dietary contributions to energy balance has
focused on the role of dietary sugar, particularly added sugar. There is substantial
evidence that excess sugar intake contributes to positive energy balance [11,
12]. However, the contribution of sugar intake to positive energy balance may
depend upon whether calories from sugar replace other calories or add to them
[13]. Additionally, the form in which added sugar is consumed may contribute
differentially to energy balance. There is evidence that energy consumed from
beverages, such as soda and fruit juice, is regulated by different mechanisms than
energy consumed from food, such that energy consumed from beverages may lead
to a greater positive energy balance [13, 14]. This is supported by experimental
studies that have shown a causal association between consumption of sugar-
sweetened beverages and weight gain [15-17]. One potential explanation for the
contribution of sugar-sweetened beverages to positive energy balance is that con-
sumption of these beverages leads to extra energy intake before adequate feedback
is provided by physiological satiety signals [18]. Given that most of the added sugar
consumed by Americans is in the form of sugar-sweetened beverages, the contri-
bution of sugar-sweetened beverages to positive energy balance is a particularly
important public health concern [13, 19].

Dietary sugar has also received attention for its potential contribution to
increased risk for certain types of cancer. High intake of sugar-laden foods may
be associated with increased risk for pancreatic cancer [20, 21]. Added sugar intake
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has also been associated with increased risk for colorectal cancer [22-24]. The
increased risk for these types of cancers may be explained by the impact that dietary
sugars have on insulin sensitivity, body fat distribution, and the concentration of
growth factors that can contribute to the growth of cancers [25].

There are notable differences in sugar consumption across ethnicities and socio-
economic strata, but studies provide mixed evidence about which racial/ethnic
groups consume the highest amounts of added sugar. In one recent study among a
nationally representative sample of preschool-aged children, Hispanic children
consumed less added sugar than all other ethnic groups, while non-Hispanic
black and non-Hispanic white children consumed the most added sugar [26]. How-
ever, evidence indicates that the diets of low socioeconomic status Hispanic
children exceed guidelines for added sugar intake [27]. Findings are similarly
mixed for adults. A recent study using dietary data from a nationally representative
sample of adults indicated that Hispanics consumed less added sugar than all other
ethnicities except for Asian-Americans [28]. In this sample, non-Hispanic Blacks
had the highest added sugar intake, followed by American Indian/Alaskan Natives
and non-Hispanic Whites [28]. However, there is also evidence that Hispanics in
particular consume high amounts of sugar-sweetened beverages [29]. There is more
consistent evidence of an association between socioeconomic status and dietary
sugar intake. A number of studies have indicated that individuals with low income
and low education consume more sugar than individuals from higher socioeco-
nomic backgrounds [28, 30, 31].

Acculturation and food cost may provide explanations for the differences in
sugar consumptions between racial/ethnic and socioeconomic groups. While there
are mixed findings from studies regarding the relative sugar consumption of His-
panics in the USA, studies on acculturated Hispanics provide more consistent
findings. Hispanic individuals who are more acculturated to US culture have been
consistently shown to have higher sugar intake than other racial/ethnic groups [32—
34]. This indicates that acculturation status may explain the differences in findings
of studies on sugar intake among Hispanics. The higher sugar intake exemplified by
groups from lower socioeconomic strata may be explained by the difference in cost
of high energy, low nutrient dense foods versus low energy, high nutrient dense
foods [28]. Foods with high energy density but low nutrient density, such as those
high in added sugars, are typically less expensive than foods with low energy density
but high nutrient density, such as fruits and vegetables [28, 35, 36]. Added sugar
intake has been shown to be directly related to the amount of income one has to
spend on food [12], so individuals from low socioeconomic status groups are
particularly vulnerable to consuming diets that are high in added sugar.

Beneficial Dietary Fats and Proteins

Although findings are inconsistent [37, 38], evidence suggest that consumption of
omega-3 polyunsaturated fatty acids (PUFA, found in fatty fish like salmon,
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sardines, and herring) may be protective of various cancers by altering the carci-
nogenic process [39], especially those that are hormone-related [38]. A major
limitation of this area of research is that total fish intake is often examined as a
risk factor, and lean fish such as cod or halibut may not offer the same health
benefits [38] (methodological limitations will also likely bias findings towards
null). Some specific ethnic groups have a rich history of consuming diets high in
fish and marine mammals, such as the Inuit (natives of Alaska, Canada, and
Greenland) [40], yet these individuals have a higher risk for all cancers, except
breast and prostate cancer, than non-Inuits [41]. The protective effects of a native
diet are likely mitigated once native cultures adopt a more Western diet with
smaller amounts of these potentially protective foods [42].

Similarly, an assessment of dietary intake by varying ethnic groups in Hawaii
and Los Angeles found that relative to Whites, Japanese-Americans and Native
Hawaiians consumed the greatest quantities of fish, whereas African-Americans
and especially Latinos had lower consumption [43]. Given the relationship between
socioeconomic status and ethnicity, it is likely that the lack of fish consumption is
due to cost, as this was identified as a barrier to consumption in Belgian adults
[44]. Perceived inconvenience was also identified as a barrier in another European
study [45]. Yet a study of fishing and subsequent consumption in South Carolina
found that African-Americans consumed more fish than Whites, as did those who
did not finish high school (it should be noted that this study was conducted in an
area with a fishing advisory due to high fish mercury content) [46]. Given this
evidence, it is likely that fish availability and accessibility (indicated by proximity
to coasts and rivers and/or historical prominence in the diet of certain regional
groups) are highly predictive of intake.

It should also be briefly noted that soy products (specific isoflavones contained in
these foods) have also emerged as protective for breast cancer among Asian women
[47], and possibly for prostate cancer, although the evidence is not so strong
[48]. This protective relationship has not been observed with those following a
Western diet, possibly due to the predominant use of soy as an additive rather than
whole food [47].

Deleterious Dietary Fats and Proteins

Similar to findings on fish and PUFA intake, studies examining the impact of red
meat consumption on various cancers are mixed, with stronger support for the
impact on certain cancers (such as esophageal) than others (including prostate,
gastric, pancreatic, and colorectal cancers) [49-56]. There are two components of
red meat that make this a risk factor: higher levels of saturated fat [57, 58], and
frequent use with cooking methods (such as char-grilling) than may impart carcin-
ogens into the food [59].

Data from the Los Angeles/Hawaii multiethnic cohort indicate that Latinos
consume about 30 % more red meat than African-Americans and Whites
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[43]. NHANES (National Health and Nutrition Examination Survey) data also
show that Latinos consume the greatest amounts of red meat, although this is not
statistically higher than other ethnic groups [60]. Studies of meat intake and
acculturation indicate that Latinos with the lowest US assimilation had the lowest
avoidance of foods high in saturated fats, relative to more assimilated Latinos and
Whites [61]; and that less assimilated Latinos were more likely to eat meat, relative
to more assimilated Latinos [62]. Qualitative data suggest that Latina mothers find
it more easy to procure red meat in the US relative to their home countries [63], so
perhaps this higher degree of intake in this lower assimilated group is due to the
interaction of accessibility and cultural value placed on meat intake (as a symbol of
prosperity, as in many parts of the developing world) [64]. A separate qualitative
study found that Latina mothers perceived meat to be a healthy food type [65], so it
is possible that higher assimilated Latinos decrease intake of red meat given a gain
in knowledge of potential negative healthy effects. Supporting this hypothesis,
NHANES data indicate that both the perceived benefit of diet quality and use of
food labels are negatively associated with red meat intake [66].

Whole Grains, Fruits, and Vegetables

Fruit and vegetable (FV) intake is strongly associated with cancer prevention,
especially those related to the gastrointestinal system, lungs, and pancreas [67,
68]. Raw FV are the most beneficial, likely because they have the greatest concen-
tration of antioxidants, including vitamins, minerals, and polyphenols [67]. Another
protective component of FV is fiber, which has been found to be beneficial for
several different types of cancers [69—73]. Whole grain products, which are also
high in fiber, have also been shown to reduce cancer risk [74, 75].

A comparison of FV intake between different ethnic groups found that relative to
Whites, African-Americans consumed approximately 1 serving/day less of FV, and
Mexican Americans consumed about 0.3 servings/day less than Whites per day,
with the majority of this disparity attributable to differences in intake of vegetables
[76]. After adjusting for neighborhood SES, the difference between African-
Americans and Whites remained [76]. NHANES data also indicate that African-
Americans are less likely to consume the recommended number of FV servings/
day, compared to Whites [77]. However, other neighborhood factors (adjusting for
socioeconomic variables) may still contribute to this disparity. A study in Brooklyn,
NY found that supermarkets were located in one third of the predominantly White
US census tracts, while predominantly African-American census tracks had no
supermarkets, and had less fresh produce available [78]. Similarly, in a study of
African-American and Latina women eligible for the Women, Infants and Children
(WIC) supplemental nutrition program, it was found that Latina women and
children consumed a significantly greater amount of whole grains, compared to
African-Americans [79]. This difference could be attributable to the lower levels of
US assimilation among the Latina women (and likely manifested in a higher intake
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of corn tortillas, a dietary staple), or possibly because they were significantly more
likely to be married or living with a partner (perhaps attributable to cultural or
religious values, which could enhance social support; it is unclear if this was
controlled for in analyses) [79].

Racial/Ethnic and Socioeconomic Disparities in Physical
Activity and Energy Balance

Evidence indicates that regular physical activity is protective against several types
of cancer, including breast, colon, endometrium, prostate, and pancreatic cancer
[25, 80—83]. In fact, the American Cancer Society points to physical activity as one
of the most important modifiable determinants of caner [25]. Physical activity
reduces the risk of cancer through several direct and indirect mechanisms, including
body weight and energy balance regulation, immune system functioning, and
regulation of sex hormones, insulin, and prostaglandins [25, 84, 85]. Physical
activity plays an important role in energy balance because the movements of
skeletal muscles during physical activity result in energy expenditure [86]. The
intensity, duration, and frequency of physical activity all affect the extent to which
physical activity contributes to energy balance [87]. For example, vigorous inten-
sity activities (>6.0 metabolic equivalents or METSs, a metric for estimating energy
expenditure during physical activity) lead to greater energy expenditure than
moderate-intensity activities (3.0-6.0 METs) carried out over the same duration
and frequency [87]. National guidelines suggest that adults accrue at least 150 min a
week of moderate-intensity, or 75 min a week of vigorous-intensity aerobic phys-
ical activity [88].

Although physical activity engagement provides great promise for preventing
cancer incidence and recurrence, there are disparities in physical activity among
many groups, especially ethnic minority communities. Disparities in physical
activity engagement can be attributed to environmental and individual factors.
Physical features in the built environment, including but not limited to streetlights,
infrastructure that facilitates active transportation, and park availability, predict
physical activity levels. The skewed availability of these features in areas with high
ethnic minority density and/or low socioeconomic status (SES) may put minority
populations at a disadvantage for opportunities to engage in physical activity
[89]. There is also a wide array of individual level factors that influence physical
activity, including perceived neighborhood safety [90, 91], psychosocial barriers
[92]. While these factors influence behavior at an individual level, the interaction
between individual factors and the environment also contribute to disparities in
individual physical activity engagement. In the following section, we present
examples illustrating the intertwined relationship between neighborhood environ-
ment and individual behavior.
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Moderate and Vigorous Physical Activity (MVPA)

Physical activity engagement differs across age and gender. A cross-sectional study
using NHANES data highlighted the differences in time spent in MVPA across
gender and age by finding that females are less active than males and, overall,
MVPA engagement declines with increasing age [93]. The lower physical activity
levels observed among females are believed to be influenced by cultural and
psychosocial factors, for example, body image issues, especially among ethnic
minority groups [94]. Challenges that limit physical activity participation in cul-
turally and linguistically diverse groups include: cultural and religious beliefs,
issues within social relationships, socioeconomic status, environmental barriers,
and culture-related perceptions of physical activity outcomes. Several strategies to
overcome these challenges have been suggested, including culturally sensitive
programs, education sessions addressing healthy behavior, and improving access
to environments that promote physical activity both at work and in the community.

Occupation and Physical Activity

Within the context of one’s occupation, socioeconomic status and environmental
factors can interact to influence physical activity. Certain physical activities asso-
ciated with low-wage, labor-intensive occupations qualify as MVPA. According to
Troiano et al., despite the decline in MVPA with increasing age demonstrated in the
overall population, Hispanic and African-American males exhibit higher activity
levels than non-Hispanic white males [93]. This may be because labor-intensive
jobs are more prevalent among African-American and Hispanic males than
non-Hispanic white males [92]. While low-wage, labor intensive jobs may have a
positive impact on physical activity for workers, their family members, especially
children and adolescents, may experience negative effects on physical activity
because such families have a higher likelihood of living in low socioeconomic
neighborhoods [95].

Access to Physical Activity Facilities

A body of literature has documented the disparities in access to physical activity
facilities influence MVPA. From an ecological perspective, however, factors that
influence disparities in MVPA engagement may not be applicable only to ethnic
minorities. Studies from various parts of the world indicate that affluent neighbor-
hoods have better access to physical activity facilities than low SES neighborhoods
[95-98]. Whether neighborhood demographics is a better predictor of physical
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activity engagement than other factors that can be applicable to all ethnic back-
grounds, such as socioeconomic status, is not well understood.

Leisure Time or Recreational Physical Activity

Leisure time physical activity (LTPA) engagement is also influenced by multiple
factors. LTPA encompasses activities that people engage in during discretionary
time. Examples of such activities include: gardening, walking, and recreational
sports such as cycling. Like MVPA, LTPA engagement is also influenced largely
by socioeconomic position both in an individual and an ecological perspective.
Similar to how occupation influences disparities in activity engagement, time
constraints due to work schedule and lack of energy after work also hinder adults
with labor-intensive occupations from engaging in LTPA [99]. From an ecological
perspective LTPA engagement is influenced by the SES of one’s neighborhood.
Features that are associated with lower SES neighborhoods, such as high crime rate,
limited streetlights, and increased traffic density negatively impact PA engage-
ments [90, 91].

Sedentary Behavior

Increasing attention has been paid to reducing sedentary behavior, as sedentary
behavior is not simply a “lack of physical activity”. However, there is no clear
evidence that there are disparities in sedentary behavior among individuals from
different ethnic and SES groups [100]. This may be because there is increasingly
universal access to activities that promote sedentary behavior, such as television
watching and video game playing. Environmental features that negatively impact
physical activity engagement are also found to be associated with increased like-
lihood of time spent in sedentary behaviors [90].

Racial/Ethnic and Socioeconomic Disparities in Sleep,
Obesity, and Cancer

Sleep is important for restoring physical and mental health. A growing body of
literature indicates that inadequate sleep increases the risk of a range of chronic
diseases including obesity [101, 102], diabetes [103], and hypertension [104,
105]. The associations between sleep duration and obesity may differ by age
group. Based on a meta-analysis in children and adolescents (<18 years) [101], it
was summarized that short sleep duration was inversely related to risks of
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childhood overweight/obesity in pediatric population (OR: 1.58, 95 % CI: 1.26,
1.98) [101]. A recent prospective cohort study supports these findings, showing that
short sleep among 0—4 year olds led to a subsequent 80 % increased odds of
overweight or obesity [106]. Among adults, however, sleep duration was shown
to have U-shaped associations with obesity [107, 108], suggesting that both short
and long sleep duration were associated with concurrent and future obesity and
weight gain.

Inadequate sleep is a risk factor for not only obesity, diabetes, and CVD [109,
110], but also to some types of cancer. Individuals with less than 6 h per night had
an almost 50 % increase in risk of colorectal adenomas (OR=1.47; 95 %
CI=1.05-2.06) as compared with individuals sleeping at least 7 h per night
[111]. According to a meta-analysis on the relationship between sleep duration
and cancer risk [112], there was a positive association between long sleep duration
and colorectal cancer, and an inverse relationship with incidence of hormone
related cancers like those in the breast.

Ethnic and SES Differences in Sleep

Considering the multiple deleterious effects of poor sleep, exploration of demo-
graphic patterns may shed light on methods to increase healthful sleep. Race/ethnic
and socioeconomic factors may play a substantial role in sleep patterns and related
disease. For example, in a sample of multiethnic US adults, insufficient sleep was
related to increased odds of diabetes in all races, except non-Hispanic Blacks
[113]. This again highlights the complexity of the impact of sleep on health; further
compounding these intricacies is the difficulty in disentangling the influence of
race/ethnicity versus socioeconomic status (SES).

In an epidemiological review, Bixler [114] highlights a body of research indi-
cating low SES as a culprit for short sleep. In a 34-year longitudinal study of
residents from Alameda County, CA, low SES led to fewer than 7 h of sleep, and
short sleep was more common for African-Americans and Hispanics, as well as
those with less education and lower SES (adjusting for other health factors related
to poor sleep) [115]. A cross-sectional study on a national sample of US adults
found that non-Hispanic Blacks were at increased odds for both short and long
sleep, attenuated after controlling for SES, but remained significant [116]. Mexicans
had increased odds for long sleep, although that association became non-significant
after adjusting for SES. The authors speculated that these high risk sleep patterns
may be attributable to substantial stressors experienced by urban minorities, and
they conclude these differences in sleep may contribute to overall health disparities
experienced by minorities [116]. Patel and colleagues [117] reported that poverty
and race also contributed to poor sleep quality, and that employment and education
mediated this relationship, highlighting that poorer individuals were most
vulnerable.
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Similar to the aforementioned study, a national study of over one-hundred
thousand Americans found that education, employment and SES were inversely
associated with sleep complaints [118]. Interestingly, this research showed Black
and Hispanic women had fewer sleep complaints (e.g., trouble falling asleep,
staying asleep, or sleeping too much) than their White counterparts, but these
differences were not observed in men. Interaction analyses revealed more detailed
patterns: the employment-sleep complaint association was inverse for African-
American men (e.g., homemakers reported fewer sleep complaints compared to
the combined male group); the positive income-sleep complaint relationship held
for Hispanic men reporting less than $50,000 annual income; multiracial men had
higher complaints if they were in the low SES group; non-college graduate Asian
and Other women reported significantly increased sleep complaints and multiracial
women showed a similar pattern; in contrast, Latina women were less likely to
report complaints if they did not finish high school [118]. Goodin, McGuire and
Smith [119], found ethnicity to be a moderator, reporting that lower perceived
social status (perception of SES) was related to reduced sleep quality in Asians and
African-Americans, but not Caucasians. Again, these findings illustrate the intrica-
cies among ethnicity and SES factors in their influence on sleep.

These patterns are also seen in youth populations. A diary study of a nationally
representative sample of children and adolescents found that Asian children (aged
5-11 years) and African-American adolescents (12—19 years old) reported shorter
sleep durations during the week, which African-American and Hispanic adoles-
cents also engaged in fewer hours of sleep on the weekend [120]. Crosby,
LeBourgeois, and Harsh [121] found differences in sleep distribution by race in
children as young as 3 years old. Caretaker reports indicated that 2—8 year old Black
children napped more often, had shorter sleep durations, less sleep during the week
than on weekends compared to their non-Hispanic white counterparts.

Understanding why these disparities occur may help to identify methods to
improve sleep for ethnic minorities and people with low SES. Hicken and col-
leagues [122] found that Black adults experienced higher levels of sleep difficulties
than Whites, and that this was fully mediated by racism-related vigilance, a marker
of racially salient chronic stress. Although a similar pattern was found for His-
panics, it was not statistically significant. The authors suggest that racial discrim-
ination plays a significant role in ethnic health disparities [122]. Tomfohr
et al. [123] found that African-Americans experience more time in lighter sleep
stages (sleep architecture) than their Caucasian counterparts, and that increased
perceived discrimination was a partial mediator of these differences.

Family interactions and stressors may be responsible for sleep disturbance
among youth. A study of urban Hispanic American infants and children (aged 6—
48 months) found that frequent all-night cosleeping was more prevalent among
minority families (21 %) than white American urban children (6 %); this practice
was also associated with single parents and living in multiple households [124],
which may be markers of lower SES. A longitudinal study found that marital
conflict reported later sleep disruption in children, and that this association was
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stronger among African-American children and those from families of lower
SES [125].

Substantial research shows the significant negative impact of poor sleep on
health, including positive energy balance, obesity, and cancer. However, research
identifying determinants of poor sleep is limited. Reducing sleep disparities could
help the field of health promotion progress toward equalizing health outcomes
for all.

Racial/Ethnic and Socioeconomic Disparities in Smoking

Adult Current Smokers

The prevalence of smoking in the USA has declined since the first Surgeon
General’s Report documented the health hazards of smoking in 1964. When the
report: Smoking and Health, was released approximately 43 % of the US adult
population were current smokers [126]. Fifty years later the prevalence of adult
current smokers has decreased to 19 % [126, 127]. These advances are remarkable
but we have hit a plateau and the rates have not decreased significantly in recent
years. In 2011, over 43 million adults reported as current cigarette smokers, of
whom 77.3 % smoked daily and 22.2 % smoked intermittently [126, 127]. Further-
more, deaths from smoking and tobacco use remain the number one preventable
killer of US adults [126, 127]. Cigarette smoking has also led to annual financial
losses such as the $96 billion lost to direct medical expenses and $97 billion lost in
productivity [126—129]. Important for this review, smoking is related to negative
energy balance [130] making smoking an attractive tool for weight loss, while
quitting smoking is related to weight gain [131]. Maternal smoking has also been
shown to predict offspring obesity [132].

Large disparities in smoking and tobacco use remain for the racial and ethnic
groups; these are further exacerbated when broken down by socioeconomic status
(SES) and region [126, 129]. Prevalence of current smokers in 2011 was highest
amongst the American Indians and Alaska Natives (31.5 %), followed by African-
Americans (24.2 %), Hispanics (17.0 %), and the group with the lowest rate were
Asians (14.9 %) [126, 127]. The prevalence of smoking in non-Hispanic Whites for
the same year was 22.6 % [127]. While the differences in prevalence rates might be
lower for most of the groups and non-significantly higher for African-Americans,
racial and ethnic minorities carry most of the burden of tobacco related diseases
[133], including lung cancer, other cancers, and cardiovascular disease. African-
American males have shown a higher incidence of lung cancer (122.8 per 100,000)
compared to non-Hispanic Whites (81.5 per 100,000) [134]. The other racial groups
show much lower incidence; Asian Americans (61.2), American Indian/Alaska
Native (49.8), and Hispanics (47.2) [134, 135].



3 Behavioral Differences Leading to Disparities in Energy Balance and Cancer 49

Paradoxically, although racial and ethnic minorities are more likely to die from
tobacco-related diseases, they are also more likely to report as intermittent or light
smokers [133]. African-Americans, for example, show higher rates of lung cancer
but only 8.0 % report as heavy smokers, 25 or more cigarettes per day, compared to
non-Hispanic Whites (28.3 %) [136]. In a recent study Trinidad and colleagues
found that among racial and ethnic minorities who had any history of smoking
behavior there were significantly higher rates of current intermittent smoking than
non-Hispanic Whites (8.5 %): African-Americans (15.9 %), Asian Americans
(16.1 %), and Hispanics (20.8 %) [133]. The 1998 Surgeon General’s report on
racial and ethnic minority smoking provides a breakdown of the number of ciga-
rettes consumed per day for four groups: African-Americans, American Indian/
Alaska Natives, Asians, and Hispanics. The report shows that the prevalence of
consuming 25 or more cigarettes has declined since 1976 and the proportion of
smokers who consume 15 or fewer cigarettes per day has been increasing
[137]. While this data show signs of progress, tobacco-related disparities persist
[126, 127, 133, 138-140].

Adult Smoking Cessation

Recent data from the National Health Interview Surveys show that 68.8 % of adult
smokers would like to quit [141]. The same data show that in the previous year:
52.4 % attempted to quit by ceasing to smoke by 1 or more days, 6.2 % had recently
quit, 48.3 % had a physician advise them to quit, and 31.7 % had used either
medications or a counseling service to assist in their attempt to quit [141]. Smokers
between the age of 25 and 64 all showed increased rates of quit attempts from 2001
to 2010 [141]. Quit attempts are most common among younger smokers and college
graduates [141]. When cessation statistics are broken down by race and ethnicity
we get a clearer picture of where we should focus our efforts.

In 2010, 75.6 % of African-Americans reported interest in quitting smoking
which was higher than non-Hispanic Whites (69.1 %) and Hispanics (61.0 %) [141,
142]. Furthermore, attempts at smoking cessation were higher for African-
Americans (59.1 %) than those of non-Hispanic Whites (50.7 %), Hispanics
(56.5 %), and other non-Hispanic races (53.8 %) [141, 142]. This and other
evidence shows that African-Americans and Hispanics are more likely to make
cessation attempts, but investigation into cessation success rates paints a different
picture. The quit ratio (percentage of lifetime smokers who have stopped) in 2000
was lower for African-Americans (37.5 %) and Hispanics (42.9 %) as compared to
their non-Hispanic White counterparts (50.4 %) [142]. These differences can be
attributed to many factors such as SES, education, access to health care, quality of
health care, type of health insurance, smoking behaviors, access to cessation
resources, and perceptions of evidence-based cessation methods [134, 141, 142].

One of the leading hypotheses as to why some racial/ethnic minority groups do
not succeed in cessation is the higher prevalence of menthol cigarettes [141,
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143]. Menthol cigarettes anesthetize the throat and allow the smoker to inhale more
nicotine per puff, leading to increased nicotine dependence [143]. The low use of
evidence-based cessation programs is another prominent factor in racial/ethnic
disparities in successful smoking cessation [141]. The rates of use for cessation
counseling were lower for Hispanics (15.9 %) and African-Americans (21.6 %)
than for non-Hispanic Whites (36.1 %) [141]. Racial/ethnic minorities are also
shown to be less likely to be advised by a physician to stop smoking or about the
health consequences [133, 144]. Nicotine replacement therapy has been shown as a
promising method to increase success in smoking cessation attempts but also has
low uptake by racial/ethnic minorities due to low prescription rates and utilization
[133, 142]. There is plenty of evidence that shows the success of these and other
interventions to increase the success of quit attempts [144]. There is also, however,
a lack of evidence-based programs and outreach intended for racial/ethnic minor-
ities decreasing chances of success [144]. Future research needs to be dedicated to
creating targeted and culturally appropriate cessation interventions for these vul-
nerable populations.

Youth Tobacco Use

The significance of youth tobacco use has garnered attention from investigators and
the Surgeon General. The use of tobacco among youth in the USA is of importance
since 80 % of adult smokers report initiation before the age of 18 and 99 % before
age 26 [128, 145]. It is estimated that over 3,800 youth under the age of 18 begin
smoking each day in the USA [128]. In 2012 the prevalence for current tobacco use
in middle school students was 6.7 % and 23.3 % for those in high school
[145]. Youth also engage in cigar use with 2.8 % of middle school students
reporting use and 12.6 % of high school students [145]. The use of cigars by
youth can be explained by the popularity of small cigars, cigarillos, by this group
and their lower price compared to cigarettes [145]. Youth tobacco use has shown a
similar pattern as adults in that the progress has stalled in recent years [128, 145]. In
the master settlement with the USA and several state governments the tobacco
companies were obligated to create prevention programs for youth but their efforts
have not shown any documented evidence of success [128]. Since the master
settlement, however, tobacco companies have increased their efforts to reduce
prices as they are aware that youth are more price conscious than adults [128,
145]. Tt also been shown that tobacco companies focus such strategies in areas high
with racial/ethnic minorities [128].

Overall tobacco use for middle school students was higher in 2012 among
Hispanics (10.5 %) than non-Hispanic Whites (5.1 %), African-Americans
(7.7 %), and all other non-Hispanic groups (3.1 %) [145]. Among high school
students, African-Americans (22.6 %) and Hispanics (22.5 %) had similar current
tobacco prevalence while non-Hispanic Whites (24.6 %) had the highest prevalence
[145]. Cigarette use in high school students was highest among non-Hispanic
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Whites (15.4 %) and cigar use was highest among African-Americans (16.7 %)
[128, 145]. Concurrent tobacco product use is prevalent across all racial groups in
high school [128, 145]. Furthermore, over half of current Hispanic female tobacco
users report of using more than one type of tobacco product on a regular basis
[128]. In terms of susceptibility it has been shown that youth of Mexican descent
are more vulnerable to initiate smoking than other youths [146]. These statistics
show the need to better fund prevention programs for youth in order to prevent the
premature deaths of one in three current young smokers [128].

Youth Tobacco Cessation

Smoking cessation is a rare occurrence in youth and young adults (16-24 years);
only 4 % per year quit smoking [147]. The rates for attempts to quit, however, are
higher for youth (58 %) than for adults (52.4 %) [147]. Youth and young adults
between 16 and 24 years of age were more likely to attempt to quit without
assistance [147]. Only 20 % of current youth smokers sought advice from a nurse
or physician prior to their quit attempts, with females (24.9 %) being more likely to
seek the help than males (15.6 %) [147]. The only two groups of current high school
smokers who showed differences in attempts to quit were African-Americans
(68.1 %) and Hispanics (54.1 %) compared to non-Hispanic Whites (62.8 %)
[148]. In general there is limited data on youth cessation with even less for racial/
ethnic minorities; therefore it is important that future research address this gap.
Public health officials also need to create and adequately fund prevention and
intervention programs that are both relevant and appropriate for all groups of youth.

New and Emerging Tobacco Products

Since the groundbreaking Surgeon General’s Report on Smoking in 1964 there
have been many advances but now we must adapt our efforts to include new and
emerging tobacco products. Products such as electronic cigarettes and hookah are
gaining in popularity especially among youth [145]. Tobacco companies have
noticed this gain in popularity for e-cigarettes and have responded by increasing
smokeless tobacco product marketing by 277 % compared to 48 % increase for
cigarettes [126]. Over 6 % of adults in the USA, including 21 % of current smokers,
have tried e-cigarettes [138]. From 2011 to 2012 there were significant increases in
e-cigarette use among middle (0.6—1.1 %) and high school students (1.5-2.8 %)
[149]. Hookah use also increased among high school student from 2011 (4.1 %) to
2012 (5.4 %) [145]. E-cigarettes are more popular among current high school
non-Hispanic White (3.4 %) tobacco users, followed by Hispanics (2.7 %), other
non-Hispanic groups (2.2 %), and African-Americans (1.1 %) [145].
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While the statistics for e-cigarettes and other emerging products are low in
comparison to traditional cigarettes, public health officials and researchers need
to investigate the health consequences of such products. Little is currently know
about these new products and currently most are not regulated by the Food and
Drug Administration. The lack of regulation allows tobacco companies to make
claims about the use of these products for harm reduction or smoking cessation
without the need for scientific review. Claims such as health benefits could be
detrimental especially for our vulnerable populations such as racial/ethnic minor-
ities by making it easier to fall unto nicotine dependence and harder to achieve
cessation [150].

Some Brief Conclusions

This overview of four central behavioral domains that influence both energy
balance and cancer shows clear racial/ethnic disparities in all four areas, although
patterns are not always straightforward. It is clear that, in the USA, racial/ethnic
“minorities” are at higher risk for poor diet, exercise, sleep and smoking behaviors,
at higher risk for obesity, and at higher risk for most cancers, than their white
counterparts. Mechanisms for these disparities likely differ according to a compli-
cated network of influences from cell to society, from genes to cultural views on the
specific behaviors. However, some commonalities can be noted.

Socioeconomic Status and Health Behavior

In each of the sections above, the inverse relationships between low socioeconomic
status and unhealthy behaviors related to energy balance and cancer have been
demonstrated empirically. The underlying mechanisms for these relationships
remain unclear. In the USA, racial/ethnic minorities are disproportionately
represented in lower socioeconomic strata [151], but even after correction for
race/ethnicity, socioeconomic differences in health-related behaviors persist
[152]. There is no doubt that gaps in socioeconomic status impact access to
insurance, adequate health care, healthy food, and safe places to exercise, among
many other important needs related to attaining and maintaining a healthy energy
balance. However, unlike disparities in many other components of health, dispar-
ities in health behaviors appear to involve something more than the ability to use
income to purchase good health [152].
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Stress: One Possible Missing Link

Stress has been related to poor sleep [116], unhealthy eating patterns [153], lower
physical activity and increased sedentary time [154], and the initiation and main-
tenance of smoking [155]. Research has shown that low socioeconomic status and
minority status are strongly related to increased stress. For example, in a population
of 3,105 adults (34 % white), Sternthal et al. [156] found significant racial differ-
ences in exposure to eight stress domains, e.g., acute life events, employment,
financial, life discrimination, job discrimination, relationship, early life, and com-
munity Stressors.

Although disentangling the roles of race/ethnicity and socioeconomic status in
health behaviors remains complex [157], there exist acute disparities in energy-
balance and cancer-related behaviors. There are also racial/ethnic differences in
stress, as well as a socioeconomic gradient in stress and stressful experiences. The
documented interrelationships between these core behaviors and stress highlight the
role that social stressors uniquely experienced by minority populations may play in
existing health disparities. Considering public health’s mandate to achieve health
equity for our communities, efforts must be put into reducing the stressors associ-
ated with poverty and racism. These efforts may help to ameliorate the racial/ethnic
and socioeconomic disparities in energy balance and cancer in the USA.
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Chapter 4
Impact of Obesity, Race, and Ethnicity
on Cancer Survivorship

Kathryn H. Schmitz, Tanya Agurs-Collins, Marian L. Neuhouser,
Lisa Pollack, and Sarah Gehlert

Abstract It is estimated that between 1971 and 2002, the population of cancer
survivors grew from approximately three million to ten million. Currently, it is
estimated that there are over 13.7 million cancer survivors in the USA and this
number is expected to increase to 18 million by 2022. The seminal Institute of
Medicine’s report on cancer survivorship that outlines the need to develop strate-
gies to address the unique issues faced by this growing clinical population was
published 8 years ago. However, long-term cancer survivors are still a relatively
new clinical population in the field of oncology, borne of successes in improved
cancer screening and treatment approaches. There continues to be a need to define
and clarify the factors that contribute significantly to outcomes in cancer survivors

K.H. Schmitz (D<)

Division of Clinical Epidemiology, Center for Clinical Epidemiology and Biostatistics,
Perelman School of Medicine, University of Pennsylvania, 423 Guardian Drive, 8th Floor
Blockley Hall, Philadelphia, PA 19104-6021, USA

e-mail: Schmitz@upenn.edu

T. Agurs-Collins

Health Behaviors Research Branch, Division of Cancer Control and Population Sciences,
National Cancer Institute/NIH/DHHS, Rockville, MD, USA

e-mail: collinsta@mail.nih.gov

M.L. Neuhouser

Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, MS M4-B402,
1100 Fairview Avenue North, PO Box 19024, Seattle, WA 98109, USA

e-mail: mneuhous@thcrc.org

L. Pollack

George Warren Brown School of Social Work, Washington University, St. Louis, Campus Box
1196, One Brookings Drive, St. Louis, MO 63130, USA

e-mail: Ipollack@wustl.edu

S. Gehlert

George Warren Brown School of Social Work, Washington University, St. Louis, 1010 Saint
Charles, #804, St. Louis, MO 63101, USA

e-mail: sgehlert@wustl.edu

D.J. Bowen et al. (eds.), Impact of Energy Balance on Cancer Disparities, 63
Energy Balance and Cancer 9, DOI 10.1007/978-3-319-06103-0_4,
© Springer International Publishing Switzerland 2014


mailto:Schmitz@upenn.edu
mailto:collinsta@mail.nih.gov
mailto:mneuhous@fhcrc.org
mailto:lpollack@wustl.edu
mailto:sgehlert@wustl.edu

64 K.H. Schmitz et al.

in order to develop effective and efficient intervention strategies. Within this
chapter we address the independent and interactive contributions of two issues
thought to substantively influence the length and quality of cancer survivorship:
obesity and race/ethnicity.

Keywords Cancer survivorship ¢ Breast cancer survival « Endometrial cancer
survival ¢ Colorectal cancer survival * Prostate cancer survival « Adverse treatment
effects « Poverty  Affordable care act ¢« Prevention and public health fund « Quality
of life » Obesity « Patient Protection and Affordable Health Care Act « Cancer-
related fatigue

Introduction

From 1971 to 2002, the number of cancer survivors in the USA has grown from
three million to ten million [1], and the number of survivors is expected to reach
18 million by 2022 [2]. This growth has occurred over the same decades during
which the prevalence of obesity has increased as well. The prevalence of over-
weight (BMI = 25.0-29.9 kg/m?) and obesity (BMI > 30.0 kg/m?) in the USA rose
from 13.5 % in the 1960s to 35.9 % in 2010 [2, 3]. Data from the 2007 Health
Information National Trends Survey (HINTS) indicate that cancer survivors are no
more or less likely to be obese than those who have not experienced cancer
[4]. However, the combined experience of cancer and obesity may influence the
length and quality of life after completing treatments for common cancers, includ-
ing breast, colon, prostate, and endometrial cancer [5]. In section “Obesity and
Cancer” of this chapter, we review this evidence.

The racial and ethnic diversity in the USA has also shifted over the same
decades during which the cancer survivorship population has grown. In 1970,
when there were approximately three million cancer survivors living in the USA,
11.1 % of the country’s population identified their race or ethnicity as African
American, 4.4 % as Hispanic, 0.8 % as Asian, and 87.7 % as non-Hispanic White
[7]. By 2010, when there were over 12 million cancer survivors, 13.6 % of the US
population identified their race or ethnicity as African American, 16.3 % as
Hispanic, 4.9 % as Asian, and 72.4 % as non-Hispanic White. Incidence of cancer
does vary by race and ethnicity [8]. Social, economic, behavioral, health access, and
other differences might be expected to contribute to variability regarding the burden
of cancer across race or ethnicity. In section “Race/Ethnicity and Cancer” of this
chapter, we review the evidence that survival after diagnosis and adverse effects of
cancer treatment vary by race and ethnicity for four common cancer diagnoses
(breast, colon, prostate, and endometrial).

Finally, it can also be observed that prevalence of obesity varies by race and
ethnicity, with a higher prevalence of obesity among ethnic and racial minorities in
the USA [4]. The racial and ethnic groups for whom cancer survival is worse are the
same groups in which obesity is more prevalent, including African Americans and
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P Cancer Survival:
Recurrence and Adverse Treatment Effects

>

<

Fig. 4.1 Framework for the combined influence of race and obesity on cancer survivorship. The
bottom Venn diagram represents distal determinants of disparate cancer survival outcomes.
Disparities in these underlying social and physical determinants are embodied and expressed
through biological responses and genetic pathways, which lead to disparities in risk for obesity and
comorbidities. In the top Venn diagram, differential genes, obesity, and comorbidities then lead
more proximally to disparities in survivorship outcomes. All of these relationships operate in a
feedback loop of biological-social-physical environment interactions, making it difficult to
disentangle which of the underlying or mediating factors are the greatest contributors to disparities
in survivorship

Native American/Pacific Islanders [3, 9]. It could be hypothesized that the dispar-
ities by race and ethnicity for cancer survival and treatment outcomes are explained,
in part, by disparities in obesity and related comorbidities. A framework for
discussing these complexities has been proposed (Fig. 4.1) [6]. Disparities in
underlying social and physical determinants are embodied and expressed through
biological responses and genetic pathways, which may lead to disparities in risk for
cancer, obesity, and comorbidities. Differential risk in obesity and comorbidities
may then lead to disparities in cancer survivorship outcomes. All of these relation-
ships operate in a feedback loop of biological-environmental interactions. In
section “Future Directions and Summary” of this chapter we review the limited
evidence available on this topic and draw from evidence on this interaction of
obesity with race/ethnicity for predicting other health outcomes (such as heart
disease) to speculate further about the significance of these factors to outcomes
among cancer survivors. Section “Future Directions and Summary” also includes
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commentary on the potential influence of the roll out of the 2010 Patient Protection
and Affordable Health Care Act on these issues. The chapter concludes with a
summary and comments about possible future directions for better understanding
the interactive effects of obesity and race/ethnicity on cancer survivorship in a
manner that will lead to expediency with regard to maximizing the health of cancer
survivors while minimizing disparities in these outcomes by obesity and race or
ethnicity.

Obesity and Cancer

Obesity and Survival/Mortality

Obesity is increasingly recognized as a risk factor for poor survival for many
cancers, but particularly so for breast, prostate, endometrial, and colorectal cancers
[10-13]. In many published studies the risk of cancer-specific mortality is as much
as two times higher for obese patients compared to nonobese patients making
treatment of the obese cancer patient a particularly important clinical issue [11,
14, 15]. Obesity is associated with all-cause mortality as well. For example, among
endometrial cancer patients, obesity and diabetes at diagnosis are associated with
all-cause but not cancer-specific mortality, suggesting the need to address these
comorbidities to reduce the burden of mortality in this cancer survivorship popu-
lation [16]. Another emerging and recognized problem is that many patients may
enter cancer treatment at a normal weight, but may gain a significant amount of
weight during therapy. This treatment-related weight gain phenomena has been
linked to female breast cancer patients receiving systemic adjuvant chemotherapy
[12]. However, the causes of weight gain after cancer treatment are not fully
understood. Hypothesized causes include a combination of changed diet, reduced
physical activity, or altered metabolism that may accompany after exposure to the
chemotherapy [12, 17]. It is not yet known whether these patients who gain weight
while undergoing treatment have the same mortality risk as those who are obese at
the time of diagnosis [18, 19]. Nonetheless, this weight gain during treatment
phenomena should be carefully monitored by clinicians with referrals to appropri-
ate weight management plans [12].

Numerous factors have been identified as contributing to the increased mortality
rate in obese cancer patients. Many of these patients will have multiple
comorbidities. Managing diabetes, cardiovascular issues (including prior stroke or
stroke risk), metabolic syndrome, and multitudes of other obesity-related diseases is
a clinical challenge from the perspective of polypharmacy and drug—drug interac-
tions. In addition, many obese patients will be viewed as surgical risks due to
concurrent poor cardiovascular or respiratory health and as a result, treatment plans
must be altered from approaches known to be most effective, as necessary. Further,
for those who are able to undergo surgery, clean surgical margins can be very
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difficult to attain in the obese patient due to the large fat pad around the tumor and
surrounding tissue. Obese patients also tend to have disordered metabolism even in
the absence of a diagnosis of diabetes or prediabetes. Low levels of adiponectin and
high levels of insulin (or C-peptide), IGF-1, glucose, adipose-derived inflammatory
factors, cytokines, and other metabolic markers are very common in obese individ-
uals and each of these has been associated with increased risk of cancer-specific
mortality [18-21]. Many of the molecules that tend to be higher in obese people
(even those without cancer) have direct links to the carcinogenic process by
upregulating critical pathways such as mTOR and PI3K and by influencing the
local inflammatory environment [22]. Modest evidence exists to suggest that
genetic variation in the synthesis or metabolism of certain fatty acids or lipid-
related compounds may influence the relationship between obesity and survival [23,
24]. More work is needed to better understand these complex relationships.

Recent and very intriguing data suggests that the tumor phenotype or the tumor
microenvironment may be very different for patients who are obese compared to
nonobese patients [22, 25, 26]. A recent study examined breast tissue from 30 nor-
mal weight and overweight/obese women undergoing surgery for breast cancer
[26]. Among the findings, they reported higher aromatase expression in the breast
tissue of obese women with subsequent greater local synthesis of estrogen in the
breast. They also reported more crown-like structures in the breast tissue from
obese women, which is also an indicator of greater levels of local inflammation.
Other studies have shown that adipocytes that comprise the tumor microenviron-
ment actively recruit macrophages similar to the peripheral circulation. The mac-
rophages then promote neovascularization and angiogenesis, which sets up the
patient for risk of metastasis [22]. Data are suggestive, but by no means definitive,
that obese colorectal cancer patients may have tumors with a distinct pathologic
phenotype that could be driven by the underlying obesity-driven metabolic distur-
bances [25, 27].

A critical link to the intersection between obesity and racial/ethnic cancer-
related health disparities is that since African Americans and Hispanics have the
highest rates of obesity in the USA [4], their body habitus already puts them at
disproportionate risk of cancer-related mortality compared to Caucasians. Still, not
all studies support an interaction between race and obesity with respect to cancer
survival [11], so clearly additional work is needed in order to formulate the most
appropriate treatment protocols.

Obesity and Persistent Adverse Treatment Effects

Cancer patients who are obese at diagnosis may require specialized treatment plans
and management strategies. It has been observed that obese endometrial cancer
patients experience greater loss of blood and longer surgical times than nonobese
patients [28].
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A persistent question facing clinicians is whether obese cancer patients should
receive different chemotherapy doses based on body weight. There has been a long
history of controversy on this topic where on the one hand it is thought that obese
patients may be underdosed if drug doses are not based on actual body weight while
on the other hand the risk of toxicities may be elevated with higher doses. A recent
systematic review and meta-analysis had shed some light on this critical clinical
issue [29]. Hourdequin et al. reviewed 12 studies that included cohort studies and
clinical trials for a variety of cancers. Details of their methods including selection
criteria for inclusion in the meta-analysis and patient inclusion criteria are reported
in their publication [29]. The prespecified primary outcome was grade 3—4 hema-
tologic toxic effect (on a scale of 1-4) while secondary outcomes included standard
blood counts (leukocytes, platelets, hemoglobin), neutropenia, and overall survival.
The overall pooled results showed that when chemotherapy doses were based on
actual body weight, grade 3—4 hematologic toxic effects were 27 % lower in obese
patients compared to nonobese patients [29]. The authors concluded that their
evidence suggests that full-dosing based on actual body weight is safe and without
clear evidence for risk of excess toxicity. Still, because other studies suggest
incomplete pathologic response to chemotherapy among obese patients [30],
other reasons besides chemotherapy dosing may be important to examine in future
studies.

A relatively new but growing area of clinical and scientific concern is persistent
adverse treatment effects from cancer. Below we review the empirical evidence on
the association of obesity and common persistent adverse effects of cancer treat-
ment, including lymphedema, quality of life, functional health, cancer related
fatigue, chemotherapy induced peripheral neuropathy, and cardiotoxicity.

Lymphedema

Cancer treatments, including removal of lymph nodes and radiation therapy, can
damage the lymph system, resulting in a chronic, sometimes progressive condition
called lymphedema. Lymphedema is commonly characterized by swelling of the
affected body part. However, the swelling associated with lymphedema is distinct
from other types of edema due to the enrichment of protein in the accumulation of
lymph fluid. This accumulation of protein rich fluid, accompanied by the role of the
lymph system in inflammatory and immune responses, sometimes results in lymph-
edema becoming a systemic issue. Ongoing symptom monitoring is recommended
to avoid lymphedema onset and progression [31]. Obesity has been consistently
associated with both onset and worsening of lymphedema after breast cancer.
Prospective studies report odds ratios of 2.93-3.6 for risk of lymphedema among
obese versus normal-weight women [32-35]. There is also evidence of a dose—
response relationship between excess weight and lymphedema risk, with an OR of
1.08 for each additional BMI unit above the normal weight category (95 % Cls
1.05-1.12 [32] and 1.0004—1.165 [33]). Further, there is evidence that body fat is
associated with lymphedema across a broad range of BMIs. For example, in a study
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conducted in Hong Kong, higher BMI was noted in breast cancer patients with
lymphedema compared to matched controls, even though BMI was low in both
groups (22.9 + 3.6 kg/m? for cases vs. 21.8 4 3.1 kg/m? for controls) [36]. One pilot
study demonstrated weight loss to reduce lymphedema among overweight breast
cancer survivors [37] and a larger study on this topic is ongoing within the Penn
Transdisciplinary Research on Energetics and Cancer (TREC) Survivor Center
(U54-CA155850 to Schmitz).

Evidence linking obesity with lymphedema is more scant beyond breast cancer.
Several studies report no association of BMI and incident lower extremity lymph-
edema among cervical cancer survivors [38—40], while one other prospective cohort
study among cervical cancer survivors found that low BMI (<18.5 kg/m?) was
associated with increased frequency of lymphedema [41]. Finally, in a cross-
sectional survey study of 243 Australian women, lymphedema risk was 2.7-fold
higher among overweight compared to normal weight endometrial cancer survivors
(95 % CI: 1.0-7.5) [38].

Quality of Life and Functional Health

Obesity has been associated with lower physical and functional well-being and
poorer quality of life among endometrial cancer [42, 43], breast cancer [44],
prostate cancer [45-47], and colorectal cancer survivors [48]. Two other studies
with heterogeneous samples of cancer survivors (e.g., breast, colorectal, prostate,
bladder, uterine, and melanoma) have also demonstrated reduced quality of life
among obese versus nonobese participants [49, 50]. Obesity is also associated with
higher prevalence and severity of site-specific symptoms, such as incontinence in
prostate cancer survivors [46, 51]. Both cancer [52-54] and obesity [55-57] have
been found to be independently associated with functional health. However, the
differential impact of cancer and its treatments on functional status among obese
versus nonobese survivors remains to be elucidated.

Cancer Related Fatigue (CRF)

Obesity has been positively associated with CRF for a number of cancer sites,
including breast [58—61] and endometrial cancers [62]. Factors predicting clinically
significant CRF include a BMI > 25 kg/m?, weight gain, physical inactivity, and
low physical functioning [60, 63], and severity of fatigue symptoms is associated
with higher BMI [63].

Peripheral Neuropathy and Cardiotoxicity

Very little information is available regarding the potential relationship between
obesity and peripheral neuropathy. Three studies have observed no association
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between obesity and chemotherapy induced peripheral neuropathy after breast
cancer [64, 65] and multiple myeloma [66]. However, determining the independent
effect of obesity on neuropathy may be challenging, given obesity is also a strong
risk factor for diabetes, which is also associated with neuropathy [67]. Because
obesity is already a strong risk factor for cardiovascular disease and late effects of
chemotherapy may not appear for many years after treatment completion, it is
difficult to determine the specific role of obesity in treatment-related cardiac
toxicities. Other sources of increased cardiovascular risk, such as weight gain
after chemotherapy among breast cancer survivors [68], further complicate the
clinical picture. The relationships between excess pretreatment weight, weight
gain after treatment, and treatment-related cardiovascular outcomes have not
been extensively studied.

As survival from many of the common cancers (i.e., breast, prostate, colorectal)
continues to increase, it is critical to evaluate whether any late effects differ for
obese versus normal weight patients. Treatment protocols and effective strategies
for total patient care will need to be developed so as to treat the late effects from
cancer treatment concurrent with treatment to achieve and maintain a healthy
weight.

Obesity and the Economics of Survivorship

Health-care costs in the USA are elevated in comparison to other western nations
and cancer treatment is no exception to the health-care spending crisis [69]. In
2010, costs for cancer diagnosis, treatment and survival were estimated to be
$124.6 billion [70]. These expenditures vary by cancer site where the greatest
direct medical costs are for breast, colorectal, lung, and prostate cancers for solid
tumors and lymphoma for hematologic cancers [70, 71]. Other expenditures that
some may consider hidden include lost productivity and the value of life lost [72,
73]. Bradley and colleagues reported that as many as a third of cancer patients are
unable to return to work after the diagnosis and of those who do return, duties must
often be limited or task reassignments must be made [73]. Yabroff et al. estimated
that by 2020, the value of life lost due to cancer will reach a staggering $1,472.5 bil-
lion [72]. Other hidden costs include the loss of productivity of care givers who
often must use family medical leave to care for the cancer patient [72, 73]. Over the
next several decades, these figures are expected to increase commensurate with the
aging population. One study in Washington state reported that cancer patients were
2.65 times more likely to file for bankruptcy compared to non-cancer patients [74]
underscoring the fact that a cancer diagnosis often becomes an economic crisis for
patients and their families [70, 75]. Many of these critical issues were highlighted
(including systematic reviews of site-specific cancers) in an August 2013 Mono-
graph of the Journal of the National Cancer Institute (JNCI Monographs Volume
2013, Issue 46).
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While cancer is costly to all patients, an important question is whether subsets of
patients, including those who are obese prior to diagnosis share a disproportionate
burden of cancer health-care expenditures. For overweight and obese cancer
patients, prognosis is worse compared to normal weight patients. However, it is
unclear whether these disparities are due to lower health-care access or utilization,
lack of follow-up for suspicious findings from screening tests, lower adherence to
adjuvant therapies, lack of referrals to medical oncologists, presentation with more
advanced disease, or biological differences in tumors or responses to therapies [76—
79]. In addition, patients who are overweight or obese may have comorbid condi-
tions (e.g., diabetes, hypertension, dyslipidemia) that need concurrent treatment
[15]. Treatments of these concurrent conditions add to the overall economic burden
of cancer. The economic disparities that accompany the racial and body habitus
disparities in regard to cancer treatment and survival constitutes a problem that has
multiple causes and will require a highly coordinated and multilevel approach to the
solution [71].

It will be particularly important to monitor the effects of the 2010 Patient
Protection and Affordable Health Care Act on the economic challenges for those
who are overweight or obese at the time of a cancer diagnosis. An important
component of the Affordable Health Care Act is the expansion of the Medicaid
Program. One might intuitively think that this expansion will lead to greater access
to cancer screenings and treatment that might otherwise be delayed without access
to health-care services. Finally, as summarized in an Institute of Medicine Work-
shop Summary [69] that was specifically focused on delivering affordable cancer
care in the twenty-first century, scientists, clinicians, and policy makers must all
work together to construct treatment strategies and insurance reimbursement strat-
egies for affordable and effective cancer care, perhaps particularly for those who
have experienced health-care disparities in the past.

Race/Ethnicity and Cancer

Race/Ethnicity and Survival/Mortality

It is widely recognized that cancer survival and mortality disparities persist by race
and ethnicity. For some cancers, African Americans and Hispanics have a worse
disease-free survival than other racial/ethnic groups [80-82]. These disparities are
associated with advanced stage of disease, tumor characteristics, comorbidities,
suboptimal treatment, obesity, lack of or type of medical insurance, access to high-
quality medical care, and low socioeconomic status (SES) [80, 82—-86]. For those
diagnosed with cancer between 2002 and 2008, the 5-year survival rates from all
cancers were 69 %, 65 %, and 65 % for non-Hispanic Whites, Hispanics, and
African Americans, respectively [87]. Disparities among racial and ethnic groups
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have existed for decades, even as overall cancer mortality rates for most cancers
have been declining.

Breast Cancer

Breast cancer is the second leading cause of cancer-related death in women. Cancer
mortality rates have been declining for the past two decades. However, comparable
benefits of these declines have not been equally shared among all racial and ethnic
groups. For example, SEER data on 5-year breast cancer survivor rates, using data
on women diagnosed with breast cancer between 2002 and 2008, illustrates the
disparity among non-Hispanic Whites (92 %), Hispanics (86 %) and African
Americans (78 %) [87]. A recent study examined BC survival using SEER-
Medicare population data between the years 1991-2005 for 16 SEER sites and
found a 12.9 % absolute difference in survival between African Americans and
non-Hispanic Whites (p < 0.001), which was attenuated, but still significant after
matching on presentation characteristics and types of treatment [88]. In this study,
cancer-related causes accounted for approximately 2/3 of the difference in 5-year
all-cause mortality between African Americans and non-Hispanic Whites. Studies
also suggest that the racial disparity in survival and mortality does not discriminate
between younger and older breast cancer survivors. African American adolescent
and young adult women also have worse survival rates compared to non-Hispanic
Whites and Hispanics [89, 90]. It was reported that in a comparison of African
American and non-Hispanic White women 60-64 years of age, African American
women with luminal A/p53— tumors were reported to have higher all-cause
mortality (HR 2.22; 95 %; CI: 1.30-3.79) and breast cancer-specific mortality
(HR 1.89; 95 % CI: 0.93, 3.86) [91]. Similar results were reported for older
women with Triple Negative Breast Cancer [92]. Data from Southwest Oncology
Group (SWOG) phase III trials from 1974 to 2001 found that African American
patients with early-stage, premenopausal and postmenopausal breast cancer had
significantly worse overall survival than non-Hispanic White patients (HR = 1.41,
95 % CI. 1.10-1.82 and HR=1.49, 95 % CI: 1.28-1.73), respectfully, after
adjusting for stage, demographic and socioeconomic factors, tumor characteristics,
and treatment [93].

Hispanics compared to non-Hispanic Whites have higher breast cancer mortality
rates [94, 95]. There also is heterogeneity in survival within Hispanic subgroups.
When examining Hispanic subgroups, one study revealed that Hispanic-blacks
have significantly higher BC-specific mortality compared to Hispanic Whites
(HR=1.4; 95 %: CIL: 1.1-1.7) [96], and among Hispanic Whites, Puerto Rican
women had the highest risk (HR 1.7, 95 % CI: 1.3-2.1) [95]. Banegas et al. [96]
reported that regardless of Hispanic origin, African American women experienced
worse breast cancer survival compared to Hispanic and non-Hispanic white women.
A meta-analysis of 20 studies completed through 2005 identified African American
ethnicity as an independent predictor of higher mortality among breast cancer
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survivors, including overall survival (HR 1.27; 95 % CI: 1.18-1.38), and breast
cancer-specific survival (HR 1.19, 95 % CI, 1.10-1.29) [97].

Endometrial Cancer

Mortality rates for endometrial cancers have declined in the past decades, although
there are still racial disparities in both mortality and survival. African American
women have lower survival rates for endometrial cancer compared with Hispanics
and non-Hispanic White women [98, 99]. A retrospective analysis of data from four
Gynecologic Oncology Groups (GOG) randomized treatment trials found that
African American women with endometrial cancer had worse overall survival
compared with non-Hispanic White women, after adjusting for tumor characteris-
tics and treatment (1.26, 95 % CI: 1.06-1.51) [100]. Others have reported signif-
icantly worse survival for African Americans compared to non-Hispanic Whites
(HR 1.94) and no significant differences in survival between Hispanics and non-
Hispanic Whites [101]. Survival from endometrial cancer was examined in a study
in Puerto Rico that revealed African Americans and Puerto Ricans had the lowest
rates of survival when compared to non-Hispanic Whites (56.8 % for African
Americans, 63.1 % for Puerto Ricans, 78.4 % for non-Hispanic Whites and
79.5 % of US Hispanics [102].

Colorectal Cancer

Colorectal cancer (CRC) remains the third most common cause of cancer-related
death in both men and women. The racial disparity in CRC mortality has widened,
with 53 % higher mortality in African American men and 46 % higher mortality in
African American women compared with non-Hispanic White men and women
[80]. Several studies have documented higher CRC mortality for African
Americans compared to non-Hispanic Whites [103—-105]. A study of resected
stage II and stage III colon cancer revealed that African American patients expe-
rienced worse overall survival (HR = 1.22, 95 % CI: 1.11-1.34) and recurrence-free
survival (HR=1.14, 95%CI: 1.04-1.24) compared to non-Hispanic Whites
[105]. A review of 16 SEER data registries linked to the Medicare database,
adjusted for several risk factors including SES, tumor characteristics, treatment,
and comorbidities, found that African Americans had a significantly higher risk of
CRC death (HR =1.24; 95 % CI: 1.14, 1.35) compared with non-Hispanic Whites
[106]. In this study, Hispanic women had a lower risk of death than non-Hispanic
Whites, in the adjusted model. Temporal trends in survival revealed that young
Hispanics (2049 years) improved their 1-year CRC survival from 86 % in 1993—
1997 to 91 % in 2003-2007 [107]. Soto-Salgado and colleagues [108] examined
CRC mortality in Puerto Rico and revealed that African American women and
non-Hispanic White women age >50 years had an increased risk of death from
CRC compared with Puerto Rican women. In addition, Puerto Rican women had a
similar risk of death compared to US Hispanics, but a lower mortality rate
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compared to African American women; whereas, the CRC risk was higher for
non-Hispanic White men > 60 and US Hispanic men > 80 than Puerto Rican men
[108]. The overall 5-year survival from proximal colon cancer was reported as
39.7 % for African Americans, 43.1 % for non-Hispanic Whites, and 46.7 % for
Hispanics [109]. An interaction between race and age may influence CRC survival.
One study reported that younger African American women (<50 years) with
advanced stage proximal tumors had worse survival compared to age-matched
non-Hispanic Whites, whereas older African American men had a worse survival
compared to older non-Hispanic White men [110]. It should be noted that there
were no significant differences in cancer specific and overall survival CRC between
African American and non-Hispanic White women enrolled in the Women Health
Initiative study [111]. The investigators suggested that equal access to medical care
and uniform tumor characteristics may have contributed to this outcome.

Prostate Cancer

Prostate cancer is the second leading cause of cancer-related death in men. Approx-
imately one in six men will be diagnosed with prostate cancer during their lifetime,
with increased risk during each decade of life. Several studies have documented an
increased mortality among African American and Hispanic men with prostate cancer
compared to non-Hispanic Whites [84, 106, 112, 113]. One study reported that
Puerto Rican men had a higher mortality than did US Hispanic and non-Hispanic
Whites, but lower rates compared to African American men [108]. In recent years,
deaths from prostate cancer have narrowed between African Americans and
non-Hispanic Whites, but the disparity still exists [80]. One study estimated that
the mortality gap for prostate cancer-specific mortality was 1,320 more cases per
100,000 for African American compared with non-Hispanic Whites men
[84]. Another study reported that African American men had a higher risk of
mortality (HR=1.23, 95 % CI: 1.04—1.47) relative to non-Hispanic White men,
despite treatment on the same protocols [114]. Albain et al. [93] reported similar
findings, showing higher mortality among African American men compared to
non-Hispanic Whites (HR =1.19, 95 % CL: 1.05-1.35), after adjustment for all
other available factors [93, 114]. Also, the 10-year overall survival estimates were
lower for African Americans. However, two meta-analyses had different findings. A
meta-analysis of 48 studies found that African American men had lower prostate
cancer-specific survival (RR = 1.13,95 % CI: 1.00-1.27) and recurrence (RR = 1.25,
95 % CI: 1.11-1.41), but no difference in overall survival, after adjustment for
clinical predictors and SES [115]. This analysis included several studies from the
same registry with overlapping time periods. Sridhar and colleagues [116] conducted
a meta-analysis of published studies from 1968 to 2007 and corrected for this
methodological concern by including only one publication from the same cancer
registry. They found a significant increased risk of mortality among African
American men compared with non-Hispanic Whites, but after adjusting for age,
clinical, and demographic variables, this association was not significant.
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Race/Ethnicity and Persistent Adverse Treatment Effects

Currently, there are 13.7 million cancer survivors in the USA, and this number is
expected to risk by 31 % by 2022 [2]. Cancer survivors may have long-term
psychological and physical impairments and incidence and severity of these impair-
ments differs by race and ethnicity.

Lymphedema

Racial/ethnic differences are associated with arm lymphedema [32, 117]. The
Pathways Study, a prospective cohort of breast cancer survivors found that the
risk of transient and persistent lymphedema was higher among African Americans
compared to non-Hispanic Whites (HR =1.93, 95 % CI: 1.00-3.71), adjusting for
potentially confounding factors [118]. In this study, advanced stage of cancer,
chemotherapy, and radiation therapy were independently associated with the
increased risk of arm lymphedema. Others reported greater swelling in non-white
women compared with non-Hispanic Whites [119, 120]. Arm lymphedema was
studied in 494 African American and non-Hispanic White women with in situ to
stage III-A primary breast cancer [32]. African Americans compared to
non-Hispanic Whites had a higher prevalence of arm lymphedema (28 %
vs. 21 %), but race was not significant in an analysis adjusted for obesity and
hypertension [32]. This study also revealed that comorbidities (i.e., hypertension),
obesity, surgery, and receipt of chemotherapy were associated with developing
lymphedema [32]. Moreover, there appears to be racial differences in the formal
diagnoses of lymphedema. In a population-based study of 450 breast cancer
survivors, African American women were significantly more likely to have
undiagnosed lymphedema than breast cancer survivors of other racial/ethnicity
groups (OR=2.7, 95 % CI: 0.81-0.98) [121]. Additional research investigating
the influence of race and ethnicity on lymphedema in other cancer populations is
needed.

Quality of Life and Functional Health

Minority cancer survivors experience lower health-related quality of life (HRQOL)
than non-Hispanic Whites. One study examined mental health-QOL and physical
health-QOL outcomes among 248 African American and 244 non-Hispanic White
cancer survivors with a history of breast, prostate, and colorectal cancers
[122]. African Americans had significantly poorer mental health-QOL compared
to non-Hispanic Whites, after adjusting for SES, clinical, and psychosocial factors.
In this study, the authors reported that race moderated the effect of perceived social
support, with African Americans reporting higher mental health-QOL if they had
high social support.
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African American breast cancer survivors report poorer physical functioning and
general health, and poorer physical and social well-being compared to
non-Hispanic White survivors [123, 124]. African Americans had lower HRQOL
outcomes due to higher levels of stress and worry related to recurrence and financial
concerns [125-127]. One study found that in a military health-care system, African
American women with breast cancer exhibited more physical impairments
>12 months post-surgery [117]. Fu and colleagues [128] reported that Hispanic
women with stage O-IIT breast cancer were more likely to report depression,
chemotherapy-related symptoms, and pain-related symptoms compared to
non-Hispanic Whites, each of which impact QOL. In a multiethnic sample of breast
cancer survivors, Hispanic women reported the lowest HRQOL, such as higher
physical and emotional burden and socio-ecologic strain, compared to other racial
groups [129].

Studies also suggest that the type of treatment and stage of disease can impact
QOL in prostate cancer survivors [130]. Palmer and colleagues [131] examined
treatment decision making and post-treatment QOL scores among African Amer-
ican men recently treated for prostate cancer. African American prostate cancer
survivors reported lower QOL scores for urinary incontinence, sexual function, and
bother, but higher scores for bowel and hormonal functions [131]. Another study
among prostate cancer survivors found that non-Hispanic Whites reported signifi-
cantly greater QOL than African American and Hispanic men [132]. The relation-
ship between ethnicity and QOL was partially mediated by SES, medical
comorbidity, and health behaviors (e.g., sleep functioning and physical activity)
[132]. A systematic review of the literature suggests that Hispanics report poorer
mental, physical, and social QOL relative to non-Hispanics [133].

A study that examined differences in QOL in 182 non-Hispanic Whites and
98 Hispanic breast cancer survivors found that Hispanics reported significantly
lower levels of total perceived social support and QOL compared to non-Hispanic
Whites [134]. In a study that examined physical health and obesity in African
Americans, Hispanic-Americans, Asian-Americans, and non-Hispanic White can-
cer survivors, racial and ethnic differences were identified, with African American
and Hispanic-American survivors reporting significantly lower physical health
scores compared to Asian-American and non-Hispanic White survivors [135]. In
addition, African American survivors had the highest rates of obesity, which was
associated with lower physical function scores compared to nonobese
survivors [135].

Cancer-Related Fatigue

African American and Hispanic breast cancer survivors report high rates of cancer-
related fatigue (CRF) and depression [119, 136]. When comparing African
American breast cancer survivors with African American female controls, one
study found that breast cancer survivors experience more CRF, worse hot flashes,
and worse sleep quality [137]. Pain-related symptoms also were reported to be
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much higher among Hispanic women and elderly women [119, 128]. Factors
predicting clinically significant CRF include a BMI>25 kg/m?, weight gain,
physical inactivity, and low physical functioning [60, 63]. In addition, the severity
of fatigue symptoms is associated with increasing BMI [63]. There is a paucity of
research on racial differences in CRF. One study examined CRF in African
American and non-Hispanic White women, but did not find significant differences
between the two groups [126]. Taken together, these findings highlight the impor-
tant role of race/ethnicity and obesity on poorer HRQOL in cancer survivors, which
strongly suggests the need to elucidate the mechanisms leading to poorer HRQOL
outcomes in racially and ethnically diverse obese populations, as well as research to
examine persistent CRF disparities among racial/ethnic groups.

Peripheral Neuropathy and Cardiotoxicity

Few studies are found in the literature that examined racial differences in peripheral
neuropathy and cardiotoxicity among cancer patients. Gewandter et al. [138] stud-
ied self-reported chemotherapy-induced peripheral neuropathy (CIPN) in 421 can-
cer survivors participating in a phase III randomized clinical trial. The authors
reported that factors associated with functional impairment included non-white race
and greater motor neuropathy scores. Hasan and colleagues conducted a retrospec-
tive study of African American patient records to examine cardiotoxicity from
doxorubicin-based therapy from 1997-2001 [139]. The investigators found a dose-
dependent increase risk of cardiotoxicity in this patient population [139]. Another
study reported that low to moderate doses of anthracycline-based chemotherapeutic
agents were associated with subclinical abnormalities of cardiovascular function,
irrespective of race in patients with breast cancer or a hematologic malignancy
[140]. However, one study reported slightly higher trastuzumab-associated cardiac
safety events among African Americans (10.9 vs. 7.9) compared to non-Hispanic
Whites [86]. Research is needed to examine racial/ethnic differences for peripheral
neuropathy and cardiotoxicity related to cancer treatments.

Race/Ethnicity and Economic Impact of Survivorship

Improvements in cancer therapy have led to increases in the cost of treatment, often
causing a financial burden for patients and their families. To address this issue, the
American Society of Clinical Oncology (ASCO) Cost of Care Task Force devel-
oped a Guidance Statement on the Cost of Cancer Care to highlight salient issues to
clinicians, provide recommendations, and to identify relevant policy issues
[141]. The financial burden associated with treatment is compounded by inadequate
insurance coverage, job loss, or the inability to work, as well as higher insurance
premiums.
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A reported consequence of treatment in breast cancer survivors includes changes
in motivation to work, productivity and quality of work, and missed days of work
[142]. Racial/ethnicity disparities add another layer of complexity to the cost of
treatment. African American and Hispanic survivors who are more often uninsured
or receiving Medicaid are likely to present with advanced-stage cancer at diagnosis,
live in areas with lower high school graduation rates, and have lower median
incomes [143]. As a result of their diagnoses, survivors report increases in insur-
ance premiums at 3 and 6 months from baseline [142].

Private insurance and managed care payer status is associated with improved
S-year overall survival compared to patients with Medicaid, Medicare, or were
uninsured/self-pay [144]. For example, African American men with prostate can-
cer, who tend to receive care from hospitals with higher proportions of African
Americans and higher Medicaid admissions, have lower rates of definitive treat-
ment [145], which can impact survival.

Job loss also has been associated with receiving chemotherapy, comorbidities,
and a lack of employment support (e.g., paid sick leave and flexible schedules). To
illustrate, African American and Hispanic women are more likely to stop working
or lose their jobs when compared with non-Hispanic Whites after a cancer diagnosis
and during treatment [146, 147]. One study reported that Hispanic women had the
highest prevalence of job loss (24.1 %) compared to African Americans (10.1 %),
and non-Hispanic Whites (6.9 %) [147]. Another study showed that African
American women compared with non-Hispanic White women are more than
twice as likely to lose a job due to their diagnoses (6.6 % vs. 2.7 %) [148] and
have difficulty paying bills [147].

Race/ethnicity is associated with a higher proportion of income spent on out-of-
pocket health-care costs. African Americans often reside in households with a
yearly median household income < $35,000, which is negatively associated with
lower likelihood of receiving proper treatment and worse survival [144]. Minority
breast cancer survivors with yearly incomes < $20,000 and between $20,001 and
$40,000 have higher out-of-pocket costs compared with non-Hispanic Whites,
31.4 % versus 12.6 % and 19.5 % versus 8.7 %, respectively [148]. In addition,
African Americans are more likely to receive chemotherapy than non-Hispanic
White cancer survivors and the cost of chemotherapy treatment significantly
impacts the proportion of out-of-pocket costs compared to women not receiving
chemotherapy [149]. When examining costs associated with prostate cancer care,
African Americans have both higher and incremental costs compared to
non-Hispanic Whites [150].
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Interaction of Obesity and Race/Ethnicity for Outcomes After
a Cancer Diagnosis

Little is known about racial and ethnic differences and obesity’s impact on cancer
survivorship. Complex theories, models, and frameworks have been developed, and
studies have been conducted to try and link the combined influence of race and
obesity on cancer survivorship. While incremental progress has been made, the
current status of the literature has addressed only fragments of the framework in
Fig. 4.1. For example, studies have analyzed underlying social and physical deter-
minants such as the influence of nativity and neighborhoods [151] on cancer
survivorship without addressing the impact of obesity. Other studies have consid-
ered the impact of obesity [152] or comorbidities [153, 154] on cancer survivorship,
but have looked in depth at more distal determinants. What is known is mostly
specific to breast cancer, and even there, some of the research findings are
inconsistent.

Three large multiethnic cohort studies illustrate this variation. Conroy et al., in a
multiethnic prospective cohort study of African American, Native Hawaiian, Jap-
anese American, Latino, and Caucasian women, examined the relationship between
self-reported, pre-diagnostic BMI (body mass index (BMI) (weight (kg)/height
(m)?) and breast cancer survival [152]. Additionally, they examined whether the
association between BMI and risk for breast cancer-specific mortality varied by
ethnicity. The study found that while obese women had a modest increased risk of
breast cancer-specific mortality, ethnic-specific trends were inconclusive [2]. For
example, they found that obese women (BMI > 30 kg/m?) relative to women of
high-normal weight (BMI 25.0-29.9 kg/m?) had a higher risk of breast cancer-
specific mortality (HR = 1.45; 95 % CI: 1.05, 2.00), across all ethnic groups except
Native Hawaiian. Though ethnic-specific trends were inconclusive, obese Cauca-
sian and Japanese American women had a slightly elevated risk of breast cancer-
specific mortality compared with other ethnic groups [152].

Two more recent studies have moved closer to accurately representing the
complex relationship between race/ethnicity, obesity, and cancer survivorship by
including demographics and lifestyle factors on a larger number of ethnically
diverse groups. The California Breast Cancer Survivorship Consortium (CBCSC)
combined self-reported interview data regarding demographics and lifestyle factors
(e.g., family history of breast cancer, parity, smoking, alcohol consumption) from
six California-based breast-cancer epidemiologic studies with amassed cancer
registry data on clinical characteristics and mortality [155]. Between 1993 and
2007, a multiethnic cohort of 12,210 women (6,501 non-Latina Whites, 2,060
African Americans, 2,032 Latinas, 1,505 Asian Americans, and 112 other race/
ethnicity) were diagnosed with breast cancer. African Americans had higher rates
of breast cancer-specific mortality compared with non-Latina Whites (HR =1.13;
95 % CI. 0.97, 1.33). But, the breast cancer-specific mortality rates in Latinas
(HR =0.84; 95 % CI: 0.70, 1.00) and Asian Americans (HR = 0.60; 95 % CI: 0.37,
0.97) were lower than in non-Latina Whites. In a separate study, and in contrast to
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findings from the aforementioned CBCSC paper, Kwan et al. further investigated
these disparities in survival outcomes by race/ethnicity, accounting for obes