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ABSTRACT

Cancer is the leading cause of death among Alaska Native (AN) people, and the third leading cause of
years of potential life lost. AN tribal health leaders and researchers want to understand the cancer
burden attributable to modifiable risk factors among AN people to inform the design of cancer
prevention strategies. To address this question, we estimated the population attributable risk (PAR)
associated with modifiable cancer risk factors including obesity, smoking, physical inactivity, and alcohol
use among AN people. PAR varied by cancer site and risk factor, and was highest for lung cancer and
smoking, with an estimated 78.8% of cancers among males, and 69.8% among females attributable to
this risk factor. A smaller, but still substantial proportion of cancers were associated with obesity (up to
37% for endometrial cancer among females), physical inactivity (up to 18% for endometrial cancer
among females), and alcohol use (up to 34% for breast cancers among heavy drinking females). Overall,
we estimated that approximately 1500 cancers could be prevented over a 10-year period if these four
risk factors were eliminated among AN people. This study demonstrates the importance of smoking as a
primary prevention target to reduce the burden of cancer and other chronic diseases among AN
people. However, it also indicates that obesity, physical activity, and alcohol use may account for a
varying, but substantial proportion of cancers in this population. Given the high burden of cancer
among AN people, a comprehensive approach to primary prevention is warranted..
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INTRODUCTION

Cancer is the leading cause of death among
Alaska Native (AN) people, and the third leading
cause of years of potential life lost (Alaska Native
Epidemiology Center, 2017; Blake, 2016; Carmack,
2015). In contrast to U.S. whites (USW), for whom
cancer incidence and mortality rates have been
significantly declining over the past 20+ vyears
(Ryerson et al, 2016), rates remained fairly
constant among Alaska Native people, resulting in
a significant health disparity (Blake, 2016; Carmack,
2015). Furthermore, disparities in incidence of
several cancer sites exist between AN people and
USW,  including lung,  colorectal,  and
nasopharyngeal cancers, which are 15, 2.3, and
17.3 times higher among AN people than USW,
respectively (Carmack, 2015; Kelly JJ et al., 2014).
For these reasons, cancer is a leading concern
among Alaska tribal health leaders and
researchers, and the Alaska Native Tribal Health
Consortium’s  (ANTHC)  Cancer Program has
developed a Comprehensive Cancer Control Plan
(CCCP) specifically for the Alaska Tribal Health
System (ATHS) (2006).

Reducing the burden of cancer among AN people
may be achieved through a focus on cancer
prevention. It has been estimated that upwards of
50% of cancer deaths globally may be preventable
(Colditz et al., 2006; Colditz and Wei, 2012), and a
growing number of cancers are known to have risk
factors that are potentially modifiable (Stein and
Colditz, 2004). These include some of the leading
cancer sites among Alaska Native people: female
breast, lung, colorectal, and prostate cancers
(Carmack, 2015). Leading modifiable risk factors
for cancer include tobacco use, alcohol use, diet,
infectious diseases, obesity, and physical inactivity
(Siegel et al., 2017; Stein and Colditz, 2004). Little is
known about the burden of potentially
preventable cancers among AN people. Yet, AN
people do not meet national recommendations for
many modifiable cancer risk factors, including
tobacco use, overweight and obesity, and fruit and
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vegetable consumption (Lanier et al., 2012). There
is a critical need to better understand modifiable
risk factors for cancer among AN people, and the
burden of potentially preventable cancers. The
potential contribution of modifiable risk factors to
cancer burden can be assessed using population
attributable risk (PAR). This study analyzed the PAR
associated with modifiable risk factors for cancer
among AN people, including obesity, smoking,
physical inactivity, and alcohol use.

MATERIALS AND METHODS

Study population

American Indian and Alaska Native people (Al/AN)
represent a diverse group indigenous to North
America. The Alaska Department of Labor
estimated that in 2014, 143,367 AI/AN people
(alone or in combination) resided in Alaska,
accounting for 19% of the total Alaska population
(Alaska Department of Labor and Workforce
Development, 2015). There are 229 federally
recognized tribes in Alaska (American Congress of
American Indians, 2017; Williams, 2009).

The Alaska Tribal Health System (ATHS) is made
up of over 14 regional tribal health organizations,
which provide health care services, including
health  promotion and disease prevention
programs, to all Al/AN beneficiaries living in
Alaska. The Alaska Native Tribal Health Consortium
(ANTHC), a consortium of regional tribal health
organizations, provides statewide health services,
and co-manages Alaska’s only tertiary tribal
healthcare facility, the Alaska Native Medical
Center (ANMC) located in Anchorage.

Cancer Sites

We estimated PAR for all cancer sites known to be
associated  with  smoking, obesity, physical
inactivity, or alcohol use. Smoking-related cancers
were those determined by the 2014 Surgeon
General's report to be causally linked to smoking,
and included acute myeloid leukemia (AML), as
well as cancers of the bladder, colon and rectum,
esophagus, kidney, larynx, liver, lung, oral cavity,
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pancreas, stomach, and uterine cervix (Alberg et
al, 2014). Obesity-related cancers were those
determined by the World Cancer Research
Fund/American Institute for Cancer Research to be
associated with obesity (Wiseman, 2008), including
cancers of the esophagus, stomach, colon and

rectum, liver, gallbladder, pancreas,
postmenopausal  breast,  kidney,  advanced
prostate, thyroid, and endometrium. Physical

inactivity-related cancers were those determined
by a recent systematic review and meta-analysis to
be convincingly or probably associated with
physical activity or inactivity (Friedenreich et al,
2010), and included cancers of the colon, lung,
prostate, breast, endometrium, and ovaries. Finally,
alcohol-related cancers were those determined by
a recent systematic review and meta-analysis to be
statistically significantly associated with moderate,
or heavy drinking (Bagnardi et al., 2015), including
cancers of the colon and rectum, esophagus
(squamous cell carcinoma (ICD-O histologies
8070-8076) only), gallbladder, larynx, liver, lung,
oral cavity, stomach, prostate, and breast.

Data sources and definitions

Prevalence of cancer risk factors among Alaska
Native people was estimated using data from the
Alaska Behavioral Risk Factor Surveillance Survey
(BRFSS), collected by the Alaska Department of
Health and Social Services, Division of Public
Health, and the Centers for Disease Control and
Prevention. Data reported are for the 5-year
period 2011-2015, unless otherwise noted.
Individuals were defined as current smokers if they
reported having smoked more than 100 cigarettes
in their lifetime, and also reported current
smoking. Obesity was defined according to World
Health Organization (WHO) guidelines as having a
body mass index (BMI) > 30 kg/m”. Physical
inactivity was defined as not meeting the CDC-
recommended 150 minute/week of aerobic activity
(Centers for Disease Control and Prevention,
2008). Information on physical activity was
available from the 2011, 2013, and 2015 BRFSS
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surveys only. Alcohol intake (g ethanol/day) was
estimated as (average number of drinks/day*g
ethanol/drink). We estimated that each drink
contained 12.5 g ethanol (Bagnardi et al, 2015).
We categorized moderate and heavy drinking as
125 < 50 g/d (4 drinks/d) and >50 g/d (4
drinks/d), respectively, as per a recent review and
meta-analysis (Bagnardi et al., 2015).

Cancer case counts were from the National Cancer
Institute  Surveillance, Epidemiology, and End
Results (SEER) Program’s Alaska Native Tumor
Registry (ANTR). The ANTR is a population-based
registry that records cancer information on Al/AN
people who meet eligibility requirements for
Indian Health Service benefits, who have been
diagnosed with cancer in the state of Alaska, and
who are Alaskan residents at the time of cancer
diagnosis. As part of the ANTR's standard
surveillance process for collecting SEER data, cases
were identified through a variety of sources,
including: tumor registry and pathology files of
ANMC and other Native and non-Native
healthcare facilities throughout the state; linkage
to the Alaska State Cancer Registry and the
Washington State Cancer Registry; and death
certificates (<1% cases). For this study we used
data on the number of cancers diagnosed
between January 1, 2006 and December 31, 2015.

Classification of cancer site of origin, histologic cell
type, behavior and grade coding followed the
International Classification of Diseases for Oncology
(ICD-0O) third edition (2013). We included only
invasive malignancies (ICD-O behavior code 3);
benign and in situ tumors were not included in
case counts (ICD-O behavior codes 0 and 2,
respectively), nor were tumors of uncertain or
unknown behavior (ICD-O behavior code 7).
Menopausal status was not available through the
registry; therefore, age at diagnosis (< 50y, 250 y)
was used as a proxy to define post-menopausal
breast cancer. Advanced prostate cancer was
defined by having an AJCC stage group (7"
edition; ref) of lll or IV, or a Derived Summary
Stage 2000 of “Distant.”
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Table 1. Relative risk of cancer associated with each cancer site, and modifiable risk factor, used herein to estimate population attributable risk.>

Male Female Male Female Male Female Male Female Male Female
Acute Myeloid Leukemia 1.09 1.09 -- -- -- -- -- -- -- --
Bladder 3.14 3.4 == == == == == == == =
Colorectal 119 1.28 -- -- -- -- 1.21 1.07 1.53 1.24
Colon == == 1.45 112 132 132 == == == =
Rectum - - 1.25 1.05 -- -- - - - -
Esophagus 2.52 2.28 112 1.06 == == == == == ==
Esophageal SCC -- -- -- -- -- -- 2.23 2.23 4.95 4.95
Gallbladder == == 1.54 1.75 == == == == 2.64 2.64
Kidney and Renal Pelvis 1.59 1.35 1.59 1.91 -- -- -- -- -- --
Larynx 6.98 6.98 == == == == 1.44 1.44 2.65 2.65
Liver 1.85 1.49 1.99 143 -- -- -- -- 2.07 2.7
Lung 9.87 7.58 == == 143 143 == == == ==
Oral Cavity 343 343 -- -- -- -- 1.83 1.83 513 5.13
Pancreas 1.63 1.73 1.45 1.28 == == = = = =
Stomach 1.74 1.45 1.1 1 -- -- -- -- -- --
Thyroid == == 114 1.26 == == == == == ==
Male only
Prostate == == == == 125 == == == == ==
Advanced prostate -- -- 115 -- -- -- -- -- -- --
Female only
Breast - - - - -- 133 - 1.23 - 1.67
Postmenopausal breast == == == 116 == == == == == ==
Endometrium -- -- -- 2.54 -- 143 -- -- -- --
Ovarian == == == == = 123 == == == ==
www.companyofscientists.com/index.php/chd e4 Cancer Health Disparities
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Uterine cervix -- 1.83 -- -- -- -- -- -- -- --
“Relative risk estimates for smoking taken from: Gandini et al Int J Cancer 2008: 122;155-164. Botteri et al JAMA 2008:300,2765-2778. “Relative risk estimates for obesity
taken from Cheragi et al PLoS One 2012:7,e51446. Xue et al Eur J Cancer Prev 2016: 26, 94-105. Jenabi et al Pub Health 2015:129;872-880. “Relative risk estimates for
physical inactivity modified from Friedenreich et al Eur J Cancer 2010:46;2593-2604. “Relative risk estimates for alcohol use (moderate and heavy) taken from Bagnardi
et al BrJ Cancer 2015:112;580-593

Table 2. Prevalence of maodifiable risk factors for cancer among Alaska Native people, Alaska Behavioral Risk Factor Surveillance System, 2011-2015.

Current drinking Moderate (1-4 Heavy (>4 Average drinks/ day

(yes) drinks/day) drinks/day)
Total 34.8 (33.0, 36.6) 37.7 (35.9, 39.5) 50.9 (47.4, 54.3) 42.4(40.2, 44.7) 8.9 (7.7,10.3) 10.4 (9.1, 11.8) 0.41(0.36, 0.46)
Sex
Male 31.6 (29.2, 34.0) 40.2 (37.6, 42.9) 49.8 (44.9, 54.8) 44.8 (415, 48.2) 12.0 (9.9, 14.4) 11.6 (9.8, 13.8) 0.56 (0.47, 0.66)
Female 38.4 (35.7, 41.7) 351(32.6,37.7) 51.9 (47.0, 56.7) 40.0 (36.9, 43.7) 5.8 (4.6, 7.3) 9.1 (7.4, 11.0) 0.25 (0.21, 0.29)
Age (yr)
18-34 26.3 (23.4, 29.4) 42.2 (38.9, 45.5) 448 (38.8,5.9) 45.3 (41.3, 49.5) 10.2 (7.9, 13.1) 11.1 (8.7, 14.0) 0.42 (0.33, 0.5)
35-49 42.4(38.8, 46.0) 409 (374, 44.5) 53.5 (46.9, 60.1) 48.4 (44.1,52.8) 10.7 (8.4,13.4) 93 (7.2,1.9) 0.54 (0.43, 0.66)
50-64 39.3 (36.0, 42.7) 35.9(32.7,39.2) 54.0 (47.8, 60.1) 37.6 (33.8, 41.5) 8.1(6.0,10.8) 8.6 (6.8, 10.8) 0.35 (0.27, 0.44)
65+ 384 (33.7,43.4) 17.0 (13.9, 20.6) 58.5 (47.8, 68.4) 304 (23.9,37.9) 37(25,55) 12.0 (8.4,16.8) 0.2 (0.14, 0.25)
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Table 3. Population attributable risk (PAR) percent and estimated preventable cases (EPC) of cancers classified as associated with tobacco, obesity, and

physical inactivity.

Male Female Male Female Male Female
PAR EPC PAR EPC PAR EPC PAR EPC PAR EPC PAR EPC

Acute Myeloid Leukemia 3.6 0.7 3.7 04 == == == == == == == ==
Bladder 47.3 16.1 429 7.7 -- -- -- -- -- -- -- --
Colorectal 7.3 25.2 8.9 30.9 == == == == == == == ==

Colon -- -- -- -- 12.6 429 4.4 15.1 13.6 29.8 14.1 359

Rectum == == == == 6.9 8.5 18 1.7 == == == ==
Esophagus 389 16 31 6.8 35 14 2.2 0.5 -- -- -- --
Gallbladder == == == == 13.9 0.4 22.2 1.8 == == == ==
Kidney and Renal Pelvis 19.8 22.0 10.9 10.0 15.0 16.7 25.7 23.4 -- -- -- --
Larynx 715 17.9 67.7 34 == == == == == == == ==
Liver 26.3 15.3 147 4.0 229 12.8 14 35 -- -- -- --
Lung 78.8 280.7 69.8 2017 == == == == 17.5 62.6 18.1 52.6
Oral Cavity 50.5 445 46 26.7 -- -- -- -- -- -- -- --
Pancreas 20.9 111 20.3 10.8 11.9 6.3 9.6 51 == == == ==
Stomach 23.7 24.9 13.6 9.8 32 34 -- -- -- -- -- --
Thyroid == == == == 4.0 11 9.0 7.8 == == == ==
Male only
Prostate == == == == == = = == 11 22.7 == ==

Advanced prostate -- -- -- -- 43 1.6 -- -- -- -- -- --
Female only
Breast -- -- -- - -- - - - - - 14.7 94.0

Postmenopausal breast == == == == == == 5.7 26.9 == == == ==
Endometrium - - - - -- - 369 29.9 -- -- 18.1 14.6
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Ovarian - - - - — - - - - - 10.9 5.5
Uterine cervix - - 22.6 133 - - - - - - - -
Total 474.4 325.5 95.1 15.7 151 202.6

°EPC for a 10-year period, calculated using the number of cancers diagnosed among AN people for the 10-year period from 2006-2015.

Table 4. Population attributable risk (PAR) percent and estimated preventable cases (EPC) of cancers classified as associated with moderate and heavy
alcohol use.

Males Females Males Females

Cancer site PAR EPC PAR EPC PAR EPC PAR EPC
Colorectal 2.5 8.4 04 1.4 5.8 19.8 2.1 7.4
Esophageal SCC 12.9 35 6.7 0.5 314 8.5 26.4 2.1
Gallbladder == == == == 16.0 13 13 18
Larynx 50 13 2.5 0.1 16.1 4 131 0.7
Liver == == == == 11.0 6.2 8.9 2.2
Lung -- -~ -- - 17 6.1 13 39
Oral cavity 9.1 8 46 2.7 324 28.5 273 15.8
Stomach -- -~ -- - 2.4 2.5 19 14
Female only

Breast - - 1.3 8.4 - - 53 335
Total 212 13.1 76.9 68.8

°EPC for a 10-year period, calculated using the number of cancers diagnosed among AN people for the 10-year period from 2006-2015.
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Statistical methods

Prevalence estimates of cancer risk factors are
given with 95% confidence intervals (Cl), to
account for the BRFSS sampling strategy and
weighting. Differences in prevalence of cancer risk
factors by sex and age categories (18-34, 35-49,
50-64, and 65+ years) were assumed to be
statistically significant where 95% Cl did not
overlap.

Population attributable risk was estimated
using Levin's formula:

PAR = [Pyop X (RR-1))/[Ppop X (RR-1) +1]

where P, is the prevalence of the risk factor
among Alaska Native people and RR is the relative
risk of cancer associated with each risk factor
(Levin, 1953). RR estimates specific to Alaska Native
people were unavailable; therefore we used sex-
specific estimates (where available), generated
from meta analyses conducted among other
US/European populations (Bagnardi et al., 2015;
Botteri et al, 2008; Cheraghi et al, 2012
Friedenreich et al, 2010; Gandini et al, 2008;
Jenabi and Poorolajal, 2015; Xue et al, 2017).
Relative risk estimates used for calculations are
given in Table 1. The estimated preventable
cancers (EPC) for each risk factor was estimated by
multiplying the PAR for that risk factor/cancer by
the number of cancers at that site diagnosed
among AN people over the most recent 10-year
period: 2006-2015. A longer duration (i.e., 10-year
period vs 5-year period examined for risk factor
prevalence) was chosen to reduce the impact of
case number fluctuations on our estimates of EPC,
given small AN population numbers and case
counts. Institutional Review Board Review and
approval were not required for the current study
because both BRFSS and SEER Program data are
publically available, and all patient data were de-
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identified. Appropriate tribal review and approval
was obtained for publication of this study.

RESULTS

Prevalence of modifiable cancer risk factors

among Alaska Native People

Self-reported BRFSS prevalence of obesity, current
smoking, physical inactivity, and current drinking
(light/heavy/moderate) among AN people is given
in Table 2. Over a third of AN people reported
being obese; prevalence of obesity was higher
among females (38.4%) than males (31.6%).
Obesity prevalence was lowest in those aged 18-
34 vyears, but was similar between all other age
categories. Overall, smoking prevalence was
almost 38%; current smoking was slightly higher
among males (40.2%) than females (35.1%).
Smoking prevalence was similar among those
aged 18-34, 35-49, and 50-64; however, it was
substantially lower among those aged 65 years
and older. Overall, prevalence of physical inactivity
was high, with over half (50.9%) of AN people
reporting they did not meet the guidelines; this
proportion was similar in strata of sex and age.
Finally, over one third (42.4%) of AN people
reported consuming at least one alcoholic drink/
month; a far smaller proportion reported
moderate (8.9%) and heavy (10.45) drinking,
respectively. The proportion of moderate and
heavy drinkers was slightly higher among males,
relative to females; yet there was no consistent
pattern evident within strata of age.

Potentially preventable cancers among Alaska
Native people

PAR and EPC for obesity-, smoking-, and physical
inactivity-related cancers are given in Table 3. The
number and proportion of potentially preventable
cancers varied by risk factor and cancer site. The
highest PAR was observed for smoking: over 70%
of lung cancers (78.8% among males, 69.8%
among females), and a similar proportion of
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laryngeal cancers (71.5% male, 67.7% female)
could be potentially preventable with elimination
of this risk factor. Overall, we estimated that
approximately 800 cancers could be prevented in
Alaska over a 10-year period if smoking were
eliminated among AN people.

Obesity and physical inactivity represented a
smaller, but still substantial, number of potentially
preventable cancers (Table 3). Again, PAR varied
by cancer site, but was highest for obesity and liver
cancer (229% among males, 14.0% among
females), and physical inactivity and lung cancer
(17.5% among males, 18.1% among females). Both
obesity and physical inactivity showed a
particularly strong prevention potential for female
cancers: PAR for endometrial cancer was 36.9% for
obesity, and 18.1% for physical inactivity. Similarly,
PAR associated with physical inactivity was 14.7%
for breast cancer, and 10.9% for ovarian cancer.
We estimated that approximately 210 cancers
could be prevented among Alaska Native people
by eliminating obesity and 317 by eliminating
physical inactivity over a 10-year period.

Finally, we examined the prevention potential
associated with both moderate and heavy drinking
for alcohol-related cancers; these data are given in
Table 4. Overall, both PAR and EPC were higher
for heavy drinking than for moderate drinking;
total EPC over a 10-year period for these risk
factors was 146 and 34, respectively. As with the
other risk factors that we examined, PAR varied by
site. For heavy drinking, the highest PAR was
observed for female breast cancer (33.5%),
esophageal squamous cell carcinoma (31.4%
males, 26.4% females), and cancers of the oral
cavity (32.4% males, 27.3% females). In addition, a
smaller, but still substantial proportion of cancers
of the gallbladder, larynx and liver could also be
prevented with the elimination of heavy drinking
among AN people. Similar to heavy drinking, the
highest PAR for moderate drinking was observed
for esophageal squamous cell carcinoma (12.9%
males, 6.7% females), and cancers of the oral
cavity (9.1% males, 4.6% females). We estimated
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that eliminating moderate and heavy drinking may
prevent up to 34 and 146 cancers among Alaska
Native people, respectively, over a 10-year period.

DISCUSSION

The burden of cancer among AN people is high
(Carmack, 2015; Kelly JJ et al, 2014). Yet, our
results suggest that a potentially substantial
proportion of these cancers may be prevented if
exposure to four key modifiable risk factors:
smoking, obesity, physical inactivity, and alcohol
use, could be eliminated in this population. PAR
was highest for several smoking-related cancer
sites; the high prevalence of smoking among AN
people and importance of tobacco cessation and
prevention efforts has been previously recognized
(Patten et al, 2007; Patten et al, 2008; Renner et
al, 2004; Smith et al, 2010; State of Alaska
Tobacco Prevention and Control Program, 2015;
Wolsko et al., 2009). However, these results also
suggest the importance of recognizing and
addressing other modifiable risk factors in a
comprehensive  approach to the  primary
prevention of cancer. Such an approach is also
likely to have additional benefit to AN people, as
obesity, physical inactivity and alcohol use have
been linked to other outcomes of concern,
including diabetes, heart disease, chronic liver
disease, and unintentional injury (Murphy et al,
1997; Murphy et al,, 1995). While we recognize that
reducing or eliminating exposure to these risk
factors will provide a challenge to the Alaska Tribal
Health System, this study provides data to help
prioritize primary prevention efforts for the
greatest reduction in AN cancer burden. These
data reinforce the Alaska Tribal Health System’s
focus on tobacco use prevention and smoking
cessation, and emphasize the importance of
encouraging other healthy behaviors as well,
including being physically active, maintaining a
healthy weight, and low consumption of alcohol.

These data suggest that the greatest cancer
prevention potential for the AN population is to
reduce smoking. Of particular note, between 43%
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and 79% of cancers of the lung, larynx, oral cavity,
and bladder could be prevented with elimination
of this risk factor. This is at the high end of the
range of values observed across other, non-Native
populations (Whiteman and Wilson, 2016), likely
due to the high prevalence of smoking among AN
people (Lanier et al., 2012; Redwood et al., 2010).
In this study, prevalence of smoking was twice as
high as has been reported for U.S. (2012) or Alaska
whites (Alaska Department of Health and Social
Services, 2016), and several rural Alaska boroughs
(counties) with a high proportion of Alaska Native
residents have among the highest smoking
prevalence in the nation (e.g., 42% in the Northern
Region, 2014 (Dwyer-Lindgren et al, 2014)).
Furthermore in 2014, 15% of AN people reported
using smokeless tobacco (Alaska Department of
Health and Social Services, 2016), which has been
linked to oral cancer, esophageal cancer, and
pancreatic cancer, as well as heart and gum
disease (Boffetta et al, 2008; Organization and
Cancer, 2007). Our estimates of PAR did not
include smokeless tobacco use; including this
would likely inflate the estimates of PAR given
here. Importantly, the high prevalence of smoking
is likely a key contributor to several cancer
disparities among AN people. For example,
incidence of and mortality from lung cancer is 1.5
times higher among AN people, relative to U.S.
whites (Carmack, 2015). Several state- and tribally-
managed tobacco use prevention programs exist
to encourage and support AN people who wish to
quit smoking, including the Alaska Quitline and
ANTHC's  Tobacco Prevention and Control
Program, which provides tobacco cessation
services to AN people statewide, as well as training
for community tobacco treatment specialists.

In addition to smoking, these data demonstrate
that obesity and physical inactivity may also be
associated with a substantial proportion of cancer
among AN people (e.g., up to 37% for obesity and
endometrial cancer); however, these results must
be considered in context of what we know about
obesity and physical activity among AN people.
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For example, the associations of obesity with
chronic disease risk factors has been shown to be
modified by intake of n-3 polyunsaturated fatty
acids (Lemas et al., 2013; Makhoul et al, 2011
Vaughan et al,, 2015), which are high in many AN
traditional foods (Bersamin et al., 2008; Bersamin
et al, 2006; Bersamin et al, 2007). Thus, it is
possible that AN traditional subsistence activities,
including consumption of AN traditional foods,
may alleviate some of the cancer risk associated
with  obesity. Furthermore, AN people may
experience  physical activity differently than
recommended by national guidelines, which could
also modify the PAR estimates presented herein.
Studies have shown that while few AN people may
reach quideline amounts of moderate and
vigorous physical activity, a potentially larger
proportion may engage in lower intensity
traditional activities such as harvesting wild berries
and greens, and fishing for potentially longer
periods of time (Redwood et al, 2009). An
increasing body of literature supports the
importance of increasing physical activity levels
and avoiding sedentary behaviors (Arem et al,
2014; Arem et al, 2015, Howard et al, 2015
Matthews et al., 2012; Matthews et al., 2015; Moore
et al, 2016), perhaps to include the AN (Yup'ik)
concept of "keeping busy” (Hopkins et al., 2007),
as a key component of disease risk reduction.

Several ANTHC programs support healthy
behaviors around food and physical activity
among Alaska Native people. Recently, ANTHC
partnered with the State of Alaska’s Play Every Day
childhood obesity prevention campaign to create
culturally-appropriate public service
announcements for AN youth (Alaska Department
of Health and Social (Services, 2017). In addition,
ANTHC activities such as “Store Outside your
Door” which promotes knowledge and use of AN
traditional wild foods from around the state, and
"Alaskan Plants as Foods and Medicine” promote
healthy eating and traditional food consumption
for all AN people. While these activities are not
explicitly geared towards cancer prevention, our
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results suggest that reducing obesity and
increasing physical activity may be beneficial in
reducing cancer risk among AN people, and
support the continued investment in, and
evaluation of, such programs.

Alcohol use is also an important consideration for
cancer prevention among AN people. These data
demonstrate a lower prevalence of occasional
drinking among AN people than has been
reported for U.S. whites (Henley et al, 2014).
Patterns of alcohol use may differ among AN
people because of the cultural and political
landscape around its consumption. Many rural AN
communities are “dry” or “damp,” meaning that
they do not permit the consumption or sale of
alcohol, respectively. We observed a high rate of
abstinence among AN people, with over 65% of
AN people reporting they do not currently drink
(Table 2). Yet, our data also show that a substantial
proportion of potentially preventable cancers may
be related to alcohol use (e.g, up to 33.5% of
breast cancers, among heavy drinking females). In
addition to the substantial cancer prevention
potential presented herein, elimination of excess
alcohol use could have immediate implications for
reducing other leading causes of AN mortality,
including unintentional injury and suicide (Blake,
2016). While alcohol use is recognized as a cancer-
causing agent (Baan et al., 2007), strategies and
activities to reduce its use are not always included
in tribal and state Comprehensive Cancer Control
Plans (Henley et al, 2014), including the Alaska
Tribal Health System Comprehensive Cancer
Control Plan (2011-2017) (2006). Future iterations
of the plan should include strategies that address
the cancer prevention potential associated with
reduced exposure to this risk factor at a
population level.

Finally, these data can be compared to recent
reports on PAR from across the US. A recent
analysis by Islami and colleagues (Islami et al,
2017) estimated that up to 42% of incident cancers
in the U.S. could be attributed to major modifiable
cancer risk factors. As in the present study,

RESEARCH

smoking was a leading cause of both preventable
cancers and cancer deaths: the authors estimated
that approximately 80% of lung cancer cases were
attributable to cigarette smoking. This s
remarkably similar to our findings, given that
prevalence of smoking and tobacco use is known
to be substantially higher among Alaska Native
people (e.g. 35-40% in the present study, versus
approximately 15% nationwide (Jamal, 2016)).
Nevertheless, differences can be observed: for
example, approximately 20% of colon and rectal
cancer cases (combined) among males may be
attributed to obesity among AN men, compared
to only 4.8% of colorectal cancer cases among
U.S. males nationwide (Islami et al, 2017). Yet,
despite differences in the methodology and cancer
sites examined in the two studies, both estimate
that a substantial proportion of cancers could be
attributable to obesity, physical inactivity, and
alcohol use. Similar findings have been reported
for other populations globally (Armold et al., 2015;
Arriaga et al., 2017a; Parkin et al, 2011; Whiteman
and Wilson, 2016). This growing body of research
emphasizes need for  dissemination  and
implementation of known cancer preventive
measures. Our study further supports the need to
understand population attributable risk associated
with modifiable cancer risk factors in minority
populations across the U.S., in order to be able to
provide appropriate, population-specific
prevention programs.

This is the first study to examine the burden of
potentially preventable cancers among AN people
using the population attributable risk metric, and
provides a new way of looking at potential causes
of cancer among this underserved population.
Furthermore, these data may provide a novel and
effective way of communicating risk to AN tribal
health leaders and community members; future
research should address the acceptability and
accessibility of this metric for cancer risk
communication among AN people. Yet this study
also has several limitations that should be
acknowledged. First, we were unable to use AN-
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specific relative risk estimates in our calculations;
associations of risk factors with cancer outcomes
may differ among AN people from the
predominantly U.S./European populations on
which the risk estimate meta-analyses used in this
study were based. It is also assumed that risk
factors for cancer among AN people mirror those
observed in other populations; however, further
research is necessary to explore whether there are
AN specific risk or protective factors that might be
the focus of successful primary prevention
programs, and the strength of these associations.
For example, the importance of Helicobacter pylori
in the etiology of stomach cancer (Keck et al.,
2014) and colorectal cancer (Lee et al., 2016; Qing
et al, 2016; Sonnenberg and Genta, 2013;
Zumkeller et al., 2006), or HBV/HCV in the etiology
of liver cancer among AN people (Connelly et al.,
2016) has been previously demonstrated.
Furthermore, we acknowledge that our use of
Levin's  formula may have resulted in
overestimation of the PAR, as this method does
not account for effect modification, confounding,
or competing risks (Arriaga et al., 2017b; Flegal,
2014; Flegal et al, 2004; Flegal et al, 2007). In
particular, obesity and physical inactivity are likely
to be highly interlinked. In addition, we note that
PAR was calculated using BRFSS prevalence data
from 2011-2015, and EPC using ANTR case count
data from 2006-2015. Thus, our calculations do
not account for any potential lag between
exposure to the risk factors examined, and
incidence of cancer. Changes in both risk factor
prevalence, and cancer case counts, over time,
would result in changes to the results presented
herein. Finally, we note that BRFSS data are self-
reported, and may not represent “true” risk factor
exposure among the AN population. Importantly,
potentially sensitive exposures such as alcohol may
be underreported. Despite these limitations, these
data provide a novel view of cancer among Alaska
Native people, and provide data that may be
useful to tribal health leaders and public health
practitioners alike.

RESEARCH

This study examined the population attributable
risk for several leading modifiable risk factors for
cancer among AN people. While smoking was the
primary leading modifiable risk factor, a smaller,
but still substantial proportion of cancers may be
linked to other risk factors including obesity,
physical inactivity and alcohol use. Our results
demonstrate the need for a comprehensive
approach to primary cancer prevention among AN
people. Eliminating tobacco use, increasing
healthy diet and physical activity, and moderating
alcohol use would help substantially decrease the
cancer burden and resultant health disparities
experienced by AN people. By enhancing
evidence-based prevention efforts in these areas,
cancer morbidity and mortality would be reduced.

Acknowledgements

Dr. Nash and the Alaska Native Tumor Registry are
supported by the NCl's Surveillance, Epidemiology
and End Results Program, NCI contract number
HHSN261201300101, Task Order HHSN26100005.
Dr. Redwood is supported by the Centers for
Disease Control and Prevention, Building Public
Health Infrastructure for Alaska Native People
Component A, Grant # 1 NU58DP006379-01-00.

Conflict of interest statement

The author has declared that no competing or
conflict of interests exists. The funders had no role
in study design, writing of the manuscript and
decision to publish.

Authors' contributions
SHN: conceptualization, formal analysis,
methodology, project administration, writing -
original draft, writing - review and editing. DGR:
writing- review and editing.

REFERENCES

Agaku, |, Brian King, B., Dube, S.R.(2012). Current cigarette
smoking among adults - United States, 2011. MMWR
Morbidity and mortality weekly report 67, 889-894.

Alaska Department of Health and Social Services, Division of
Public Health (2016). Alaska Tobacco Facts: 2016 Update

www.companyofscientists.com/index.php/chd

el? Cancer Health Disparities



(Anchorage, AK). <
http://dhss.alaska.gov/dph/Chronic/Documents/Tobacco
/PDF/2016_AKTobaccoFacts.pdf>

Alaska Department of Health and Social Services, Division of
Public Health (2017). State of Alaska Play Every Day <
http://dhss.alaska.gov/dph/PlayEveryDay/Pages/default.a
spx>

Alaska Department of Labor and Workforce Development,
Research and Analysis Section. (2015). Alaska Population
Overview: 2013 Estimates (Anchorage, AK: Alaska
Department of Labor and Workforce Development). <
http://live.laborstats.alaska.gov/pop/estimates/pub/13po
pover.pdf>

Alaska Native Epidemiology Center (2017). Alaska Native
Health Status Report Fact Sheets. <
http://anthctoday.org/epicenter/healthdata.html>

Alaska  Native  Tribal  Health  Consortium  (2006).
Comprehensive Cancer Plan for the Alaska Tribal Healthy
System: 2005-2010 (Anchorage: Alaska Native Tribal
Health Consortium), pp. 94.

Alberg, AJ., Shopland, D.R., and Cummings, K.M. (2014). The
2014 Surgeon General's report: commemorating the 50th
Anniversary of the 1964 Report of the Advisory
Committee to the US Surgeon General and updating the
evidence on the health consequences of cigarette
smoking. Am J Epidemiol 779, 403-412.

Arem, H., Moore, S.C, Park, Y, Ballard-Barbash, R,
Hollenbeck, A., Leitzmann, M., and Matthews, C.E. (2014).
Physical activity and cancer-specific mortality in the NIH-
AARP Diet and Health Study cohort. Int J Cancer 735,
423-431.

Arem, H., Moore, S.C., Patel, A, Hartge, P., Berrington de
Gonzalez, A, Visvanathan, K., Campbell, P.T., Freedman,
M., Weiderpass, E., Adami, H.O,, et al. (2015). Leisure time
physical activity and mortality: a detailed pooled analysis
of the dose-response relationship. JAMA internal
medicine 775, 959-967.

Arnold, M., Pandeya, N., Byrnes, G., Renehan, P.A.G., Stevens,
G.A., Ezzati, PM. Ferlay, J, Miranda, JJ, Romieu, I,
Dikshit, R, et al (2015). Global burden of cancer
attributable to high body-mass index in 2012: a
population-based study. The Lancet Oncology 76, 36-46.

Arriaga, M.E., Vajdic, CM., Canfell, K., Maclnnis, R., Hull, P.,
Magliano, D.J., Banks, E., Giles, G.G., Cumming, R.G., and
Byles, J.E. (2017a). The burden of cancer attributable to
modifiable risk factors: the Australian cancer-PAF cohort
consortium. BMJ open 7, e016178.

Arriaga, M.E.,, Vajdic, CM., Canfell, K., Maclnnis, R., Hull, P.,
Magliano, D.J., Banks, E., Giles, G.G., Cumming, R.G,
Byles, JE, et al (2017b). The burden of cancer
attributable to modifiable risk factors: the Australian
cancer-PAF cohort consortium. BMJ Open 7, e016178.

Baan, R, Straif, K, Grosse, Y., Secretan, B., El Ghissassi, F.,
Bouvard, V. Altieri A, and Cogliano, V. (2007).

RESEARCH

Carcinogenicity of alcoholic beverages. Lancet Oncology
8, 292.

Bagnardi, V. Rota, M., Botteri, E., Tramacere, I, Islami, F,
Fedirko, V., Scotti, L., Jenab, M., Turati, F., and Pasquali, E.
(2015). Alcohol consumption and site-specific cancer risk:
a comprehensive dose-response meta-analysis. British
journal of cancer 772, 580.

Bersamin, A., Luick, B.R, King, I.B., Stern, J.S., and Zidenberg-
Cherr, S. (2008). Westernizing diets influence fat intake,
red blood cell fatty acid composition, and health in
remote Alaskan Native communities in the center for
Alaska Native health study. J Am Diet Assoc 708, 266-
273.

Bersamin, A., Luick, B.R, Ruppert, E, Stern, JS, and
Zidenberg-Cherr, S. (2006). Diet quality among Yup'ik
Eskimos living in rural communities is low: the Center for
Alaska Native Health Research Pilot Study. J Am Diet
Assoc 106, 1055-1063.

Bersamin, A., Zidenberg-Cherr, S., Stern, J.S., and Luick, B.R.
(2007). Nutrient intakes are associated with adherence to
a traditional diet among Yup'ik Eskimos living in remote
Alaska Native communities: the CANHR Study. Int J
Circumpolar Health 66, 62-70.

Blake, I, Holck, P., Provost, E.M. (2016). Alaska Native Mortality
Update: 2009-2013 (Anchorage, AK: Alaska Native
Epidemiology Center).

Boffetta, P, Hecht, S., Gray, N., Gupta, P., and Straif, K. (2008).
Smokeless tobacco and cancer. Lancet Oncol 9, 667-675.

Botteri, E., lodice, S, Bagnardi, V., Raimondi, S., Lowenfels,
AB. and Maisonneuve, P. (2008). Smoking and
colorectal cancer: a meta-analysis. JAMA 300, 2765-2778.

Carmack, A, Schade, TL, Sallison, I, Provost EM, Kelly, JJ
(2015). Cancer in Alaska Native People: 1969-2013, The
45 Year Report (Anchorage, AK: Alaska Native
Epidemiology Center, Alaska Native Tribal Health
Consortium).

Centers for Disease Control and Prevention, U.S.D.o.H.a.H.S.
(2008). 2008 Physical Activity Guidelines for Americans
(Washington, D.C.: Centers for Disease Control and
Prevention).

Cheraghi, Z., Poorolajal, J., Hashem, T., Esmailnasab, N., and
Irani, A.D. (2012). Effect of body mass index on breast
cancer during premenopausal and postmenopausal
periods: a meta-analysis. PLoS one 7, e51446.

Colditz, G.A, Sellers, T.A, and Trapido, E. (2006).
Epidemiology - identifying the causes and preventability
of cancer? Nat Rev Cancer 6, 75-83.

Colditz, G.A., and Wei, EK. (2012). Preventability of cancer: the
relative contributions of biologic and social and physical
environmental determinants of cancer mortality. Annu
Rev Public Health 33, 137-156.

Connelly, M., Bruce, M.G,, Bulkow, L, Snowball, M., and
McMahon, B.J. (2016). The changing epidemiology and
aetiology of hepatocellular carcinoma from 1969 through
2013 in Alaska Native people. Liver international : official

www.companyofscientists.com/index.php/chd

el3 Cancer Health Disparities



journal of the International Association for the Study of
the Liver 36, 1829-1835.

Dwyer-Lindgren, L., Mokdad, AH., Srebotnjak, T., Flaxman,
AD., Hansen, G.M., and Murray, CJ. (2014). Cigarette
smoking prevalence in  US counties: 1996-2012.
Population health metrics 72, 5.

Flegal, K.M. (2014). Bias in calculation of attributable fractions
using relative risks from nonsmokers only. Epidemiology
(Cambridge, Mass) 25, 913-9716.

Flegal, KM., Graubard, B.l, and Williamson, D.F. (2004).
Methods of calculating deaths attributable to obesity. Am
J Epidemiol 760, 331-338.

Flegal, KM., Graubard, B.Il, Williamson, D.F., and Gail, M.H.
(2007). Impact of smoking and preexisting illness on
estimates of the fractions of deaths associated with
underweight, overweight, and obesity in the US
population. Am J Epidemiol 766, 975-982.

Friedenreich, C.M., Neilson, H.K., and Lynch, B.M. (2010). State
of the epidemiological evidence on physical activity and
cancer prevention. European journal of cancer 46, 2593-
2604.

Gandini, S., Botteri, E., lodice, S., Boniol, M., Lowenfels, A.B.,
Maisonneuve, P., and Boyle, P. (2008). Tobacco smoking
and cancer: A meta-analysis. International journal of
cancer 122, 155-164.

Henley, S.J., Kanny, D., Roland, K.B., Grossman, M., Peaker, B,
Liu, Y., Gapstur, S.M., White, M.C., and Plescia, M. (2014).
Alcohol control efforts in comprehensive cancer control
plans and alcohol use among adults in the USA. Alcohol
and Alcoholism 49, 661-667.

Hopkins, S.E., Kwachka, P., Lardon, C, and Mohatt, G.V.
(2007). Keeping busy: a Yup'ik/Cup'ik perspective on
health and aging. Int J Circumpolar Health 66, 42-50.

Howard, B., Winkler, E.A,, Sethi, P, Carson, V., Ridgers, N.D,,
Salmon, J.O., Healy, G.N., Owen, N., and Dunstan, D.W.
(2015). Associations of Low- and High-Intensity Light
Activity with Cardiometabolic Biomarkers. Medicine and
science in sports and exercise 47, 2093-2101.

Islami, F., Goding Sauer, A., Miller, K.D., Siegel, R.L., Fedewa,
S.A., Jacobs, EJ., McCullough, M.L,, Patel, AV, Ma, J,
and Soerjomataram, I. (2017). Proportion and number of
cancer cases and deaths attributable to potentially
modifiable risk factors in the United States. CA: a cancer
Jjournal for clinicians.

Jamal, A. (2016). Current cigarette smoking among adults—
United States, 2005-2015. MMWR Morbidity and
mortality weekly report 65.

Jenabi, E., and Poorolajal, J. (2015). The effect of body mass
index on endometrial cancer: a meta-analysis. Public
health 729, 872-880.

Keck, JW., Miernyk, KM., Bulkow, LR., Kelly, J.J., McMahon,
B.J., Sacco, F., Hennessy, TW., and Bruce, M.G. (2014).
Helicobacter pylori infection and markers of gastric
cancer risk in Alaska Native persons: a retrospective case-
control study. Can J Gastroenterol Hepatol 28, 305-310.

RESEARCH

Kelly JJ, Lanier AP, Schade T, Brantley J, and Starkey BM
(2014). Cancer disparities among Alaska Native people,
1970-2011. Prev Chronic Dis 77, E221.

Lanier, A.P., Redwood, D.G., and Kelly, J.J. (2012). The Alaska
Education and Research Towards Health (EARTH) Study:
cancer risk factors. J Cancer Educ 27, S80-85.

Lee, J.Y., Park, HW.,, Choi, )Y, Lee, J.S, Koo, J.E, Chung, E.J,
Chang, H.S., Choe, J, Yang, D.H, Myung, SJ., et al
(2016). Helicobacter pylori Infection with  Atrophic
Gastritis Is an Independent Risk Factor for Advanced
Colonic Neoplasm. Gut and liver 70, 902-909.

Lemas, D.J., Klimentidis, Y.C., Wiener, H.H., O'Brien, D.M,,
Hopkins, S.E., Allison, D.B., Fernandez, J.R., Tiwari, HK,
and Boyer, B.B. (2013). Obesity polymorphisms identified
in genome-wide association studies interact with n-3
polyunsaturated fatty acid intake and modify the genetic
association with adiposity phenotypes in Yup'ik people.
Genes Nutr 8, 495-505.

Levin, M.L. (1953). The occurrence of lung cancer in man. Acta
- Unio Internationalis Contra Cancrum 9, 531-541.

Makhoul, Z., Kristal, ARR., Gulati, R., Luick, B., Bersamin, A,
O'Brien, D., Hopkins, S.E., Stephensen, C.B., Stanhope,
K.L., Havel, P.J., et al (2011). Associations of obesity with
triglycerides and C-reactive protein are attenuated in
adults with high red blood cell eicosapentaenoic and
docosahexaenoic acids. Eur J Clin Nutr 65, 808-817.

Matthews, C.E., George, S.M., Moore, S.C., Bowles, H.R,, Blair,
A., Park, Y., Troiano, R.P., Hollenbeck, A., and Schatzkin,
A. (2012). Amount of time spent in sedentary behaviors
and cause-specific mortality in US adults. Am J Clin Nutr
95, 437-445.

Matthews, C.E., Moore, S.C., Sampson, J.,, Blair, A, Xiao, Q.
Keadle, SK., Hollenbeck, A., and Park, Y. (2015). Mortality
Benefits for Replacing Sitting Time with Different Physical
Activities. Medicine and science in sports and exercise 47,
1833-1840.

Moore, S.C, Lee, M. Weiderpass, E, Campbell, P.T,
Sampson, J.N., Kitahara, C.M., Keadle, SK., Arem, H,
Berrington de Gonzalez, A, Hartge, P, et al (2016).
Association of Leisure-Time Physical Activity With Risk of
26 Types of Cancer in 1.44 Million Adults. JAMA internal
medicine 776, 816-825.

Murphy, N.J., Schraer, C.D., Theile, M.C., Boyko, E.J., Bulkow,
L.R., Doty, B.J., and Lanier, AP. (1997). Hypertension in
Alaska Natives: association with overweight, glucose
intolerance, diet and mechanized activity. Ethnicity &
health 2, 267-275.

Murphy, N.J., Schraer, C.D., Thiele, M.C., Boyko, E.J., Bulkow,
L.R., Doty, BJ.,, and Lanier, A, P. (1995). Dietary Change
and Obesity Associated with Glucose Intolerance in
Alaska Natives. American Diet Association 95, 676-682.

National Congress of American Indians (2017). Tribal Nations
and the United States: An Introduction (Washington, DC:
National Congress of American Indians ).

www.companyofscientists.com/index.php/chd

el4 Cancer Health Disparities



Native Health Research (CANHR) study. Cultur Divers Ethnic
Minor Psychol 75, 165-172.

Parkin, D.M., Boyd, L., and Walker, L.C. (2011). 16. The fraction
of cancer attributable to lifestyle and environmental
factors in the UK in 2010. Br J Cancer 705 Suppl 2, S77-81.

Patten, C.A,, Enoch, C., Renner, C.C., Offord, KP., Nevak, C,
Kelley, S.F., Thomas, J., Decker, P.A., Hurt, R.D., Lanier, A,
et al. (2007). Focus Groups of Alaska Native Adolescent
Tobacco Users: Preferences for Tobacco Cessation
Interventions and Barriers to Participation. Health Educ
Behav.

Patten, C.A.,, Renner, C.C., Decker, P.A, O'Campo, E., Larsen,
K., Enoch, C., Offord, K.P., Hurt, R.D., Lanier, A., and Kaur,
J. (2008). Tobacco use and cessation among pregnant
Alaska Natives from Western Alaska enrolled in the WIC
program, 2001-2002. Maternal and Child Health Journal
12 Suppl 1, 30-36.

Qing, Y., Wang, M., Lin, Y.M., Wu, D., Zhu, J.Y,, Gao, L., Liy,
YY, and Yin, T.F. (2016). Correlation between
Helicobacter pylori-associated gastric  diseases and
colorectal neoplasia. World J Gastroenterol 22, 4576-
4584.

Redwood, D., Lanier, A.P., Renner, C., Smith, J., Tom-Orme, L.,
and Slattery, M.L. (2010). Differences in cigarette and
smokeless tobacco use among American Indian and
Alaska Native people living in Alaska and the Southwest
United States. Nicotine Tob Res 72, 791-796.

Redwood, D., Schumacher, M.C,, Lanier, AP., Ferucci, ED,
Asay, E., Helzer, LJ, Tom-Orme, L, Edwards, S.L,
Murtaugh, M.A., and Slattery, M.L. (2009). Physical activity
patterns of American Indian and Alaskan Native people
living in Alaska and the Southwestern United States. Am J
Health Promot 23, 388-395.

Renner, C.C,, Patten, C.A.,, Enoch, C., Petraitis, J., Offord, K.P,,
Angstman, S., Garrison, A., Nevak, C., Croghan, I.T., and
Hurt, R.D. (2004). Focus groups of Y-K Delta Alaska
Natives: attitudes toward tobacco use and tobacco
dependence interventions. Prev Med 38, 421-431.

Ryerson, A.B., Eheman, C.R., Altekruse, S.F., Ward, J.W., Jemal,
A., Sherman, R.L,, Henley, S.J., Holtzman, D., Lake, A., and
Noone, AM. (2016). Annual report to the nation on the
status of cancer, 1975-2012, featuring the increasing
incidence of liver cancer. Cancer 122, 1312-1337.

Siegel, R.L., Miller, K.D., and Jemal, A. (2017). Cancer Statistics,
2017. CA Cancer J Clin 67, 7-30.

Smith, J.J,, Ferucci, E.D., Dillard, D.A., and Lanier, A.P. (2010).
Tobacco use among Alaska Native people in the EARTH
study. Nicotine Tob Res 72, 839-844.

Sonnenberg, A., and Genta, R.M. (2013). Helicobacter pylori is
a risk factor for colonic neoplasms. Am J Gastroenterol
108, 208-215.

State of Alaska Tobacco Prevention and Control Program
(2015). The Alaska Native Community Evaluation Project:
An equity lens review of tobacco prevention & control in
Alaska.

RESEARCH

Stein, C.J., and Colditz, G.A. (2004). Modifiable risk factors for
cancer. Br J Cancer 90, 299-303.

U.S. Department of Health and Human Services. The Health
Consequences of Smoking: 50 Years of Progress. A
Report of the Surgeon General. Atlanta, GA: U.S.
Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for
Chronic Disease Prevention and Health Promotion, Office
on Smoking and Health, 2014.

Vaughan, LK, Wiener, HW., Aslibekyan, S., Allison, D.B.,
Havel, P.J., Stanhope, K.L, O'Brien, D.M., Hopkins, S.E.,
Lemas, D.J., Boyer, BB, et al (2015). Linkage and
association analysis of obesity traits reveals novel loci and
interactions with dietary n-3 fatty acids in an Alaska
Native (Yup'ik) population. Metabolism 64, 689-697.

Whiteman, D.C, and Wilson, LF. (2016). The fractions of
cancer attributable to modifiable factors: A global review.
Cancer epidemiology 44, 203-221.

Williams, M.S.T. (2009). The Alaska Native Reader: History,
Culture. In Politics (Durham and London: Duke University
Press).

Wiseman, M. (2008). The second World Cancer Research
Fund/American Institute for Cancer Research expert
report. Food, nutrition, physical activity, and the
prevention of cancer: a global perspective. Proceedings
of the Nutrition Society 67, 253-256.

Wolsko, C., Mohatt, G.V., Lardon, C., and Burket, R. (2009).
Smoking, chewing, and cultural identity: prevalence and
correlates of tobacco use among the Yup'ik-The Center
for Alaska

World Health Organization (2013). International Classification
of Diseases for Oncology (ICD-O), Third Edition, First
Revision  (Geneva,  Switzerland:  World  Health
Organization).

World Health Organization, and International Agency for
Research on Cancer. (2007). Smokeless tobacco and
some  tobacco-specific  N-Nitrosamines.  Smokeless
tobacco and some tobacco-specific N-
Nitrosamines.(Lyons, France: International Agency for
Research on Cancer)

Xue, K, Li, F.-F., Chen, Y.-W., Zhou, Y.-H., and He, J. (2017).
Body mass index and the risk of cancer in women
compared with men: a meta-analysis of prospective
cohort studies. European Journal of Cancer Prevention
26, 94-105.

Zumkeller, N., Brenner, H., Zwahlen, M., and Rothenbacher, D.
(2006). Helicobacter pylori infection and colorectal cancer
risk: a meta-analysis. Helicobacter 77, 75-80.

www.companyofscientists.com/index.php/chd

el5 Cancer Health Disparities



