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Abstract

Purpose Cancer is the leading cause of mortality among Alaska Native (AN) people. The Alaska Education and Research
Towards Health (EARTH) cohort was established to examine risk and protective factors for chronic diseases, including can-
cer, among AN people. Here, we describe the cancer experience of the Alaska EARTH cohort in relation to statewide- and
region-specific tumor registry data, and assess associations with key cancer risk factors.

Methods AN participants were recruited into the Alaska EARTH cohort during 2004-2006. Data collected included patient
demographic, anthropometric, medical and family history, and lifestyle information. This study linked the Alaska EARTH
data with cancer diagnoses recorded by the Alaska Native Tumor Registry (ANTR) through 12/31/15. We compared EARTH
incidence to ANTR statewide incidence. We examined independent associations of smoking status, diet, BMI, and physical
activity with incident all-site cancers using multivariable-adjusted Cox proportional hazards models.

Results Between study enrollment and 2015, 171 of 3,712 (4.7%) Alaska EARTH study participants were diagnosed with
cancer. The leading cancers among Alaska EARTH participants were female breast, lung, and colorectal cancer, which
reflected those observed among AN people statewide. Incidence (95% CI) of cancer (all sites) among Alaska EARTH par-
ticipants was 629.7 (510.9-748.6) per 100,000 person-years; this was comparable to statewide rates [680.5 (660.0-701.5)
per 100,000 population]. We observed lower risk of all-sites cancer incidence among never smokers.

Conclusions Cancer incidence in the Alaska EARTH cohort was similar to incidence observed statewide. Risk and protective
factors for leading cancers among AN people mirror those observed among other populations.

Keywords Indians - North American/statistics & numerical data - Cohort studies - Tumor registry - Prospective studies -
Incidence - Neoplasms/epidemiology - Neoplasms/mortality

Abbreviations BMI Body mass index
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of cancer among AN people will require a comprehensive
approach, involving a variety of prevention strategies across
the cancer continuum.

The Alaska EARTH cohort study was established to
improve the understanding of risk and protective factors
for cancer and other chronic diseases and to inform the
design of more effective primary and secondary prevention
strategies among AN people [5, 6]. Previously published
reports from this study population demonstrate increased
prevalence of several chronic disease risk factors, including
tobacco use, physical inactivity, overweight and obesity,
and low fruit and vegetable consumption [5, 7, 8]. Cardio-
metabolic risk factors, including impaired fasting glucose,
hypertension, and dyslipidemia, were also more common
among Alaska EARTH participants than reported for the
general U.S. population by NHANES [8]. Conversely,
potential protective factors include reproductive factors
such as low nulliparity, decreased use of menopausal estro-
gen therapy, common use of contraceptive hormones [9],
as well as high prevalence of cancer screening [10-12],
and participation in AN traditional food use and cultural
activities [7].

However, researchers’ ability to directly address asso-
ciations of risk or protective factors with chronic disease
outcomes in these studies is limited, because the extent to
which the Alaska EARTH cohort represents the cancer
experience of AN people statewide is unknown. The study
recruited a convenience sample from three regions of the
state, and while it was shown to be representative of these
regions by demographic factors including age and education
[5], the extent to which it represents AN people in terms
of health conditions is unknown. Additionally, previously
published studies include only baseline cross-sectional data
[5, 7-9], as no longitudinal follow-up data were yet availa-
ble. The present study addresses these questions by making
innovative use of another available resource to understand
the cancer burden among AN people: the Alaska Native
Tumor Registry (ANTR). The ANTR is a population-based
cancer registry that has collected cancer surveillance data
for the AN community since 1969. We performed a linkage
between the Alaska EARTH cohort and the ANTR database
to establish the number and site of incident cancers among
the Alaska EARTH cohort since baseline data collection in
2004-2006. We also examined associations of major can-
cer risk and protective factors with cancer incidence. This
study is the first longitudinal cohort study of cancer risk
among AN people and provides critical information that
will be useful for clinicians, health system administrators,
public health program directors, health researchers, and AN
people.
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Methods
The Alaska EARTH study

Detailed methods of the Alaska EARTH study have been
described elsewhere [5, 6]. Alaska EARTH participants
were recruited from three regions: Southcentral Alaska,
which includes the state’s largest urban center, Anchor-
age; Southeast Alaska, a largely coastal area including the
state capital and 30 4+ remote communities; and Southwest
Alaska, which is comprised of 50 + small remote commu-
nities in the Yukon—Kuskokwim Delta. Eligibility criteria
included the following: age > 18 years, American Indian/
Alaska Native (AI/AN) heritage and eligible for health
care through the Indian Health Service, not pregnant, not
actively undergoing cancer treatment, and physically and
mentally able to read and understand the consent form
and to complete survey instruments and medical tests.
Informed consent was obtained from all participants
recruited into the EARTH study. Approval from the Alaska
Area Institutional Review Board, as well as approval from
regional tribal health organizations and local commu-
nity councils, was obtained for all aspects of the Alaska
EARTH study, including the present analysis. Appropriate
tribal review was obtained before publication of this study.
Baseline data collection for the Alaska EARTH study
occurred from March 2004 through August 2006 in 26
communities [5]. The baseline study visit consisted of the
following: a written informed consent; intake question-
naire for demographic information; clinical measurements
(seated blood pressure, height, weight, waist and hip cir-
cumference, and fasting blood glucose and lipid panel)
[8]; a validated Diet History Questionnaire (DHQ) [13];
as well as Health, Lifestyle, and Physical Activity (HLPA)
questionnaire that assessed health behaviors, as well as
family and personal medical history. Each participant
received a personalized health appraisal at the conclusion
of the study visit. A fasting blood sample was obtained by
finger stick and tested for glucose and lipid levels using
the Cholestech LDX® (Cholestech, Hayward, CA, USA)
portable analyzer. Medical record reviews using the Inter-
national Classification of Diseases, Ninth Edition codes,
were conducted by study-trained research nurses [14].
For the purposes of this study, we used specific infor-
mation on dietary intake, physical activity, and smoking;
therefore, further description of these sections of the ques-
tionnaires are given. The DHQ, used in the present analy-
sis to assess fruit and vegetable intake, was designed spe-
cifically for use in this cohort of AI/AN adults. The DHQ
assessed intake over the past year, to account for seasonal
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variation in diet due to subsistence food availability. For
each food item, participants were asked whether the food
was consumed daily, weekly, monthly, or yearly; how
many times (per day, month, or year) they ate the food;
their usual serving size; and whether or not the food was
consumed seasonally. Tobacco use and physical activity
were assessed using the HLPA, a questionnaire specifically
designed to be AI/AN culturally relevant. This section of
the HLPA included questions on participants’ age at smok-
ing initiation, years since smoking cessation, and number
of cigarettes currently smoked per day. These questions
did not ask about ceremonial or traditional tobacco use;
however, these tobacco uses are less common among AN
compared to Al people in the contiguous 48 states where
the plant grows naturally [15]. Regarding physical activ-
ity, participants were asked to report activities performed
during the past week, as well as activities engaged in
throughout the year. For the latter, participants were asked
to describe about how many months the activity was per-
formed as well as how much time was spent in the activity.
Each activity was also weighted by its relative metabolic
equivalent (MET) cost [16], from which we calculated the
sum of the MET-hours per week for each participant.

Cancer diagnoses

Cancer diagnosis information was collected by the ANTR, a
member of the National Cancer Institute’s Surveillance, Epi-
demiology, and End Results (SEER) Program since 1999.
The ANTR is a population-based registry that records cancer
information on AI/AN people meeting eligibility require-
ments for Indian Health Service benefits, who have been
diagnosed with cancer in the state of Alaska since 1969, and
who resided in the state at the time of their cancer diagnosis.
Cases were ascertained through a variety of sources, includ-
ing (1) hospital discharge diagnoses for tribal and non-tribal
health facilities in Alaska; (2) tumor registry and pathol-
ogy files of the ANMC and other in-state healthcare facili-
ties; (3) linkage to the Alaska State Cancer Registry and the
Washington State Cancer Registry; and (4) death certificates
(< 1% cases identified through death certificate only). Can-
cer information has been collected according to SEER pro-
gram standards since the inception of the ANTR. Linkage of
Alaska EARTH study participants with the ANTR database
was performed based on key identifying information includ-
ing full name, date of birth, and social security number.

Cancer risk and protective factors

We compared body mass index (BMI), smoking status,
fruit and vegetable intake, physical activity, and family
medical history among participants with and without a pri-
mary incident cancer. These factors were chosen because of

their established links to cancer outcomes in other popula-
tions [17-19] and were categorized as follows. BMI (kg/
m?) was calculated as the participant’s study-measured
weight in kilograms divided by the square of their height in
meters. Participants were defined as non-healthy weight if
BMI >25 kg/m?, or healthy weight if 18.5-24.9 kg/m?. For
smoking status, participants were categorized as never, or
ever smokers. Ever smokers were those who reported hav-
ing smoked at least 100 cigarettes in their lifetime [20], and
who either reported current smoking, or having quit smoking
prior to enrollment. Participants were categorized as meeting
fruit and vegetable intake recommendations [21] if they self-
reported consuming at least five servings of either fruits or
vegetables per day. Physical activity was classified according
to U.S. Government guidelines from the Centers for Dis-
ease Control and Prevention [22]. As per this recommenda-
tion, participants were classified as “physically active” if
their self-reported activity met or exceeded 500 metabolic
equivalent (MET) minutes/week. Otherwise, participants
were classified as “not physically active.” Family history of
breast or colorectal cancers was obtained from the EARTH
study family history surveys. An individual was classified as
having a family history of breast or colorectal cancer only if
they self-reported that a first-degree relative (parent, sibling,
or child) had previously received a diagnosis.

Statistical analyses

For the present study, EARTH study participants were ini-
tially excluded for missing information necessary to perform
linkage with the ANTR. To determine incidence of primary
cancer diagnoses, participants with ANTR-identified his-
tories of cancer diagnoses prior to Alaska EARTH study
enrollment were additionally excluded [23]. Of the 3,821
participants recruited into the Alaska EARTH cohort, nine
were excluded for missing information which prevented link-
age with the ANTR. An additional 100 participants were
excluded with ANTR-identified histories of cancer diagno-
ses prior to enrollment. The final sample size for our analy-
ses was 3,712.

Characteristics of those in the Alaska EARTH cohort
with and without an incident cancer during follow-up
were compared using ¢ tests for continuous variables,
and chi-squared tests for categorical variables. Cancer
incidence rates (all-sites and site-specific) were calcu-
lated among strata of age, sex, cancer site, and study
region before being summarized. Incidence rates were
age-adjusted to the 2000 US Standard Population [24].
Person-time for participants of the Alaska EARTH cohort
was calculated as the time between date of study enroll-
ment and date of cancer incidence (event), administrative
censoring (12/31/15), or death. Statewide and regional
incidence rates were calculated directly from ANTR data
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using population data from the SEER Program [24]. Cases
diagnosed during years 2004-2015 were included in these
calculations. Cancer site was categorized by site accord-
ing to SEER site groups (ICD/WHO re-classification;
ref). Due to small case numbers, we analyzed site-spe-
cific data only for cancers of the female breast (ICDO-3
anatomic site codes C50.0-C50.9); lung and bronchus
(C34.0-C34.9); and colon, rectum, and recto-sigmoid
junction (summarized as “colorectal”; C18.0-C20.9 and
C26.0). All other cancers were grouped into “Other.”
Independent associations of smoking, BMI, and physical
activity with cancer incidence were assessed using uni-
variate and multivariable-adjusted Cox proportional haz-
ards models, adjusted for demographic variables known to
affect cancer risk, including age, sex, and rural/urban res-
idence. Participants recruited to the Alaska EARTH study
in the southcentral region, inclusive of and adjacent to
Anchorage, were considered “urban,” all others were con-
sidered “rural.” All statistical tests were two-sided with
a=0.05. All statistical analyses were conducted using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) or
SEER*Stat version 8.3 [Surveillance Research Program,
National Cancer Institute (seer.cancer.gov/seerstat)].

Results

Demographic and other characteristics for the study sam-
ple, stratified by cancer status (cancer-free and incident
cancer diagnosis) are shown in Table 1. Those who expe-
rienced a cancer diagnosis during follow-up were substan-
tially older at baseline [mean (SD): 52.9 (13.0), vs. 39.3
(14.5), p<0.0001] than those without a cancer diagnosis.
Mean BMI was slightly lower among participants who were
cancer-free than among those who experienced a cancer
diagnosis during follow-up [mean (SD): 29.9 (6.9) vs. 31.2
(7.9), p=0.01]. However, the distribution of participants by
BMI category (healthy weight/not healthy weight) was not
significantly different between the two groups (p =0.35).
While a larger number of cancer-free participants reported
never smoking (39.1%) than among incident cancer partici-
pants (32.3%), this difference was not statistically signifi-
cant. A greater proportion of cancer-free participants than
participants with a cancer diagnosis met physical activity
guidelines (45.1% vs. 33.3%, respectively, p=0.003). There
was no difference between the groups in terms of sex, educa-
tional attainment, smoking, the proportion meeting fruit and

Table 1 Demographic characteristics of cancer-free Alaska EARTH study participants (n=3,539), and participants who experienced a cancer

diagnosis during period of follow-up (n=171)

Alaska EARTH with no Alaska EARTH matched  p value®
history of cancer to ANTR
95% CI 95% CI
n 3,539 171
Demographic characteristics
Age [years, mean (SD)] 39.3 (14.5) 38.8-39.8 52.9(13.0) 50.9-54.8 <0.0001
Age at cancer diagnosis [years, mean (SD)] - 58.6 (12.8)
Sex (% female) 2,138 (60.4)  58.8-62.0 99 (57.9) 50.5-65.3 0.51
Educational attainment (% > 12 years) 2,773 (78.4)  77.0-79.7 127 (74.3) 67.7-80.8 0.21
Language (% English as the primary language at home) 3,249 92.1)  91.3-93.0 154 (90.1) 85.6-94.5 0.32
Community type (%)
Rural 2,254 (63.4)  62.1-65.3 114 (66.7) 59.6-73.7 0.43
Cancer protective factors
BMI (kg/m?) mean (SD) 29.9 (6.9) 29.6-30.1 31.2(7.9) 30.0-32.4 0.01
BMI category n (%)
Healthy weight 941 (26.6) 25.1-28.1 40 (23.4) 17.1-29.7 0.35
Smoking status
Never smoked 1,260 (39.1)  37.4-40.8 51(32.3) 25.0-39.6 0.09
Meets fruit/vegetable recommendations (% > 5 servings/day) n=2,701 1,127 (43.8)  41.9-45.8 63 (48.5) 39.9-57.1 0.30
Mean hours of moderate to vigorous physical activity/week 25.0 (27.7) 24.0-26.0 17.3(13.5) 13.5-21.2 0.04
Meets physical activity recommendations (% > 500 met min/week) 1,595 (45.1) 43.4-46.7 57(33.3) 26.3-40.4 0.003

p value for ¢ test (continuous variables), or Chi-squared (categorical variables)
YANTR Alaska Native Tumor Registry, BMI body mass index, EARTH Education and Research Towards Health, MET Metabolic equivalent, SD

standard deviation
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vegetable recommendations, or reporting a family history of
breast or colorectal cancer.

We identified 171 new cases of cancer diagnosed among
Alaska EARTH study participants during the period of
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Fig. 1 Incidence of all-sites and selected cancers among AN people
statewide, and participants of the Alaska EARTH study, overall (a)
and stratified by region (b)

follow-up. The most common cancer sites diagnosed
were female breast (n=41), colorectal (n=27), and lung
and bronchus (n=27). Less commonly diagnosed cancers
included cancers of the stomach (n=7), prostate (n="7),
and kidney (n="7); in total, we observed 59 cancers that we
classified as “other.” The mean (SD) follow-up time for this
cohort was 10.0 (1.9) years for those who did not develop
cancer during follow-up, and 8.5 (3.0) years for those who
did develop cancer during follow-up.

Figure 1 shows age- and region-specific incidence rates
for the Alaska EARTH cohort, as well as the corresponding
incidence rates for all AN people (statewide, and by each of
the three study regions) from the ANTR; supporting data
are given in Supplementary Table 1. For all sites and all
ages combined, the Alaska EARTH study exhibited slightly
lower incidence rates, relative to the statewide ANTR rates.
Examining site-specific incidence rates, we observed a
possible trend of lower colorectal cancer incidence among
Alaska EARTH participants (all regions), relative to AN
people statewide. Of note, incidence rates for female breast
cancer were significantly higher among Alaska EARTH par-
ticipants than AN people statewide. In particular, rates of
female breast cancer were significantly higher among south-
east Alaska EARTH study participants, relative to the all AN
women in the southeast region, and AN women statewide.
This elevated incidence of female breast cancer in this region
also appeared to drive the elevated all-sites cancer incidence
rate in the southeast Alaska EARTH participants, relative to
all southeast Alaska residents. Rates of “other” cancers were
significantly lower among Alaska EARTH study participants
than AN people statewide.

We also examined associations of several leading cancer
risk and protective factors with all sites cancer incidence
(Table 2). For all cancer sites, we observed statistically
decreased risk among women, never smokers, and rural

Table 2 Associations of

i X Variables Univariate estimates Multivariable-adjusted estimates

protective factors with cancer

incidence (all sites and selected Hazard ratio  95% CI p Value  Hazardratio  95% CI p Value

cancer sites) among participants

of the Alaska EARTH study Demographic variables
Age, years 1.1 1.0-1.2 0.020 1.003 1.00-1.01  0.013
Sex (ref. Male) 1.1 1.1-1.2 <0.001 1.13 1.1-1.2 0.009
Community (ref. Rural) 1.1 1.04-1.19  0.003 1.12 1.04-1.20  0.003
Protective factors
Non-smoker 0.91 0.84-0.97  0.006 0.93 0.86-0.99  0.04
(ref. ever smoker)
BMI (ref. >25) 1.01 0.93-1.08 0.88 1.0 0.92-1.1 0.99
Physically active 0.92 0.86-0.99  0.021 0.92 0.86-0.99  0.02

(ref. <500 met min/wk)

Multivariable-adjusted hazard ratio (95% confidence interval) adjusted for age, sex, and urban/rural resi-

dence

ANTR Alaska Native Tumor Registry, BMI body mass index, EARTH Education and Research Towards

Health, MET Metabolic equivalent
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residents. Due to small case counts, we were not able to
examine associations with site-specific cancer incidence.

Discussion

This study provides the first longitudinal examination of can-
cer incidence in an AN cohort, and presents associations of
cancer incidence with several known cancer risk and protec-
tive factors. Through linkage with the ANTR, we observed
171 cases of cancer among Alaska EARTH participants dur-
ing the period of follow-up (2004-2006 to 2015); leading
cancers mirrored those previously reported for AN people
statewide [2]. Critically, we were able to compare incidence
rates among Alaska EARTH participants to those observed
among AN people statewide, demonstrating few statistically
significant differences. The most notable difference that we
observed was a higher incidence of female breast cancer
among Alaska EARTH participants, particularly those
recruited in the Southeast region, relative to AN people
statewide. However, overall, our findings indicate that, at
the present time, the cancer experience of Alaska EARTH
participants is mostly representative of AN people; further
follow-up of this cohort will indicate whether observed
differences in breast cancer incidence remain over time.
Despite small case counts, we were able to examine associa-
tions of several leading cancer risk and protective factors for
cancer for all sites. Individuals who had never smoked, were
female, or lived in a rural area were at slightly decreased risk
of developing cancer over the follow-up period. The results
of this study are a critical first step to understanding factors
that decrease or increase risk among AN people, and pro-
vide important novel data to support prevention and control
research and programs.

To know whether associations observed among Alaska
EARTH participants may be generalizable to AN people
statewide, this study sought to determine whether the cancer
outcome experience of Alaska EARTH study participants
was similar to that observed by the ANTR for AN people
statewide. We found that the three leading cancers among
Alaska EARTH study participants (female breast, lung, and
colorectal cancers) were the same as those reported for AN
people statewide during the same time period. Furthermore,
incidence rates for many of the leading cancers were very
similar among Alaska EARTH study participants and AN
people statewide; while there were trends towards lower
rates of all sites, colorectal, and other cancers at the state-
wide and regional levels. These differences typically did not
reach statistical significance. In contrast, we did observe sig-
nificant differences in female breast cancer incidence, which
was substantially higher among Alaska EARTH participants
from the Southeast region, relative to both the complete
Alaska EARTH cohort, and AN women statewide. While
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this difference is intriguing, it is possible that its magni-
tude may be artificial; an artifact of small population size,
a relatively small regional sample size, and an overall small
number of cases reported. However, if this is a “true” dif-
ference, it may be due to differences in patient demographic
characteristics such as age; we do note that the mean age
of study participants was slightly higher in the Southeast
region. Alternatively, exposure to female breast cancer risk
or protective factors may be higher in this group of study
participants. Previous studies have shown that research study
participants may not be representative of the general popu-
lation in terms of demographic factors as well as general
health [25]. The Alaska EARTH cohort has been shown to
be representative of AN people statewide in terms of age
and educational attainment [5], yet, its representativeness
in terms of other cancer risk factors is unknown. While
our findings suggest that the cancer experience of Alaska
EARTH participants is likely similar to that among AN peo-
ple statewide, further surveillance of the Alaska EARTH
cohort is necessary to determine whether this remains true
as cohort cancer cases change over time.

Our analyses of associations with all-sites cancer inci-
dence were constrained due to our small case counts; how-
ever, we were able to identify a significantly decreased risk
of cancer among Alaska EARTH study participants with no
history of smoking. Smoking has been identified as a key
target for cancer and other chronic disease prevention efforts
among AN people [26], in part due to the high prevalence of
smoking [15, 27]. While small case counts precluded exam-
ination of site-specific associations, we hypothesize even
stronger protective associations may have been observed for
not smoking with specific cancer sites, for example, with
lung cancer. Given that the strength of associations of many
risk and protective factors is known to vary with cancer site
[28], we are likely missing important information regarding
risk of specific cancers among AN people. Future research
should continue to examine risk and protective factor asso-
ciations with specific cancers over time, as we expect case
counts to increase with an aging study population.

This study has several key strengths. The linkage of
Alaska EARTH cohort with the ANTR was an innovative
way of leveraging established resources to understand and
address the cancer burden among AN people. AN people
experience a unique pattern of cancer incidence and mortal-
ity [2], and both the Alaska EARTH cohort and the ANTR
are key resources that can be used to understand and address
cancer disparities in this population. This is also the first
study to examine longitudinal associations of potential risk
and protective factors with incident cancers among AN peo-
ple, providing some initial data to support new and existing
cancer prevention and control programs. Continued linkage
of these resources at regular intervals may provide additional
information towards this effort. Finally, this study examined
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protective factors to reinforce the positive outcomes associ-
ated with healthy behaviors. This strength-based approach
was intended to demonstrate how healthy behaviors decrease
cancer risk, rather than focus exclusively on how less health-
ful behaviors increase risk.

This study also has several limitations that warrant dis-
cussion. The relatively small size of the Alaska EARTH
cohort, and the resulting small numbers of cancer cases,
limited our statistical power. As a result, confidence intervals
around some of our incidence estimates were large, particu-
larly when stratified by region, which limited our ability to
reliably quantify differences in rates between regions. We
were also limited in our ability to examine associations of
cancer incidence with a large range of cancer risk factors.
For this reason, we focused only on five leading risk factors
previously identified in other populations and their associa-
tions with cancer incidence (all sites). Measures of dietary
intake and physical activity are known to be particularly
prone to error due to participant recall [29, 30]. These and
other self-reported measures may have contributed to dimin-
ished statistical power to detect associations. Furthermore,
we do not know whether the baseline questionnaires are
likely to reflect lifetime exposures to risk and protective fac-
tors. Finally, the generalizability of our findings may also be
limited by convenience sampling of the cohort despite its
resemblance to the regional populations in terms of age and
years of education [5].

While we assume that risk and protective factors for can-
cer observed in other, non-Native populations are also rel-
evant to AN people, this assumption has not been tested in
any longitudinal studies. Through an innovative linkage of
the Alaska EARTH study and the ANTR, this study provides
the first examination of cancer incidence among an Alaska
AI/AN cohort, as well as the first associations of major can-
cer risk and protective factors with cancer incidence. Given
the cancer experience among Alaska EARTH participants
was similar to that observed statewide, we expect that these
results should provide an important starting point for under-
standing cancer risk, and promoting healthful behaviors
among all AN people, as well as support for existing and
novel cancer prevention and control programs in the Alaska
Tribal Health System. Further research with and surveil-
lance of this cohort will determine whether this remains true
over time, or if the non-significant trends towards lower inci-
dence of colorectal and other cancers, and higher incidence
of breast cancers, becomes important.
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