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while in Alaska, females were more likely to be obese (OR 1.24, 95%Cl 1.19-1.29). In the  health

contiguous US, Alaska Natives/American Indians were more likely than respondents of other

races to be smokers (OR 1.62, 95%Cl 1.60-1.63), while in Alaska, the association between race and

smoking was not significant (OR 1.00, 95%CI 0.94-1.06). These differences between Alaska and

the contiguous US results suggest that programs designed to reduce disparities and promote

healthy behaviours may need to be tailored to meet the unique needs and challenges of older

adults living in Alaska.

Introduction geographic factors that affect health may be exacer-
bated in Alaska. For example, well-established rural-
urban health disparities among older adults are exacer-
bated in Alaska due to the extreme remoteness of rural
areas where many older adults live [6].

Additionally, the large population of Native Americans
and Alaska Natives in Alaska raise other issues for ageing
in Alaska. For example, in recent years many Alaska
Natives/Native Americans have moved away from their
reservations, which leads to decreased access to health
care, since the majority of Alaska Natives/Native
Americans get their health care form the Indian Health
Service [7,8]. Also the study showed that there were
higher rates of cigarette smoking, no leisure-time physi-
cal activity, obesity and diagnosed diabetes among older
American Indian and Alaska Natives as compared to
older white adults in Alaskan residents. Many of these
disparities in health behaviours and health care access
increase the risk for chronic disease.

Goins et al. stated that the five main barriers to health-
care in Alaska were transportation difficulties, limited health
care supplies, lack of quality health care, social isolation and
financial constraints [4]. Native Americans have reduced
access to health care and insurance coverage and many

The proportion of Alaska’s population aged 65+ has
grown more rapidly in Alaska than in the contiguous
48 states. The rate of growth of the 65+ population in
Alaska is the highest among all age groups. This rapid
growth is expected to continue in Alaska through the
coming decades. This population currently makes up
11% of the state’s population, compared to 13% in the
lower 48 states [1]. However, few studies have studied
the potentially unique needs of older adults living in
Alaska and directly compared population health and
health-seeking behaviours between older adults living
in Alaska to those living in the contiguous US [2]. One
study showed that older adults in Alaska had the lowest
health-related quality of life as compared to the contig-
uous 48 states [3]. While another study identified that
older adults in Alaska experience a unique set of barriers
that provide challenges for successful ageing [4].
Geographic location plays a key role in determining
population health, particularly in Alaska. Place-based
factors such as living conditions, infrastructure, access
to health care and other unhealthy characteristics of
neighbourhoods and communities, can impact popula-
tion health through complex pathways [5]. Other
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of the older adults live below poverty-level incomes, lack
telephones, and are more likely to live alone [9].

Therefore, there are two main objectives of this
study. The first objective is to compare the associations
between sociodemographic factors, including race/eth-
nicity (Alaska Native versus other) and rural-urban sta-
tus, and health outcomes and behaviours between
older adults living in Alaska and those living in the
contiguous 48 states. The second objective is to assess
the potential for place of residence (Alaska versus lower
48 states) to moderate potential associations between
those social determinants (race/ethnicity, rural-urban
status and others) and each health outcome.

Methods
Data source

Data were abstracted from the 2016 Behavioral Risk
Factor Surveillance System (BRFSS), a national, telephone-
based survey of adults aged 18 and above [10]. The BRFSS
is conducted annually and administered by state health
departments with oversight from the Centers for Disease
Control and Prevention (CDC), reaching nearly 500,000
respondents across the USA, the District of Columbia
and USA territories. For this analysis, the sample was
restricted to survey respondents aged 65 and above and
includes respondents living in the 48 contiguous US
states, the District of Columbia and Alaska in 2016
(N=165,295, 774 from Alaska). Respondents living in
Hawaii and US territories were excluded from this analysis.

Measures

There were six representative outcome measures utilised in
this study related to health, health behaviours, or quality of
life: self-reported health (SRH), depressive symptoms, obe-
sity, receipt of annual well visit and health literacy. SRH was
obtained from the question asked of all participants:
“Would you say that in general your health is excellent,
very good, good, fair, or poor?” Responses were dichoto-
mised into “fair or poor health” if responses were “fair” or
“poor” and “good health” if responses were any of the other
three. Current smoking status was assessed through the use
of the question: “Do you now smoke cigarettes every day,
some days, or not at all?” and dichotomised into “yes” or
“no” based on responses. Depressive symptoms (yes versus
no) were derived from the survey question: “Has your
provider told you that you have a depressive disorder,
including depression, major depression, dysthymia, or
minor depression?” A respondent was classified as
“obese” if they had a calculated body mass index (BMI) of
30 kg/m? or greater, and “not obese” otherwise.

Respondents were asked “About how long has it been
since you last visited a doctor for a routine checkup?
A routine checkup is a general physical exam, not an
exam for a specific injury, illness, or condition.” Possible
responses were “within past year”, “within past 2 years”,
“within past 5 years”, “5 years or more” and “don’t know”.
Respondents who answered that such checkups were not
“within past year” were coded as not having had a routine
checkup within the past year.

Health literacy was assessed through the use of a BRFSS
module. In total, 15.8% of all BRFSS respondents were
eligible to participate in this module, and had to reside in
one of the following 13 states or districts: Alabama, Alaska,
District of Columbia, Georgia, lllinois, lowa, Louisiana,
Minnesota, Mississippi, Nebraska, North Carolina,
Pennsylvania and Virginia. Two questions were used to
assess health literacy. The first was: “In general, how diffi-
cultis it for you to understand written health information?”
The second was: “How difficult is it for you to understand
information that doctors, nurses and other health profes-
sionals tell you?” Respondents could respond to these
questions with “very easy”, “somewhat easy”, “somewhat
difficult” and “very difficult”, as well as “don’t know/not
sure”. For each survey respondent, if they answered as
anything but “very easy” for either of the two questions,
they were categorised as “lower health literacy” (48.7%);
those who responded as “very easy” to both questions
were categorised as “higher health literacy” (51.3%).

State of residence at the time of the survey (Alaska
versus not Alaska) was used as both a primary exposure
variable, as well as a moderator variable in this analysis.
Another exposure variable used in the analysis was
race/ethnicity, dichotomised to “American Indian or
Alaskan Native only” versus other (included White,
Black, Asian, Native Hawaiian or other Pacific Islander,
Other, or multiracial. One key place-based sociodemo-
graphic factor used as a covariate in this analysis was
rural-urban status. This variable was obtained from the
BRFSS respondent’s place of residence. If the respon-
dent lived “in the centre city of a metropolitan statis-
tical area (MSA)”, “outside the centre city of an MSA but
inside the county containing the centre city” or “inside
a suburban county of the MSA”, they were considered
“non-rural”. If the respondent lived “not in an MSA”,
their place of residence was considered “rural”. Other
sociodemographic covariates were gender, age cate-
gory and education level (high school or less versus
greater than high school).

Data analysis

Descriptive statistics were obtained for all outcome and
exposure variables and covariates. For continuous or



discrete variables, means and standard deviations or
medians and interquartile ranges were obtained. For
categorical variables, counts and percentages of counts
were obtained. Bivariate associations between each
predictor and outcome variable were assessed using
chi-square tests for pairs of dichotomous variables,
t-tests or Wilcoxon rank sum tests for associations
between dichotomous and continuous variables, and
Pearson or Spearman correlations between pairs of
continuous variables. We then assessed the association
between place of residence (Alaska versus not Alaska)
and the six representative outcome measures: SRH,
current smoking status, depressive symptoms, obesity,
receipt of annual well visit and health literacy through
chi-square testing. Generalised linear models (GLM)
with a logit link function were used to test the associa-
tions between state of residence (Alaska versus lower
48 states) and each of the health outcomes, controlling
for confounders and accounting for complex sampling.
The logit link function was used because all outcome
measures were dichotomous.

The main objective was to evaluate how potential
associations between the six representative outcome
measures and sociodemographic factors differ by state
of residence (Alaska versus lower 48 states). This objec-
tive was assessed in two complementary types of mod-
els: stratified and interaction models. Both sets of
models utilised GLM with a logit link function with
each of the six representative outcome measures as
the outcome variables and the main socioeconomic
factors as the primary exposures. In the first set of
models, data were stratified by state of residence
(Alaska versus other). In the second set of models, all
data were analysed together, but an interaction term
was created as the product of an indicator variable for
rural-urban status and the state of residence (Alaska
versus not Alaska). This set of models allowed us to
determine if the association between rural-urban status
and each of the six outcomes was statistically different
in Alaska compared to the lower 48 states. Both sets of
models controlled for confounding and accounted for
complex sampling by use of analytic sample weights.

For all models above, the harmful category (i.e.
obese, current smoker, fair or poor SRH, etc.) was con-
sidered as having the outcome, and the more healthful
category of outcome (i.e. not obese, good or better
SRH, etc.) was considered as not having the outcome.
To account for complex sampling, BRFSS sample
weights were used in all descriptive, bivariate and mul-
tivariable analyses. Statistical significance was set to
p<0.05 for all analyses. IBM SPSS version 24 (Armonk,
NY) was used for all data analyses.
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Results

Bivariate associations, as assessed through chi-square
testing, revealed that compared to respondents in the
lower 48 states, respondents in Alaska were more likely
to be male (49.4% male in Alaska versus 44.3% male in the
lower 48 states), Alaska Native/American Indian (11.5% vs.
1.1%), younger (55.9% over age 70 vs. 66.7%) and more
likely to have higher than a high school education (64.6%
vs. 54.5%) (Table 1). Respondents living in Alaska were
more likely to be obese (35.3% vs. 28.1%) and less likely to
be a current smoker (8.1% vs. 8.7%), have fair or poor self-
reported health (21.1% vs. 25.3%), have a depressive dis-
order (9.9% vs. 13.5%), have had a checkup within the
past year (79.1% vs. 88.6%) and have low health literacy
(44.1% vs. 51.0%). Of the respondents living in Alaska,
36.9% were living in a rural area, compared to 18.9% of
residents living in the lower 48 states (p<0.001).

Table 2 shows the results of the multivariate models
stratified by state of residence (Alaska versus the lower 48
states). Model results represent separate models, one set
for respondents in Alaska and one set for those living in
the lower 48 states, as indicated in the table. Among older
adults living in Alaska, females were 24% more likely (95%
Cl 19-29%) to be obese than males (Table 2). However, in
the lower 48, females were 4% less likely (95% Cl 3-4%) to
be obese than males. Females were 10% less likely to have

Table 1. Descriptive statistics for the 2016 BRFSS analytic sam-
ple, N (weighted percent) and p-values for group comparisons.

Lower

Alaska 48

Gender Female 50.6 55.7
Male 49.4 443

Race/ethnicity White 735 82.8
Black 8.2 9.5

Asian 4.1 2.8

Alaska Native/American 1.5 1.1

Indian

All other 2.7 38

Age category 65-69 441 333
70-74 24.0 25.1

75-79 16.3 19.7

80+ 15.5 21.9

Education High school or less 354 455
Greater than high school 64.6 54.5

Rural-urban status In or near MSA (urban) 63.1 81.1
Not in MSA (rural) 36.9 189

Has obesity Yes 353 28.1
No 64.7 719

Current smoker Yes 8.1 8.7
No 91.9 91.3

Self-reported health Fair or poor 21.1 253
Good, very good, or 78.9 74.7

excellent

Depressive disorder Yes 9.9 135
No 90.1 86.5

Checkup within Yes 79.1 88.6
last year No 209 11.4
Health literacy Low 441 51.0
High 559 490
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Table 2. Weighted, adjusted odds ratios of each outcome (and 95% confidence intervals), and model fit statistics (higher is better) stratified by geography (Alaska versus lower 48

states).

Likelihood ratio chi-square value (compared to intercept-only model)
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0.96
1.24
0.90
1.05
0.90
0.90
1.57
1.47
0.87
0.93
0.85
0.88

Lower 48

Alaska
Lower 48

Alaska
Lower 48

Alaska
Lower 48

Alaska
Lower 48

Alaska
Lower 48

Alaska

Current smoker

Poor SRH

Depressive symptoms
No checkup

Low health literacy

Obesity

fair or poor health than males, irrespective of state of
residence. Females were significantly more likely than
males to have depressive symptoms in both Alaska (OR
1.47,95% Cl 1.39-1.57) and in the lower 48 states (OR 1.57,
95% Cl 1.57-1.58). Likewise, females were less likely to
miss their annual medical checkup and less likely to have
low health literacy than their male counterparts, regard-
less of state of residence. Although there was no signifi-
cant association between race (Alaska Native/American
Indian versus other) and obesity among older adults living
in Alaska (OR 1.00, 95% Cl| 0.94-1.06), the association
between race (Alaska Native/American Indian versus
other) and obesity was statistically significant for those
living in the lower 48 states (OR 1.62, 95% Cl 1.60-1.63).
Similarly, for those living in the lower 48, Alaska Natives/
American Indians were 84% more likely than people of
other races to be a current smoker (OR 1.84, 95% ClI
1.82-1.86), while there was no significant association
between race and smoking status among residents of
Alaska.  Alaska  Natives/American  Indians  had
a significantly higher risk of low health literacy compared
to people of other races, regardless of place of residence.
However, the strength of the association was notably and
significantly stronger among residents of Alaska (OR 2.61)
compared to residents of the lower 48 states (OR 1.29).

The results of the multivariate models for the entire
sample both with main effects only and with interaction
terms for rural*living in Alaska are shown in Table 3. First,
examining the models, living in Alaska itself was asso-
ciated with a significant increase in the likelihood of
a missed checkup (OR 2.44, 95% Cl 2.39, 2.50) and low
health literacy (OR 1.08, 95% Cl 1.06, 1.11). However, in
examining the interaction terms, the strength of the asso-
ciation between rural-urban status and health outcomes
and behaviours was significantly higher in those living in
the lower 48 compared to those living in Alaska for five
out of six health outcomes. Living in a rural area of Alaska
was associated with a significantly higher risk of obesity
(interaction OR 1.38, 95% Cl 1.33, 1.43).

Discussion

The findings of this study suggest that the factors that
contribute to poor health outcomes and behaviours vary
by place of residence among older adults. These findings
underscore the idea that the risk factors generally asso-
ciated with health and health behaviours among older
adults may be different in those older adults living in
Alaska compared to those living in the lower 48 states.
Such differences may be masked if geographic residence
is not taken into account. Older adults living in Alaska
have a risk profile for poor health outcomes that is some-
what distinct from the risk profile of older adults living in



Table 3. Weighted, adjusted odds ratios of each outcome (and 95% confidence intervals for two models, each using the entire sample: main effects only and with interaction terms

for rural*Alaska.

Alaska*Rural interaction

Female Alaska Native ~ Age category Less than HS ed Rural Alaska

Model type

-2 LL test chi-

-2 Log likelihood

Outcome

square

888,223.6

1.46 (1.45, 1.46) 1.06 (1.06, 1.07) 1.14 (1.12, 1.16)

Main effects 0.93 (0.93, 0.94) 1.49 (1.48, 1.50) 0.74 (0.74, 0.74)

Obesity

only
Interaction

3185

888,542.1
727,859.1

1.46 (1.45, 1.46) 1.06 (1.06, 1.07) 1.00 (0.98, 1.02) 1.38 (1.33, 1.43)

1.83 (1.83, 1.84)

0.74 (0.74, 0.74)

0.93 (0.93, 0.94) 1.49 (1.48, 1.50)

1.25 (1.24, 1.25) 0.91 (0.88, 0.93)

0.90 (0.90, 0.90) 2.12 (2.10, 2.14) 0.65 (0.65, 0.65)

Main effects

Current smoker

only
Interaction

64.7

727,923.8
1,261,280.0

1.83 (1.83, 1.84) 1.25 (1.24, 1.25) 1.00 (0.97, 1.04) 0.79 (0.75, 0.84)
1.13 (1.13, 1.14)  0.96 (0.94, 0.98)

2.28 (2.28, 2.29)

0.65 (0.65, 0.65)

1.11 (1.10, 1.11)

0.90 (0.90, 0.90) 2.13 (2.11, 2.15)

0.94 (0.94, 0.94)

2.12 (2.10, 2.13)

Main effects

Poor SRH

only
Interaction

1,261,304.7 24.7

2.28 (2.28,2.29) 1.13 (1.13, 1.14) 1.00 (0.97, 1.02) 0.91 (0.87, 0.94)
1.03 (1.03, 1.04) 0.76 (0.74, 0.78)

1.13 (1.13, 1.14)

2.12 (2.10, 2.13) 1.1 (1.10, 1.11)
0.78 (0.78, 0.78)

0.94 (0.94, 0.94)
1.55 (1.54, 1.55)

500,141.9

1.43 (1.42, 1.44)

Main effects

Depressive

only
Interaction

symptoms

131.6

500,273.5

1.03 (1.03, 1.04) 0.85 (0.83, 0.88) 0.74 (0.70, 0.78)

1.31 (1.30, 1.31)

1.13 (1.13, 1.14)

1.43 (1.42, 1.44) 0.78 (0.78, 0.78)
1.55 (1.54, 1.57) 1.02 (1.02, 1.03)

1.55 (1.54, 1.55)
0.91 (0.91, 0.91)

192,728.0

2.18 (2.14, 2.22)

0.85 (0.85, 0.85)

Main effects

No checkup

only
Interaction

215.5

192,943.5
399,599.4

2.44 (239, 2.50) 0.75 (0.73, 0.78)

1.56 (1.54, 1.57) 0.85 (0.85, 0.85) 1.02 (1.02, 1.03) 1.31 (1.31, 1.31)
1.12 (1.11, 1.12) 1.01 (0.99, 1.02)

1.33 (1.31, 1.35)

0.91 (0.91, 0.91)
0.88 (0.87, 0.88)

1.09 (1.09, 1.09) 2.44 (2.43, 2.44)

Main effects

Low health literacy

only
Interaction

105.2

1.09 (1.09, 1.09) 2.44 (2.43, 2.44) 1.12 (1.12, 1.12) 1.08 (1.06, 1.11) 0.83 (0.81, 0.86) 399,704.6

1.33 (1.31, 1.36)

0.88 (0.87, 0.88)
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the lower 48 states. Using a nationally representative
sample of older adults in both Alaska and the lower 48
states, this analysis suggests that being female increases
the risk of obesity among residents of Alaska, while
females have a slightly reduced risk of being obese for
those living in the lower 48 states. Furthermore, although
the risks of both obesity and depressive symptoms are
substantially higher in older adults of Alaska Native or
American Indian descent in those living in the lower 48
states, being of Alaska Native or American Indian descent
in Alaska residents imparts no additional risk of obesity or
depressive symptoms.

Through examining the interaction models, there were
substantial differences in the directionality, magnitude
and significance of the association between rural-urban
status and the six health outcomes. The association
between living in a rural area and obesity was substan-
tially stronger in Alaskan residents than in residents of the
lower 48 states. Yet, living in a rural area was protective
against all other health outcomes studies in Alaskan resi-
dents. Notably, Alaskan older adults, in general, were
more likely than older adults living in the lower 48 states
to have missed their annual checkup, yet living in a rural
area of Alaska actually reduced the risk of missing an
annual checkup. These findings both support and contra-
dict studies that have suggested that rural older adults
may be sicker and less able to seek medical care for
routine preventive services, such as well visits, prevention
of chronic disease and routine screening than their urban
counterparts due to geographic isolation and distance to
services [4,11,12]. Geographic isolation may contribute to
social isolation that often precipitates mental health
issues, such as depression, among older adults [13].
However, this study found evidence to support this idea
among older adults in the lower 48 states, the opposite
was true among older adults in Alaska: living in rural areas
was protective against all six adverse health outcomes
and behaviours, except obesity. The explanations for
these findings are not entirely clear. However, it should
be noted that in many parts of rural Alaska, health care is
delivered by village health aides [14]. Furthermore, older
adults living in those parts of rural Alaska may report
higher health literacy than their counterparts in the
lower 48 because health aides may present health infor-
mation in ways that are easier to understand tailored to
the dialect and customs of the population served [15]. It is
also important to distinguish some of the cultural differ-
ences related to ageing in rural and remote parts of Alaska
compared to rural parts of the lower 48 states. In many
small, rural villages in Alaska, ageing is defined by the
concept of “eldership”, where older adults in those com-
munities are valued and respected by the other residents.
One study found four common domains of “eldership” in
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rural Alaska villages: emotional well-being, community
engagement, spirituality, and physical health [16]. As
these communities continue to age and adapt to chan-
ging demographic and environmental conditions, it is
essential to obtain a more nuanced understanding of
health, health care delivery and health behaviours in
these rural and remote older adults.

There are several important limitations to consider
when interpreting the results of this analysis. First, as
this is a cross-sectional analysis of secondary data, we
cannot determine causality. Second, although we
adjusted for several confounders in the analysis, due to
the limited number of variables in BRFSS, as well as the
small sample size of older adults living in Alaska, the
analysis is subject to residual confounding by variables
not used or available in this analysis. Third, all measures
are self-reported and not confirmed by a medical profes-
sional. For instance, the BRFSS depression question does
not measure actual depressive symptoms, but rather it
measures whether a medical professional has ever
informed the respondent that he or she has a depressive
disorder, such as clinical depression. Therefore, the
response would be affected both by whether or not the
respondent has depressive symptoms, as well as whether
the respondent has shared the information with
a provider and disclosed that information to the BRFSS
survey team. Next, the choice of rural-urban status vari-
able (living in or near a metropolitan statistical area) does
not take into account other aspects of what defines “rural”
and “urban” [17,18]. To that end, an additional limitation is
sampling bias: those living in the most remote areas of
Alaska and the lower 48 states may be less likely to have
reliable telephone service, either landline or mobile, and
therefore less likely to participate in the BRFSS. Another
important limitation is that, due to the relatively small
sample size of older adults from Alaska, there was insuffi-
cient power to examine multiple sociodemographic cate-
gories simultaneously to address intersecting social
identities and their impacts on health outcomes [19,20].
For example, it was not possible to determine if the rural-
urban disparities were consistent across all gender and
race/ethnicity subgroups. Lastly, although this analysis
covered a wide range of health outcomes, including gen-
eral health, health literacy and health care-seeking beha-
viours, the analysis only examined six such outcomes.
Future studies can delve deeper into additional aspects
of health, such as individual disease outcomes, risk factors
and mental health outcomes, to obtain a more compre-
hensive picture of health among older adults and com-
pare Alaskans to non-Alaskans more thoroughly.

Although these and other limitations serve as impor-
tant caveats to the interpretation of these study results,
this study also has notable strengths. This is among the

first such study to compare and contrast social deter-
minants of health in Alaskan older adults and older
adults living in the lower 48 states. While the study
only examined six health outcomes, it should be
noted that these health outcomes cover a wide breadth
of health, health-related quality of life, and health beha-
viours among older adults. Relatedly, to examine the
potential for the relationships between social determi-
nants and health outcomes to vary by place of resi-
dence (Alaska versus lower 48 states) among older
adults, the statistical analysis incorporated both stratifi-
cation to facilitate interpretation of results and interac-
tion to assess statistical significance of the potential
moderation. Lastly, the BRFSS sample of older adults
in this analysis was designed to be nationally represen-
tative of the US population. Therefore, subject to the
caveats described above, study findings can be general-
ised to the entire US population of older adults.

The results of this study highlight the notion that the
set of social factors that determine or contribute to
health, health behaviours and health-related quality of
life among older adults living in the lower 48 states may
not be the same set of such factors that determine
those health outcomes among older adults living in
Alaska. These findings have potentially important impli-
cations both for policy and future research. In terms of
policy, these findings suggest that there may be factors
unique to the needs of older adults living in Alaska that
need to be addressed to reduce health disparities in
this vulnerable population. Future research is needed to
better understand those place-based social determi-
nants that drive health disparities among Alaskan
older adults. As population ageing in Alaska outpaces
the rests of the US, there is an urgent need to identify
and address health disparities to ensure health equity,
access to quality care and the ability to successfully age
in place for all older adults regardless of geography.
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