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Abstract
The populations of many Appalachian communities have high rates of unhealthy body weight. This study aimed to identify
differences in beliefs about obesity between Appalachians and non-Appalachians. Our analyses explored health beliefs and
behaviors among US adults aged 18 (n ¼ 14 451) who responded to the Health Information National Trends Survey
(2011-2014), of whom 1015 (8%) resided within the 420 counties recognized as Appalachian by the Appalachian Regional
Commission. Using weighted regression analyses and controlling for sociodemographic characteristics and general health, we
determined that self-reported body mass index was higher among Appalachians than among non-Appalachians (B ¼ 0.75,
P ¼ .03, 95% confidence interval, 0.08-1.47) and that Appalachians were less likely than non-Appalachians to believe that
lifestyle factors were related to obesity (B ¼ –0.37, P ¼ .03, 95% confidence interval, –0.04 to –0.71). Results suggest that
Appalachians may regard behavioral prevention differently from non-Appalachians, perhaps with less confidence in the
effectiveness of certain behaviors to reduce obesity risk. Future research may determine whether such beliefs could complicate efforts to encourage healthy lifestyles throughout the region.
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Complex geographic and socioeconomic factors underlie
the elevated rates of obesity among the 25 million residents
of the 13-state Appalachian region. These factors, which
include limited availability of nutritious food and recreational facilities, limited access to health care, and low
incomes, 1-4 may be complicated by health beliefs that
potentially undermine the perceived importance of preventive behaviors. For example, some Appalachian residents
may endorse beliefs that “everything causes cancer” or have
limited understanding of cancer risks.5,6 Other research
suggests that Appalachians may overestimate their own
vitality and health status and underestimate the adverse
health impact of certain behaviors (eg, smoking or drinking
soda).7,8 Despite abundant evidence for the high prevalence
of obesity in the Appalachian region, the underlying psychosocial factors are poorly understood. To our knowledge,
our study is the first to explore Appalachians’ perceptions
of the behavioral determinants of obesity.

Methods
We used data from 4 cross-sectional cycles (2011-2014;
combined n ¼ 14 451) of the nationally representative Health

Information National Trends Survey (HINTS 4). Each cycle
consisted of a single-mode mail survey based on a random
sample of residential addresses; response rates ranged from
34% to 40%. Addresses located in Central Appalachia were
oversampled in 2011 and 2012. A total of 1015 (8%) respondents in the final sample were residents of Appalachia.
HINTS 4 was approved by the Westat Institutional Review
Board and deemed exempt from institutional review board
review by the National Institutes of Health Office of Human
Subjects Research Protections. Further details about HINTS
development and methodology are available elsewhere.9,10
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Measures

Results

Respondents to 2 cycles of HINTS 4 (2012 and 2014;
n ¼ 7307) were asked how much they thought “health behaviors like diet, exercise, and smoking determine whether a
person will develop obesity.” Responses were given on a scale
from 1 (not at all) to 4 (a lot). Respondents also completed an
analogous item assessing the influence of genetics on risk of
obesity. Respondents in all cycles reported on their general
health (“In general, would you say your health is . . .”) and
their self-efficacy for taking care of their health (“Overall,
how confident are you about your ability to take good care
of your health?”). Other items assessed fruit and vegetable
consumption in a typical day (in cups), frequency of soda
consumption in a typical week, duration of physical activity
in a typical day and frequency of those bouts of physical
activity in a typical week, frequency of strength training in a
typical week, duration of leisure-time sedentary behavior during the past 30 days (in hours per day), and smoking status
(current and lifetime). Sociodemographic questions assessed
age (18-29, 30-49, 50-69, and 70), sex (male and female),
race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic, and non-Hispanic other), education (<high school, high
school or equivalent, some college or technical training, and
bachelor’s degree), and annual household income
(<$20 000, $20 000-$34 999, $35 000-$49 999, $50 000$74 999, $75 000-$99 999, and $100 000) (imputed income
data are included in the publicly available data set; full HINTS
methodology reports are available elsewhere9). Body mass
index (BMI) was calculated from self-reported height and
weight as weight in kilograms divided by height in meters
squared (kg/m2), with <18.5 kg/m2 considered underweight,
18.5-24.9 kg/m2 considered normal, 25.0-29.9 kg/m2 considered overweight, and 30.0 kg/m2 considered obese. Residential areas were classified as urban or rural based on 2003
rural-urban continuum codes,11 and residence in Appalachia
was determined by using the Appalachian Regional Commission’s designation of counties (Figure).12

Most respondents were aged 50-69 (n ¼ 6153, 30.6% of the
weighted sample), female (n ¼ 8566, 51.6% of the weighted
sample), and non-Hispanic white (n ¼ 8108, 66.8% of the
weighted sample) (Table 1). Weighted Wald w2 tests
revealed that Appalachian and non-Appalachian samples
were not significantly different in terms of age (P ¼ .28)
or sex (P ¼ .43), but the 2 groups did differ by race/ethnicity
(P < .001; higher proportion of non-Hispanic white respondents in the Appalachian sample), highest level of education
completed (P ¼ .003; lower proportion of respondents with
bachelor’s degree in the Appalachian sample), annual
household income (P < .001; higher proportions of respondents reporting low income levels in the Appalachian sample), and rurality (P < .001; higher proportion of respondents
living in rural areas in the Appalachian sample).
Weighted least-squares regression analysis controlling for
sociodemographic characteristics and general health
revealed that average BMI was significantly higher among
Appalachians (28.6 kg/m2) than among non-Appalachians
(27.7 kg/m2) (P ¼ .03) (Table 2). Further, similar ordinal
regression analyses revealed that Appalachians were significantly less likely than non-Appalachians to report that health
behaviors determine whether a person will develop obesity
(P ¼ .03). Appalachians did not differ from nonAppalachians in analogous beliefs about the extent to which
genetics influence obesity risk (P ¼ .40), nor did the 2 groups
differ significantly in confidence in their ability to take care
of their health (P ¼ .74).
Weighted least-squares regression analyses revealed that
Appalachians reported engaging in weekly strength training
significantly less often than non-Appalachians (P ¼ .03;
Table 2). However, no significant differences were found
in daily cups of fruit and vegetables (P ¼ .92), frequency
of non-diet soda consumption (P ¼ .28), weekly minutes of
physical activity (P ¼ .87), daily hours of sedentary behavior
during leisure time in a typical day (P ¼ .90), or smoking
status (P ¼ .50).
A subsequent regression analysis revealed no significant association between beliefs about behavioral determinants of obesity and BMI (P ¼ .93), controlling for
Appalachian residence, sociodemographic characteristics,
and general health. We also found no significant association between beliefs about obesity and BMI moderated
by Appalachian residence (P ¼ .37). However, similar
models revealed that stronger beliefs that behaviors are
related to obesity were associated with greater fruit and
vegetable consumption (P < .001) and current nonsmoker
status (P < .001).

Statistical Analyses
We analyzed data using SAS version 9.3.13 In all analyses,
we incorporated jackknife replicate weights to estimate
accurate variance estimates for statistical modeling. This
method allows adjustment for demographic oversampling
and survey nonresponse to provide representative estimates of the adult US population. We used weighted
Wald w2 tests to determine sample differences between
Appalachians and non-Appalachians. Then we used
weighted least-squares regression analyses for continuous
outcomes (eg, BMI) and weighted logistic regression analyses for ordinal outcomes (eg, beliefs about obesity) to test
differences in BMI, beliefs about obesity, and obesityrelated behaviors, controlling for age, sex, race/ethnicity,
education, imputed income, rurality, and general health.
We considered P < .05 to be significant.

Discussion
This study provides further context for previously documented disparities in BMI, revealing that Appalachians were less
likely than non-Appalachians to believe that health behaviors
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Figure. Counties within the Appalachian region designated in 2011 by the Appalachian Regional Commission.12

determine obesity risk, which aligns with lower self-efficacy
documented in other health domains.5,6 Consistent with previous research,1-4 residents of Appalachia had a slightly
higher average BMI than non-Appalachians. Although BMI
was not directly related to beliefs about behavioral determinants of obesity in our study, undetected mediators and
moderators may exist; indeed, subsequent analyses
revealed associations between fruit and vegetable consumption and nonsmoking status. Longitudinal data may prove

useful for exploring the indirect effects of beliefs about
obesity on BMI through such health behaviors; the current
cross-sectional data source is not well suited to evaluating
such mechanisms or to determining causality. Aside from
strength training (which is consistent with the scarcity of
recreation and fitness facilities in the region14), Appalachians did not differ from non-Appalachians in terms of
weight-related behaviors in our study, which is somewhat
inconsistent with previous research.1,3,15-17
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Table 1. Sample distributions from the HINTS 4, cycles 1-4,a by residence in Appalachiab or non-Appalachia, 2011-2014 (n ¼ 14 451)
Full Sample
Characteristic
Age, ye
18-29
30-49
50-69
70
Sex
Male
Female
Race/ethnicity
Non-Hispanic black
Hispanic
Non-Hispanic white
Non-Hispanic other
Education
<High school graduate
High school graduate or equivalent
Some college or technical training
Bachelor’s degree
Annual household income, $
<20 000
20 000-34 999
35 000-49 999
50 000-74 999
75 000-99 999
100 000
Rural or urban designation
Rural
Urban

Appalachia

Non-Appalachia

95% CI

No. (%)c

95% CI

(20.2)
(37.2)
(30.6)
(12.0)

19.5-20.9
36.5-37.9
30.4-30.8
11.8-12.1

74
248
462
196

(20.9)
(33.3)
(33.3)
(12.5)

14.6-27.2
28.3-38.2
29.1-37.4
10.4-14.6

1051
3863
5691
2393

(20.2)
(37.6)
(30.4)
(11.9)

19.3-21.1
36.7-38.4
30.0-30.8
11.7-12.1

5563 (48.4)
8566 (51.6)

48.2-48.6
51.4-51.8

381 (46.5)
610 (53.5)

41.6-51.4
48.6-58.4

5182 (48.6)
7956 (51.4)

48.1-49.1
50.9-51.9

2027
2023
8018
927

(11.0)
(15.0)
(66.8)
(7.2)

10.8-11.3
14.8-15.2
66.5-67.2
7.0-7.3

110
29
693
45

(6.4)
(3.6)
(86.6)
(3.5)

4.6-8.1
1.1-6.1
83.1-90.1
1.6-5.4

1917
1994
7325
882

(11.44)
(16.0)
(65.1)
(7.5)

11.1-11.7
15.7-16.3
64.7-65.6
7.2-7.7

1325
2929
4247
5536

(11.9)
(21.5)
(32.9)
(33.7)

11.4-12.4
20.6-22.4
31.9-33.8
33.2-34.3

119
248
285
329

(13.2)
(26.2)
(34.1)
(26.5)

10.0-16.4
21.6-30.8
29.4-38.9
22.7-30.2

1206
2681
3962
5207

(11.8)
(21.1)
(32.8)
(34.4)

11.3-12.3
20.2-22.0
31.8-33.7
33.7-35.0

3340
2172
2051
2329
1646

(21.7)
(14.9)
(14.4)
(17.0)
(12.70)

20.6-22.8
13.9-15.9
13.4-15.3
16.0-18.1
11.9-13.6
18.2-20.2

263
164
153
173
101
133

(25.0)
(15.7)
(16.2)
(20.0)
(10.4)
(12.9)

20.2-29.8
11.8-19.6
12.2-20.2
15.4-24.5
7.7-13.1
10.0-15.7

3077
2008
1898
2156
1545
2362

(21.5)
(14.8)
(14.2)
(16.8)
(13.0)
(19.7)

20.3-22.6
13.8-15.8
13.3-15.2
15.7-17.9
12.1-13.9
18.7-20.8

15.7-17.5
82.5-84.3

394 (40.6)
621 (59.4)

35.6-45.7
54.3-64.4

1783 (14.5)
11 653 (85.5)

13.6-15.4
84.6-86.4

No. (%)

No. (%)

95% CI

P Valued
.27

1125
4111
6153
2590

.43

<.001

.003

<.001

<.001
2177 (16.6)
12 274 (83.4)

a

Health Information National Trends Survey (HINTS) 4, cycles 1-4, 2011-2014.9,10
Residence in an Appalachian county was coded according to the Appalachian Regional Commission’s designation.12
c
The number is the unweighted sample size and the percentage is the weighted population estimate.
d
P values pertain to the results of unadjusted Wald w2 tests comparing responses from Appalachians and non-Appalachians. P < .05 was considered significant.
e
Age is categorized for ease of presentation, but it was included in regression analyses (Table 2) as a continuous variable.
b

Notable limitations of our study primarily derived from
the features of the data set. Specifically, the self-reported
data may be subject to various social and cognitive biases,
such as social desirability bias, which could motivate respondents to endorse beliefs or behaviors that they expect to be
more socially acceptable (eg, more physical activity or
greater consumption of fruit and vegetables). Another limitation of the study design was that the cross-sectional nature of
the data did not enable inferences about the temporal order of
variables of interest, let alone causality. Finally, one limitation that was specific to the key item assessing beliefs about
the behavioral determinants of obesity was the imprecise
design of the question stem, which provided “diet, exercise,
and smoking” as exemplar behaviors. Although likely meant
to aid respondents in understanding the question, this strategy may have introduced excess variability depending on
how respondents interpreted the question. Some respondents
may have reported on all 3 behaviors collectively, whereas
others may have focused their responses on a subset of the
behaviors, or other behaviors not mentioned in the stem.

The primary value of our findings may be in hypothesis
generation, and future research may overcome the limitations of our study by using more fine-grained measures and/
or qualitative methods to explore how life in Appalachia
shapes the origins and implications of beliefs about obesity.
For example, do some people embrace skepticism about the
effectiveness of behavioral prevention to justify unhealthy
lifestyles that feel inevitable and thereby reduce cognitive
dissonance?18 Or do people who repeatedly fail to lose
weight and observe the same failure among their peers in
the absence of accessible supporting resources (eg, health
care providers, readily available fruit and vegetables,
venues for physical activity) learn to doubt the value of
preventive health behaviors? Future research may also
determine the prevalence of these beliefs across various
subregions within Appalachia (ie, southern, central, or
northern). Although concerns about sample size and statistical power precluded tests of differences across subregions
in our study, it is worth exploring whether environmental or
sociocultural differences in southern, central, or northern
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Table 2. Adjusted differencesa between Appalachian and non-Appalachian respondents (n ¼ 14 451) on body mass index, beliefs about
obesity, and health behaviors, HINTS 4, cycles 1-4, 2011-2014b
Weighted Meansd
Continuous Variable
2

Body mass index, kg/m
Daily cups of fruit and vegetables
Weekly minutes of physical activity
Weekly frequency of strength training, d/wk
Daily hours of sedentary behavior

No.c

Appalachian

Non-Appalachian

Be (95% CI)

P Value

11 929
12 095
6497
9031
11 639

28.6
5.0
179.7
0.9
3.8

27.7
5.1
205.6
1.2
3.8

0.75 (0.08 to 1.42)
0.01 (–0.26 to 0.29)
5.12 (–56.54 to 66.77)
–0.21 (–0.40 to 0.02)
–0.02 (–0.33 to 0.30)

.03
.92
.87
.03
.90

OR (95% CI)

P Value

Weighted Percentages
Categorical Variable

No.

Think that behaviors influence obesity
Not at all
A little
Somewhat
A lot
Think that genes influence obesity a lot
Not at all
A little
Somewhat
A lot
Confidence in ability to take care of health
Not at all confident
A little confident
Somewhat confident
Very confident
Completely confident
Frequency of (non-diet) soda consumption
I do not drink any regular soda or pop
<1 day a week
1-2 days a week
3-4 days a week
5-6 days a week
Every day
Have smoked 100 cigarettes

6018

Appalachian

Non-Appalachian

4.9
5.9
20.1
69.1

2.6
4.4
14.4
78.7

7.5
24.4
42.2
26.0

7.3
23.0
41.4
28.3

1.0
4.6
27.9
44.1
22.4

1.4
4.7
26.0
45.1
22.9

35.2
18.4
13.1
6.9
8.4
18.0
45.7

39.0
22.6
14.7
8.6
4.2
10.8
40.3

6013

12 210

5575

12 155

0.69 (0.49-0.97)

.03

0.90 (0.71-1.15)

.40

1.04 (0.82-1.32)

.74

1.29 (0.85-1.95)

.28

1.09 (0.85-1.38)

.50

Abbreviations: HINTS, Health Information National Trends Survey; OR, odds ratio.
a
Results of separate weighted regression analyses for each variable using listwise deletion. Continuous variables were submitted to linear regression analyses;
categorical variables were submitted to ordinal regression analyses.
b
Data source: HINTS.9,10
c
Differences in sample size across models are primarily due to the fact that not all variables were included in each of the 4 cycles of HINTS 4. See the Methods
section for more information on measure repetition.
d
Weighted means are not adjusted for sociodemographic variables or general health.
e
Unstandardized regression coefficients, odds ratios, and 95% confidence intervals refer to differences in mean values between Appalachians and nonAppalachians, controlling for sociodemographic variables (age, sex, race/ethnicity, education, household income, and rural-urban designation) and general
health. P < .05 was considered significant.

Appalachia contribute to varying belief patterns or behaviors. Additionally, in light of regional variation in discrepancies between objective and self-reported measures of
BMI,19 it will be important to assess social norms and desirability pertaining to BMI among Appalachians. Although
preliminary, our study reveals an important discrepancy,
suggesting that preventive health behaviors in some
domains may be regarded differently among Appalachians.
Given the socioeconomic, health, and geographic challenges in Appalachia, public health officials should consider every opportunity to advance evidence-based,

behaviorally oriented obesity education and prevention
strategies in the region.
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