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Abstract

The objective of this study was to examine weight status among
southern Appalachian adolescents and to identify risk factors for
obesity. We analyzed baseline data from the Team Up for Healthy
Living study in 2012. Overall, 19.8% of the sample was over-
weight, and 26.6% was obese. Boys had higher rates of over-
weight/obesity than girls (50.5% vs 42.3%). Being male (odds ra-
tio [OR] = 1.79; 95% confidence interval [CI], 1.39-2.29), having
a mother with a high school education or less (OR = 1.39; 95% CI,
1.05—-1.83), or having a father with a high school education or less
(OR =1.57; 95% CI, 1.17-2.09) was associated with a higher pre-
valence of obesity and a higher body mass index z score (f =
0.131, 0.160, and 0.043, respectively, P < .05). Parental education
could be used to identify adolescents with a higher likelihood of
obesity.

Objective

The Southern Appalachian region has one of the highest rates of
obesity in the United States (1). People living in Appalachia also
have a larger burden of chronic diseases such diabetes and cancer
than other areas (1-3). Research on obesity risk factors among ad-

olescents is critical because nearly three-fourths of obese adoles-
cents become obese adults (4). Few studies have used a large
sample to examine the prevalence of and risk factors for obesity
among Appalachian youths. The objective of our study was to ex-
amine the prevalence of obesity and to determine its risk factors
among Southern Appalachian adolescents.

Methods

We used baseline data from the first wave (n = 544) and second
wave (n = 965) of Team Up for Healthy Living (5), a cluster-ran-
domized trial targeting obesity prevention through a school-based,
cross-peer intervention among adolescents in Southern Ap-
palachia (mean age, 14.9 years). Students in Lifetime Wellness
classes were enrolled in this trial in 2 recruitment waves
(January—February and August—September 2012).

Study exclusion criteria included the following: enrollment in an-
other weight-management program; having a diagnosed eating dis-
order such as anorexia nervosa or bulimia nervosa; having an un-
derlying condition affecting weight status, such as hypothyroid-
ism, Cushing’s syndrome, or chronic steroid use; having dietary or
physical activity restrictions, such as those recommended for ad-
olescents who have hypertension, diabetes, or severe orthopedic
problems; and pregnancy.

The overall participation rate for the study was 91.2% (1,509/
1,654). The study was approved by the institutional review board
at East Tennessee State University. All students provided assent,
and parents provided passive consent.

We determined weight status by using the 2000 Centers for Dis-
ease Control and Prevention growth charts and data based on dir-
ect measurement of height and weight: overweight was defined as
a body mass index (BMI) in the 85th to 95th percentile; obesity
was defined as a BMI greater than the 95th percentile (6). Data on
student demographics, including age, sex, race, annual family
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household income, and level of education for each parent, were
obtained through a standardized questionnaire.

Linear and logistic mixed models were fit for identifying risk
factors, with BMI z score and adolescent overweight and obesity
as outcomes. To control for the intercorrelation of students’ out-
comes within a class or school, we included those factors as ran-
dom effects. All data analyses were performed using SAS version
9.2 (SAS Institute Inc).

Results

Most (93.4%) study participants were white (Table 1). Nearly half
of mothers (48.6%) and 36.1% of fathers had some college or
more. Overall, the prevalence of overweight was 19.8%, and the
prevalence of obesity was 26.6%. Boys had a higher prevalence of
obesity than girls (32.3% vs 20.8%) but a lower prevalence of
overweight (18.2% vs 21.5%).

Being male, having a mother with a high school education or less,
or having a father with a high school education or less was associ-
ated with a higher likelihood of obesity (being male, OR = 1.79
[95% CI, 1.39-2.29]; mother’s education, OR = 1.39 [95% CI,
1.05-1.83]; father’s education (OR = 1.57 [95% CI, 1.17-2.09])
and a higher BMI z score (being male, p = 0.131 [P = .02]; moth-
er’s education, p = 0.160 [P = .008]; father’s education, = 0.043
[P=.003]) (Table 2). When stratified by sex, only a low level of
paternal education predicted BMI z scores for boys, whereas only
a low level of maternal education predicted BMI z scores for girls.
A low level of maternal education (OR = 1.51; 95% CI,
1.03-2.21) and a low level of paternal education (OR = 1.70; 95%
CI, 1.16-2.50) were associated with a higher likelihood of obesity
for boys, but not girls.

We found similar results for the overall sample when we com-
bined data for overweight and obesity. When stratified by sex,
only lower levels of maternal and paternal education were associ-
ated with overweight and obesity among boys.

Discussion

Consistent with a previous study (7), we observed a high preval-
ence of overweight and obesity among Appalachian adolescents,
and boys were at higher risk for obesity than girls. We also found
that parental education, but probably not family income, was asso-
ciated with obesity. Parental education may be a more important
factor than family income and should be considered in developing
future interventions in Appalachia. The relationship between so-
cioeconomic status (SES) and obesity is complex, varying by pop-
ulation, and may change over time (8). A recent study suggests

that although obesity rates are declining among adolescents in
households with higher SES, they continue to increase among
young people in households with lower SES (9).

Among adolescent boys, lower levels of education among moth-
ers and fathers predicted a higher likelihood of obesity, whereas
among girls, only a lower level of education among mothers was
predictive. In contrast to the findings of our study, other studies
have reported that the father’s level of education was a better pre-
dictor of obesity among adolescents than the mother’s education
(10). Our findings further support the concept that household edu-
cation level is important for understanding health disparities.

Appalachia has a population of approximately 25 million, 42% of
whom live in rural areas; only 20% of the national population lives
in rural areas (11). Parents in rural areas may face unique chal-
lenges in maintaining a healthy living environment for their chil-
dren.

This study has limitations. The large percentage of “do not know”
responses to the question on annual family income level decreases
the power of the study to detect possible differences. Second, our
study sample is not representative of the entire Appalachian re-
gion. Despite these limitations, our study adds important findings
to the literature on adolescent obesity in an understudied popula-
tion. It suggests that parental education could be used to help
identify adolescents at high risk for obesity in the target popula-
tion. Future research using longitudinal data are warranted.

Acknowledgments

This project was funded by the National Institutes of Health
(R0O1MD006200); part of Dr Youfa Wang’s effort is supported by
research grants from the National Institutes of Health
(RO1HDO064685-01A1, ROIDK81335-01A1).

Author Information

Corresponding Author: Liang Wang, MD, DrPH, MPH,
Department of Biostatistics and Epidemiology, East Tennessee
State University, PO Box 70259, Johnson City, TN 37614.
Telephone: 423-439-4435. E-mail: wangl2@etsu.edu.

Author Affiliations: Deborah L. Slawson, Jodi L. Southerland,
College of Public Health, East Tennessee State University,
Johnson City, Tennessee; George Relyea, School of Public Health,
University of Memphis, Memphis, Tennessee; Youfa Wang,
School of Public Health and Health Professions, University at
Buffalo, State University of New York, Buffalo, New York.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

2 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2014/14 _0348.htm



PREVENTING CHRONIC DISEASE VOLUME 11, £222

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY DECEMBER 2014

References

1. Centers for Disease Control and Prevention. Estimated county-
level prevalence of diabetes and obesity — United States,
2007. MMWR Morb Mortal Wkly Rep 2009;58(45):1259-63.

2.Appalachia Community Cancer Network. Addressing the
cancer burden in Appalachian communities 2010. National
Cancer Institute. http://www.accnweb.com/docs/2010/
AddressingtheCancerBurdenAppCommunities2010.pdf.
Accessed March 1, 2014.

3.Meacham S, Sukpraprut S, Taber T, Metzger D. Publications
on chronic disease in coal dependent communities in Central
Appalachia. J Health Dispar Res Pract 2012;5(3):62—79.

4.Dehghan M, Akhtar-Danesh N, Merchant AT. Childhood
obesity, prevalence and prevention. Nutr J 2005;4:24.

5.Dalton WT, Wang L, Southerland J, Schetzina K, Slawson D.
Self-reported versus actual weight and height data contribute to
different weight misperception classifications. South Med J
2014;107(6):348-55.

6.Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM,
Flegal KM, Mei Z, et al. 2000 CDC growth charts for the
United States: methods and development. Vital Health Stat 11
2002;(246):1-190.

7.Montgomery-Reagan K, Bianco JA, Heh V, Rettos J, Huston
RS. Prevalence and correlates of high body mass index in rural
Appalachian children aged 611 years. Rural Remote Health
2009;9(4):1234.

8. Wang Y, Zhang Q. Are low-socioeconomic status American
children and adolescents at increased risk of obesity? Trends in
the association between overweight and family income
between 1971 and 2002. Am J Clin Nutr 2006;84(4):707-16.

9.Frederick CB, Snellman K, Putnam RD. Increasing
socioeconomic disparities in adolescent obesity. Proc Natl
Acad Sci USA 2014;111(4):1338-42.

10. Eidsdéttir SP, Kristjansson Al, Sigfasdéttir ID, Garber CE,
Allegrante JP. Secular trends in overweight and obesity among
Icelandic adolescents: do parental education levels and family
structure play a part? Scand J Public Health 2013;
41(4):384-91.

11. The Appalachian region. Appalachian Regional Commission.
http://www.arc.gov/index.do?nodeld=2. Accessed March 1,
2014.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2014/14_0348.htm « Centers for Disease Control and Prevention 3



PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 11, E222
DECEMBER 2014

Tables

Table 1. Characteristics of Adolescent Participants, by Sex, in the Team Up for Healthy Living Project, Southern Appalachia, 2012

Characteristic Overall® (n = 1,509) Boys (n = 765) Girls (n = 744)
Age, mean (SD), y 14.9 (0.7) 14.9 (0.8) 14.8 (0.7)
Sex, %

Male 49.3 — —
Female 50.7 — —
Race/ethnicity, %

American Indian or Alaska Native 1.0 1.1 0.8
Asian 0.3 0.4 0.1
Black or African American 0.8 0.8 0.7
Hispanic or Latino 2.7 2.7 2.7
Native Hawaiian or Other Pacific Islander 0.1 0 0.1
White 93.4 92.9 93.9
Other 1.9 2.2 1.7
Mother’s highest level of education, %

Less than high school 6.0 5.3 6.8
High school graduate or GED 29.1 30.1 28.1
Some college 21.5 21.2 21.9
College degree 27.1 26.8 27.4
Do not know 16.3 16.6 15.9
Father’s highest level of education, %

Less than high school 8.5 8.2 8.8
High school graduate or GED 33.3 34.1 325
Some college 15.2 16.8 13.6
College degree 20.9 21.1 20.7
Do not know 22.1 19.8 24.4
Annual family household income, %

<$20,000 3.9 4.1 3.6
$20,000-$44,999 7.6 9.7 5.5
$45,000-$74,999 7.7 8.9 6.5

Abbreviations:—, not available; BMI, body mass index; GED, General Education Development; ICC, intraclass correlation coefficient; SD, standard deviation.
@ Data were missing in overall sample for the following: grade (n = 46), race/ethnicity (n = 48), mother’s education (n = 79), father’s education (n = 85), annual

family household income (n = 54), and measured weight (n = 18).

b |cC for classes nested within schools; ICC defined as 02B/(02W + 028), where 02B is the between-subjects (classes) variance and oW?2 is the within-subjects vari-
ance. Variance components were estimated by a mixed linear model in SAS version 9.2 (SAS Institute Inc).

€ Not estimable; BMIs varied randomly between students’ classes.

d calculated according to Centers for Disease Control and Prevention 2000 growth charts (6).
€ Measured weight status categories were assigned via age- and sex-specific BMI percentile scores based on the Centers for Disease Control and Prevention 2000

growth charts (6).

(continued on next page)
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(continued)

Table 1. Characteristics of Adolescent Participants, by Sex, in the Team Up for Healthy Living Project, Southern Appalachia, 2012

Characteristic Overall® (n = 1,509) Boys (n = 765) Girls (n = 744)
>$75,000 8.8 11.5 6.1
Do not know 72.0 65.8 78.3
ICCP (Pvalue)

Weight 0.012 (.09) 0.005 (.35) <0.001 (.48)
Height 0.022 (.03) 0.029 (.08) 0.012 (.26)
BMI 0.008 (.36) 0.010 (.24) o¢
BMI measures, mean (SD)

BMI 24.5 (5.7) 24.8 (5.9) 24.2 (5.5)
Standardized BMI z scored 0.87 (1.04) 0.94 (1.12) 0.81 (0.95)
BMI percentiled 73.0 (26.5) 73.5(27.7) 72.4 (25.3)
Weight status,® %

Underweight 1.1 1.5 0.8
Healthy weight 52.5 48.1 56.9
Overweight 19.8 18.2 21.5
Obese 26.6 32.3 20.8

Abbreviations:—, not available; BMI, body mass index; GED, General Education Development; ICC, intraclass correlation coefficient; SD, standard deviation.

@ Data were missing in overall sample for the following: grade (n = 46), race/ethnicity (n = 48), mother’s education (n = 79), father’s education (n = 85), annual
family household income (n = 54), and measured weight (n = 18).

P |CC for classes nested within schools; ICC defined as OQB/(GQW + 028), where 02B is the between-subjects (classes) variance and oW?2 is the within-subjects vari-
ance. Variance components were estimated by a mixed linear model in SAS version 9.2 (SAS Institute Inc).

C Not estimable; BMIs varied randomly between students’ classes.

d calculated according to Centers for Disease Control and Prevention 2000 growth charts (6).

€ Measured weight status categories were assigned via age- and sex-specific BMI percentile scores based on the Centers for Disease Control and Prevention 2000
growth charts (6).
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Table 2. Adjusted Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Adolescent Overweight and Obesity and Regression
Coefficient for BMI z Score, Southern Appalachia, by Sex, 2012

Overall Boys Girls
BMI z BMI z BMI z
Overweight?, | Obesity?, OR | ScoreS, | Overweight?, | Obesity?, OR | Score®, | Overweight?, | Obesity?, OR | Score®,
Characteristic OR (95%Cl) (95% ClI) B OR (95% ClI) (95% ClI) B OR (95% ClI) (95% Cl) B
Age 0.99 1.01| 0.004 0.99 1.01| 0.006 1.00 1.01| -0.001
(0.98-1.01) (1.00-1.03) (0.85-1.15) (0.99-1.03) (0.97-1.02) (.99-1.03)
Sex
Girls 1.0 [Referent] - -
Boys 0.98 1.79| 0.1319 - -
(0.75-1.29) (1.39-2.29)
Race
Nonwhite 1.0 [Referent] 1.0 [Referent] 1.0 [Referent]
White 1.37 0.96| -0.002 2.16 1.01| 0.133 1.01 0.89| -0.142
(0.83-2.24) (0.64-1.44) (0.01-4.97) (0.59-1.73) (0.54-1.89) (0.48-1.65)
Annual family household income
>$45,000 1.0 [Referent] 1.0 [Referent] 1.0 [Referent]
Unknown 1.05 0.94| -0.040 1.28 1.17| 0.030 0.81 0.83| -0.095
(0.72-1.52) (0.67-1.32) (0.76-2.15) (0.76-1.80) (0.47-1.41) (0.47-1.49)
<$45,000 0.83 1.36| 0.029 1.03 1.38| 0.009 0.62 1.35| 0.055
(0.47-1.45) (0.86-2.15) (0.49-2.16) (0.78-2.46) (0.26-1.47) (0.62-2.91)
Mother’s education
Some college or 1.0 [Referent] 1.0 [Referent] 1.0 [Referent]
more
Unknown 0.81 0.94| -0.006 0.87 1.12| -0.018 0.75 0.72| 0.001
(0.56-1.17) (0.67-1.31) (0.52-1.46) (0.72-1.73) (0.45-1.26) (0.43-1.23)
High school or 1.12 1.39| 0.160°© 0.99 1.51| 0.158 1.24 1.29| 0.171f
less (0.82-1.52) (1.05-1.83) (0.63-1.55) (1.03-2.21) (0.82-1.88) (0.85-1.96)
Father’s education
Some college or 1.0 [Referent] 1.0 [Referent] 1.0 [Referent]
more
Unknown 0.99 1.04| 0.786 1.13 1.16| 0.065 0.88 1.04| 0.032
(0.70-1.40) (0.75-1.45) (0.68-1.87) (0.75-1.82) (0.55-1.42) (0.63-1.71)
High school or 1.12 1.57| 0.043¢ 1.10 1.70| 0.265" 1.14 1.51| 0.117
less (0.82-1.54) (1.17-2.09) (0.70-1.74) (1.16-2.50) (0.74-1.75) (0.96-2.38)

Abbreviations: BMI, body mass index; —, not available.

@ Binary mixed model logistic regression was used, with overweight (excluding obesity) relative to normal weight as an outcome variable.

b Binary mixed model logistic regression was used, with obesity relative to normal/underweight as an outcome variable.
C Linear mixed model was used, with BMI zscore as an outcome variable. Estimates evaluated at mean levels.

dp=02.
€ p=.008.
fp=03.
€ p=.003.
h p=005.
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