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ABSTRACT
Obesity and diabetes are major health problems
in the United States. The primary aim of this study is to examine the association between obesity and diabetes and to estimate the cost of diabetes linked to obesity in the Appalachian region. A system of simultaneous equations approach, and a logit estimation are employed for
the analyses. Behavioral Risk Factor Surveillance System (BRFSS) surveys for 2001 and 2009
are the main sources of data. Both county-level
and individual-level data are used for the analyses. The simultaneous approach at county-level
based on the changes of income, employment,
obesity, and diabetes reveals that obesity increases diabetes, but diabetes does not have an
effect on obesity. The counties with high initial
levels of obesity had less obesity growth but
more diabetes growth. Increasing income impacts negatively on diabetes growth. Logit analysis indicates that obesity significantly increases
the risk of diabetes of adults’ in Appalachia. Besides, being employed, higher income, as well
as engaging in exercise reduce the prevalence
of diabetes, while age increases diabetes. The
economic cost of obesity-related diabetes is $1.9
billion, and can be reduced through mitigating
obesity.
Keywords: Appalachia; Diabetes; Logit Analysis;
Obesity

1. INTRODUCTION
Obesity is a major health problem and nearly 34 percent of the US adult population are obese [1,2]. With the
current trend of obesity, 50 percent of the US population
Copyright © 2013 SciRes.

will be obese in 2030 [3]. According to many studies,
diabetes (type II), heart disease, hypertension, cancer,
diabetes, asthma, and some psychological disorders link
to obesity [4-6]. Obesity increases the risk of premature
mortality [7] and is associated with nearly 300,000 annual deaths in the United States [5]. However, the magnitude of health impacts of a particular region depends
upon the levels of obesity-related diseases, socioeconomic
and behavioral characteristics of individuals [8,9], and
environmental and geographical characteristics [10,11].
The epidemic of obesity absorbs increasingly greater
health care budgets in the United States. For instance,
health expenditures (as a share of GDP) were 15.2 percent in 2003 [12]. There are four major categories of the
economic impacts associated with obesity: direct medical
costs, productivity costs, transportation costs, and human
capital costs [13]. According to the US Department of
Health and Human Services [14], the annual cost of obesity was $147 billion in 2008 and people who were obese
had annual medical costs that were $1429 higher than the
cost for people of normal body weight. The overall annual cost of being obese is $2646 for an obese man and
$4879 for an obese woman [3].
The prevalence of diabetes (type II) continued to increase with obesity in the United States [15]. It requires a
lifetime of medical care and drug therapy from the beginning in controlling diabetes (type II) which lowers
quality of life. The economic costs attributable to obesity
were $11.3 billion for diabetes (type II) [16]. The childhood obesity shows a positive relationship with diabetes
(type II) among children, especially between 10 - 17
years old [17]. Thus, the main objectives of the study are
to examine the association between obesity and diabetes
and to estimate the cost of diabetes linked to obesity in
Appalachia.
The paper spreads as follows. Section 2 provides background information of Appalachia. Section 3 explains
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methods and data sources. Section 4 discusses empirical
results and analysis. Section 5 presents conclusions.

2. THE APPALACHIAN REGION
The Appalachian Region consists of 420 counties in
13 states. Ninety-six Appalachian counties are considered as “economically distressed,” ninety counties are at
“risk”, and 219 have “transitional economies” [18]. The
region is facing a lack of human, financial, and technical
resources, and highly depends on mining, forestry, agriculture, chemical industries, professional service, and
manufacturing [18]. The Appalachian region is home for
nearly 24.8 million, and the highest population is reported from Northern Appalachia. The lowest population
reports from Central Appalachia. The region is divided
into five sub-regions as Northern, North Central, Central,
South Central, and Southern [18]. The unemployment
rates in two-thirds of Appalachian counties are higher
than the national rate [18]. Moreover, the per capita personal income, average earnings, and per capita investment income are lower than the national averages. According to the economic assessment of Appalachia [19],
educational levels within the region are low.
About 44 percent of the Appalachian population are
obese and overweight [18]. Approximately, 10 percent
over the population is suffering from diabetes, which
may be related to obesity [20]. West Virginia, Tennessee,
Kentucky, Mississippi, Louisiana, middle Alabama, South
Georgia, and the coastal regions of North and South
Carolina reports higher obesity and diabetes rates than
the national average [21,22]. CDC further reveals that 81
percent of the counties in Kentucky, Tennessee, and
West Virginia have the highest rates of diabetes and obesity. Meanwhile, 77 percent of the counties in Alabama,
Georgia, Louisiana, Mississippi, and South Carolina report cases of diabetes and obesity. Counties on the “high
end” of obesity prevalence are Dallas and Greene in
Alabama, and Holmes, Humphreys and Jefferson in Mississippi. Counties that report a high prevalence of diseases, like diabetes, cancer, and heart disease are Greene,
Lowndes and Perry in Alabama, and Holmes and Jefferson in Mississippi.

3. METHODS AND DATA
In order to examine the association between obesity
and diabetes a set of linear simultaneous equations is
used. Statistically this approach helps reach better comprehensive estimations. Within the consumer’s utility
maximization context, a Logit analysis is used to estimate the cost of diabetes linked to obesity. A Logit regression is a type of probabilistic classification model
which is used for predicting the outcome of a categorical
dependent variable based on predictor variables.
Copyright © 2013 SciRes.
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3.1. Examine the Impacts of Obesity on
Diabetes in Appalachia
A system of simultaneous equations model is used to
examine the impacts of obesity on diabetes. The model
assumes the interdependence of income, employment,
obesity, and diabetes within the context of consumer’s
utility theory. Interestingly, the simultaneous equations
approach accounts for interactions among the interdependent variables, and make comprehensive estimations.
Moreover, the estimations based on a system of equations overcome inconsistency and bias and lead to efficient estimation. The county average values of income,
employment, obesity, and diabetes are used as interdependent variables in the model for the period of 2001 to
2009. All other exogenous variables of social factors
(SF), behavioral factors (BF) and environmental factors
(EF) are used at the county level for the same period.
The model for the analysis is derived from the simultaneous equations approach of Deller et al. and Rosenberger et al. [23,24].
The variables Income (I*), Employment (E*), Obesity
(O*), and Diabetes (D*) represent the long term equilibrium levels of income, employment, obesity, and diabetes. The ΩI, ΩE, ΩO, and ΩD are a set of variables describing initial conditions that measure SF, EF, and BF
related to obesity-linked diabetes implications. The general form of the model is as follows.
(1) Income* = f (Employment*, Obesity*, Diabetes*,
I
Ω)
(2) Employment* = g (Income*, Obesity*, Diabetes*,
E
Ω)
(3) Obesity*= h (Income*, Employment*, Diabetes*,
O
Ω )
(4) Diabetes* = k (Employment*, Income*, Obesity*,
D
Ω )
Considering the equilibrium framework of the model,
short-term adjustments of income (∆I), employment (∆E),
obesity (∆O), and diabetes (∆D), to the long-term equilibriums of I*, E*, O*, and D,* can be derived to the empirical analysis. Respectively, the changes of income,
employment, obesity, and diabetes are given by ∆I, ∆E,
∆O, and ∆D. It−1, Et−1, Ot−1 and Dt−1 are initial conditions
of income, employment, obesity, and diabetes. The linear
estimated parameters of initial conditions, changes of interdependent variables, and other SF, EF, and BF are
given by β, r and δ. α represents intercept values. The
model captures structural relationships while simultaneously isolating the influence of obesity on diabetes.
(5) ∆I = αoI + β1IIt−1 + β2IEt−1 + β3IOt−1 + β4IDt−1 +
r1I∆E + r2I∆O + r3I∆D + ∑δIΩI
(6) ∆E= αoE + β1EIt−1 + β2EEt−1 + β3EOt−1 + β4EDDt−1 +
r1E∆I + r2E∆O + r3E∆D + ∑δEΩE
(7) ∆O = αoO + β1OIt−1 + β2OEt−1 + β3OOt−1 + β4IDt−1 +
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r1I∆I + r2I∆E + r3I∆A + ∑δOΩO
(8) ∆D = αoI + β1DIt−1 + β2DEt−1 + β3DOt−1 + β4DDt−1 +
r1I∆I + r2I∆E + r3I∆O + ∑δDΩD

3.2. Estimate the Cost of Diabetes Linked to
Obesity in Appalachia
Within the consumer’s utility maximization context, a
Logit analysis is used to estimate the economic cost. Individual level data for diabetes and obesity for 2009 are
used for the analysis. A Logit analysis of a response
function for diabetes with obesity as a qualitative exogenous variable would give the coefficient for the marginal impact of obesity for diabetes. In a well-defined
Logit equation, this coefficient for obesity indicates the
contribution of obesity to diabetes. Multiplying the coefficient value by the known healthcare expenditures of
diabetes, would give the cost of diabetes linked to obesity. These types of dose-response functions are used in
cost calculations [25-27].
(9) Di = f (Oi, SFi, EFi, BFi)
Di represents the diabetes of the ith individual, which
appears as a qualitative dependent variable equal to one
if the individual has diabetes and zero otherwise. Oi is
equal to one if the ith individual is obese and zero otherwise. The variables of socioeconomic factors (SF), behavioral factors (BF), and environmental factors (EF) are
specified for each individual.
The marginal effect of the estimated equation can be
expressed as:
(10) Di = α0 + α1Oi + ∑ψSFi + ∑δEFi + ∑ωBFi,
where α0 indicates the intercept of the equation, α1, is the
coefficient estimation for Oi. The summations of the coefficients of SF, EF, and BF are indicated by ψ, δ, and ω.
To obtain the total economic cost (TECD) of obesity
related to diabetes, the total expenditures on healthcare
for diabetes (THED) in Appalachia is multiplied by the
coefficient of Oi (α1) from the marginal effects of the
Logit equation for diabetes. Nevertheless, any loss in
productivity due to absenteeism, or the loss to an individual over his or her lifetime of lost income does not
account for the total economic cost.
(11) TECD = THED × α1

3.3. Sources of Data
Behavior Risk Factor Surveillance Systems (BRFSS)
survey data collected by the Center for Disease Control
and Prevention (CDC) for 2001 and 2009 [28,29] are the
main source of data. For the analysis, both individuallevel and country averaged, data are used. County averaged data for 2001, and 2009 are used to examine the
impacts of obesity on diabetes. Individual-level data of
2009 are used to estimate the cost of diabetes linked to
obesity. BRFSS is a survey of health-risk behaviors in
Copyright © 2013 SciRes.

non-institutionalized civilian adults, age 18 years and
over. Data are collected from a stratified random sample
by the state health departments with the collaboration of
the CDC. Moreover, data for the county-level employment, income, number of adults, and population, are collected from the Bureau of Economic Analysis, and the
US Census Reports [30-32]. Analysis is done using the
statistical package of STATA [33].

4. RESULTS AND DISCUSSION
4.1. Examining the Impacts of Obesity on
Diabetes in Appalachia
Table 1 shows the county averaged variables, and
their descriptions used to examine the link of obesity and
diabetes. Table 2 shows the econometric results of the
analysis.
A system of four simultaneous equations was used to
measure the links between obesity and diabetes in Appalachia. The variables used, and the results are presented
in Table 2. The first column of the table shows the exogenous variables used in each equation. Columns 2 and
3 indicate results for income change (INCC) equation,
while columns 4 and 5 present results for employment
change (EMPC). Results for the obesity change (OBEC)
equation are shown in columns 6 and 7, and results for
the diabetes change (DIAC) equation are presented in
columns 8 and 9.
The empirical results show that income change (INCC)
is significantly and positively related to employment
change (EMPC). Thus, when employment increases by a
one-percent income increases by 0.4 percent in Appalachian counties. Obesity change (OBEC) is significantly
and positively related to income change (INCC). Accordingly, when obesity change increases by a one-percent,
income change increases by 0.2 percent. Age indicates a
positive relationship with income change. A one-year
increase in age, improves income growth by 0.08 percent.
Initial values of income (INC01), and employment
(EMP01) show significant results but impacts are minimal.
Results for employment change equation show that a
one percent change in income growth increase employment growth by 0.33 percent. One reason for this could
be that high income leads to more savings and investment which increases employment. Also, high income in
a county may lead to improved educational facilities,
healthcare facilities, and other local amenities that increase the number of jobs. Results further indicate that
growth in diabetes rates (DIAC) has a negative relationship with employment growth. The initial level of diabetes (DIAB01) also has a negative relationship with employment growth. Thus, an increasing percentage of diabetic patients decrease employment growth in AppalaOPEN ACCESS
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Table 1. Definitions of county-level variables used for the analysis, 2001and 2009.
Vari.

Description

Mean

Std. Dev.

INC01

Average annual household income, 2001

$26,616

$5617

EMP01

Number of adults 18 and older who were employed, 2001

26,481

45,891

OBE01

Percentage of obese adults 18 and older, 2001

23.7

3.5

DIA01

Percentage of adults 18 and older with diabetes, 2001

8.1

4.6

INC09

Average annual household income, 2009

$37,460

$7849

EMP09

Number of adults 18 and older who were employed, 2009

26,091

45,176

OBE09

Percentage of obese adults 18 and older, 2009

30.8

5.4

DAI09

Percentage of adults 18 and older with diabetes, 2009

15.5

6.5

POP 09

County population

59,399

96,730

AGE09

Average age of adults 18 and older

54.9

4.5

MAR09

Percentage of population that was married

56.0

10.0

EDU09

Percentage of population that has had some college, a college degree or has a professional or graduate degree

44.2

12.3

MAL09

Percentage of males

36.8

8.7

SLP09

Average number of sleepless days of an adult 18 and older, 2009

8.5

2.4

SMK09

Percentage of county’s population 18 and older who smoke, 2009

24.0

9.2

DNK09

Percentage of county’s population 18 and older, consume alcohol, 2009

30.7

16.6

GHH09

Percentage of county’s populations say that their health conditions are good

71.6

12.6

NORTH

1 if the county is in the northern regions of Appalachia; 0 otherwise

35.5

47.9

chia. The initial level of employment (EMP01) is significant and negative but the coefficient is small. Education (EDU) has a significant and positive relationship
with employment growth. There is a significant and positive relationship between the percentage of a county’s
population that is married, and employment growth.
The empirical results for obesity change (OBEC)
equation indicates that increasing income change (INCC)
increases obesity change. Results also show that income
in 2001 (INC01) has a positive relationship with obesity
change. The significant and negative relationship with
the initial obesity rate shows that county which had a
high obesity level have lower obesity rates.
The results for diabetes change (DIAC) show that income change (INCC) and diabetes change are significantly and negatively related. When income growth increases by one percent, diabetes rates decrease by 1.1
percent. This may be due to greater attention to diabetes
care with increasing county income. As expected, obesity
increases are significantly and positively related to increases in diabetes. A one percent increase in obesity
change, increases diabetes change by 0.8 percent. This
result is supported by Gregg et al. who found a continuous increase of diabetes with increasing obesity in the
United States [15]. The negative impact of the initial
Copyright © 2013 SciRes.

income level indicates that when average county income
was higher in 2001, increases in the rates of diabetes
were lower in those counties.

4.2. Estimate the Cost of Diabetes Linked to
Obesity in Appalachia
1) Logit Analysis for Diabetes
Definitions of all variables used for Logit analysis are
presented in Table 3 with mean, standard deviation, minimum, and maximum value. Individual-level data in
2009 were used for the analysis. Data were cleaned from
individuals who were pregnant or who had any kind of
missing data for exogenous variables. Thus, the sample
size was 21,225 individuals for the Appalachia.
Table 4 shows the results for Logit analysis. According to the results most of the independent variables are
significant and have the expected signs. Obesity is significantly and positively related to diabetes; an obese
person is 11 percent more likely to become diabetic than
a non-obese person. Diabetes and age show a positive
relationship as expected. According to Mayo Foundation
[34], getting older, increases one’s vulnerability towards
diabetes (type II), especially after 45 years of age.
Those who are employed show significantly lower
OPEN ACCESS
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Table 2. Econometric results for system of equations including change in diabetes (DIAC).
Income change

Employment change

Obesity change

Diabetes change

Var.
Coefficient

P > |Z|

INCC
EMPC

0.41022***

OBEC

***

0.19912

Coefficient

P > |Z|

Coefficient

P > |Z|

Coefficient

P >| Z|

0.33449***

0.00

1.17347**

0.04

−1.15299**

0.02

0.00513**

0.99

0.07031

0.88

0.00
0.00

0.02846
−0.22660

***

0.00

−0.04215

0.43

INC01

−0.00001***

0.00

−0.00010

0.37

EMP01

0.00001*

0.06

−0.00001***

0.00

0.08273

DIA01

−0.05195

0.88

AGE09

0.00841***

0.00

EDU09

−0.00028

0.68

MAL09

0.00045

0.52

−1.57932

***

0.00

−0.00001*

0.06

0.47

0.00010

0.76

0.00

1.29238

0.26

0.64

DIAC

OBE01

***

0.72

0.29984

0.00010
−1.89317

***

0.58

***

1.80850

0.60

−6.09294

−0.00245

0.89

0.02592

−0.00241

0.20

GHH09

0.00246

0.74

REC09

−0.00215

0.68

SMK09

0.00146

0.21

−0.00035

0.83

DNK09

−0.00142

0.33

−0.00193

0.36

0.00098**

0.00

0.81553

0.06

POP09

0.00001

***

0.00

MAR09

0.00241***

0.01

−0.02657**

NORTH

0.00

0.71

0.05

2

Number of observations = 420. R values: INCC = 0.84; EMPC = 0.40; OBEC = 0.10; DIABC = 0.57. Chi2 values: INCC = 2715.95; EMPC = 119.70; OBEC =
222.58; DIABC = 868.95. ***, **, * are significant at 1%, 5% and 10% respectively.

Table 3. Definitions of variables in Logit analysis, 2009.
Var.

Description and unit

Mean

Std. Dev.

Min

Max

DIA

1 if diabetic; 0 otherwise

14.49

35.27

0

1

OBE

1 if obese; 0 otherwise

30.89

46.56

0

1

AGE

In years

55.46

16.06

27

99

MAR

1 if married; 0 otherwise

56.68

49.55

0

1

EDU

1 if some college or higher; 0 otherwise

51.14

49.98

0

1

EMP

1 if employed; 0 otherwise

40.17

49.02

0

1

INC

Annual income in dollars

40,774

24,815

5000

80,000

GEN

1 if male; 0 if female

38.21

48.59

0

1

RAC

1 if white; 0 if race other than white

90.41

29.44

0

1

SLP

Number of sleepless days in previous month

8.50

10.55

0

15

EXE

Number of minutes engaged in physical activities for the previous week

403.57

674.95

0

1092

DNK

1 if drinks alcohol; 0 otherwise

0.3375

0.4728

0

1

SMK

1 if smokes; 0 otherwise

0.2093

0.4068

0

1

Copyright © 2013 SciRes.
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probabilities of getting diabetes. This may be due to better income, education, and other facilities, associated
with greater employment opportunities. Even though the
impact value is low, increasing income decreases the
potential of becoming a diabetic. A significant and positive result for gender indicates that adult men are more
vulnerable to diabetes than adult women. Variable for
Table 4. Logit regression results for diabetes: marginal effects.
Var.

Marginal Effect

Std. Err

P > |z|

OBE

0.10855

***

0.0038

0.00

AGE

0.00268***

0.0001

0.00

MAR

−0.00362

0.0043

0.40

EDU

−0.00533

0.0042

0.20

EMP

−0.04043

***

0.0049

0.00

INC

−0.00001***

0.0000

0.00

***

0.0041

0.00

−0.04061

***

0.0058

0.00

EXE

−0.00002

***

0.0000

0.00

DNK

−0.05757***

0.0048

0.00

SMK

−0.00284

0.0053

0.59

GEN
RAC

0.03434

2

Number of Observations = 21,225. LR chi (12) = 2315.23; Prob > chi2 =
0.0000. Log likelihood = −7494.72; Pseudo R2 = 0.1338. ***, **, * are significant at 1%, 5% and 10% respectively.
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race indicates that the white individuals are less likely to
get diabetes than the non-white individuals. Spending
more time on physical exercise decreases the potential of
becoming a diabetic. Drinking alcohol indicates a negative association with diabetes. The result is supported by
certain studies [35,36].
2) Calculating Total Healthcare Expenditures for
Diabetes (THED)
The calculation of total healthcare expenditure for diabetes in Appalachia is based on the estimations of Milken Institute [37] that calculated treatment costs as well
as costs of productivity lost. The Milken Institute projected costs for diabetes up to 2023 for each state using
Medical Expenditure Panel Survey (MEPS), and National Household Education Survey (NHES) data, in
2003. The estimation for 2009 was used to calculate total
healthcare expenditure for diabetes for the Appalachian
region. The calculations are presented in Table 5. The
first column shows the Appalachian states, and the second column shows total population in those states. The
third column lists the total population in only the Appalachian counties of each state. The fourth column presents the cost of diabetes of each state according to the
projections of the Milken Institute (2007) for 2009. The
fifth column shows the cost of diabetes for the Appalachian counties of each state, which were calculated by
multiplying the cost of diabetes for each state in column
3, by percentage of population in the Appalachian counties of each state. Thus, the total healthcare expenditure

Table 5. Calculation of total healthcare expenditure for diabetes for the Appalachian region ($billion), 2009.
Appalachian states

Total population in state

Total population in
Appalachian counties

Cost of diabetes*
($billion)

Cost of diabetes for
Appalachia* ($billion)

Alabama

4,779,736

3,024,719

3.39

2.15

Georgia

9,687,653

2,924,921

6.04

1.82

Kentucky

4,339,367

1,194,500

3.09

0.85

Maryland

5,773,552

247,997

3.33

0.14

Mississippi

2,967,297

623,260

2.77

0.58

New York

19,378,102

1,049,686

13.72

0.74

North Carolina

9,535,483

1,662,282

6.14

1.07

Ohio

11,536,504

2,013,203

8.26

1.44

Pennsylvania

12,702,379

5,736,617

9.64

4.35

South Carolina

4,625,364

1,167,523

2.20

0.56

Tennessee

6,346,105

2,801,826

4.89

2.16

Virginia

8,001,024

681,686

4.68

0.40

West Virginia

1,819,777

1,819,777

1.56

1.56

Total cost of diabetes for Appalachia

17.83

*

Calculated by authors Sources: US Census Bureau (2010) and Milken Institute (2007).

Copyright © 2013 SciRes.
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for diabetes for Appalachia is $17.8 billion. As the percentage of young people (less than 18 years) having diabetes is less than one percent (0.26), the total calculated
expenditure is assumed to be the total healthcare expenditure for diabetes of adults in Appalachia.
3) Calculating Economic Cost of Diabetes Linked to
Obesity (TECD)
To obtain the total economic cost (TECD) of diabetes
linked to obesity, the total healthcare expenditures for
diabetes ($17.8 billion) is multiplied by the coefficient of
obesity (0.10855), which was estimated using marginal
effects from Logit analysis. Thus, the total economic cost
of diabetes due to obesity is $1.934 billion for 2009 in
Appalachia. In other words, if obesity could be controlled completely the cost of diabetes would be reduced
by up to $1.934 billion for 2009.
4) Estimating Reductions in Economic Cost of Diabetes Linked to Obesity (TECD) Associated with Reductions in Obesity of Individuals
To measure reduction of economic costs with reductions in obesity of individuals, estimations of total economic cost of obesity-related diabetes (TECD) is used
with the obesity rate for Appalachia in 2009 (31 percent).
The intention is to estimate economic cost reductions
that would occur with significant reductions in obesity
from 31 percent. Reduction possibilities in total economic cost are considered by comparing obesity rates in
Appalachia to three values. First, the potential economic
gains in the region are calculated compared to Colorado,
which reports the lowest obesity rate of 21 percent. Second, potential gains are estimated compared to the national average obesity rate in 2009, which was 25 percent.
Third, gains are estimated compared to the federal target
of reducing obesity to 15 percent.
The potential gains are shown in Table 6. These estimations are conservative as all the costs of obesity-related diseases don’t account for in these calculations.
Also, it is assumed that reductions in costs are linearly
related to reductions in obesity rates as actual impacts are
not known. Thus, interpretation of these values should be
done carefully.
Table 6. Total economic costs of obesity-related diabetes
(TECD) at different obesity rates 2009*.
TECD

$million

Current TECD with 31% obesity rate

1934.12

TECD with 21% obesity rate (reduced to the Colorado level) 1310.21
TECD with 25% obesity rate
(reduced to the current national level)

1559.77

TECD with 15% obesity rate (reduced to the federal target)

935.86

*

Calculated by author.

Copyright © 2013 SciRes.

5. CONCLUSIONS AND SUGGESTIONS
The main purpose of this study was to examine the
association between obesity and diabetes and to estimate
the cost of diabetes linked to obesity in the Appalachian
region. County-level analysis based on the changes of
income, employment, obesity, and diabetes highlights a
few important points. First, the analysis reveals that obesity and income changes are positively related in the Appalachian region. This occurs because income levels as
well as obesity rates have been increasing within the last
one to two decades in Appalachia [18]. Interestingly,
county level analysis suggests that obesity increases diabetes, but diabetes does not affect obesity. Counties with
high initial levels of obesity had less obesity growth but
more diabetes growth. Increasing income impacts negatively on diabetes growth. This means that obesity needs
to be controlled in order to control diabetes.
The county level results are supported by the individual level Logit analysis, which indicates that obesity significantly increases the risk of diabetes of adults’ in Appalachia. Also, being employed, higher income, as well
as engaging in exercise reduce the prevalence of diabetes,
while age increases diabetes. The economic cost calculation shows that nearly $1.9 billion of the cost of diabetes
is due to obesity. Thus, policies to control diabetes need
adequate attention of obesity reduction. Policy attempts
on mitigating obesity with achievable targets can significantly reduce cost of diabetes in Appalachia.
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