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I. INTRODUCTION 

National Obesity Trends 

The increasing prevalence, number of obese individuals, and cost of obesity is a great 

concern to healthcare providers, professionals and communities at large.  Two out of every three 

adults in America are considered overweight or obese, compared to less than one in every four 

persons four decades ago.  The prevalence of obesity is at an all time high with 20.9% of 

American adults are considered obese.1i  The prevalence of obesity among adults has increased 

by 61% between 1991 and 2000, reflecting that 38.8 million of Americans were obese based on 

the Body Mass Index greater than or equal of 30.ii    

Body weight relative to body height is used to calculate the Body Mass Index (BMI), the 

most commonly used reference for classification of overweight and obesity for adults as shown 

in Table 1 below. 

 

Table 1: Body Mass Index by Weight Category 

BMI Obesity Class 
Underweight < 18.5 --- 

Normal 18.5 – 24.9 --- 
Overweight 25.0 – 29.9 --- 

Obesity 30.0 – 34.9 I 
Obesity 35.0 – 39.9 II 

Extreme Obesity >40.0 III 
 

 

The increase in the prevalence of obesity is disturbing given its association with many 

chronic diseases that include type-2 diabetes, gallbladder, cardiovascular diseases and several 

types of cancers (particularly endometrial, kidney and colon cancer).  In 2001, the U.S. Surgeon 

                                                 
1 Prevalence is the number of obese individuals in the population divided by the total population. 
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General “Call to Action to Prevent and Decrease Obesity and Overweight” plan warned of the 

problem as reaching epidemic proportions.iii  Over the last decade, obesity has spread across the 

U.S. as shown by the maps in Figure 1 below. 

Figure 1: Obesity Trends Among U.S. Adults 

 

 

Besides the disease burden, the economic burden of overweight and obesity is alarming 

in the United States.  The escalating costs associated with overweight and obesity were found to 

account for 117 billion (over 9% of total U.S. medical costs) with 61 billion directly, and 56 

billion indirectly, attributed to obesity and overweight (Finkelstein et al., 2003). iv   

Obesity* Trends Among U.S. Adults 
BRFSS, 1991, 1995 and 2000

(*BMI ≥ 30, or ~ 30 lbs overweight for 5’4” person)
1991 1995

2000

Source: Mokdad A H, et al. JAMA 1999;282:16, 2001;286:10.

No Data         <10%          10%-14%          15-19%     ≥20%     
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In 2002, a new category of 25% obesity among the adult population was added to the 

map as generated by the Centers for Disease Control and Prevention from self-reported data 

collected in a telephone survey as part of the Behavioral Risk Factor Surveillance System 

(BRFSS).  The BRFSS is the most comprehensive data set available for use at the state level and 

includes information regarding body weight, fruit and vegetable consumption, and household 

income.   

This economic burden is greater among residents of the South and rural areas.  Dietary 

quality and quantity, low levels of physical activity, the built environment, and policies adopted 

by public and private institutions work in concert to create an environment where most people 

find it difficult to maintain a “normal” body weight.  Overweight and obesity have been linked to 

contributing factors such as unhealthy diet and physical inactivity.  Of the two categories, 

Kentucky ranks 39th in meeting the healthy dietary consumptions, and second highest in 

physical inactivity in the nation.v 

BRFSS data suggest that individuals living below the poverty line bear a disproportionate 

burden of obesity and health concerns.  Consumption of the 5 servings per day goal of fruits and 

vegetables (5 A Day) is more common among individuals of higher income and normal body 

weight.  One in five low-income households buy no fruits and vegetables in any given week 

according to the Economic Research Service (ERS October 2004).  The relationship of fruit and 

vegetables servings consumed by income classification among Kentucky adults is illustrated in 

Figure 2 below using the BRFSS data. 

 

 

 



 5

Figure 2: Fruit & Vegetable Consumption in Kentucky, 2002 

 

 

 

 

 

Kentucky Obesity Research and Trends 

Obesity in Kentucky reflects the national trend.  Kentucky has been ranked sixth in the nation for 

adults who are overweight or obese with more than a million adults (38%) in the overweight 

category and another 682,000 (24%) considered obese.vi   These rates among  

 

 

 

 

Kentucky adults have doubled between 1990 and 2002, according to a report by the 

Center for Disease Control Behavioral Risk Factor Surveillance System (CDC BRFSS).  In 

2002, the CDC BRFSS reported that 63% (1.7 million) of adults in Kentucky were overweight or 

obese, where 39% are non-Hispanic black adults, 24% of non-Hispanic white adults and 20% of 

Hispanic adults are obese (CDC BRFSS 2002).  In addition , 30% of high school students were 

overweight or at risk of becoming overweight and 35% of low-income children between two and 

five years of age in Kentucky were overweight or at a risk of becoming overweight (CDC Ped 

NSS 2002).vii   
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Study Objectives 

The objective of this study was to estimate the county level economic burden of obesity 

in the rural south.  Specifically, a group of counties in Kentucky were selected as a case study for 

this project.  County selection was based on the availability of data via a Medicaid financed 

program known as Kentucky Homeplace.  Homeplace data served as the basis for the economic 

burden of obesity estimates at the county level.  The economic burden analysis was conducted 

using a methodology developed by Finkelstein et al. (2001) and the RAND health insurance 

expenditure model. 

Beyond this immediate objective, a second goal was to develop a methodology that could 

be used by analysts with limited data sets to estimate the economic burden of obesity at the 

county or community level.  To date, the economic burden of obesity literature has focused on 

estimating national and state level expenditures.  However, this same information may be useful 

to local decision makers as they assess resource allocation decision related to preventing or 

reducing obesity at the community level. 
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II. LITERATURE REVIEW 

Overview of Obesity Research 

Extensive research has primarily focused on the causes, effects, management, prevention 

and cost of obesity, which include the alarming mortality and morbidity rates from obesity-

attributable factors.  These factors range from physical inactivity to poor diet to certain chronic 

diseases such as diabetes, hypertension and certain cancers.viii  This is not surprising given the 

fact that an increase in the number of deaths due to physical inactivity and poor diet may soon 

overtake tobacco as the leading cause of death among adults in the United Statesix.  To date, 

there have been numerous attempts to quantify the clinical as well as the economic consequences 

of obesity on national and regional levels.  However, few attempts have been made to quantify 

the economic burden of overweight and obesity on local economies. 

In this review, we restrict the literature review to the ‘cost of obesity’ studies where 

extensive research has been done using ‘charge/utilization’ and ‘cost’ data.  In cases where 

studies examined the medical costs of illnesses, many were derived based on the ‘cost-to-charge’ 

ratios that institute direct costs such as hospital charges, primary and secondary diagnosis and 

health maintenance.  The indirect costs included the number of deaths, the expected value of 

future earnings-adjusted for age, earning patterns, wages losses and number of years of life lost.  

This study intends to contribute to the literature on the economic burden of overweight and of 

obesity, and to test for variation in medical expenditures related to different weight categories on 

a local economy.   
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National and State Level Estimates 

Epidemiological and prevalence approaches are frequently used in many studies to 

estimate the cost of overweight and of obesity.  These approaches are commonly utilized 

especially when it is difficult to obtain accurate data.  Epidemiological studies have estimated the 

cost of being overweight and obese by calculating the number of years of life lost (YLL), by 

weight categories, across different age and race group.  Furthermore, studies have looked at 

health care spending that includes hospital visits, medical expenditures for chronic conditions as 

related to inactivity, risk behavior, overweight and obesity.  

The cost of obesity to an individual, for instance, has been analyzed by, calculating the 

number of years of life lost (YLL) to adults ages 18-85 years (Fontaine et al, 2003).  This study 

uses a body mass index of 24 as a reference point along with race and gender variables.  Findings 

indicated younger adults typically had greater YLL than did older adults.  White males aged 20-

30 years with severe obesity (BMI 45) had 13 YLL, while white females of the same age had at 8 

YLL.  Black men and women older than 60 years had no association with an increased YLL 

when moderately obese, but younger blacks with severe levels of obesity had a maximum YLL 

of 20 for men and 5 for women.  Hence, obesity appears to lessen life expectancy, especially for 

younger adults.  This study is important as it points to the social cost of obesity but does not 

discuss the economic cost of obesity, and how this cost may vary with the level of severity of the 

illness among different age and sex groups.x   

Data from epidemiological [prevalence-based] surveys also show the escalating health 

care costs for chronic diseases associated with obesity.  Wolf and Colditz (1998) estimated the 

cost of obesity-related illnesses that included direct (medication, hospitals care, and physician 

services), indirect (lost productivity due to morbidity or mortality) and the medical component of 
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the Consumer Price Index (CPI) to include all other items of expenditures.  They correlated the 

cost of obesity-attributed illnesses to the calculated risks for an obese and a non-obese group.  

Wolf and Colditz (1998) reported that $51.6 billion (or 5.7%) of total health care expenditures 

were directly attributable to obesity.  In addition, lost productivity constituted $3.9 billion of the 

total national health expenditures.  Their analysis gives a broad picture of the health care 

expenditure that is associated with obesity.xi  These findings may be considered outdated or even 

under estimated given the fact that they were based on 1985 data.    

Medical spending incurred by obese people, less than 65 years, is 36% or $395 more than 

for normal weight individuals (Sturm 2002).  Sturm’s findings are consistent with those by Wolf 

and Coditz (1998), where the risk is higher among younger individuals.  Sturm did not look at 

people older than 65 years who, if obese, are likely to have chronic obesity-attributed disease and 

thus higher medical expenditures.  Research indicates that a larger share of household and 

personal income of the elderly and low income populations is spent on health care.xii 

Cowan et al (2000), estimated health care expenditures by payer type that included 

government, businesses, private insurances and households for the period between 1987 and 

2000.  Based on National Health Account data, the estimates provide a broad picture of the level 

of expenditures by each type of payer.  For instance, out of total health care expenditures, 17% 

was state funded, 19% was federal funded and the remaining 64% was covered through private 

means.  Half of the 64% private expenditures was in the form of household (out–of-pocket) 

spending.  The findings reflected the share of household spending, a cost that is certainly 

underestimated, since households spend even more for caregivers and caretakers that are not 

normally accounted for in the national data.  
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Household health care spending for 2000 was estimated at $418.8 billion (an increase 

from $126.4 billion since 1987) with 46% ($194.5 billion) accounting for out-of-pocket 

payments.  Households spent an additional $126.4 billion for private health insurance (as 

increase from $185.8 billion in 1987).  The burden on household expenditures has remained 

relatively constant since 1987 with households paying an average of 5% of their adjusted 

personal income (adjusted for Medicare, Medicaid, disability and workers compensation).  

Further, the overall spending excluded disparities in expenditures among the elderly and the low 

income populations.  Households with individuals over 65 years of age paid 12% of their after-

tax income to health care, while those under 65 years paid only 4% of their personal income for 

health care.  The lowest income populations paid 18% of their personal income for health care.xiii  

Finkelstein, Fiebelkon and Wang (2003) estimated the portion of health care expenditures 

that are directly attributable to obesity.  An econometric model was applied to predict obesity-

attributed medical expenditures on the national level, which are then correlated with state-level 

data in order to quantify state-level expenditures credited to overweight and obesity.xiv  Data 

drawn from 1998 Medical Expenditure Panel Survey (MEPS) and from the 1996 and 1997 

National Health Interview Surveys (NHISs) were used to develop the national model.  Findings 

indicated that national obesity-attributable medical expenditures accounted for 9.1% of the 78.5 

billion total national medical expenditures in 1998.  This number was estimated to reach $92.6 

billion by year 2002 with almost half financed by Medicare and Medicaid.  The direct costs 

attributed to obesity alone represented $26 billion and $47.7 billion of total medical expenditures 

as reported by MEPS and NHIS, respectively.  Out-of-pocket expenditures from both surveys 

were estimated at about $7 billion dollars. 
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For state level estimates, the Behavioral Risk Factor Surveillance System (BRFSS) data 

was used.  Three years of pooled data (1998-2000) were extracted from BRFSS that included 

variables similar to those in the MEPS survey, including an individual’s health insurance status 

and sociodemographic characteristics.  Two independent regressions were run with the first 

predicting national obesity-attributable medical expenditures annually and the second, predicting 

each state’s annual obesity-attributable medical expenditures financed by Medicare and 

Medicaid.  The latter regression differs from the former by omitting the uninsured group of 

people since only Medicare and Medicaid data was applied.  State annual expenditures ranged 

from as high as $7.7 billion for California to $87 million for Wyoming, with Kentucky having 

1.17 billion (2003).xv    

Using a different econometric model but similar data sources (Medical Expenditure Panel 

Survey and National Medical Expenditure Survey), Thorpe et al (2004) also estimated the share 

of national medical spending attributable to obesity.  The analysis focused on the impact of 

increasing obesity on rising medical costs from 1987 to 2001.  In a two-part regression model, 

total per capita health care expenditures as well as expenditures to treat a select group of diseases 

[diabetes, heart disease, hypertension and hyperlipidemia] were estimated for underweight, 

normal, overweight and obese adults ages nineteen and above for the years 1987 and 

2001(Thorpe et al 2004).  The predicted impact of per capita spending levels by weight category 

was estimated using regression-adjusted per capita cost estimates, expressed in 2001 dollar 

values.  A gross domestic product (GDP) personal consumption deflator was used to adjust per 

capita spending levels to reflect changes over time.   

In order to evaluate the predicted change in per capita spending per weight category 

between 1987 and 2001, actual per capita spending increase for the same period was 
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decomposed into a portion attributable to weight categories and a portion attributable to other 

causes (such as technology).  A “counterfactual” per capita spending levels were then computed 

to equate what per capita spending would have been in 2001 if obesity rates and relative per 

capita spending levels by weight category has not changed from 1987 levels.  These 

counterfactual levels were then used to compute the increase in per capita spending levels (by 

weight category), if there was no change in contributing factors, and compared it to the actual 

spending increase to arrive at an “obesity-attributable” share of health care spending growth.   

The analysis was repeated for disease-specific spending linked to weight categories.  

Findings indicate that over the fourteen year period, the prevalence for normal weight population 

decreased by 13% while the proportion of obese individuals (BMI >30) increased by 10.3% 

(both at p<.05).  Statistically significant was the per-capita spending difference of 15.2% 

between normal weight and obese individuals in 1987.  In 2001 an increase health care spending 

for obese individuals was estimated at 63% as compared to a 37% increase for normal weight 

individuals.  The overall increase was 51% which is lower than the change among obese 

individuals.  The adjusted per capita expenditure medical expenditures related to diabetes and 

hypertension was found to be higher in populations with obesity and overweight.  Obese 

individuals incurred higher medical costs, between 1987 and 2001, that accounted for a 27% 

increase in real per capita spending; prevalence alone accounted for 12% of growth in health care 

spending.xvi  
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III. KENTUCKY HOMEPLACE: DESCRIPTION OF CASE STUDY SITE 

The University of Kentucky Center for Rural Health conceptualized Homeplace as a 

program for increasing health care access for those in greatest need, regardless of ability to pay.  

Because so many Kentuckians were going without health care services, particularly preventive 

care, the state General Assembly took the unique step in 1994 of earmarking taxpayer money for 

a lay health worker program, Kentucky Homeplace goal is to link underserved and uninsured 

residents with available health care services.  Homeplace has no eligibility criteria and serves the 

underinsured, uninsured and low-income populations in 59 rural counties that range from eastern 

to western Kentucky (See Kentucky Homeplace Map in Figure 3 below).  All services provided 

by Homeplace are free to the target population.   

 

Figure 3: Kentucky Homeplace Service Area, 2003 
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Kentucky Homeplace was designed for health promotion, disease prevention and early 

disease detection with respect to the leading health problems of the target population.  Table 2 

below lists the top 5 presenting problems and/or diagnoses for which Homeplace services were 

provided in FY 2002-2003.  These problems are consistent with the high rates of physical 

inactivity, obesity, diabetes, depression, and related conditions documented in Kentucky Vital 

Statistics and reports of the Behavioral Risk Factors Surveillance Survey (BRFFS).  Given the 

prominence of diabetes, heart disease, and related conditions in this Table 2, it is worth noting 

that Kentucky ranks 4th in the BRFSS among the 50 states in the percentage of obese adults 

(24.6%), 3rd in the percentage (33.4%) of adults who did not engage in physical activity during 

the last month, and 5th for the percentage (62.1%) of adults at risk of health problems related to 

being overweight. Moreover, Kentucky ranks 1st in the percentage (6.7%) of Kentuckians who 

could not perform their usual activities for 30 days or more because of poor physical or mental 

health. 

 

Table 2: Top 5 Presenting Health Problems & Diagnosis, 2002 - 2003 

Problem / Diagnosis Percent of Clients Presenting with Problems / Diagnosis 

High Blood Pressure 19% 
High Cholesterol 9% 

Diabetes 9% 
Depression 8% 

Heart Disease 8% 
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The Homeplace Program is a disease management model that uses lay health care 

workers to provide access to health care services to a targeted population. 2  “A disease 

management program is a system of coordinated healthcare interventions in which patient self-

care efforts are significant.  Disease management emphasizes prevention utilizing evidence-

based practice guidelines and patient empowerment strategies, and evaluates clinical, humanistic 

and economic outcomes on an ongoing basis with the goal of improving overall health.”3   

The Kentucky Homeplace Program trains lay health care workers as Family Health Care 

Advisors (FHCAs) to connect patients to reduced price and free medical services and drugs.  

FHCAs provide access to a variety of social and health care services to the underinsured and 

uninsured.  Research evaluations indicate that lay health workers are relatively effective in the 

health activities, if they are properly trained and managed.  Research evidence demonstrates that 

patients experience improved health outcomes and receive increased access to services.  

Moreover, studies indicate that health care providers showed a cost savings due to disease 

management activities.  Homeplace teaches many clients to use preventative health services and 

to develop healthier lifestyles.  Homeplace has helped improve the quality of life for thousands 

of Kentuckians by getting them the health care and prescription medications.  Moreover, 

Homeplace has shown that the program can produce a cost savings for hospitals and local 

emergency rooms. 

Kentucky Homeplace has no eligibility criteria and serves the entire underserved and 

uninsured population.  However, the clients are predominately female 25 years and older.  Table 

3 below shows the distribution of the Homeplace Program clients by age.  As this table indicates, 

                                                 
2 Kentucky Homeplace Program meets the requirements of a disease management program according to the Disease Management 
Association of America.  A disease management program must include population identification processes, evidence-based 
practice guidelines, collaborative practice models to include physician and support services, patient self-management education, 
outcomes measurement, evaluation, routine reporting and a feedback loop. 
3 Disease Management Association of America website.  http://www.dmaa.org/definition.html 
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Homeplace provides services across a wide age-range.  Although, 61.43 percent of Homeplace 

clients are concentrated in the 25 - 64 age group and 33.39 percent are in the 65 – 85 and older 

category.  These two age categories represent for 94.82 percent of all Homeplace clients.  This 

skewed age distribution presents a potential problem for the generalizability of the simulation 

results.  

 

Table 3: Percent of Homeplace Clients by Age Groups, 2002 - 2003 

Age Group Homeplace (%) Census Bureau (%) 

Ages 1 to 12 2.53% 17.20% 

Ages 15 to 19 0.78% 10.17% 

Ages 20 to 24 1.88% 7.22% 

Ages 25 to 44 17.28% 28.73% 

Ages 45 to 64 44.15% 23.54% 

Ages 65 to 74 19.56% 7.13% 

Ages 75 to 84 11.07% 4.47% 

Ages 85 and over 2.76% 1.54% 

 

 

Table 4 below indicates that Homeplace clients are predominantly female (65.5 percent).  

At present, the reasons for the difference between the numbers of females and males served can 

only be conjectured as the Homeplace Program has not yet empirically examined this issue.  For 

the simulation model used in this study to estimate the economic burden of obesity, this skewed 

gender distribution represents a potential problem in terms of the generalizability of these results 

to the population.  . 
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Table 4: Percent of Homeplace Clients by Gender, 2002 - 2003 

Gender Homeplace (%) Census Bureau (%) 

Female 65.5% 50.93% 

Male 34.5% 49.07% 

 

Table 5 below reflects the distribution of Homeplace clients by Race.  The two largest 

groups are White (not Hispanic or Latino) at 95.4 percent and Black/African (not Hispanic or 

Latino) at 3.2 percent.  The Homeplace Program serves a higher percentage of white clients, 

which is consistent with the fact that 90 percent of Kentucky’s population is white.  The Black 

population represents only 7.3 percent of the total population in Kentucky (U.S. Census Bureau, 

2000).  The Kentucky Homeplace Program primarily serves a rural population, which tends to 

have a significantly lower concentration of persons who report their race as Black.  

Consequently, 3.2 percent of Homeplace Program total client population is Black.  From the 

standpoint of race or ethnicity, the data set fairly matches the general population. 

 

Table 5: Percent of Kentucky Homeplace Clients by Race, 2002 - 2003 

Race Homeplace Census Bureau 

White( not Hispanic or Latino) 95.4% 92.6% 

Black/African(not Hispanic or Latino) 3.2% 4.3% 

Hispanic/Latino(all races) 0.4% 1.2% 

Asian 0.0% 0.4% 

Am. Indian / Alaskan Native 0.2% 0.2% 

Asian/Pacific Island/ Native Hawaiian/ Other Pacific Islander 0.1% 0.0% 

Other 0.4% 0.4% 

Unreported / Unknown 0.3% 0.9% 
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IV. METHODOLOGY 

The following section details the data and analytical techniques that were used to 

compute the economic burden of obesity for the Kentucky Homeplace counties.  The data 

section will be presented first followed by the analytical section.   

 

 

Data 

Data for this report was extracted from the Kentucky Homeplace program described 

earlier.  Using Homeplace, data was available from 3,108 individuals.  The data is extracted from 

Homeplace patients during their initial interview following referral by a physician or clinic to the 

program.  For this analysis, data was collected during the time period of December 1st, 2003 

through May 30th, 2004. 

The data include a range of socioeconomic and health status questions related to each 

individual patient.  Two important variables included in the data set are height and weight, the 

determinants of Body Mass Index (BMI).  The data set also include information about health 

insurance status and sociodemographic characteristics (e.g., income, gender, race, education).  

The full set of variables is shown in Tables 12 and 13 in the appendix.  There were many missing 

data points among individual patients, especially from the height and weight variables.  After 

deleting data for non-adult respondents (age less than 18) and those patients with missing height 

and weight data, the total respondents are 1,984 observations. 
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Analysis 

Given the data set limitations, the approach in this study was to utilize the Finkelstein et 

al.’s (2003) estimation of the RAND four equation structure as a simulation model.  The first 

section will describe the RAND four equation model.  The second section will provide the 

background to the Finkelstein et al. (2003) estimates.  The third section documents the predicted 

values based on using the Kentucky Homeplace data in the Finkelstein et al. (2003) estimates of 

the Rand equation system.  Finally, the last section will describe the use of the individual burden 

estimates and their translation to county level economic burden estimates. 

 

 

RAND Four Equation System 

In order to calculate obesity-based medical expenditures, the four equation model 

developed by RAND researchers is used to predict medical expenditures.  The use of this four 

equation model results in the prediction of medical expenditures that is unbiased, efficient and 

consistent (Duan et al., 1983; Manning et al., 1987; and Finkelstein et al., 2004).  This method is 

appropriate because of many of the unique characteristics associated with medical expenditure 

and usage data including the fact that (a) many people have no medical expenditures during the 

year, (b) the medical expenditure distribution of people who have inpatient services is different 

with that of people who do not have inpatient services but they have positive medical 

expenditures, and (c) few people have very high medical expenditures while most people have 

low medical expenditures (highly skewed distribution).  Moreover, the RAND four-equation 

model is less sensitive to a small number of extreme values, or outliers, than are other methods, 

such as sample means or standard OLS regressions. 
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The specification of the RAND four-equation model is as follows: 

( )jiji Xp 1̂ˆ βφ=            (1) 

( )jiji X 2
ˆˆ βφπ =           (2) 

( ) ( )jiji XfYLn 33
ˆˆ β=           (3) 

( ) ( )jiji XfYLn 44
ˆˆ β=           (4) 

Where: 

=ip̂  The estimate of the probability that person i will receive any medical service, either 

inpatient or outpatient, during the year 

iπ̂  = The estimate of the probability that the user i will have at least one inpatient stay, 

given that he has some medical use 

3îY  = The estimate of total annual medical expenses for the user i of any inpatient service 

4îY  = The estimate of total annual medical expenses for the user i of the outpatient-only 

users 

ijX = The j explanatory variable 

β̂  = The coefficient estimate 

φ   :  The probit or logit relationship  

f  :  The linear relationship 

Ln : Logarithm. 

 

The first equation is a probit or logit equation that estimates the probability that a person 

will receive any medical service, either inpatient or outpatient, during the year.  The second 
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equation is a probit or logit equation for the probability that a user will have at least one inpatient 

stay given that he has some medical use.  The third and fourth equations are the linear 

regressions for the logarithm of total medical expenses for any inpatient service (equation 3) and 

that for the outpatient-only service (equation 4). 

To obtain a consistent estimate of medical expenditures, we need to calculate a 

nonparametric estimate of the retransformation factors.  These are called the smearing estimates 

(Duan, 1983).  The calculation of these estimates can be seen as follows:  

 

( )∑=Φ
i

kikk n/ˆexpˆ ε          (5) 

Where: 

k = 3,4: 3 for inpatient services and 4 for outpatient services 

kn  = sample size for equation k 

kikikik XYLn βε ˆ)(ˆ −=  

kβ̂  = OLS estimate of kβ  

  i   = person index. 

Based on the above equations (1 to 5), a consistent estimate of the expected medical 

expenses for person i can be calculated as the following: 

( ) ( ) ( )[ ]4433
ˆˆexpˆ1ˆˆexpˆˆ Φ−+Φ=Ε jijijijiii XXp βπβπ      (6) 

There are three insurance schemes, private, Medicaid and Medicare, represented in the 

model.  For a person who has insurance, their medical expenditures are financed from insurance 

payments and their own pocket (out-of-pocket expenses).  The four-equation model is estimated 

so as to predict insurance expenditures and out-of-pocket expenditures.  Uninsured individuals 
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are represented in the out-of-pocket expenditures, although it must be recognized that much of 

their care is not paid for and is found in uncompensated care by health care providers.  

Uncompensated care is not recognized in this model.   

Dummy variables are used to differentiate insurance categories in the model.  For 

insurance expenditures in the RAND four equation structure, the dummy variables are defined as 

the following: 

Medicaid : I1=1 and 0 for others 

Medicare : I2=1 and 0 for others. 

For a person who has private insurance, both I1 and I2 are zero.  For the four-equation 

model of out-of-pocket expenditures, the dummy variables are as follows: 

Medicaid : I1=1 and 0 for others 

Medicare : I2=1 and 0 for others 

Uninsured : I3=1 and 0 for others. 

Therefore, for a person who has private insurance, I1, I2 and I3 are zero. 

To incorporate BMI categories in calculating medical expenditures, dummy variables are 

used as explanatory variables.  There are four BMI categories, underweight (BMI less than 18.5), 

normal weight (BMI between 18.5 and 24.9), overweight (BMI between 25.0 and 29.9) and 

obese (BMI is 30.0 or greater).  The dummy variables are defined for these categories as follows: 

Underweight : B1=1 if underweight and 0 for others 

Overweight : B2=1 if overweight and 0 for others 

Obese  : B3=1 if obese and 0 for others 

A normal weight person is represented by a zero for all three categories (B1, B2 and B3).  
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Finkelstein et als (2003) Estimation of RAND Model 

The RAND four equation model was used as a simulation model to predict medical 

expenditures by insurance category for the Homeplace sample.  The coefficients for the 

simulation model were derived from the Finkelstein et al. (2003, 2004) use of the RAND model 

for obesity expenditures.  As described in the literature review section, Finkelstein and co-

authors used the Medical Expenditure Panel Survey and National Health Interview Survey to 

estimate coefficients for a Rand type model.  In particular, they used dummy variables to include 

obesity in the model.  These coefficients became the parameters for the simulation model utilized 

in this study.   

The first calculation of the simulation model is to determine medical expenditure for 

normal, overweight and obese individuals.  We did not include the medical expenditure for 

underweight category.  By following the RAND model equations, each individual patient’s data 

for each variable in the Kentucky Homeplace program was run through each equation to 

determine expected medical expenditures.  Specifically, using the BMI dummy variable 

estimated by Finkelstein, medical expenditure for each patient by BMI category was calculated.  

The individuals patients results from the simulation ere then aggregated and depicted using 

descriptive statistics.  The mean values from the simulation model are reported in the next 

section. 

The second calculation was to determine the additional medical expenditures for 

someone who is overweight or obese compared to normal weight.  In this calculation, normal 

weight is the reference category.  By choosing the obese population, we then set the obesity 

dummy variable (B3) to 1 to calculate the expenditures for the obese population, and set to 0, 

leaving all other variables unchanged, to calculate the expenditure if the population is normal 
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weight.  The difference between these expenditures is the economic burden of obesity.  By 

similar procedure, the economic burden of an overweight individual can be calculated.  In this 

case, we set the overweight dummy variable to 1 and set the obese dummy variable to 0 in order 

to calculate the expenditures for overweight.  By using this process, we can control for the other 

inherent characteristics that may affect the medical expenditures.  Each individual’s data was run 

through this process. 

 

 

V. RESULTS AND DISCUSSION 

Economic Burden of Obesity Results by Insurance Category 

The following results are based on a simulation approach (described in the methodology 

section) using Finkelstein et al’s (2004) estimation coefficients of the RAND four equation 

model and the Homeplace data.  Table 6 depicts total medical expenditures for normal weight 

persons.  The table is divided into several categories.  For each type of insurance category, there 

is an estimate of insurance payment, out-of-pocket payment and total payment.  Due to the 

nature of the data set, the majority of observations were in the Medicare and uninsured 

categories. 
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Table 6: Total Medical Expenditures for Normal Weight Persons 

Expenditure ($/year/person) Insurance 
Category 

Number of 
Observations Insurance Out-of-Pocket Total 

Private 9 772 942 1,714 

Medicaid 38 1,579 354 1,933 

Medicare 474 1,410 998 2,407 

Insured 521 1,411 942 2,354 

Uninsured 114 --- 445 445 

Note: ip̂  and iπ̂  are logit functions 

 

 

Table 6 results indicate that while insurance payments are greater than out-of-pocket 

payments, patients still incur a significant amount of personal expenses.  Compared to private 

insurance, Medicare and Medicaid incur significantly higher expenditures for obesity.  A 

particular interest to this study is the comparison between obese, overweight and normal weight 

individuals in the out-of-pocket category.  For normal weight persons, the out of pocket costs 

range in the $900 realm, with the exception of Medicaid where out-of-pocket costs are 

significantly lower. 

Table 7 below provides information on expenditures for overweight persons.  For these 

individuals, obesity related costs are higher in magnitude compared to normal weight persons.  

Generally, as far as insurance payments, there is a several hundred dollar difference between 

overweight and normal weight individuals.  There is less difference in the out-of-pocket costs; 

Medicare still has the lowest out-of-pocket costs. 
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Table 7: Total Medical Expenditures for Overweight Persons 

Expenditure ($/year/person) Insurance 
Category 

Number of 
Observations Insurance Out-of-Pocket Total 

Private 6 934 651 1,585 

Medicaid 35 1,821 417 2,239 

Medicare 505 1,624 1,030 2,654 

Insured 546 1,629 995 2,624 

Uninsured 131 --- 823 823 

Note: ip̂  and iπ̂  are logit functions 

 

 

With regards to obese individuals, the expenditure differences become significantly 

larger (see Table 8 below).  Among the uninsured group, the out-of-pocket costs are nearly 

double what they are for the normal weight group.  The out-of-pocket costs are not significantly 

higher for Medicare, Medicaid or privately insured individuals.  However, the insurance 

payments for obese individuals are significantly higher leading to large differences in total 

expenditures (nearly $1,000 in some cases) between obese individuals and normal weight 

individuals.  

 

Table 8: Total Medical Expenditures for Obese Persons 

Expenditure ($/year/person) Insurance 
Category 

Number of 
Observations Insurance Out-of-Pocket Total 

Private 5 1,215 743 1,959 

Medicaid 39 2,721 441 3,162 

Medicare 443 2,558 1,057 3,615 

Insured 487 2,557 1,004 3,562 

Uninsured 185 --- 897 897 

Note: ip̂  and iπ̂  are logit functions 
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Table 9: Total Medical Expenditures for Overweight and Obese Persons 

Expenditure ($/year/person) Insurance 
Category 

Number of 
Observations Insurance Out-of-Pocket Total 

Private 11 1,062 693 1,755 

Medicaid 74 2,346 430 2,776 

Medicare 948 2,061 1,042 3,103 

Insured 1,033 2,067 995 3,062 

Uninsured 316 --- 820 820 

Note: ip̂  and iπ̂  are logit functions 

 

 

By reorganizing Tables 6 - 9, an alternative view is shown to illustrate the difference in 

expenditures among BMI categories (see Table 10).  Table 10 shows that there is over a $1,000 

difference in the total medical expenditures between the normal and obese categories.  In this 

table, all insurance categories are lumped together.  The difference between normal weight and 

overweight is less noticeable and of only slightly more than $200 difference.  These results will 

provide the basis for calculating the economic burden of obesity at the county level. 

 

Table 10: The Difference of Medical Expenditures Among BMI Categories 

Expenditure ($/year/person) BMI 
Category Insurance Out-of-Pocket Total 

Normal 1,255 792 2,047 

Overweight 1,491 892 2,382 

Obese 2,175 975 3,149 
Note: based on obese population 
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County Level Economic Burden of Obesity 

The results from the previous section will be used to determine the county level economic 

burden of obesity for the Kentucky Homeplace counties.  Previous studies have estimated the 

economic burden of obesity for the nation and states, but not for counties or other sub-state 

geographies. 

What is the motivation for estimating the economic burden of obesity at the county level?  

By focusing on the out-of-pocket expenditures impact, the analysis focuses on the economic 

burden of obesity that is directly targeted at household pocketbooks.  These expenditures 

represent an opportunity to both the household or individual and the community.  Those dollars 

could have gone towards other more productive uses or investments in the community.  

Particularly for a persistently poor community, such as many of those in the Kentucky 

Homeplace program, this opportunity cost may be a significant loss of needed resources. 

More importantly, the estimation of these community level opportunity costs may assist 

local policy makers, such as the local Public Health Department and local governments, to invest 

in preventative programs to reduce obesity.  The reduction in obesity related expenditures will 

count as a benefit estimation in an economic cost-benefit analysis. 

The challenge is to convey to local policy makers that it is in their interest to reduce 

obesity.  If the incidence of obesity related expenditures fall on Medicare, Medicaid and private 

insurance, it may not be in the interest of local policy makers to invest in obesity reduction or 

prevention.  The economic and financial benefits of obesity reduction, because of the incidence 

of third party payers in health care, will leak out of the county or community. 

Table 10 below depicts the economic burden of obesity in Kentucky Homeplace counties 

by Area Development Districts (ADD).  Table 10 was produced by first obtaining the level and 
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magnitude of obesity in the county.  The obesity data is derived from the Behavioral Risk Factor 

Surveillance data by Area Development District (ADD).  The ADD represents a breakdown of 

the Commonwealth of Kentucky into 16 regions.  This is the finest distinction or breakdown 

available for obesity data.  The total adult population derived from U.S. census Bureau data was 

multiplied by the percent obese based on the BRFSS data to obtain the total county obese 

population. 

From that point, the results from Table 10 were used to derive total county expenditures 

related to the insurance and out-of-pocket category for obese individuals.  This calculation 

represents the county level economic burden of obesity.  The 59 counties represented in the 

Homeplace program were used with the simulation model results to derive an economic burden. 

Table 11: Economic Burden of Obesity in Kentucky Homeplace Counties by Area 
Development Districts (ADD) 

Economic Burden ($ million) County by 
ADD 

Adult 
Population 

Percent 
Obese 

Total Obese 
Population Insurance Out-of-pocket Total 

KY Homeplace  558,660 25.6 145,599 188.83 37.56 226.39 
BARREN RIVER      

Allen 13,438 26.7 3,588 4.65 0.93 5.58 
Barren 29,382 26.7 7,845 10.18 2.02 12.20 
Butler 9,826 26.7 2,624 3.40 0.68 4.08 

Edmonson 9,044 26.7 2,415 3.13 0.62 3.75 
Hart 13,111 26.7 3,501 4.54 0.90 5.44 

Logan 19,863 26.7 5,304 6.88 1.37 8.25 
Metcalfe 7,525 26.7 2,009 2.61 0.52 3.12 
Monroe 8,938 26.7 2,387 3.10 0.62 3.71 
Simpson 12,263 26.7 3,274 4.25 0.84 5.09 
Warren 72,570 26.7 19,376 25.13 5.00 30.13 

PURCHASE      
Ballard 6,254 20.8 1,301 1.69 0.34 2.02 

Calloway 27,947 20.8 5,813 7.54 1.50 9.04 
Carlisle 4,110 20.8 855 1.11 0.22 1.33 
Fulton 5,674 20.8 1,180 1.53 0.30 1.84 
Graves 27,998 20.8 5,824 7.55 1.50 9.06 

Hickman 4,082 20.8 849 1.10 0.22 1.32 
Marshall 23,629 20.8 4,915 6.37 1.27 7.64 
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McCracken 49,602 20.8 10,317 13.38 2.66 16.04 
GATEWAY      

Bath 8,637 22.4 1,935 2.51 0.50 3.01 
Menifee 5,036 22.4 1,128 1.46 0.29 1.75 

Montgomery 17,465 22.4 3,912 5.07 1.01 6.08 
Morgan 11,051 22.4 2,475 3.21 0.64 3.85 
Rowan 17,801 22.4 3,987 5.17 1.03 6.20 

CUMBERLAND VALLEY      
Bell 22,674 31.8 7,210 9.35 1.86 11.21 
Clay 18,214 31.8 5,792 7.51 1.49 9.01 

Harlan 24,424 31.8 7,767 10.07 2.00 12.08 
Jackson 10,078 31.8 3,205 4.16 0.83 4.98 
Knox 10,079 31.8 3,205 4.16 0.83 4.98 
Laurel 40,633 31.8 12,921 16.76 3.33 20.09 

Whitley 27,312 31.8 8,685 11.26 2.24 13.51 
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Table 11: Continued 

FIVCO ASHLAND      
Boyd 38,834 26.4 10,252 13.30 2.65 15.94 
Carter 20,444 26.4 5,397 7.00 1.39 8.39 
Elliot 5,071 26.4 1,339 1.74 0.35 2.08 

Greenup 28,134 26.4 7,427 9.63 1.92 11.55 
Lawrence 11,852 26.4 3,129 4.06 0.81 4.87 

KENTUCKY RIVER      
Breathitt 11,843 30.4 3,600 4.67 0.93 5.60 

Knott 23,379 30.4 7,107 9.22 1.83 11.05 
Lee 6,101 30.4 1,855 2.41 0.48 2.88 

Leslie 9,280 30.4 2,821 3.66 0.73 4.39 
Letcher 18,999 30.4 5,776 7.49 1.49 8.98 
Owsley 3,588 30.4 1,091 1.41 0.28 1.70 
Perry 22,235 30.4 6,759 8.77 1.74 10.51 
Wolfe 5,163 30.4 1,570 2.04 0.40 2.44 

PENNYRILE       
Caldwell 9,939 28.5 2,833 3.67 0.73 4.40 
Christian 50,952 28.5 14,521 18.83 3.75 22.58 

Crittenden 7,040 28.5 2,006 2.60 0.52 3.12 
Livingston 7,626 28.5 2,173 2.82 0.56 3.38 

Lyon 6,857 28.5 1,954 2.53 0.50 3.04 
Trigg 9,840 28.5 2,804 3.64 0.72 4.36 

BLUEGRASS       
Estill 11,655 22.5 2,622 3.40 0.68 4.08 

Powell 9,756 22.5 2,195 2.85 0.57 3.41 
BIG SANDY       

Floyd 32,342 30.5 9,864 12.79 2.54 15.34 
Johnson 13,396 30.5 4,086 5.30 1.05 6.35 

Magoffin 9,743 30.5 2,972 3.85 0.77 4.62 
Martin 9,006 30.5 2,747 3.56 0.71 4.27 
Pike 51,792 30.5 15,797 20.49 4.08 24.56 

GREEN RIVER       
Union 11,694 21.4 2,503 3.25 0.65 3.89 

Webster 10,692 21.4 2,288 2.97 0.59 3.56 
LAKE CUMBERLAND      
McCreary 12,379 22.9 2,835 3.68 0.73 4.41 

 



 32

The total economic burden, related to out-of-pocket expenditures, was 37.5 million 

dollars.  There are several approaches to determining the magnitude of the economic burden of 

obesity relative to the size of the economy in this region.  These measures include regional 

medical expenditures and personal income.  Total obesity-related medical expenditures can be 

compared to regional medical expenditures.  This ratio can be compared to the national and state 

estimates to determine if the regional economic burden is greater or lesser than other estimates.  

Out-of-pocket obesity related medical expenditures can be compared to personal income to 

determine the economic burden on community economies and individuals.   

Some of the largest gross economic burden’s fall on the larger counties in the Kentucky 

Homeplace region.  These include Boyd County (Ashland), McCracken County (Paducah), 

Floyd County (Prestonsburg), Christian County (Hopkinsville) and Pike County (Pikesville).  

Some of these counties are not the largest in the region, implying that the economic burden is not 

strictly related to population size or economic density. 

For some counties, the insurance-financed portion of the economic burden of obesity runs 

into the tens of millions of dollars.  There is less focus being applied to those estimates because 

that economic burden is diffused beyond the county to private insurance companies or taxpayers 

through the Medicare and Medicaid program.  The total economic burden of obesity for these 59 

counties exceeds 200 million dollars.  Unfortunately, at this time, it was difficult to establish 

total medical expenditures for the region as a comparison.  As can be seen, the majority of 

obesity related expenditures is related to insurance payments.  However, for the uninsured, the 

economic burden falls squarely on their pocketbook.  Thus, an obese, uninsured individual faces 

a particularly heavy personal financial burden based on this approach. 
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VI. CONCLUSION 

This study attempts to estimate the county level economic burden of obesity for a group 

of counties in Kentucky.  This is the first known effort to estimate the economic burden of 

obesity at the county level.  The results were generated using the Finkelstein et al’s (2004) 

estimation of the RAND four equation structure for medical expenditures.  The data for the 

simulation was derived from the Kentucky Homeplace program which serves 59 counties 

throughout the state. 

The results indicate that the economic burden of obesity is significantly higher for obese 

individuals as compared to normal weight individuals.  This result is particularly significant for 

Medicare and uninsured individuals in the out-of-pocket expenditure category.  Several potential 

problems related to the results were noted with regard to the nature of the sample compared to 

the population.  In particular, the sample is skewed with regards to an older, more heavily female 

group as compared to the population.  These problems do not affect the general process that has 

been described for estimating the county level economic burden of obesity; it does point to the 

need to check sample statistics. 

In estimating the economic burden of obesity at the county level, it is important to focus 

on the out-of-pocket expenditure category.  Due to a shifting incidence of medical expenditures 

on payers, Medicare, Medicaid and private insurance obesity-related expenditures are shifted to 

tax payers and insurance companies who are likely located outside of rural communities.  Out-

of-pocket expenditures fall on the households located in the target communities. 

The out-of-pocket economic burden of obesity was nearly $38 million.  This burden is 

distributed in differing degrees on communities based on sociodemographic characteristics and 

levels of obesity.  The burden is not strictly a function of a community’s population size.  



 34

However, this economic burden represents a potential cost savings for an opportunity for a 

community willing to invest in obesity prevention or reduction. 
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VII. APPENDIX 

Table 12: Demographic Characteristics by BMI Category 

Categories Normal 
(BMI 18.5-24.9) 

Overweight 
(BMI 25-29.9) 

Obese 
(BMI>30) 

All BMI 
categories 

635 677 672 1984 
Sample Size 

32.0% 34.1% 33.9% 100.0% 
Gender     

Male 31.0% 40.9% 31.7% 34.6% 
Female 69.0% 59.1% 68.3% 65.4% 
Race     
White 93.7% 95.1% 95.1% 94.7% 
Black 6.0% 4.6% 4.2% 4.9% 

Hispanic 0.0% 0.1% 0.0% 0.1% 
Asian 0.0% 0.1% 0.0% 0.1% 
Other 0.3% 0.0% 0.7% 0.4% 
Age     

18-44 11.8% 12.1% 15.2% 13.1% 
45-64 35.7% 37.8% 51.2% 41.7% 
>=65 52.4% 50.1% 33.6% 45.3% 

Income (% of Poverty Line)     
Poor (<100%) 50.2% 49.8% 51.6% 50.6% 

Low Income (100%-199%) 45.5% 46.8% 44.0% 45.5% 
Middle Income (200%-399%) 4.3% 3.1% 4.3% 3.9% 

High Income (>=400%) 0.0% 0.3% 0.0% 0.1% 
Education     

Less than college graduate 97.0% 98.7% 97.5% 97.7% 
College Graduate 3.0% 1.3% 2.5% 2.3% 

Masters or Doctoral 0.0% 0.0% 0.0% 0.0% 
Other Degree 0.0% 0.0% 0.0% 0.0% 

Marital Status     
Married 44.6% 52.3% 55.2% 50.8% 

Widowed 30.1% 22.6% 21.3% 24.5% 
Divorced/Separated 2.4% 1.6% 3.3% 2.4% 

Single 23.0% 23.5% 20.2% 22.2% 
Insurance     

Private 1.4% 0.9% 0.7% 1.0% 
Medicaid 6.0% 5.2% 5.8% 5.6% 
Medicare 74.6% 74.6% 65.9% 71.7% 
Uninsured 18.0% 19.4% 27.5% 21.7% 
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Table 13: Description of Variables in the Four Part Regression Model 

VARIABLE SYMBOL EXPLANATION 

DEPENDENT VARIABLES --- --- 

Probability of Positive Expenditures ρ --- 
Probability of Positive Inpatient Expenditures π --- 

Logged Expenditures of Inpatient Services Ln(Y3) Y3: $/year/person, in 1998 price 
Logged Expenditures of Outpatient Services Ln(Y4) Y4: $/year/person, in 1998 price 

INDEPENDENT VARIABLES --- --- 

BMI Category --- --- 
Underweight X1 X1=1 if Underweight, X1=0 otherwise 

Normal --- --- 
Overweight X2 X2=1 if Overweight, X2=0 otherwise 

Obese X3 X3=1 if Obese, X3=0 otherwise 
Gender --- --- 

Male X4 X4=1 if Male, X4=0 otherwise 
Female --- --- 
Race --- --- 
White --- --- 
Black X5 X5=1 if Black, X5=0 otherwise 

Hispanic X6 X6=1 if Hispanic, X6=0 otherwise 
Asian X7 X7=1 if Asian, X7=0 otherwise 
Other X8 X8=1 if Other, X8=0 otherwise 
Age --- --- 
Age X9 X9: year 

Age square X10 X10 = (X9)^2 
Region --- --- 

Northeast --- --- 
Midwest X11 X11=1 if Midwest, X11=0 otherwise 

South X12 X12=1 if South, X12=0 otherwise 
West X13 X13=1 if West, X13=0 otherwise 

Income (% of Poverty Line) --- --- 
Poor (<100%) X14 X14=1 if Poor, X14=0 otherwise 

Low Income (100%-199%) X15 X15=1 if Low Income, X15=0 otherwise 
Middle Income (200%-399%) --- --- 

High Income (>=400%) X16 X16=1 if High Income, X16=0 otherwise 
Education --- --- 

Less than college graduate X17 X17=1 if Less than Graduate, X17=0 otherwise 
College Graduate --- --- 

Masters or Doctoral X18 X18=1 if Masters or Doctoral, X18=0 otherwise 
Other Degree X19 X19=1 if Other Degree, X19=0 otherwise 
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Table 13: Continued 

Marital Status --- --- 
Married --- --- 

Widowed X20 X20=1 if Widowed, X20=0 otherwise 
Divorced/Separated X21 X21=1 if Divorced/Separated, X21=0 otherwise 

Single X22 X22=1 if Single, X22=0 otherwise 
Insurance --- --- 

Private --- --- 
Medicaid X23 X23=1 if Medicaid, X23=0 otherwise 
Medicare X24 X24=1 if Medicare, X24=0 otherwise 
Uninsured X25 X25=1 if Uninsured, X25=0 otherwise 
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