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ABSTRACT 
Obesity becomes a worldwide problem, representing an 

important public health issue. An evaluation of obesity 

and its related direct and indirect economical costs are 

crucial for providing recommendations for policy 

makers. Besides its direct relation with health problems, 

some economical costs arise with obesity such as 

productivity costs due to absenteeism. This study 

examines the relationship between Food Stamp Program 

(now referred to as Supplemental Nutrition Assistance 

Program-SNAP) participation which is representing low 

income group and body mass index (BMI). The study 

also includes the different income group and 

demographic factors which are potentially effective on 

BMI an application with quantile regression approach in 

SAS 9.4. The results indicate that female is negatively 

associated with high BMI. Another important result is 

that health status especially alcohol and smoking usage 

are negatively related with BMI for obese or overweight 

group. FS participants are statistically significant on 

higher quantiles which are overweight and obese groups. 
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I.  INTRODUCTION  

According to National Health Center Statistics around 
one-third (36.5%) of adults in the United States have obesity 
problem (NHCS, 2015). If it is evaluated by gender the 
prevalence of obesity was higher in women (38.3%) than in 
men (34.3%), from 2011 to 2014 [1]. There is a very broad 
literature explaining direct and indirect costs of obesity. The 
direct costs of obesity are number of chronic diseases, such 
as diabetes and cardiovascular disease hypertension, stroke, 
sleep apnea and non-alcoholic fatty liver disease…etc. The 
indirect cost of obesity is economic costs which are generally 
identified in four categories. These are direct medical cost; 
productivity costs; transportation costs; human capital costs 
[2].  

 
First direct medical cost connected with direct medical 

spending such as diagnoses of some illness which are type-2 
diabetes, stroke, and coronary heart disease, medical 
consultation. Treatment of health problems and hospital 
spending are other medical costs which are mostly stated in 
the literature [3]. The second economical cost is productivity 
cost and it includes absenteeism and presenteeism. 
Absenteeism is described as first order productivity cost since 
individuals may be absent due to obesity related health 
problems. This issue is widely evaluated in many researches, 
for example, Durden et al (2008) [4]. Presenteeism is 
described as productivity loss. In other words, individuals 
can be less productive at work due to physical and mental 
health condition of obesity.  

 
 
 
The third economical cost of the obesity is transportation 

cost. Obese or overweight workers need to use bigger 
transportation which may consequently increase fuel 
consumption. Also, more fuel consumption may lead to 
increase in gas emission [5]. The forth economical cost of 
obesity is human capital cost. Higher BMI is negatively 
related with educational attainment, especially in an 
increasing rate of the childhood level [6]. Sabia (2007) 
examined the effect of adolescent’s academic performance 
using National Longitudinal Survey of Youth (NLYS). The 
study results show that higher BMI (obesity or overweight) 
may impact the adolescent’s GPA [7]. 

 
Most of the researches use body mass index (BMI) for 

identification of the obesity in the literature ([8], [9]). Colditz 
(1999) examined the economic impact of obesity and 
inactivity in the USA. The study results show that the direct 
cost of lack of physical activity was around 25 billion dollars 
or 2.5% of the U. S. healthcare expenditure [10]. Some 
studies evaluated BMI in direct cost which is health 
perspective; others focus on the relationship BMI and some 
other factors which potentially affect it, such as 
demographical variables or economic variables. In the 
current study, I included both categories and also Food 
Stamp Program participants (FS). It is an important food 
policy to ensure sufficient nutrition of low-income people in 
the United States.  

 
FS is one of the largest foods and nutrition assistance 

program in the US which has been existing since 1964 with 
the name of “the federal Food Stamp Act”. Households may 
apply to the program by the gross household’s income 
criteria. Eligibility is determined by the U.S Department of 
Agriculture every year. SNAP users get monetary benefit 
using Electronic Benefit Transfer (EBT) cards at the 
approved stores. SNAP users can purchase any bread, cereal, 
fruit, vegetables, meat, meat products, snack foods, soft 
drinks and dairy products. The program participants do not 
have a restriction about their food purchase except about 
alcoholic beverage, tobacco and non-food items, such as pet 
foods and household supplies. Understanding the relationship 
of FS users and BMI is crucial since FS benefits are federally 
funded. In other words, increased in BMI can increase public 
health risks with potential indirect economical cost as 
mention before [11]. 

 
Kaushal (2007) examined the effect of FS on BMI of 

adults among immigrant families before and after welfare 
reform, which is 1994-1996 and 1998-2001 [12]. The study 
results show that SNAP participation was associated with a 
statistically insignificant 0.3% increase in BMI among low-
educated unmarried mothers. In the current study, differently 
from Kaushal (2007), I included nonimmigrant families [12]. 
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Debono et al, (2012) examined the impact of SNAP on 
weight gaining by evaluating “food stamp” and “nutrition 
assistant program” terms. Their review results show that the 
mechanism linking FS to obesity is poorly understood [13]. 
Therefore, this paper examines how different income level 
and also FS participation impact the different BMI 
(underweight, normal, overweight or obese). Different BMI 
values mean different body situation neither lower BMI nor 
higher BMI is good. In addition, the mean Ordinary Least 
Square (OLS) estimate of FS participation may 
underestimate or overestimate the extent of the positive 
association with BMI [14]. Therefore, a quantile regression 
may help for examination of different BMI. This paper is 
organized as follows; the detailed information about the data 
set and method is given in the section-II. Section-III presents 
the analytical results. Section-IV provides the concluding 
comments. 

II.  DATA AND METHODOLOGY 

All the data sets are retrieved from Minnesota Population 
Center (MPC), and State Health Access Data Assistance 
Center ([15] and [16]). I extract data of some continuous and 
categorical variables which are age, gender, marital status, 
race, education, income, health, smoking, alcohol usage 
hours of sleeping, FS usage, and BMI (using height and 
weight of individuals) for 2015. Because BMI of children are 
changing during their development process, I mainly focus 
on individuals whose ages are over 18. Thus, I used the legal 
working age period 18-65 year’s old group. I also create 
suitable dummy variables standing for marriage status, race, 
educational attainment, different income levels, health status, 
above or below poor threshold, hours of sleep per day, smoke 
(or not) and drink (or not). BMI are calculated by dividing 
self-reported weight (kg) by square of self-reported height 
(m2) of individuals. According to World Health Organization 
(WHO) individuals’ BMI is categorized as follows; 

 Underweight if BMI is less than 18.5  
 Normal if BMI is between 18.5 and 24.9 
 Overweight if BMI is between 18.5 and 29.9 
 Obesity if BMI is 30 or over. 

 
Gender dummy (dGender) gets 1 if individual is a male, 0 

otherwise. If an individual participates in FS (dFS), it gets 1, 
0 otherwise. For marriage status, I used another dummy 
variable (dMarstat), if an individual is married it gets 1, 0 
otherwise. Here “d” represent the dummy for all variables. 
For clarity and brevity, the description of all the variables 
and summary statistics of are given in the Table-1. In the 
descriptive statistics of BMI, third quartile (Q3) of BMI is a 
little bigger than 30. It indicates that 25% of individuals are 
overweight.  

 
As Chen et al (2005), an analyst in SAS institution who 

used quantile regression to derive growth charts of BMI, did 
before; it is meaningful to find out the factors which may 
affect BMI for different BMI distribution [17]. Quantile 
regression approach is a powerful tool to fulfill this purpose. 
In this paper, I applied quantile regression to analyze BMI at 
0,2, 0,4, 0,6 and 0,8 percentages, because these four 
percentages stand for four different statuses using SAS-9.4 
program. If normal BMI means good health, then people’s 
health status descends as the percentage goes up. 

 
Table-1. Variable Description and Summary Statistics 

Variable Description 

Summary Statistics 

Q1 Median Q3 Mean SD MAD 

age Range from 20 to 80 32.0 44.0 53.0 43.1 12.8 14.8 

dGender 1:male; 0:female 0.0 1.0 1.0 0.5 0.5 0.0 

dMarstat 
1:married 
0:unmarried 0.0 1.0 1.0 0.7 0.4 0.0 

dRace1 1:white; 0: else 1.0 1.0 1.0 0.8 0.4 0.0 

dRace2 1:black; 0: else 0.0 0.0 0.0 0.1 0.3 0.0 

dRace3 
1: Indian, Alaskan;  
0: else 0.0 0.0 0.0 0.0 0.1 0.0 

dRace4 1:Asian; 0: else 0.0 0.0 0.0 0.0 0.2 0.0 

dEduc 
1: high education; 
 0: low education 1.0 1.0 1.0 0.9 0.3 0.0 

dPooryn 

1:below poor 
threshold; 0: above 
poor threshold 1.0 1.0 1.0 0.9 0.3 0.0 

dEarning1 
1: low income; 0: 
else 0.0 0.0 1.0 0.3 0.5 0.0 

dEarning2 
1: medium income  
0: else 0.0 0.0 1.0 0.4 0.5 0.0 

dFS 

1: participate in FS 
0: not participate in 

FS 0.0 0.0 0.0 0.1 0.2 0.0 

dHealth1 
1: excellent; 0: 
else 0.0 0.0 1.0 0.3 0.4 0.0 

dHealth2 
1: very good; 0: 
else 0.0 0.0 1.0 0.4 0.5 0.0 

dHealth3 1: good; 0: else 0.0 0.0 1.0 0.3 0.5 0.0 

dHealth4 1: fair; 0: else 0.0 0.0 0.0 0.1 0.3 0.0 
dHrsleep

1 
1: loss of sleep; 0: 
else 0.0 0.0 1.0 0.3 0.5 0.0 

dHrsleep
2 

1: normal sleep; 
0:else 0.0 1.0 1.0 0.6 0.5 0.0 

dAlcstat
1 

1:lifetime obtainer;  
0: else 0.0 0.0 0.0 0.1 0.2 0.0 

dAlcstat
2 

1: don’t drink 
now;  
0: else 0.0 0.0 0.0 0.1 0.3 0.0 

dSmoke1 1: not at all; 0: else 0.0 0.0 1.0 0.5 0.5 0.0 

dSmoke2 
1: somedays; 0: 
else 0.0 0.0 0.0 0.1 0.3 0.0 

BMI BMI (kg/m2) 23.7 26.7 30.7 29.4 17.2 5.0 

*Q1 is the first quartile, Q3 is third quartile, and MAD is mean 
absolute deviation.  

III. ANALYSIS RESULTS 

The results of quantile regression at 0,2, 0,4, 0,6 and 0,8 
are given in the following tables, Table 2.1, Table 3.1, Table 
4.1 and Table 5.1. Based on BMI results, all of the 
household’s members are normal, overweight or obese 
group. In other words, there is not anyone underweight 
shown in the Table 2.1, Table 3.1, Table 4.1 and Table 5.1. 
People in range below 0,2 have normal weight, people in 
range from 0,2 to 0,8 are overweight and people in range 
above 0,8 are obese. Then, I evaluated the independent 
variables to examine the potential impact of them using the 
quantile regression which is represented in the Table-2.2, 
Table-3.2, Table-4.2 and Table-5.2 respectively.  

 
Table-2.2 shows the results for people who have normal 

weight. For brevity, I only report statistically significant 
variables. In the first quantile age, gender, marital status, 
income and smoke affect BMI statistically significantly. 
There is a clear difference of between men's and women's 
BMI. Also, another obvious difference can be seen between 
married and unmarried people's BMI. People having 
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different income also have different BMI. Following dummy 
variable, dEarnings1, dSmoke1 and dSmoke2 are not equal 
to 0 significantly. Since dEarnings1 stands for low income 
group, it means that BMI of low-income people are different 
from that of medium-income and high-income people. 
DSmoke1 and dSmoke2 represent “never smoke” and 
“smoke some days” respectively. It means frequency of 
smoking has significant effect on BMI for normal-weight 
people.  

 
Table-3.2 shows the results for overweight people for 0,4 

quantile level. In the table, age, gender, marital status, race, 
FS, health status and smoke have significant effect on BMI. 
Variable dRace4 is not equal to 0 significantly. Since dRace4 
stands for Asian, it means Asian people have different BMI 
than white, black, Indian and other groups. That the 
coefficient of dFS is significant means FS participation affect 
BMI in this quantile. Variable dHealth4 stands for fair 
health, which is not equal to 0 significantly. It means people 
who have fair health have different BMI than those who have 
excellent, very good, good and poor health.  

 
As mentioned before, people in the third case are also 

overweight and it is more severe than last case. Table 4.2 
shows that the effects of gender, marital status, FS, health 
status, alcohol and smoking on BMI are significant. On the 
contrarily for previous quantile, age variable is not 
significant in the 0.6 quantile level. BMI of people who have 
excellent health status are different from that of other people. 
Variable dAlcstat2 stands for people who don’t drink so it 
means people who don’t drink alcohol have different BMI 
than people who drink someday and who drink every day. In 
other words, alcohol drinking has clear impact on BMI. 

 
For obese people, Table-5.2 shows that gender, health 

status, FS usage, using alcohol and smoking affect BMI 
significantly. The results are almost the same with the results 
for overweight people. The effect of marital status is 
significant similarly in the previous cases.  

 
It is easy to find that the factors affecting BMI in 

different groups are different though some of the factors are 
same. Since gender is significant in all the cases, so it 
indicates it is reasonable to distinguish gender when do 
research on weight. The effect of FS is significant for 
overweight and obesity and it is not significant for normal 
weight so FS participation has some effects to do with excess 
weight. It is also stated that in the economy literature 
claiming the FS may lead people to consume more food but 
it is especially high calories or junk food. It is because FS 
does not have a specific restriction about food consumption 
on the contrarily other food supplement program such as 
National School Lunch Program in the USA as 
aforementioned.  

Table-2.1. Quantile Regression at 0,2 

Quantile and Objective Function 

Quantile 0,2 

Objective Function 29293,7226 

Predicted Value at Mean 23,2379 

  
 
 

Table-2.2. Quantile Regression Results at 0.2 

Parameter Estimates 

Parameter Estimate 
Standard 

Error 

95% 
Confidence 

Limits 
t Value Pr > |t| 

Intercept 20,29 1,32 17,71 22,87 15,43 <,0001 

AGE 0,02 0,00 0,01 0,03 6,6 <,0001 

dGender 1,70 0,07 1,57 1,84 24,78 <,0001 

dMarstat 0,49 0,09 0,31 0,66 5,37 <,0001 

dRace4 -2,56 1,20 -4,92 -0,20 -2,13 0,0334 

dPooryn 0,37 0,15 0,09 0,66 2,55 0,0108 

dEarnings1 -0,43 0,11 -0,64 -0,22 -3,97 <,0001 

dEarnings2 -0,27 0,09 -0,45 -0,08 -2,86 0,0043 

dFS 0,68 0,18 0,32 1,05 3,7 0,0002 

dHealth3 1,09 0,39 0,34 1,85 2,83 0,0046 

dHealth4 1,42 0,41 0,62 2,21 3,49 0,0005 

dHrsleep1 0,71 0,28 0,15 1,26 2,49 0,0126 

dAlcstat2 0,22 0,12 -0,02 0,46 1,79 0,0728 

dSmoke1 1,20 0,08 1,05 1,35 15,68 <,0001 

dSmoke2 0,68 0,12 0,45 0,91 5,88 <,0001 

Source: Author own calculation 
 

Table 3.1. Quantile Regression at 0.4 

Quantile and Objective Function 

Quantile 0,4 

Objective Function 47766,1892 

Predicted Value at Mean 25,6181 

 
Table 3.2. Quantile Regression Results at 0.4  

 Parameter Estimates 

Parameter Estimate 
Standard 
Error 

95% 
Confidence 
Limits 

t  
Value 

Pr > 
 |t| 

 

Intercept 24,67 1,10 22,52 26,82 22,46 <.0001  

AGE 0,02 0,00 0,01 0,02 3,9 <.0001  

dGender 1,24 0,08 1,07 1,40 14,7 <.0001  

dMarstat 0,57 0,11 0,36 0,79 5,16 <.0001  

dRace1 -2,18 0,93 -3,99 -0,36 -2,35 0.0187  

dRace4 -4,22 0,91 -6,01 -2,43 -4,62 <.0001  

dEduc -0,22 0,14 -0,49 0,06 -1,56 0.1182  

dPooryn 0,43 0,16 0,11 0,74 2,62 0.0088  

dEarnings1 -0,41 0,12 -0,64 -0,19 -3,55 0.0004  

dEarnings2 -0,30 0,10 -0,49 -0,11 -3,03 0.0024  

dFS 1,29 0,23 0,83 1,75 5,51 <.0001  

dHealth3 0,92 0,39 0,16 1,68 2,36 0.0181  

dHealth4 1,69 0,43 0,85 2,53 3,95 <.0001  

dAlcstat2 0,40 0,13 0,14 0,66 3,02 0.0025  

dSmoke1 1,27 0,08 1,10 1,43 15,11 <.0001  

dSmoke2 0,76 0,12 0,52 0,99 6,37 <.0001  

Source: Author own calculation 
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Table 4.1. Quantile Regression at 0.6 

Quantile and Objective Function 

Quantile 0,6 

Objective Function 57223,3410 

Predicted Value at Mean 28,1478 

 
Table 4.2. Quantile Regression Results at 0.6 

Parameter Estimates 

Parameter Estimate 
Standard 
Error 

95% 
Confidence 
Limits 

t Value Pr > |t| 

Intercept 27,44 1,52 24,46 30,42 18,1 <,0001 
dGender 0,41 0,10 0,21 0,62 4,04 <,0001 
dMarstat 0,49 0,13 0,24 0,75 3,79 0,0001 
dRace4 -3,26 1,28 -5,76 -0,75 -2,55 0,01 
dEduc -0,21 0,16 -0,52 0,11 -1,27 0,21 
dPooryn 0,53 0,20 0,15 0,92 2,7 0,01 
dEarnings1 -0,39 0,15 -0,68 -0,11 -2,71 0,01 
dEarnings2 -0,16 0,12 -0,40 0,07 -1,38 0,17 
dFS 1,46 0,24 0,98 1,94 6 <,0001 
dHealth1 -2,36 0,56 -3,46 -1,26 -4,21 <,0001 
dHealth2 -1,12 0,56 -2,22 -0,01 -1,98 0,05 
dHrsleep1 0,84 0,41 0,03 1,64 2,04 0,04 
dAlcstat2 0,72 0,14 0,44 0,99 5,18 <,0001 
dSmoke1 1,39 0,11 1,17 1,60 12,8 <,0001 

dSmoke2 0,76 0,14 0,48 1,04 5,3 <,0001 

Source: Author own calculation 
 

Table 5.1, Quantile Regression at 0,8 

Quantile and Objective Function 

Quantile 0,8 

Objective Function 55806,91 

Predicted Value at Mean 31,7024 

Source: Author own calculation 
 

IV. CONCLUSIONS 

 
In this study, I analyze the relationship between BMI and 

some demographic variables, economic variables and health 
condition of the households which may possible change 
obesity (or being overweight). More importantly, this study 
evaluates the FS participants and obesity (or overweight) 
relationship. Because FS benefits are federally funded and 
increased in BMI due to FS usage can lead direct and indirect 
costs. For this purpose, a quantile regression is applied on the 
data set. Since the mean OLS may underestimate or 
overestimate the potential positive association between BMI, 
and FS, a quantile regression is more appropriate for the 
analysis. 

Study results show that in the data set, there is almost 
nobody underweight and different factors affect BMI in 
different levels. In the lower quantiles, age, gender, marital 
status, income and smoking habits affect BMI statistically 
significantly. In higher BMI (overweight and obese), the 
effects of gender, health status, FS, alcohol and smoking on 
BMI are also statistically significant. As expected, smoking 
and drinking habits affect BMI. The relationship between 
health status and BMI may be reciprocal. BMI between men 
and women are very different because gender has significant 
effect on BMI in all of the groups. The effect of FS 
participation is just obvious for individuals who are 
overweight or obese.  
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