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Abstract 

We investigate the effect of household cash transfers during childhood on young adult 

body mass indexes (BMI). The effects of extra income differ depending on the 

household’s initial socio-economic status (SES). Children from the initially poorest 

households have a larger increase in BMI relative to children from initially wealthier 

households. Several alternative mechanisms are examined. Initial SES holds up as the 

most likely channel behind the heterogeneous effects of extra income on young adult 

BMI. Poverty generates long-term health vulnerabilities that cannot be fully mediated 

by public policy such as direct cash disbursements. 
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I. Introduction 

The global obesity epidemic is anticipated to become one of the most 

significant non-communicable disease threats to global public health in the near future 

(The Lancet, 2011). Leading public health experts around the world have called for 

coordinated government action to help turn the tide of obesity and the twin threats of 

cardiovascular disease and diabetes (Wang et al, 2011; The Lancet, 2011). There is 

significant concern that the rise in obesity world-wide will slow or even reverse the 

significant mortality reductions experienced by high income countries in the past 

several decades (Swinburn et al, 2011) and that obesity has become a bigger threat to 

public health than smoking.  

Current trends are particularly alarming among children and adolescents. 

Globally in 2004, there were 170 million overweight (inclusive of obese) children 

(Lobstein et al, 2004). The US has experienced a drastic increase in the prevalence of 

childhood and adolescent obesity since the 1980s. According to the most recent 

National Health and Nutrition Examination Survey (2008) 11.9 percent  of children 

aged 2-19 were at or above the 97th percentile of the Body Mass Index (BMI)-for-age 

growth charts and 17 percent were at or above the 95th percentile (Ogden et al, 2010). 

Being overweight in young adulthood is a predictor of later-life obesity and chronic 

conditions such as diabetes and heart disease. The recent rise in poverty in the US 

makes the robust connection between household socio-economic status and children’s 

BMI and later-life health particularly alarming. We know relatively little about the 

mechanisms behind these strong correlations. A good understanding of the link between 

poverty and obesity is particularly pressing today, when the poverty rate in the US 

stands at its highest since 1993.1 

Theory predicts an inverted U-shape relationship between unearned 

income and weight (Lakdawalla and Philipson, 2009). As income increases, households 

and individuals increase their consumption of food and consequently we see an increase 

in weight.  Beyond a certain threshold, the wealthiest households are either able to 

                                                 
1 The Census Bureau, announcement from September 13, 2011 
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purchase higher quality foods that are more nutritious or pursue health-related activities, 

so the income-weight curve starts sloping downwards. Without exogenous variation in 

either body mass or income, the direction of causality between the two is unclear. To 

our knowledge, there is no experimental evidence testing this prediction. This study 

uses exogenous cash transfers to determine the direction of causality clearly. 

Our research shows that exogenous unearned income transfers have 

heterogeneous effects on adolescent and young adult health depending on pre-

intervention socio-economic background.  Consistent with theory, we find evidence that 

extra unearned income increases BMI among youths from poorer households relative to 

their wealthier peers.  

We study the effect of exogenous income transfers for American Indian 

households on and off of the Eastern Cherokee Reservation in North Carolina.  These 

transfers are provided to all enrolled tribal members regardless of their economic 

characteristics.2 An equal proportion of profits from the tribal casino operations is 

provided to the entire distribution of tribal member household types; both wealthy and 

poor households received the same-sized transfers. Our findings suggest that the income 

transfers generated by the casino operations increased BMI among adolescents from 

families with average incomes below $30,000, but not among their better off peers. 

Further investigation reveals that this is due to differential changes in weight and height 

among youths from different economic backgrounds. Adolescents from initially poorer 

households are more likely to maintain or increase their weight but less likely to 

experience increases in height as compared to adolescents from initially wealthier 

households.  Consequently, children from the initially poorer households tend to 

increase their relative BMI over time. These results imply that growing up in a poor 

                                                 
2 Memership in the Eastern Cherokee tribe is determined by genealogical ties to existing tribal 
membership rolls from 1924.  Additionally, the minimum blood quantum required is 1/16 for tribal 
membership; therefore, ethnically individual tribal members may be mixed race but they may still be 
politically tribally enrolled members.  The enrollment requirements are for tribal citizenship, not ethnicity 
or race.  Only tribally enrolled citizens are eligible for the casino transfer payments. We use Native 
American, American Indian, and tribal member interchangeably through the rest of the text. 
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household has long-lasting effects on health. Policies intended to improve long-term 

health outcomes must account for differences in household characteristics. 

In addition to initial household income, we examine several other channels 

that may contribute to heterogeneous effects of extra household income on later life 

health. For example, we study the effects of pre-intervention maternal labor force 

participation, mother’s education, and the child’s birth weight which is a proxy for the 

child’s health endowment. We find that the differences in initial household income are 

the main contributor to the observed heterogeneous policy effects.  

This research contributes to two major strands of the existing empirical 

literature. First, we offer the first assessment of the medium-term effects of quasi-

experimental household income transfers on adolescent BMI. We add to the literature 

examining the health effects of public policy interventions in childhood. We show that 

interventions that start as late as adolescence could benefit children’s long-term well-

being. Further, it is demonstrated that the effect of these income interventions vary with 

family socio-economic status.  

Second, we contribute to the growing economics literature on the impact of 

Native American-run casinos on the well-being of neighboring communities (Evans and 

Topoleski, 2006; Wolfe et al 2011). Native Americans are a population that has 

received relatively little attention in the economics literature, especially considering the 

dire socio-economic and health conditions on many Native American reservations. The 

Indian Gaming Regulatory Act (IGRA) of 1988 provided an avenue for Native 

American tribes to pursue potentially lucrative gaming ventures on their reservations in 

order to combat poor economic conditions. The express purpose of IGRA was to 

increase tribal incomes and to lift tribal members out of poverty and alleviate social 

problems related to poverty and deprivation, including poor health outcomes. We show 

that the effects of casino-generated cash transfers on children from tribal communities 

are not unambiguous. To our knowledge this is the first study of the effects of casino 

transfers on tribal members’ health that uses individual panel data.   
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The next section puts the present study in the context of the current related 

literature. Section 3 describes the data and offers a basic analysis of the evidence. Next, 

we employ panel data estimation techniques in our main empirical analysis. Finally, 

Section 5 offers some concluding remarks.  

II. Background 

A consensus has emerged that early life conditions and shocks to health affect 

long-term economic and social outcomes (Currie et al, 2010) and that children from 

poor families experience worse health conditions (Currie, 2009). With particular 

reference to weight and obesity, Baum and Ruhm (2009) show that weight changes over 

the life-cycle are inversely related to SES and that differences in obesity across SES 

groups widen with age. They also show that family SES affects individuals’ weight over 

their lifespans.  

Public policy could work to counterbalance any such adverse initial conditions 

by providing extra resources to poor families. Some work has been done to identify the 

long-term effects of welfare programs such as Food Stamps (Almond at al, 2010, 2011) 

and Head Start (e.g. Currie and Thomas, 1995; Carneiro and Grinja, 2011; Frisvold, 

2007). However, a recent review of the literature identifies few studies that have tested 

how pure income transfers to families affect the short- and long-term wellbeing of their 

children (Almond and Currie, 2009). The existing literature has focused on studying the 

short-term effects of income transfers (Dahl and Lochner, 2005; Milligan and Stabile, 

forthcoming) and on relatively young ages at intervention (infancy and early 

childhood). These studies do not investigate whether the effects persist into adulthood 

and whether and to what extent the age at intervention matters. 

A separate literature has emerged studying the effects of Head Start on 

childhood obesity. Participation in Head Start has been found to reduce obesity 

(Frisvold 2007; Carneiro and Ginja 2008) and a recent contribution by Frisvold and 

Lumeng demonstrates that even the “dosage” of Head Start received (half-day or full-

day) matters (Frisvold and Lumeng, 2011). The children participating in Head Start 

were affected by the program at very young ages, so we still do not know whether 
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interventions at later stages of child development could be beneficial. Moreover, we 

have little evidence of the effects of interventions targeted at the household level, rather 

than at the pre-school class.  

 When studying the determinants of childhood obesity outside specific policy 

interventions, economists have concentrated primarily on the effects of the supply and 

quality of food consumed by children. For example, it has been shown that fast food 

restaurants close to school grounds increase the prevalence of obesity among 9th graders 

(Currie et al, 2009) and higher prices of fruit and vegetables in the neighborhood are 

associated with higher BMI, especially among economically disadvantaged children 

(Powell and Chaloupka, 2009). Increased supply of fast food or “bad” food potentially 

available to children contributes to higher incidence of childhood obesity. 

 Studies investigating the effects of changing access to different types of 

food assume that the demand-side effects are negligible. This paper asks the opposite 

question: holding access and availability of foods constant, would higher household 

incomes result in changes in obesity rates among youth?  Due to the panel nature of our 

data, we can control for unobserved area characteristics, such as the kinds of restaurants 

and supermarkets in a particular area that affect all children residing there in the same 

way.    

One way to assess the contribution of increased incomes on adolescents’ 

BMI is to consider exogenous changes in the affordability of different types of food. 

Affordability can increase in two ways: by providing extra funds that can be spent on 

food only (such as food stamps and other coupons) and by changes in expendable 

income. Previous studies have found mixed results on the effect of receiving food 

stamps on adult obesity rates (Townsend et al, 2001, Chen et al, 2005; Kaushal, 2007). 

Two recent studies examine the causal effects of extra expendable income on BMI. 

Schmeiser (2008) considers low income women while Cawley et al (forthcoming) study 

Social Security recipients. Both utilize instrumental variable (IV) strategies to estimate 

changes in BMI and obesity rates attributable to changes in income. Our study differs 

from previous studies by focusing on children and using a quasi-experimental 
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framework.  We are not aware of any previous economics research on the effects of 

exogenously increased household income on adolescents’ BMI in the United States.3  

Empirically, the relationship between income and obesity is hard to 

identify. Among studies using data on adult populations, the main problem is 

identifying the direction of causation – higher incomes make food more accessible, but 

obesity and the associated health problems make it harder to earn high incomes. People 

with higher incomes can afford better food, and they are also less likely to be obese.4 

There is a separate literature estimating the effect of BMI on earnings (Kline and 

Tobias, 2008; Cawley, 2004; Mocan and Tekin, 2009) and at least one study shows that 

overweight and obese adults are likely to suffer from low self-esteem which may be 

underlying their lower earnings (Mocan and Tekin, 2009). To plausibly capture the 

empirical relationship between income and weight, one has to exogenously increase the 

amount of dispensable income available to the household without affecting the extent of 

physical activity or physical attractiveness needed to earn that income.  

Assessing the effect of exogenous income transfers on the BMI of children 

and adolescents is attractive for two reasons. First, the transfers we consider come from 

an exogenous source and their size is not affected by the initial financial situation of the 

household. Second, the transfer affects children while they are teenagers - a time when 

most children earn little on their own.5 The children in our study are subjected to the 

income effect, but unlikely to be affected by a substitution effect away from labor.6  

                                                 
3 In a study examining obesity rates for adults over thirty years, Chang et al (2005) find that there has 
been an increase at all levels. Their study differs from ours in that they are looking at an association 
between income and obesity (they do not have an exogenous change to income) and they are looking at 
adults only.  
4 Behrman and Deolalikar (1987) have shown that changes in income in a developing country are not 
necessarily associated with changes in food consumption – they find that it depends on the income 
elasticity of food.  
5 Child labor laws and mandatory schooling requirements in the U.S. prevent children from working full 
time until age 18.   
6 In developing countries, the case would be quite different in that the additional household income 
would allow children to work less and enter school which may have separate effects on the child’s BMI. 
See, for instance, the literature on child labor in developing countries.  Edmonds (2008) provides a useful 
overview of the findings.  
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III. Data and basic analysis 

The Great Smoky Mountains Study of Youth (GSMS) is a longitudinal 

survey of 1420 children aged 9, 11 and 13 years at the survey intake that were recruited 

from 11 counties in western North Carolina. The children were selected from a 

population of approximately 20,000 school-aged children using an accelerated cohort 

design.7 Children from the Eastern Band of Cherokee Indians were over sampled for 

this data collection effort. Survey weights are used in the child outcome regressions that 

follow. The federal reservation is situated in two of the 11 counties within the study. 

The initial survey contained 350 Indian children and 1070 non-Indian children. 

Proportional weights were assigned according to the probability of selection into the 

study; therefore, the data is representative of the school-aged population of children in 

this region. Attrition and non-response rates were found to be equal across ethnic and 

income groups. 

     The survey began in 1993 and has followed these three cohorts of children 

annually up to the age of 16 and then re-interviewed them at ages 19 and 21.8  Both 

parents and children were interviewed separately up until the child was 16 years old; 

interviews after that were only conducted with the child alone. 

    After the fourth wave of the study, a casino was opened on the Eastern Cherokee 

reservation; the survey children were approximately 13, 15 and 17 years of age at that 

time. The casino is owned and operated by the tribal government. A portion of the 

profits are distributed on a per capita basis to all adult tribal members.9 Disbursements 

                                                 
7 See Costello E. Jane, Adrian Angold, and Barbara Burns, and Dalene Stangl, and Dan L. Tweed, and 
Alaatin Erkanli, and Carol M. Worthman (1996) for a thorough description of the original survey 
methodology. 
8 Individuals are interviewed regardless of where they are living (whether on their own, in college, or still 
living with their parents). No child is dropped from the survey because they moved out of their parent's 
home. We find no statistically significant difference in attrition between the treatment and control groups 
or selective attrition on health outcomes. American Indians comprise 24% of the sample in the very first 
survey wave and comprise approximately 27% of the sample at age 21. 
9 All adult tribal members received these per capita disbursements. If there were any non-compliers 
(parents that either did not receive or refused the additional income) then any estimates found here would 
be an under estimate of the true effects of additional income. Children listed as tribal members were 
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are made every six months and have occurred since 1996. The average annual amount 

per person has been approximately $4000. This income is subject to the federal income 

tax requirements. However, as the transfers are not part of earned income, they do not 

directly affect EITC for eligible individuals.  

 The outcome variables of interest are Body Mass Index (BMI), height, weight 

and obesity.  The first three measures are recorded at each survey wave.  Interviewers 

measured survey respondents using rulers and scales.  Medically recommended levels 

of BMI are between 20 and 25 for adults. Individuals with BMI levels of 25-30 are 

considered overweight in adults; those with BMI greater than 30 are considered obese.10 

We have constructed a simple obesity index variable for our survey subjects (ages 19 

and 21) which takes on the value of 1 when BMI is greater than 30 and is 0 

otherwise.  We utilize the Centers for Disease Control BMI-for-age chart for boys and 

girls.  These measures account for differential growth rates between the genders at 

different ages.  Adolescents are classified by age, gender, weight and height and 

assigned a percentile.  Individuals that exceed the 95th percentile for their age and 

gender group are considered obese while individuals who are above the 85th percentile 

are classified as overweight (inclusive of the obese).   We employ these designations in 

the tables that follow. 

 Table 1 provides descriptive statistics. The sample is balanced on conditions at 

intake such as age, sex, and maternal labor force participation between tribal members 

and the rest. American Indian mothers are significantly less likely to have been to 

college, and more likely to have completed only high school. The incidence of obesity 

and being overweight is substantially higher among American Indian youth. A large 
                                                                                                                                               
eligible for the casino disbursements themselves at age 18 if they completed high school; even if they did 
not complete high school they would receive the casino transfers at age 21. While they initially did not 
know exactly how much the transfers will amount to, tribal members had every reason to believe that this 
was a permanent positive change in their incomes. Casino operations are authorized under the Indian 
Gaming Regulatory Act of 1988 which allowed the development of economic activities related to gaming 
on US Federally recognized American Indian reservations.  By the time the Eastern Cherokee tribal 
casino began operation, other tribal casinos had been operating in places such as Florida and the mid-west 
for almost a decade.  
10 In the analysis we drop several extreme outliers (which we attribute to either recording error or 
measurement error) for recorded BMI levels that exceed 100 or are below 10. 
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proportion of these adolescents are obese (36%) as compared to 19% of the rest of the 

sample. The difference comes from an eight kilogram difference in weight, while 

average height is very similar between the two groups.  

 Tribal members come from poorer families – their households received, on 

average, ten thousand dollars less in annual income in the three survey waves before the 

casino opened.  In the original data, the variable for household income is provided in 

categories which are $5,000 in size each.  A value of 6, for instance, corresponds to 

approximately $30,000 (the average for non-Indians); while a value of 4 corresponds to 

an annual income of approximately $20,000 (the average for American Indian 

households). These amounts correspond closely to data for the region from the 1990 US 

Census. The casino disbursements (approximately $4,000) represent more than a twenty 

percent increase in the average household income of parent couples of mixed heritage, 

and more than 40 percent increase in households of two tribal members. The casino 

transfers alone would be enough to close the income gap between an average family 

with two non-member parents and families composed of two tribal members.  

 In Figure 1 we plot correlation coefficients between household income in the 

last survey wave before the initiation of the income transfers and children’s body mass. 

The graph indicates that children who come from households with an initial income of 

between $10-20,000 will have on average a BMI that is 2 points higher than a child 

from a household with income of $60,000 or more (the omitted income category). A 

clear negative correlation between household income and children’s BMI is apparent, at 

least up to annual income levels of around $40,000.  

 In Figure 2 we provide a simple graph of the distribution of BMI for American 

Indians at age 19 by age cohort on the left and for Non-Indians on the right. The graph 

shows that the youngest age cohort of American Indians, who also spend the longest 

time in households with income transfers, tends to have a distribution of BMI that is to 

the right of the other two cohorts.  The middle age cohort distribution is to the right of 

the oldest age cohort. We interpret these plots as suggestive evidence that longer 

exposure to casino transfers may have increased adolescent BMI.   
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We take an individual-level approach in Figure 3. We plot the distribution of 

changes in BMI for the same individual between the ages of 13 and 19 among tribal 

members and non-members of the three cohorts.11 Regardless of initial body weight, on 

average Native American children in the youngest cohort tend to gain more weight 

relative to non-Indians. But we also observe higher variance in the relative gains among 

this group – a non-trivial proportion of tribal members gain less than the comparable 

group of whites.  

 

A. Cohort-level analysis: Obesity and BMI at ages 19 & 21  

As a first cut of the data we use a difference-in-differences regression strategy to 

examine the effects of varying duration of treatment using differences among cohorts 

measured at ages 19 and 21. The duration of treatment differ across the age cohorts as 

they were affected by the casino transfer payments at different points in their childhood; 

the youngest group was first treated at age 13, the middle group at age 15 and the oldest 

group at age 17. We include several other variables which have the potential to explain 

changes in child obesity and BMI such as maternal labor force participation and 

education, distance between the household’s residential location and the casino, as well 

as the child’s own personal income and education at age 19. 

We compare young adult outcomes for adolescents who resided for a total of six 

(four years for the middle age cohort) years as minors in households with extra income 

to adolescents who resided for two years as minors in households with exogenously 

increased incomes. The two youngest age cohorts (Age 9 and Age 11 at survey intake; 

ages 13 and 15 at first treatment) function as the "after-treatment" cases and the oldest 

age cohort (Age 13 at survey intake; age 17 at first treatment) is the "before-treatment" 

case. We focus explicitly on the effect of the income transfer on BMI and the incidence 

of obesity at ages 19 and 21.  Non-tribal members serve as the pure control group.   

                                                 
11 For the youngest age cohort, we restrict analysis to age 12 as there were no observations at age 13 for 
this cohort. It is important to note that none of the three cohorts were treated with the increase in 
household income at these ages.  
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The size of the exogenous increase in household incomes can take on two 

different values depending upon the number of American Indian parents in each 

household.12 It is possible for there to be 0, 1 or 2 American Indian parents in each 

household. Clearly households with two tribal member parents will have double the 

amount of exogenous income than households with only a single American Indian 

parent. The equation below details the specification: 

 

 

Yi = α + β1 × Age9i + β2 × Age11i + δ1 × NumParents + γ1 × Age9 × NumParentsi +
γ 2 × Age11i × NumParentsi + Xi 'θ + εi                
(1) 

     

In the equation above, Y is BMI or obesity status for the survey children measured at 

ages 19 or 21, Age9 and Age11 variables indicate whether or not the child is drawn 

from the youngest or middle age cohorts - the age 13 cohort (oldest) is the omitted 

category in this regression. The variable NumParents indicates the number of parents 

who are tribal members in that child's household. The two coefficients of interest are 1γ  

and 2γ , which measure the effect of receiving the casino disbursements and being in 

either the age 9 or age 11 cohorts relative to the 13 year old cohort. The vector X 

controls household conditions prior to the opening of the casino and includes average 

household income over the four pre-treatment years, the sex of the child, the race of the 

child, the mother’s pre-intervention labor force participation and education level .   

 Identification of equation 1 relies on the fact that the different age cohorts of 

children were randomly sampled within American Indian and non-Indian groupings.13  

Additionally, it is important that the pre-intervention trends between the treatment and 

                                                 
12 We find that the effect of the treatment (household eligibility for the casino per capita transfer) results 
in approximately $3900 additional household income at each survey wave.  The average amount 
distributed per person has been about $4000 per year. This suggests that households do not alter their 
labor participation in response to this additional household income. 
13 See Akee et al (2010) for evidence of the comparability of respondents across age cohorts. 
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control groups move in a similar direction; these graphs are provided in Appendix 

Figures 1-3 for pre-treatment BMI, weight and height.   

 

B. Difference-in-Difference Regression Results for BMI and Obesity at Ages 19 &21 

We present several specifications of the difference-in-difference regression in 

Table 2. In all of these regressions, the omitted category of children is the oldest age 

cohort (age 13 at survey intake; age 17 at beginning of treatment). Thus all coefficients 

are interpretable as differences with the oldest cohort.   

The first 4 columns in Table 2 report coefficients obtained from an OLS 

regression of BMI on a number of controls specified in equation (1) above. Columns 5-

8 report marginal effects after probit regression coefficients of obesity at ages 19 and 

21.14  Columns 1, 3, 5 and 7 show the difference-in-difference regressions based on the 

model in equation 1. The coefficients of interest, while not statistically significant, 

indicate that adolescents who reside in households with at least one tribal member 

parent and are in the youngest age cohort have lower BMI and are less likely to be 

obese by ages 19 and 21.15  Based on the pure correlations plotted in Figure 1, we 

expect that the effects of exogenous income transfers on BMI will vary depending on 

initial household income. In columns 2 and 4, we test this hypothesis. In these 

regressions we interact initial household income (prior to the casino payments) with the 

original difference in difference term from columns 1 and 3.  Our results confirm the 

                                                 
14 We report marginal effects for ease of exposition. Linear probability regressions yield the same results. 
The tables are available from the authors. In a series of papers Norton and co-authors (2003, 2004)  have 
shown that interaction terms in binary regressions are not properly calculated by standard statistical 
analysis software output (e.g. STATA). We have used their suggested estimator (inteff) and report 
interaction coefficients evaluated at the mean. 
15 Even though the coefficient of the youngest Native American cohort is not significant, it is negative, 
which appears at odds with the raw data evidence we presented in Figure 2. However, in addition to 
showing a higher prevalence of BMI in the 30-40 range and a larger variance in BMI in the youngest 
cohort, Figure 2 shows lower prevalence of extreme obesity (over 40 BMI) in the youngest group. When 
we exclude these observations from the sample, the coefficient becomes positive, even though still not 
statistically significant. The interaction coefficients with income are not affected by restricting the sample 
in this way.  
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theoretical prediction that the marginal effect of extra income varies across the initial 

income distribution.16 The results demonstrate that relative to the oldest cohort, the 

exogenous income transfers reduced BMI by 0.6 index points and also decreased the 

probability of obesity by 3% at age 19 with each $5,000 increase in initial household 

income for the youngest cohort of adolescents. We find similar effects at age 21; there 

is a reduction of between 2 and 4 percentage points in the probability of being obese 

with each $5,000 increase in the initial household income at ages 19 and 21.  

We show graphically that poverty matters for BMI using a simple poverty/non-

poverty distinction. In Figure 4 we separate the tribal and non-tribal populations along 

poverty lines and plot the distributions of BMI at ages 13 and 21 aggregating across all 

cohorts; the younger age is effectively pre-treatment for all age cohorts and age 21 is 

after treatment for all cohorts.  Figure 4 indicates that American Indians tend to have 

higher BMI than non-Indians even at a relatively young age. By age 21, this difference 

becomes more pronounced with a proportionately higher increase in BMI for American 

Indians.  Figure 4 is illustrative of the results reported in Table 2, that poor American 

Indians are relatively heavier at age 21 compared to their relatively wealthier 

counterparts. This figure also shows that the average gain between ages 13 and 21 is 

largest for poor tribal members than any other group. We revisit this finding using an 

individual panel approach in section IV below.  

The other covariates reported in Table 2 are also informative.  We find 

that American Indian adolescents are 4-6 body mass index points heavier and between 

33 and 42 percentage points more likely to be obese than non-Indians. We also find that 

the average of childhood household income (in the three years prior to the government 

transfer program) negatively affects BMI and obesity at age 19.   

We conduct several placebo and robustness tests for this difference-in-difference 

analysis in Appendix I. We test whether differences in parental labor force participation, 

the gender of the parent receiving the transfer, the distance from the household to the 

                                                 
16 Behrman and Hoddinott (2005) find for Mexican children enrolled in the PROGRESSA program that 
the effects on growth are more pronounced for individuals from poorer households. 
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casino or own education can explain the results reported in Table 2. The analysis is 

presented in Appendix Tables 1-5 and indicates that our initial results are robust to 

alternative hypotheses about the cause of the heterogenous effects of extra household 

income on adolescent BMI.  

 

IV. Individual panel data estimates  

A potential concern about the results from our basic analysis is that children of 

Native American ancestry might grow at differential rates than non-Indian children. In 

order to account for this possibility, we take advantage of the panel nature of our data 

and examine the effect of the casino transfer payments on health outcomes at each 

survey wave.  Because the panel data contain information on the same individuals at 

multiple points in time, we are able to include age-by-race fixed effects and a Native 

American-specific time trend.  

A. Empirical Strategy 

We examine changes in the body mass index, as well as weight and height. We 

use all available data for each individual from ages 9 (11 and 13 respectively) onwards, 

interviewed every year until age 16 and then again at ages 19 and 21. The empirical 

specification is: 

 

 

Yit = α i + Xit 'β + εit  (2) 

 

Where, 

 

α i is the individual fixed effect and X is the vector of control variables, 

including whether the individual child, i, belongs to a household that is eligible for 

casino payments.  This indicator variable is always zero for households that are not 

receiving the casino transfers; for households that are receiving the casino transfers, the 

variable is zero for the first four survey waves and then takes the value of one 

thereafter. Identification of the casino effect is driven by differences between Native 

American treated and untreated children of the same age; this is possible because the 

Native American children in our panel data are treated to casino payments at different 
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ages. For instance, we can compare 16 year olds who were treated (the two youngest 

age cohorts) to 16 year olds who were not treated (the oldest age cohort).We emphasize 

that vector X also includes a set of age by race fixed effects, to control for potentially 

different growth paths between tribal members and others. We also include a Native 

American-specific time trend. Taken together these two different types of race-cohort 

controls (time invariant and time variant) should account for any meaningful differences 

across the two groups.17 

 It is important to note that there were no health or educational programs created 

immediately after the advent of casino disbursements by the tribal government.  In later 

years new programs have been developed, but for the crucial period in which these 

children were minors in their parents' households, there is little evidence of new 

programs. Anecdotal evidence suggests that the revenues from the casino operations 

were, at least in the short run, spent only on per capita disbursements to the tribally-

enrolled membership. Spending on large-scale construction was not completed until 

well after the youngest age cohort were over 18 years old. Therefore, the children in this 

study were not minors when new tribal programs and facilities became operational.   

 

B. Panel level BMI regression analysis 

The basic difference-in-difference analysis implied differential effect on BMI 

and obesity rates at ages 19 and 21 depending upon initial household income. Figure 3 

shows that children residing in treated households for the longest periods increased their 

BMI relative to others, but it also shows that they have higher variance in the gains.  In 

this section, we investigate whether the data support similar heterogeneity in the effect 

of extra income once we account for fixed individual characteristics and race-specific 

trends and exploit only variation coming from different survey waves within 

individuals. We also test for heterogeneous effects across maternal characteristics and 

children’s initial health endowments.  

                                                 
17 In results not reported here, we include a squared Native American-specific time trend and find no 
differences in our results. 
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The panel estimations, based on the model in equation (2), are reported in 

Tables 3-5. In addition to individual specific fixed effects, all reported models include 

age-by-race dummies. We cluster standard errors at the individual level. We also 

include an indicator for the presence of children in the household who are less than 6 

years old. Consistent with previous results in the development literature, the effect of 

young siblings in the household is negative and significant. These results are robust to 

controlling for the total number of siblings in the family 

In column 1 of Table 3 we include a binary variable for casino payments that is 

equal to one in years when households are eligible to receive transfers and zero 

otherwise. The coefficient is small and not statistically different from zero.18 In column 

2 we add an interaction term with initial household income, testing the hypothesis that 

the effects of casino transfers differ across pre-treatment income groups.  Adolescents 

residing in households eligible for casino transfer payments have on average two thirds 

of a unit increase in BMI which is equal to 10% of the standard deviation of BMI for 

adolescent tribal members, but the coefficient is not statistically significant at 

conventional levels. The interaction effect is negative and statistically significant. As a 

result of the transfers, an adolescent from a household with $5,000 more in initial 

household income will have a BMI that is 0.18 BMI units lower than a comparable 

individual from a poorer household.  

 

C. Panel Level Weight and Height Regressions 

BMI has two components – weight and height; these components could be 

affected differently by extra household income during adolescence.19 We investigate 

whether the differences in BMI between adolescents residing in households from 
                                                 
18 We find qualitatively similar results when using a continuous variable for duration of treatment. These 
results are presented in Appendix Table 6. 
19 There are several growth spurts in children’s physical development, during which they gain 
significantly in height. For example boys in the US gain up to 10 cm/year at age 13, and up to 5 cm/year 
at ages 14-16 (see, e.g. Figure 1 in Case and Paxson, 2008). In our study, the youngest treated cohort 
were aged thirteen at the time that the income transfers were first received by the parents.  On average, 
these children would have gained around 25 cm (girls) and 28 cm (boys) in height between their 13th and 
20th year 
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different parts of the income distribution could be caused by the differential impact of 

extra income on these two components. Table 4 reports the effect on the government 

transfer on adolescent weight. We find in column 1 that there is a negative effect of 

receiving casino payments on gaining weight.  However, this coefficient is not 

statistically significant and when we include an interaction variable with the initial level 

of household income, the main effect becomes positive in sign (but not statistically 

significant).20  The interaction term is statistically significant implying that there is a 

non-linearity in the effect of additional household income on weight.  In this case, it 

appears that a child coming from a household with an additional $5,000 in initial 

income would experience a 0.4kg reduction in weight as a result of the extra income 

compared to a child coming from a household that was $5,000 poorer before the 

intervention.    

We repeat this analysis for the adolescents’ height at each survey wave. 

These results are presented in Table 5. In column 1 the casino disbursement dummy is 

positive, but not significant.  We find that the coefficient on the interaction term with 

income in column 2 is positive and marginally statistically significant at the 10% level, 

implying that an adolescent from a household with $5,000 more in initial income will 

experience a 0.23 cm increase in height if they also receive the casino payments.  We 

conclude that extra income transfers are more likely to result in height increases for 

children coming from better off families.21 This result should however be interpreted 

with caution as it is only marginally statistically significant.  

Taken together these results show evidence for non-linearity in the effects 

of extra unearned income on height and weight.  Overall, it appears that the joint 

contribution of differential effects by income on the two components affects our 

findings on BMI. 

                                                 
20 In unreported analysis we tested whether the government transfers were significantly correlated with 
the probability that the respondent was on a diet or had any nutritional problems such as bulimia and 
anorexia. We found no evidence that the casino transfers resulted in differential eating behavior or eating 
disorders across treatment groups.  
21 In results not shown, after dividing the sample by males and females, we find that the effect is larger 
for males; the difference in coefficients by gender is not statistically significant.    
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D. Potential Mechanisms 

Our findings thus far indicate that there is a heterogenous effect of additional 

household income on the BMI of household children. The effect differs according to 

where the household resided in the initial distribution of incomes.  In this section, we 

investigate whether our observed results are diminished or otherwise changed by 

interacting the casino transfer payment variable with other initial household conditions. 

The empirical specification in Table 6 is the same as presented in Table 3 with the 

addition of other casino interaction variables.  

In the first two columns, we include casino interaction variables with mother’s 

initial labor force status and education levels. For simplicity of interpretation, we divide 

maternal education into two broad categories and construct a dummy equal to one if the 

mother has finished high school or more and zero otherwise. The coefficients on both 

variables are not statistically significant. Additionally, the main coefficient of interest, 

the interaction of casino payments and initial average household income, does not 

diminish greatly in magnitude or statistical significance.  

The specifications in columns 3 and 4 include the casino transfer payment 

interactions with the child’s birthweight and average weight in the first 3 survey waves. 

Birth weight is coded in three categories: 1 if birth weight <2500 grams, 2 if birth 

weight is >2500 and <4500 and 3 if birth weight is >4500 grams. Children who were 

born with low birth weight gain more relative to their peers. This may be due to two 

mechanisms. On the one hand, lower birth weight infants might maintain lower weight 

in adolescence, so they have more to gain. On the other hand, low birth weight may 

proxy for more fragile health or SES which in itself may be related to larger gains in 

BMI. We test which hypothesis is more likely by including an interaction term with the 

individual’s average pre-casino weight (in the first three survey waves). Initially heavier 

children gain less. Once both interactions are included in the specification in column 5, 

the marginal effect of birth weight is still significant at the 10% level and pre-casino 

weight is significant at the 5% level. We conclude that low birth weight proxies for 

more than simply genetic body mass differences. 
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In the specification reported in column 6, we include all of these additional 

interactions with our variable of interest, casino payment interaction with average initial 

household income. In this specification and in all of the previous ones, the negative 

interaction between initial household income and casino-generated cash remains 

economically and statistically significant. Changes in household income have a non-

linear effect on BMI for adolescents depending upon the level of the household’s initial 

income and initial income appears to matter more than any other channel that we 

consider in the analysis.   

As a final piece of evidence of this heterogeneity, we report the effects of extra 

income by initial income category in Table 7. The omitted income category is the 

highest category, and therefore the coefficients on all other income categories are 

interpreted as reflecting differences from the highest income group. Again, the results 

indicate individuals who come from households that were initially poorest tend to gain 

the most in BMI due to the extra cash transfers.  

 

V. Concluding remarks 

Due to the quasi-experimental nature of our data, we are able to identify the 

effect of a permanent increase in unearned household income on weight gain and 

eventual obesity in adolescents and young adults. We trace out differential effects of 

extra income depending on the initial financial conditions in the household.   

We find that individuals who come from the initially poorest households tend to 

gain more weight after the introduction of the transfer payments than their richer 

neighbors.  These effects are not due to initial health conditions as proxied by birth 

weight or due to increases in own educational attainment. We also show that the 

heterogeneity remains even after we include interactions with maternal characteristics 

and the child’s initial health endowment. Our results are robust to the inclusion of these 

additional potential mechanisms. 

 Taken as a whole, our findings support the notion that unearned extra household 

income has heterogeneous effects on adolescent body mass depending upon the child’s 
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household type. This has significant implications for the design of policies intended to 

address the continuing adolescent and young adult obesity epidemic in the US and the 

ensuing future threat of chronic weight-related disease.  
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For Online Publication Only along with Appendix Tables 

Appendix I. Alternative Hypotheses, Controls and Placebo Tests  

Previous research in both developed and developing countries has shown 

that exogenous changes to household income controlled by an adult female can have 

beneficial effects on spending for children and household consumption goods (Duflo, 

2003; Duflo and Udry, 2003; Duncan 1990 and 1994; Lundberg et al, 1997).22 

Appendix Table 1 presents results implying that differences in the gender of the transfer 

recipient were not significant for this intervention. It is important to note, however, that 

the extra income recipients were not randomly assigned across parents’ genders and 

there may be systematic differences between families where the mother or the father is 

Native American (and the other parent is not). 

 In Appendix Table 2, we present additional difference-in-difference regression 

results. Extra income transfers might directly affect the child’s characteristics which in 

turn could affect their BMI and obesity levels. In column 1 we report results from a 

specification controlling for high school completion at 21. For instance, if casino 

transfers helped maintain the tribal children in school for longer, and own education 

affects BMI independently from income (e.g. see Baum and Ruhm, 2009), the cohort 

differences at age 19 may be driven by own education, rather than heterogeneous effects 

by initial household income. The results are very similar to the baseline specification 

reported in Table 2. In column 2 of Appendix Table 2 we report a specification 

                                                 
22  See Lundberg and Pollak (1996) for a discussion of this literature or Behrman (1997).  Additionally, in 
a previous paper (Akee et al, 2010) we report that household structure appears to be unaffected by the 
casino income payments; we find no evidence for increased divorce or marriage rates over time.  
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controlling for birth weight. This is the best proxy for initial capital that we have in the 

data. We split birth weight into three categories – low birth weight (below 2500 grams), 

normal weight (>2500 and <4500 grams) and high birth weight (>4500 grams). The 

omitted category in the estimation is normal birth weight. We find that the main 

interaction coefficients do not change.  

The differences we find between youths coming from different income 

backgrounds could be due to differences in food supply. For example, if low-income 

households reside in areas where high quality food is sparse, children would receive 

worse nutrition even if parents have the financial means to provide better quality food. 

To test for such effects we include county-level fixed effects in our main regression. 

The results are reported in column 3 of Appendix Table 2. There are no significant 

changes in the main coefficients. Finally, in column 4 of Appendix Table 2 we include a 

measure of the individual’s own income at age 21.  Even though the coefficient is 

negative, it is not statistically significant. The main coefficient on the triple interaction 

term with income is not significantly changed.  

Differential exposure to extra income could alter maternal labor force 

participation among tribal members who would then, in turn, affect the child’s obesity 

levels into adolescence and young adulthood.23 Our data contain information on 

parental labor force participation for all survey years. We do not find any evidence, 

reported in Appendix Table 3, for changes in parental labor force participation. We 
                                                 
23 Cawley (2010) offers a nice summary of the current state of the economics literature on children’s 
obesity and in particular the role of maternal labor force participation. Skoufias and di Maro (2006) find 
no evidence for changes in parental labor force participation for households receiving payments from the 
PROGRESSA program in Mexico. 
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consider both maternal and paternal labor force participation. One possible explanation 

is that the extra $4000-$8000 a year was not enough to compensate for the loss of either 

the mother’s or father’s earnings. 24 

 Finally, we use global positioning system data (GPS) to compute a distance 

measure which serves as proxy for other non-cash transfer related effects of the casino 

operations on households in Appendix Table 4.  We do not expect to find much here; 

the Eastern Cherokee reservation is relatively small at a little over 100 square miles.  

Additionally, there are other relatively large economic hubs of activity in the vicinity -- 

Asheville, NC is less than an hour away and Knoxville, TN is just about two hours 

away. The average household is 32 miles (median is 36 miles) away from the casino, 

with a minimum distance of 5 miles and a maximum distance of 75 miles. We find that 

inclusion of this distance measure and an interaction variable with treatment households 

is not statistically significant; while the sample size diminishes somewhat do to missing 

information for some households, this does not change our main observed findings 

which are repeated in columns 2 and 4 of Appendix Table 4. . 

Native American children may differ from their white counterparts differently in 

different cohorts for reasons unrelated to the extra income transfers. To test for 

                                                 
24 There is little evidence that the casino itself generated differential employment for tribal members 
relative to the non-Indian parents. Overall employment does not appear to change after the casino opens 
for either group of parents. This is not surprising as the reservation and its residents are integrated into the 
regional labor market; similarly, many non-Indians work, and even reside, on the Eastern Cherokee 
reservation. Previous researchers have found that casino job growth on American Indian reservations was 
due primarily to non-Indian employment (Evans and Topoleski, 2002). Using data from the universe of 
tribes that opened a casino, Wolfe et al (2011) find that casino openings did not increase labor force 
participation among the affected tribes.  
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systematic differences we use the available information on health from the pre-casino 

period. Appendix Table 5 shows the results from models estimating the effects of extra 

income on birth weight, children’s weight, height, and BMI at age 13. There are no 

significant differences between the three cohorts and across income categories when we 

examine the effects of casino payments on pre-intervention health outcomes.  
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Figures 
Figure1: Simple correlations between BMI and income 
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Figure 1: Ordinary Least Squares Regression 
Coefficients of Initial Household Income on BMI 
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Figure 2: Distribution of BMI by Age Cohorts and Tribal Status at Age 19.  
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Figure 3: Distribution of changes in BMI between ages 13 and 19 
Youngest cohort Middle cohort Oldest cohort 
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Figure 4: Distribution of BMI at ages 13 and 21 by tribal membership and income category 
At age 13 At age 21 
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