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ABSTRACT 
 

Does More Money Make You Fat? 
The Effects of Quasi-Experimental Income Transfers on 

Adolescent and Young Adult Obesity* 
 
This paper examines how exogenous income transfers during adolescence affect 
contemporaneous body mass index (BMI) measures and young adult obesity rates using 
evidence from the Great Smoky Mountains Study of Youth. The effects of extra income differ 
depending on the households’ initial socio-economic status, tracing out an inverted U-shaped 
relationship between initial income and BMI. Youths who resided in families that had high 
pre-treatment annual incomes experience no change in young adult obesity rates as a result 
of the income transfers, while the BMI of poorer children increases. Part of this effect is due 
to differential increases in height, as well as weight. An exogenous annual transfer of $4,000 
per adult family member results in an almost 4 cm gain in height-for-age. Adolescents coming 
from worse-off households experience an increase in weight only, without the corresponding 
change in height. The cumulative effects of the increase in household income persist for 
several years into young adulthood. 
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I. Introduction 

Since the late 1980s, the US has experienced a drastic increase in the prevalence 

of childhood and adolescent obesity. 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 BMI-for-age growth charts and 17 percent were at or above the 95th 

percentile (Ogden et al, 2010).  

The upward trend in obesity rates is steepest among poor children, reaching up 

to 20 per cent in some social groups (Anderson, Butcher, and Schanzenbach, 2007). 

Comparisons among different racial and ethnic groups within the US show that the incidence 

of obesity is highest among Native American children. A recent study found that 31 per cent 

of American Indian/Native Alaskan 4-year olds are obese (Anderson and Whitaker, 2009). 

Childhood obesity is highly predictive of later-life morbidity, implying that health problems 

such as diabetes and cardio-vascular diseases will persist at elevated levels for the Native 

American population, unless policy interventions reverse current trends.  

The poor have been hit particularly hard by the obesity epidemic, but the 

direction of causality between income and body mass is unclear. Do higher earnings 

contribute to slimmer bodies or are slender people likely to earn more?1 The identification 

problem is less severe if one considers children’s outcomes, since children in the US do not 

work full-time and are dependent on their parents. But children’s outcomes may be strongly 

correlated with those of other household members. For example, a number of correlational 

studies have shown that overweight mothers are more likely to have overweight children.2 

                                                
1 There is research suggesting that this may be the case. Hamermesh and Biddle (1994) find that attractive 

people tend to earn more than their plain counterparts.  They also find that attractive people sort into occupations 

where rewards for good looks are highest.   
2 E.g. Malrid et al, 2004, Danielzik et al, 2004, Nguyen et al, 1996 
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The main contribution of this paper is to overcome the income-body mass 

endogeneity problem. We use quasi-experimental evidence from a government transfer 

program which exogenously increased incomes for one group of children while leaving the 

comparison group unaffected. Moreover, we are able to compare the outcomes of children 

across age cohorts who were affected for different lengths of time. The government transfer is 

a per capita disbursement to adult members of an American Indian tribe; non-Indians in the 

community do not receive these disbursements. Because the exogenous income transfers 

depend only on American Indian origins and we are able to control for differences across the 

two ethnic groups by using within-cohort and within-child comparisons, we identify a causal 

relationship between extra household income and the BMI of adolescents. We examine the 

effect of the transfer payment (derived from casino profits on the American Indian 

reservation) on BMI, weight and height at different points in the adolescent’s development.  

To trace out the differential impacts of extra income depending on initial conditions , we 

estimate income-BMI, income-weight and income-height profiles for adolescents coming 

from households of different pre-transfer income categories.  

Theory predicts an inverted U-shape relationship between income and weight 

(Lakdawalla and Philipson, 2002). The inverted U-shape results from a restriction in calories 

due to an income constraint at the very lowest levels of household socio-economic status 

(SES).  As income increases, households and individuals increase their consumption of food 

and consequently we expect to see an increase in weight.  Beyond a certain threshold, the 

wealthiest households are either able to purchase higher quality foods that are more nutritious 

or pursue health-related activities, so the income-weight curve starts sloping downwards. To 

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

the non-linearity of the relationship using exogenous changes in unearned income. We find 

evidence that extra unearned income increases BMI among youths from poorer households. 
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At the same time, we find a significant reduction in obesity rates among children in wealthier 

households. The children who are affected by the government transfer program for the longest 

amount of time experience the strongest effects.  

The transfer increased BMI among children from families with average incomes 

below $40,000, but not among their better off peers. Further investigation reveals that this is 

due to differential changes in weight and height among youths coming from different 

economic backgrounds. We find evidence for a “BMI Kuznets curve”, which traces out the 

effects of extra unearned income on adolescent obesity. Children from initially poorer 

households increase their BMI over time as a result of the income transfer. Relative to the 

highest household income category of $50,000 and over, the effect steadily increases by initial 

household income category to a maximum at $20,000 - $30,000 and diminishes thereafter.  

These results imply that growing up in a poor household has long-lasting effects on 

adolescent health that cannot be immediately overcome by extra income transfers.  

 Decomposing the effects by weight, we find that adolescents from households 

that receive the transfer payment and have initial incomes below $35,000 experience weight 

gain relative to their initially wealthier counterparts.  We also find that the beneficial effects 

of the transfer payments on height are restricted to the highest bracket of the initial income 

distribution; individuals from poorer households do not grow as much as their initially 

wealthier counterparts. The two most likely explanations are that the extra income transfers 

allow better-off households to make better nutrition choices or that the quality and amount of 

physical exercise undertaken by the children is improved. While we are constrained by data 

availability on nutrition choices, we offer some evidence against the second hypothesis.  

The next section puts the present study in the context of the current literature on 

obesity. Section 3 describes the data and the empirical strategy. Next, we discuss the results 
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and some of the potential mechanisms. In Section 5 we offer some robustness checks and 

comment on alternative hypotheses. Section 6 offers some concluding remarks.  

 

II. Background 

When studying the determinants of childhood obesity in developed economies, economists 

have concentrated primarily on the effects of the supply and quality of food consumed by 

children. This research is highly relevant for public policy aimed at reducing adolescent 

obesity rates. 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 for 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. 

 However, studies investigating the effects of changing access to different types 

of food assume that the demand-side effects are negligible. In this study we ask the opposite 

question: barring any significant increases in the supply of different types of nutrients, would 

higher household incomes cause changes in obesity rates among youths? Even if policy 

regulates the supply of fast food to remain at current levels, how would the growth in 

disposable income affect children’s BMI? Our identification strategy allows us to control for 

changes in the supply of nutrients to a geographic area and isolate an effect that is purely due 

to exogenous changes in households’ disposable income.  

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 
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found mixed results on the effect of 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 in that we focus on children and have a quasi-experimental framework; in 

addition we also capture the entire distribution of initial socio-economic conditions and can 

estimate the effects of extra income on a more diverse set of households. 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 

                                                
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. Halliday and 

Kwak (2009) examine the correlation between children and their peers’ BMI in a nationally representative 

dataset. This research does not examine the role of income on the adolescents’ BMI, however.  
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.   
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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 in this paper come 

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

household. Second, the exogenous income transfer affects children while they are teenagers - 

a time when most children earn little on their own5.  The children in our study are subjected to 

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

We find that extra income increases height as well as weight in children coming 

from initially better-off households. 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). Even though environmental factors during childhood are thought to contribute 

only 20% of height differences between adults (see Silventoinen, 2003 for a review of the 

literature), there is evidence that children catch up with their better-off peers if exposed to 

better conditions at some point during their growth path.7 In our study, the youngest treated 

                                                
5 Child labor laws and mandatory schooling requirements in the U.S. prevent children from working full time 

until age 18.   
6 See, for instance, the literature on child labor in developing countries.  Edmonds (2008) provides a useful 

overview of the findings.  
7 For example, African-American children in the US displayed a large increase in height after the age of 10 

(when they typically entered work in the era of slavery) presumably because they started to receive more food 

while working. Their ultimate adult height was only 1-2 cm shorter than contemporaneous Union Army troops 
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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. Our estimates imply an additional height increase 

of about 13%-15% attributable to the extra income isolated among children coming from the 

best-off households. We find this estimate plausible in light of the previous literature on 

nutrition and adolescent height.  

This paper confirms that the relationship between household income and 

adolescents’ body mass is non-linear; it actually resembles a Kuznets curve. Moreover, we 

find that children coming from households earning $40,000 or more experience no change in 

their BMI following the income transfer.  Our results show that the turning point between 

increasing and decreasing BMI as a function of extra unearned income is somewhere around 

the $30,000 initial household income level.   

We were concerned that the extra income would alter maternal labor force 

participation among Native Americans which would then, in turn, affect the child’s obesity 

levels into adolescence and young adulthood. We do not find any evidence for this in our 

data. An additional concern was that the observed improvement (Akee at al, 2010) in the 

child’s own educational attainment may play a role in reducing their obesity levels.  Although 

we find that the probability of graduating from high school and the number of years of 

education increase for adolescents affected by the transfers, these effects are isolated to 

Native American children coming from households previously in poverty and we find no or 

positive effects on obesity rates in this group.  Therefore, we conclude that improvements in 

own education do not immediately transfer into improved BMI. We have also included an 

                                                                                                                                                   
(Steckel, 1987, 2008). Van Den Berg, Lundborg, Nystedt and Rooth (2009) find a similar result in a sample of 

naturalized Swedes who immigrated to Sweden as children.  
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explicit control variable for completing high school in the estimations and this does not affect 

our results.   

We also test whether initial health conditions such as weight at birth affect 

adolescent obesity rates. On average, children who were born with low birth weight (<2500 

grams at birth) are less likely to be obese, and those born of high birth weight (>4500 grams) 

are more likely to be obese at age 19 than the omitted category (normal birth weight, between 

2500 and 4500 grams). These effects disappear by age 21. Including birth weight as a control 

variable does not alter the coefficient estimates of the effect of extra income. We also 

consider the hypothesis that the income-BMI relationship we estimate is due to the restricted 

supply of nutrients in poorer areas, which precludes low-income families from buying better 

food. Including county fixed effects that absorb unobserved heterogeneity between 

neighborhoods does not significantly affect the results. We interpret this as evidence that 

household consumption choices, rather than the supply of food and amenities, are the driving 

force behind our findings.  

Finally, the child’s (or the child’s representative’s) bargaining power within the 

household is likely to be different depending on whether there are biologically non-related 

members who may benefit from the extra income.  Previous research in both developed and 

developing countries has shown that exogenous changes to household income can have 

different effects on children’s welfare depending upon who receives the income (Duflo, 2003; 

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

researchers find that additional unearned household income that accrues to the female parent 

(mothers or female guardians) tends to increase spending on children and joint household 

consumption goods as compared to when income accrues to the male parent. We find no 

differences in children’s outcomes depending on which biological parent – the mother or the 

father - receives the extra income.  
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III. Data and empirical strategy 

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.8 American 

Indian 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 21.9  Additional 

survey waves are scheduled for these children when they turn 25 and 26 years old. 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. 

                                                
8 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. 
9 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 selection between the treatment and control groups. American Indians 

comprise 24% of the sample in the very first survey wave and comprise approximately 27% of the sample at age 

21. 
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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.10 Disbursements 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. 

 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. 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. 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.  Similarly, we create an overweight (or more) 

variable which takes on the value of 1 if they have a BMI of 25 or higher and 0 otherwise. For 

adolescents, 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. 
                                                
10 All adult tribal members received these per capita disbursements. If there were any non-compliers (American 

Indian 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. All enrolled, American Indian children were 

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

intake such as age, sex, and maternal labor force participation between American Indians and 

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

more likely to have completed high school. Native Americans are significantly less likely to 

be of low birth weight (4.6% vs 6.5% in whites), but equally likely to be of high birth weight 

(over 4500 grams). The incidence of obesity and being overweight is substantially higher 

among American Indian youth. The majority of these adolescents are overweight (65%) as 

compared to 39% of the rest of the sample. The difference comes from a ten-kilogram 

difference in weight, while average height is very similar between the two groups. American 

Indians also come from poorer families – on average, their households received ten thousand 

dollars less in annual income in the three survey waves before the casino opened; household 

income is provided in categories and a value of 6 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). The casino 

disbursements (approximately $4,000) represent more than a ten percent increase in the 

average household income of parent couples of mixed heritage, and more than 20 percent 

increase in households of two American Indian parents. The casino transfers alone would be 

enough to close the income gap between an average family with two white parents and 

families composed to two Native American parents.  

 In Figure 1 we show a basic illustration of the changes in BMI attributable to the 

exogenous income transfers.  In these figures we hold the age of all three cohorts constant at 

19 years for comparability; Panel A considers American Indians and Panel B considers the 

non-Indian children. The solid line in Panel A traces out the distribution of BMI in the oldest 

cohort of American Indian children (who resided the shortest amount of time in households 

with increased household income), whom we consider a control group for the other two age 
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cohorts as they were minors for only one year of treatment11. The long dashes illustrate the 

corresponding distribution for the middle age cohort (15 year-olds at the beginning of 

treatment); the dotted line shows the distribution among the youngest age cohort (13 year-olds 

at the beginning of the treatment), who spent the greatest amount of time in households that 

received the income transfers. While the entire distribution of BMI appears to be moving to 

the right with each new cohort, it is clear from the graphs that the prevalence of high levels of 

BMI (over 25) changed significantly for the second and third cohorts. Children whose parents 

received extra transfers are moving from healthy bodies to being overweight and obese. By 

comparison, the control group of non-American Indian adolescents, illustrated in Panel B, are 

not experiencing any significant changes in obesity prevalence between cohorts. The 

distribution plots offer strong initial evidence that the exogenous income transfers had an 

effect on BMI, that the effect was concentrated among the treated group of younger American 

Indian children, and that it resulted in a non-trivial change in the prevalence of obesity in 

American Indian youths.  

 

Empirical Estimation 

Difference-in-Difference Regressions 

 

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

(four years for the middle age cohort) years as minors in households with increased incomes 

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

increased incomes. We employ a difference-in-difference methodology. This specification 

allows us to compare the effect of four additional years of higher household incomes on the 

incidence of obesity for these children. The two youngest age cohort variables (Age 9 and 

                                                
11 We consider adolescents minors up to age 18.  
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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) functions 

as the "before-treatment" case. We focus explicitly on the effect of the per capita transfer on 

the incidence of obesity.   

An examination of the effect of the treatment on household income indicates 

that almost all of the additional cash transfer shows up as additional household income in each 

survey wave.12 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. It 

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

households with two American Indian parents will have double the amount of exogenous 

income than households with only a single American Indian parent. Households without an 

American Indian parent serve as control households. We treat the number of parents as a 

continuous variable and we therefore have two interaction variables which are of interest. The 

equation below details the specification: 

     

(1) 

 

    In the equation above, Y is the incidence of obesity for the survey children at ages 19 or 21 

in young adulthood. In the equation above, the Age9 and Age11 variables indicate whether or 

not the child is drawn from the initially age 9 or age 11 cohorts respectively -- the age 13 

cohort is the omitted category in this regression. The variable NumParents indicates the 

number of American Indian parents in that child's household. The two coefficients of interest 
                                                
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. 
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for this research are  and , 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 years, the sex of the child, the race of the 

child, mother’s labor force participation and education level of the mother. We estimate (1) 

using probit models as our outcomes are binary. The probit coefficients are hard to interpret, 

hence in the estimation tables we report marginal effects estimated after a probit regression.  

 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.  The next section 

provides evidence for this and also indicates that the two groups of households (American 

Indian and non-Indian) faced similar conditions in the labor market and with regard to social 

conditions.13  It is also important to note that there were no new health or educational 

programs which were created immediately after the advent of casino disbursements by the 

tribal government.  This is important in establishing the fact that time variant characteristics 

that were related only to American Indians (such as tribally-funded health and nutrition 

programs) are not the causal factor here. 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 initiated until 

2001, when the youngest cohort was around 17 years old. Therefore, the children in this study 

were not minors when these new programs and facilities were operational. 

                                                
13 See Appendix Figures 1, 2 and 3, which provide the pre-casino trends for the American Indian and non-Indian 

children with regard to BMI, height and weight. 
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    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.  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 measure (which is available for all survey households) and an interaction 

variable with treatment households does not diminish the effects reported in later tables. 14 

 

Fixed-Effects Panel Regression 

 

    Given the panel nature of the data, we are able to examine the effect of a casino transfer 

payment on health inputs at each survey wave for the children in the survey.  We examine 

changes in the body mass index of children (BMI), as well as their weight and height 

measures directly. Therefore, we employ a fixed effects regression for these three health 

outcome variables.  The regression is given of the form: 

     

 (2) 

 

    In this regression,  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 without American Indian 

parents; for households with American Indian parents the variable is zero for the first four 

survey waves and then takes the value of one thereafter.   
                                                
14 We include a measure of distance from each household to the casino (using Global Position System data) in 

level and interacted with household eligibility for casino payments in the Appendix Table 1. One can think of 

this distance measure as a proxy for the other non-cash transfer effects of the casino on households.  The results 

for this regression indicate that the proximity to the casino does not statistically affect obesity  
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 Because the extra income was received by American Indian parents only, a 

potential concern is that the estimates from (2) could be driven by differences in growth path 

of height, weight, and BMI between American Indian children and the control group. For 

example, if American Indian children “caught up” with their peers after age 13, then some of 

the effect we attribute to extra income could actually be due to natural differences in 

physiology between the two groups. To test for the validity of this concern, we compare the 

growth paths of height, weight, and BMI between children of the oldest cohort, who were not 

affected by the income transfer until age 17. From previous survey waves, we have those 

children’s measurements from age 13 onwards, which coincides with the age at which the 

youngest group of American Indian youths was first treated with the extra funds. We find no 

significant differences (or evidence of catch-up), in the growth paths of the two ethnic groups 

(see Appendix for the relevant figures).  

 

IV. Results 

We first present results from the difference-in-differences models (equation 1) comparing 

outcomes between children of different cohorts and ethnic origins in adulthood. We then turn 

to the panel level regressions (equation 2) which show the effects of additional household 

income at each survey wave.  

 

Obesity rates 

Table 2 shows the results from difference-in-differences specification comparing children at 

ages 19 and 21. The oldest age cohort (age 13 at survey intake; age 17 at beginning of 

treatment) of children comprises the omitted category.  

Table 2 reports estimates from 3 regression models for youths at ages 19 and 21. 

Columns 1 and 4 show the difference-in-difference regressions based on the model in 
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equation 1. The coefficients of interest, while not statistically significant in these two 

regressions, indicate that adolescents who reside in households with at least one American 

Indian parent and in the youngest age cohort are less likely to be obese by ages 19 and 21.15 

The interaction term for the second age cohort (age 11 at survey intake; age 15 at first 

treatment) is slightly positive, but it is also not statistically significant.   

The other covariates in these regressions are also informative in determining 

obesity.  We find that American Indian adolescents are between 33 and 42 percentage points 

more likely to be obese than non-Indians. Comparing estimates for the same cohorts at age 19 

and age 21, it appears that the correlation between American Indian race and obesity becomes 

stronger with time.  Additionally, we find that the average of childhood household income (in 

the three years prior to the government transfer program) has a negative relationship with 

obesity levels at age 19, but the effect loses significance by age 21.   

It has been hypothesized that one of the confounders of the child obesity 

epidemic is that mothers spend more time out of the household. It has been shown elsewhere 

that the extra income did not reduce labor force participation for parents in this sample (Akee 

et al, 2010). We add controls for maternal labor force participation, and two levels of 

mother’s educational attainment. The omitted education category is high-school drop-outs. 

                                                
15 We emphasize here that due to the structure of the survey data, we cannot distinguish differential effects by 

age at the beginning of treatment versus the duration of treatment. For example, the comparisons between 

cohorts 1 and 2 at age 19 capture both the fact that cohort 1 spent up to 6 years under treatment while cohort 2 

spent only up to 4, in addition to the fact that cohort 1 began treatment at age 13 and cohort 2 began treatment at 

age 15. Comparing outcomes at ages 19 and 21 across the same cohort allows us to gauge the differential effect 

of 2 more years of treatment, conditional on starting the extra transfers at the same age and assuming that 

children continue to receive some of the transfer money after age 18 from their parents. The alternative 

explanation for differences in the coefficients is that the long-term effects of being exposed to exogenous income 

transfers at earlier age are larger than the medium-term effects. These differences in effects could operate 

through extra education or changes in the culture of nutrition. We discuss this possibility in more detail below. 

Comparing outcomes for the same cohort at different ages is the only way for us to make inferences about the 

effects of duration versus age at the start of treatment. 
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Maternal high school education is insignificantly different from the omitted category, but 

mothers with college degrees are less likely to have obese children. We find marginally 

statistically significant negative coefficients for 21 year olds who have mothers with college 

degrees.  

We further explore the results for the negative effect of initial household income 

in columns 2 and 5.  In these regressions we interact initial household income with the 

original difference in difference term from columns 1 and 4.  We find significant coefficients 

on the triple difference term. Our results confirm that differences in initial household income 

tend to affect obesity for the household children later in life.  At age 19, all the action is in the 

interaction term. There are no significant level effects of the exogenous increase in incomes 

across cohorts. But there are differential effects between youths in different parts of the 

income distribution. The results suggest that exogenous income transfers reduce the 

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

income. The effects exist only for the youngest cohort of adolescents – youths who were first 

treated at the age of 13.16  

In column 5, for the 21 year olds we find that the triple difference term and the 

main effect of treatment are both statistically significant. The effect of extra household 

income on obesity is positive but decreasing with initial income. The part of the initial income 

distribution where the effect on obesity switches sign from positive to negative is around 

$35,000-$40,000 in initial annual household income. Above that level youths start 

experiencing a negative and increasing effect of extra income on obesity.  

Columns 3 and 6 report the effects of extra income on the probability of being 

overweight (inclusive of being obese) for 19 and 21 year olds respectively; overweight is 

defined as having a BMI of 25 or higher. We find results that are qualitatively very similar to 
                                                
16 A placebo test for the effect of these age cohort and casino payment interactions on the children prior to the 

implementation of the transfer payments indicates no effect.  These results are shown in Appendix Table 2.  
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the coefficient estimates in the obesity specification for 21 year-olds; for 19 year olds, the 

effect of the government transfers on the probability of being overweight is significantly 

larger than the effect on the probability of being obese.  

 

Government Transfers, Parents and the Effect on Obesity 

Our initial results in Table 2 indicate that there is a long-run effect of the 

additional household income on the young adult obesity rates of recipients.  In this section, we 

report whether the income effects differ according to who receives the income. 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). These findings indicate that household bargaining 

power may dictate how additional income is spent.17  In analysis not reported here, we do not 

find any differential effect of casino payments by parental gender on adolescent obesity in our 

sample.  

 

Additional Controls 

In the Appendix Table 3, we present additional results. Extra income transfers 

might directly affect the child’s characteristics which in turn could affect their overweight.  

For example, using the same survey data Akee et al (2010) find that the income transfers 

improved high school attendance and completion rates particularly among children from 

economically disadvantaged households. Increases in own education may account for some of 

the observed effects on obesity. In Appendix Table 3 column 1 we report a specification 

                                                
17  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 own high school completion at 21. The results are very similar to the baseline 

specification reported in Table 2 except that the main effect of the extra income at age 21 

becomes marginally statistically significant.  

In column 2 of Appendix Table 3 we report a specification controlling for birth 

weight. This is the best proxy for initial health status, or the child’s pre-treatment health 

capital, that we have. 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. At age 21, there still is a 

significant negative effect of low birth weight on the probability of being obese.  

The differences we find between youths coming from different income 

backgrounds could be due to nutrition supply, rather than demand effects. 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 3. There are no significant changes in the 

main coefficients, suggesting that the effects we find are due to household demand choices 

rather than the availability of high quality food or amenities on the neighborhood level. 

Finally, in column 4 of Appendix Table 3 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 is not significantly changed.  

 

Panel level regression analysis 

We examine the relationship between income and BMI - as well as income and 

height and weight directly – using changes over individual children’s development. The panel 

estimations based on the model in equation (2) are reported in Tables 3-6.  
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Adolescents residing in households eligible for casino transfer payments have 

on average an increase in BMI by one unit which is equal to 14% of the standard deviation of 

the mean BMI for American Indians.  In column 2 of Table 3 we interact casino opening with 

five initial household income categories.  The initial household income categories are the 

following: $0-$10,000, $10,001-$20,000, $20,001-$30,000, $30,001-$40,000, $40,001-

$50,000 and the omitted category is $50,001 and higher. The effect of extra income on BMI  

shows that there is an increase in BMI that is increasing in magnitude up to the third 

household income category ($20,001-$30,000). Extra household income still has a positive 

effect for the next two income categories, however the estimated coefficients are diminishing 

in both magnitude and statistical significance relative to individuals from households in the 

reference initial household income category. These results generally carry over to the 

specifications in columns (4) and (5) where we also control for non-linear effects of casino 

transfers on BMI.  

In the model in column 3 we introduce an interaction term between casino and 

age to test for differential effect of casino disbursements with age. Confirming the findings 

from the DDD estimates from Table 2, the interaction term coefficient is negative. Receiving 

the income transfers later in life reduces the effect on BMI. In column 4 we show the 

estimates from a model including interaction terms with initial household income.18 The signs 

and relative size of the coefficients of interest remain similar across specifications.  

Figure 2 plots the coefficients on the different income categories. The effects of 

extra income on BMI are clearly non-linear with respect to initial income levels. BMI 

increases by small but steady increments until income category four ($20,000), then starts 

slowly decreasing across the remaining initial household income categories.  

                                                
18 Additional specifications which includes age squared and further interactions do not change our main results 

and are not reported here.  
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In all regressions we control for maternal labor force participation, which may 

have been affected by the income transfers. However, the effect is uniformly small and 

statistically insignificant, implying that the large effects reported in the difference-in-

differences estimation are largely due to between-individuals differences. We include a 

dummy equal to one if there is a child younger than six in the household. Consistent with 

previous results in the development literature, the effects are negative and significant. 

 

Weight and height 

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

affected differentially by extra household income. We investigate whether the differences in 

BMI between adolescents residing in households from 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 that there is a strong statistically significant effect of an increase in household income on 

weight gain. Being eligible for casino transfers increases children’s weight by 3.7 kilograms 

on average.  In column 2 we interact the indicator of receipt of the government transfers with 

initial household income categories.  The coefficients on the income category and government 

transfer payment interaction variables are increasing in magnitude and statistical significance 

up to category 4 ($30,001-$40,000).  The estimated coefficient on the next highest income 

category is smaller in magnitude and not statistically significant from the reference category. 

The pattern holds when we introduce age interactions in column 4. In column 3 we test for 

differential effects of government transfers across ages, and obtain a significant and negative 

interaction coefficient. The shorter the period of exposure, the less likely it is that children 

will gain weight as a consequence of the transfers. Figure 3 provides the graphical depiction 

of these main results; specifically, weight increases across all initial household income 
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categories until about $40,000 after which the effects of extra income start to decrease in 

magnitude.  

Similar to the results for weight, the effects of the government transfers on 

height also differ according to initial household incomes. In Table 5 we show that children 

who come from initially poorer families tend to have less height gain attributable to the extra 

income transfers than their initially wealthier peers.  Column 1 indicates that the direct effect 

of the transfer payment has a positive effect on height, but it is not statistically significant.  In 

column 2 we, once again, interact the government transfer payment with initial household 

income categories.  We find that, compared to adolescents from the highest income category, 

almost all of the individuals from lower initial household income categories have less 

increases in height due to the extra transfers.   

The negative interaction coefficient on casino transfers and age holds across all 

specifications. The effects of extra income are non-linear in age, as the main effects vary 

significantly after the inclusion of squares terms. This is intuitively plausible, as people tend 

to stop growing in height by their late teens. Figure 4 shows the trend of the effect of extra 

income across different levels of initial income.  

Only adolescents from households with initial annual incomes above $50,001 

experience an increase in height; while only adolescents from households with initial 

household income less than $40,000 experienced an increase in weight as a result of the 

transfer payments. This differential effect in height could be due to increased exercise or 

improved nutrition among financially better-off children. Unfortunately the GSMS survey 

does not include direct questions on either of these intermediate outcomes. Still, we are able 

to test whether children and parents report better relationships and parents report better 

supervision of children as a result of the income transfers. If parents are more involved in 

their children’s everyday routine (e.g. they drive them to the pool/gym/stadium), that may be 
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considered an indirect indicator for improved opportunities to exercise. Akee et al (2010) 

show that parent-child relationships improve with the income transfer, but in additional 

analysis (not reported, available from the authors) we find no differential impact depending 

on the initial levels of household income. We also included controls for the quality of the 

parent-child relationship in the height regressions reported in Table 5 and find no significant 

change in the initial income coefficients. We interpret this as circumstantial evidence that the 

extra income coming from the casino most likely “bought” different nutrition value for 

children in better-off families, rather than improved access to previously unavailable facilities.  

In Table 6 we provide more evidence in fixed effects linear probability models 

of the probability of being obese, obese or overweight, and the probability that the young 

adult has gained weight in the last 3 months before the survey interview. The last measure is 

self-reported. We examine the effect across different income categories. The general pattern is 

similar to what we found for weight and BMI - the adolescent obesity Kuznets curve holds 

also in the panel specifications. The finding that having gained weight in the last 3 months is 

restricted to income levels below $50,000 is particularly revealing. This suggests that changes 

in the body mass of adolescents induced by the extra income happen continuously over time.  

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.  

  

V. Discussion of Household Income – Obesity Connection 

 Rates of obesity among 12 to 19 year-olds  in the US increased from 6.1% in 

1970 to 15.5% in 2000 (American Obesity Association). Average BMI in 12-17 year-olds 

increased from 20.7 (in the early 1970s) to 22 (around 2000) in whites and from 20.3 to 23.7 
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in blacks.  Based on our estimates we can explain about 30% of the increase in adolescent 

BMI with rising incomes at the lower half of the income distribution (initial household 

incomes less $50,000).19 By comparison, Schmeiser (2009) finds that increases in income 

explain between 23 and 29% of the increase in obesity prevalence among 25-45 year-old low 

income women between 1990 and 2002. Cawley et al (forthcoming) report no significant 

changes in the BMI of elderly Social Security recipients that can be attributed to changes in 

Social Security income.  Currie at al (forthcoming) explain 0.5% of the increase in obesity 

among ninth-graders since the 1970s by the increased availability of fast food. The empirical 

evidence to date suggests that effects of income increases on adolescent obesity are an order 

of magnitude larger than the contribution of increased fast food supply.  

In the next couple of paragraphs we discuss some of the relevant literature on 

household consumption choices, assuming that the results we have found are mainly due to 

household-level decisions on nutrition. There are at least two ways in which extra income 

could affect children’s nutrition intake. First, there may be differences in the proportions of 

extra income devoted to food consumption. Even though we are not able to trace families’ 

consumption choices before and after the casino payments, there is enough evidence in the 

literature to suspect that consumption, and food consumption in particular, was affected in 

different ways by the casino transfers depending on the family’s level of initial income. For 

example, Souleless (1999) shows that liquidity-constrained households are more likely to 

                                                
19 Based on simulations conducted by the authors using estimates of income mobility between 1970 and 2000 

(as reported by the US Census 1970 and 2000) by $5,000 income categories. In short, we estimate the proportion 

of households changing income categories across the income distribution between 1970 and 2000.  We assign 

the corresponding increase in BMI (based on the results from our study, table 3) for each of these upwardly 

mobile households.  We weight this increase by the proportion of households in the respective income groups to 

come up with our final estimate of how much increases in income have contributed to the change in the average 

BMI in 12-17 year-olds.  We make the conservative assumption that a decrease in the number of households in a 

lower the next lowest income bin, . 
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spend extra income on food and non-durables. He finds that total consumption increases by 

significantly less among poorer households following an exogenous income shock.  

Second, the amount spent on food could be spent on different baskets of goods. 

The types of food that are bought with the extra income are also likely to differ depending on 

the family’s finances. Reed et al (2005) estimate an array of own price and income elasticities 

for different types of foods. According to their results, demand for fruits and vegetables has 

the highest own price elasticity, while the demand for meats has the lowest. Home-cooked 

food is a gross complement with fruits and vegetables, dairy products, and cereals, but serves 

as a substitute for meats. On the contrary, food away from home is a gross substitute for all 

other types of foods except for meats. Dairy is the most income-elastic food class, followed 

by meats. Therefore, we expect that as households’ incomes increase, families that react by 

increasing food spending are more likely to consume those foods.20 This may be one of the 

main factors behind our finding that casino payments increased the height of children from 

the highest income groups.  

 The findings in the study are relevant for the debate about the causes of the great 

increase in obesity rates in the US since the 1980s. We interpret this increase as partly due to 

changes in households’ real income. It is implausible that food prices decreased for American 

Indians, but not for the rest of the sample population at the same time as the transfers began. 

The differential opening of fast food chains in territories more densely populated by American 

Indians is also an unlikely explanation, and we offer some evidence against it by controlling 

for distance to the casino and county fixed effects in sensitivity analyses. In earlier research, 

Akee et al (2010) find that the casino transfers did not induce changes in labor force 

                                                
20 Richards et al (2006) find, specifically for Native Americans, that the reduction in prices of carbohydrates 

over time may have resulted in an increase in spending (and consumption) on these relatively high calorie foods.  

The substitution away from protein rich food towards calorie-rich carbohydrates are driven primarily by 

differences in prices and may be an explanation for increased incidence of obesity in this community. 
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participation of parents, even though we cannot rule out the hypothesis that patterns of food 

preparation may have changed as a result of the extra income (as suggested by Cutler at al, 

2003). However, there must have been differential movement away from home-cooked and 

into pre-processed food across the initial income distribution for this explanation to be valid 

given our findings.  

This study is informative to potential future policies intended to address the 

increasing obesity epidemic in the US. In developing countries, cash transfer programs are 

typically targeted at improving nutrition and child health.  In Mexico, for instance, Hoddinott 

and Skoufias (2004) report that the Progressa program affected the quality of foods that 

people consumed; although this may also be due to changes in nutritional education programs.  

Providing poor US households with extra income would probably increase the BMI of 

household children; however, there may be detrimental long-run effects which affect the 

children’s adolescent and adult obesity levels.  There may be a need for educational and 

nutritional programs to assist in improving household consumption decisions that mitigate 

adolescent obesity.  

 

VI. Concluding remarks 

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

permanent increase in 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 poorest households tend to gain 

significant amounts of weight after the introduction of the government transfer payments.  

Additionally, we find some evidence that the height of children who grew up in the richest 

families increases due to the extra income transfers.  Overall this leads to differential 
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increases in BMI and risks of becoming obese depending on initial conditions.  We show that 

these effects are not due to initial health conditions as proxied by birth weight or due to 

increases in own educational attainment.  

 Taken as a whole, our findings support the notion that household income affects 

adolescent’s body mass index in very different ways depending upon where the household 

stands in the income distribution. This has significant implications for the design of policies 

intended to address the continuing adolescent and young adult obesity epidemic in the US. 
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Figure 1: BMI distribution among American Indian and non-American Indian children from 

the three survey groups at age 19; the vertical line at 25 indicates the border for overweight 

BMI levels 

 

Panel A    Panel B 

  

 

 

 

Figure 2: Plot of income*casino interaction effects on BMI. 95% confidence intervals of fitted 

values in dashed grey lines 
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Figure 3: Plot of income*casino interaction effects on weight. 95% confidence intervals of 

fitted values in dashed grey lines 
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Figure 4: Plot of income*casino interaction effects on height. 95% confidence intervals of 

fitted values in dashed grey lines 
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