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Changing Neighborhoods and Schools

Over 35% of U.S. adults are obese and at higher risk 
than their leaner peers for conditions like diabetes, 
inflammation, and bone and joint problems (U.S. 
Surgeon General 2007). Obese young people are 
especially vulnerable to these conditions due to the 
cumulative toll that obesity takes on the body 
(Ferraro and Kelley-Moore 2003). Roughly one in 
five American adolescents is obese (Ogden et al. 
2010), and more than 1 in 10 non-obese adolescents 
become obese by young adulthood (Gordon-Larsen 
et al. 2004; Lee, Harris, and Gordon-Larsen 2009).

Recent studies find that neighborhood poverty is 
linked to both greater body mass index (BMI) dur-
ing adolescence and weight gain over time (Burdette 

and Needham 2012; Lee et al. 2009; Nicholson and 
Browning 2012). Scholars hypothesize that this link 
is partly attributable to the uneven distribution of 
exercise amenities, healthy food sources, and stress 
exposure across poor and nonpoor neighborhoods 
(Chung and Myers 1999; Estabrooks, Lee, and 
Gyurcsik 2003; Gordon-Larsen et al. 2006). Several 
issues, however, limit what conclusions can be 
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Abstract
Adolescents from poor versus nonpoor neighborhoods are more likely to become obese during the 
transition to adulthood. It is unclear whether this pertains to all adolescents from poor neighborhoods or 
only those who remain in disadvantaged settings. Further, it is unknown how neighborhood poverty entries 
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more likely to become or remain obese by adulthood than those who never live in poor neighborhoods. 
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poverty in adulthood increases it. These patterns are more pronounced for young women and robust 
to adjustments for health behaviors and selection bias. Findings support accumulation of risks and social 
mobility perspectives and highlight how previous and current neighborhood contexts are relevant for 
health.
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drawn from these findings. First, point-in-time mea-
sures of residential disadvantage in adolescence 
have been used to predict changes in body weight 
over time. This implies that neighborhood poverty 
exposure in adolescence fosters weight gain irre-
spective of future residential circumstances. This 
expectation is grounded in the sensitive periods 
model (Ben-Shlomo and Kuh 2002), whereby 
insults to health have greater effects when they 
occur during developmentally vulnerable stages. 
However, the cross-sectional design of past studies 
does not account for continuity or change in neigh-
borhood poverty exposure and cannot determine if 
the effects of neighborhood poverty are conditional 
on the timing in which they occur or operate through 
cumulative processes.

Additionally, it is unclear how neighborhood 
poverty entries and exits are associated with obesity. 
A number of adolescents from poor neighborhoods 
exit neighborhood poverty by young adulthood 
(Sharkey 2012, 2013; Swisher, Kuhl, and Chavez 
2013), while others experience downward residen-
tial mobility as they leave the protective environ-
ments of school and family. Studies using 
cross-sectional measures of neighborhood disadvan-
tage cannot identify how obesity risks vary among 
those who enter, exit, and remain in (non)poor 
neighborhoods during the transition to adulthood.

Given prior findings (e.g., Nicholson and 
Browning 2012; Robert 1999; Robert and Reither 
2004), it is expected that certain residential trajecto-
ries will be more consequential for women’s obe-
sity than men’s. This is because neighborhood 
disadvantage is experienced in different ways for 
young women and young men (Carvalho and Lewis 
2003; Clampet-Lundquist et al. 2011; Mujahid 
et al. 2008). The behavioral pathways forming the 
gendered link between long-term neighborhood 
poverty exposure and obesity have not been 
explored in prior work.

Given these research gaps, the current study asks 
five main questions: (1) How is consistently living in 
a poor neighborhood associated with the risk for 
becoming or remaining obese during the transition to 
adulthood? (2) Do those who enter or exit poor 
neighborhoods have different risks for obesity versus 
those who remain in poor or nonpoor neighbor-
hoods? (3) Do these associations vary by gender? (4) 
How do health behaviors including sleep, exercise, 
sedentary activities, and dietary practices explain the 
association between neighborhood poverty exposure 
and obesity for young women and men? (5), Do 
neighborhood poverty entries have longer-run 
impacts on obesity stretching into formal adulthood? 

Using data from the National Longitudinal Study of 
Adolescent Health (Add Health) and census-based 
measures of neighborhood poverty, I address these 
questions and assess the extent to which the findings 
are sensitive to selection bias and varying neighbor-
hood poverty cutoffs.

BACkgrOUND
Neighborhood Disadvantage  
and Body Weight
Evidence suggests that neighborhood poverty shapes 
exposure to the proximate behavioral, social, and 
physiological risks for obesity. For instance, neigh-
borhood disadvantage has been directly tied to physi-
cal (in)activity and diet. Compared to residents of 
more affluent communities, residents of low-income 
neighborhoods have less access to free-to-use recre-
ational outlets (Estabrooks et al. 2003; Gordon-Larsen 
et al. 2006)—a factor that is associated with adoles-
cent obesity (Gordon-Larsen et al. 2006; Mota et al. 
2005). Impediments to maintaining healthy diets are 
also evident in poor neighborhoods given that there 
are fewer large supermarkets located in and around 
poor versus nonpoor neighborhoods (Chung and 
Myers 1999; Morland et al. 2002) but greater densities 
of fast food outlets (Larson, Story, and Nelson 2009). 
This disadvantage is reflected in the dietary intakes of 
community members, with at least one study finding 
an inverse association between tract-level poverty and 
consumption of vegetables, fruits, and lean protein 
sources (Diez-Roux et al. 1999).

The social environment of poor neighborhoods 
is also linked to obesity. Residents of low-income 
communities report that high crime, social disorder, 
and distrust of neighbors discourage them from 
regular outdoor exercise (Franzini et al. 2010; 
Wilson et al. 2004; Yen and Kaplan 1998). Parents’ 
(Weir, Etelson, and Brand 2006) and adolescents’ 
(Clampet-Lundquist et al. 2011) perceptions of low 
neighborhood safety similarly discourage outdoor 
activities and may promote excess sedentary behav-
iors like television viewing and playing video 
games (Brown et al. 2008)—each of which is posi-
tively associated with obesity and weight gain 
(Boone et al. 2007; Mitchell et al. 2013). 
Adolescents living in low-income neighborhoods 
are also adversely affected at nighttime, with one 
study finding that the prevalence of sleep prob-
lems—a risk factor for adolescent obesity (Patel 
and Hu 2008)—is over 50% higher for those from 
low-income versus higher-income communities 
(Singh and Kenney 2013).
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Poorer neighborhoods might also drive weight 
gain by exposing residents to chronic stress. The 
social disorganization and limited socioeconomic 
opportunities accompanying neighborhood poverty 
(Anderson 1999; Wilson 1987) exacerbate chronic 
stress among community members (Wheaton and 
Clarke 2003). Chronic stress may initiate physiologi-
cal processes that increase the risk for obesity, partic-
ularly central adiposity (Bjorntorp 2001; De Vriendt, 
Moreno, and De Henauw 2009).

In sum, due to the excess of obesity-related risks 
in poor communities, neighborhood poverty is a key 
meso-level factor that contributes to energy imbal-
ance and obesity (McNeill, Kreuter, and Subramanian 
2006; Schnittker and McLeod 2005). Adults and ado-
lescents from poorer neighborhoods, especially 
females, tend to be heavier than their counterparts 
from nonpoor neighborhoods (Boardman et al. 2005; 
Robert and Reither 2004) and tend to gain more 
weight over time (Burdette and Needham 2012; 
Kling et al. 2004; Lee et al. 2009; Nicholson and 
Browning 2012; Ruel et al. 2010). However, prior 
studies linking neighborhood poverty to adolescent 
weight gain rely on point-in-time measures of the 
neighborhood. Thus, it is unclear whether the mea-
sured time point constitutes a sensitive period for 
weight gain, a beginning of an accumulation of expo-
sure to neighborhood poverty, or a point of change 
from a previous position of worse (or better) neigh-
borhood circumstances.

The Transition to Adulthood, 
Neighborhood Poverty, and Obesity
As many as 1 in 10 non-obese adolescents become 
obese by young adulthood (Harris 2010), and recent 
studies show that adolescents from disadvantaged 
neighborhoods are both heavier at baseline and gain 
more weight as they enter adulthood than their peers 
from nonpoor communities (Burdette and Needham 
2012; Lee et al. 2009; Nicholson and Browning 
2012). These findings could be interpreted to sup-
port what is known as the sensitive periods model, 
whereby insults to health have greater impacts when 
they occur during developmentally vulnerable 
stages in life (Ben-Shlomo and Kuh 2002). This per-
spective is based on work investigating early-life 
influences on later-life health outcomes (e.g., 
Barker 1998; Hertzman et al. 2001) and has been 
used to explain the early-life origins of health dis-
parities later in life. For instance, studies find that 
childhood poverty negatively influences disease 
immunity in childhood (Dowd, Zajacova, and 
Aiello 2009) as well as socioeconomic attainment, 

health behaviors, and adult life expectancy (Haas 
2006; Hayward and Gorman 2004).

Questions remain about the link between neigh-
borhood poverty in adolescence and the risk for 
young adult obesity. It is possible that this associa-
tion simply reflects the impact of prolonged resi-
dence in poor neighborhoods. In other words, the 
risk for becoming obese in young adulthood may be 
higher for adolescents from poor neighborhoods, 
but only for those who also live in poor neighbor-
hoods as young adults. This logic is consistent with 
the accumulation of risks perspective, which holds 
that harmful exposures at multiple stages in life 
operate jointly to produce additive health effects 
(Ben-Shlomo and Kuh 2002; Dannefer 2003; 
DiPrete and Eirich 2006; Stringhini et al. 2011). 
This perspective is used in research on socioeco-
nomic status and health declines over adulthood, 
which shows that earlier advantages (and disadvan-
tages) influence the accumulation of resources (or 
hardships) throughout life, widening health inequal-
ities over time (Galobardes, Lynch, and Smith 2004; 
House et al. 1994; Kahn and Pearlin 2006; 
Mirowsky and Ross 2003; Ross and Wu 1996).

The durability of neighborhood poverty expo-
sure over the life course is also consistent with the 
central tenets of the accumulation model. For 
instance, Sharkey (2013) finds that 40% and 67% of 
white and black adolescents, respectively, from 
neighborhoods in the poorest quintile of American 
communities move to similarly impoverished neigh-
borhoods in adulthood. In other words, residential 
disadvantage in adolescence is often a forebear to 
uninterrupted neighborhood poverty exposure over 
one’s life. The accumulation of exposure to obeso-
genic features within poor neighborhoods could fos-
ter weight gain during the transition to adulthood. 
This expectation leads to Hypothesis 1:

Hypothesis 1: Individuals living in poor neigh-
borhoods during both adolescence and young 
adulthood are more likely to become or 
remain obese than those with less or no expo-
sure to poor neighborhoods.

Despite the durability of neighborhood poverty 
exposure, a subset of youth will experience upward 
or downward residential mobility as they become 
adults (Sharkey 2012, 2013; Swisher et al. 2013). 
Youth who change their residential circumstances 
may have different risks for obesity than those who 
remain in poor or nonpoor places. Undergirding 
this expectation is the social mobility model, which 
holds that effects from earlier-life conditions can be 
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modified by later circumstances, with the direction 
of social mobility having bearing on later health 
outcomes (Cohen et al. 2010). This is supported 
with evidence that the health of upwardly mobile 
individuals is often better over the life course than 
people who experience prolonged disadvantage 
(Hallqvist et al. 2004; Langenberg et al. 2003). 
Similarly, youth who disrupt their exposure to 
place-based obesity risks by moving from poor to 
nonpoor neighborhoods could curtail their odds of 
becoming obese. Conversely, adolescents shifting 
from nonpoor to poor neighborhoods in young 
adulthood may face elevated obesity risks than 
those who remain in nonpoor communities. This 
leads to Hypotheses 2 and 3:

Hypothesis 2: Those who live in poor neighbor-
hoods during adolescence and nonpoor 
neighborhoods in young adulthood will be 
less likely to become obese relative to those 
who consistently live in poor neighborhoods.

Hypothesis 3: Those who live in nonpoor neigh-
borhoods during adolescence and poor neigh-
borhoods in young adulthood will be more 
likely to become obese relative to those who 
consistently live in nonpoor neighborhoods.

Of course, given the time required for obesity to 
develop, the effects of upward or downward resi-
dential mobility may not manifest immediately. For 
instance, obesity risks may not differ between those 
leaving versus remaining in nonpoor neighbor-
hoods until formal adulthood. Further, consistent 
with the accumulation of risks perspective, it may 
be that only those adolescents who enter poor 
neighborhoods by young adulthood and remain in 
them will be at higher risk for obesity in formal 
adulthood than those who never live in neighbor-
hood poverty. Thus, Hypothesis 3a:

Hypothesis 3a: Among those who lived in non-
poor neighborhoods as adolescents, the risk 
for adult obesity will be higher for those who 
enter and remain in poor neighborhoods by 
young adulthood than those who never live in 
poor neighborhoods.

As past studies show, the link between neighbor-
hood disadvantage and obesity is stronger for women 
than men (Chang, Hillier, and Mehta 2009; Mujahid 
et al. 2008). This reflects gender differences in how 

neighborhood disadvantage is experienced and 
responded to. Women from low-income communi-
ties report safety concerns (Carvalho and Lewis 
2003), and adolescent females take deliberate mea-
sures to avoid neighborhood-based threats including 
seeking refuge indoors, traversing elaborate neigh-
borhood routes to avoid trouble spots, and spending 
more time away from their neighborhoods (Clampet-
Lundquist et al. 2011).

Responses to neighborhood disadvantage also 
appear to differ. Prior research shows that women 
from low-income neighborhoods are more likely to 
engage in obesogenic practices like overeating and 
sedentary behaviors (Jackson, Knight, and Rafferty 
2010), while men are prone to risk behaviors like 
smoking and substance abuse (Williams 2003). 
Thus, it is expected that the link between long-term 
measures of neighborhood poverty exposure and 
obesity will be stronger for young women than men 
and that health behaviors partially explain this pat-
tern. This leads to Hypothesis 4:

Hypothesis 4: The association between long-
term measures of neighborhood poverty 
exposure and obesity will be stronger for 
young women than young men and partially 
attributable to health behaviors linked to both 
neighborhood poverty and obesity.

Despite the high proportion of adolescents who 
become obese by adulthood, no research has inves-
tigated the five questions guiding this study: (1) 
How is consistently living in a poor neighborhood 
associated with the risk for becoming or remaining 
obese during the transition to adulthood? (2) Do 
those who enter or exit poor neighborhoods have 
different risks for obesity versus those who remain 
in poor or nonpoor neighborhoods? (3) Do these 
associations vary by gender? (4) How do key health 
behaviors including sleep, exercise, sedentary 
activities, and dietary practices explain these asso-
ciations? (5) Do neighborhood poverty entries have 
longer-run impacts on obesity in formal adulthood?

DATA AND METHODS
Sample
Study data were drawn from the restricted-use 
National Longitudinal Study of Adolescent Health 
(Add Health) and the U.S. census. Add Health is an 
ongoing, nationally representative, school-based 
survey of adolescents in 7th through 12th grade 
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from 132 high schools and middle schools (Harris 
2011). In 1994, Add Health administered in-school 
questionnaires to students selected through a strati-
fied random sample of all high schools in the United 
States (N = 90,118). A subsample participated in 
home-based interviews between 1994 and 1995 
(N = 20,745). All students except for graduating 
high school seniors were re-interviewed in a second 
wave of data collection in 1996 (N = 14,738). Third 
and fourth waves of data were collected in 2001–02 
and 2008, respectively, from all Wave I participants. 
Due to the Wave II exclusion of graduating seniors 
from Wave I, data from all waves except Wave II 
were used here.

In addition to data from respondent interviews, 
contextual data appended to Add Health (Billy, 
Wenzlow, and Grady 1997; Swisher 2009) were uti-
lized to derive measures of Wave I (1994–95) 
neighborhood poverty using 1990 census data, 
Wave III (2001–02) neighborhood poverty using 
2000 census data, and Wave IV neighborhood pov-
erty using 2005–09 American Community Survey 
data. Census tracts were used to approximate neigh-
borhood boundaries.1

Several sample restrictions were made. First, only 
respondents who participated in both the Wave I and 
III interviews and who have valid sample weights 
were included (N = 14,322). Omitted from the sample 
were respondents without GPS-based residential 
matches or matched physical addresses (N = 1,313), 
prison detainees (N = 20), active military personnel 
(N = 195), and women who were pregnant at the time 
of their interviews (N = 258). To capture the periods 
of adolescence and young adulthood, I omit respon-
dents who were older than 18 years of age at Wave I 
or younger than 19 at Wave III (N = 332). This omis-
sion yielded a final sample of 12,164.

Though the data are mostly complete, there 
were substantial missing data on family poverty in 
adolescence. Stata’s ICE program was used to mul-
tiply imputed missing values for all variables 
(Royston 2004). The resulting five sets of complete 
data were combined to adjust for variance within 
and between imputed samples to calculate standard 
errors and coefficients (Acock 2005).

Measures
There were two dependent variables based on the 
body mass index (BMI). For the first, Wave I height 
and weight was used to calculate age- and sex-spe-
cific adolescent BMI percentiles (Centers for Disease 
Control and Prevention 2003). BMI percentiles were 

transformed into scores that were equivalent to adult 
cutpoints using guidelines from the International 
Obesity Task Force (IOTF; Cole et al. 2000). Scores 
were classified into two categories: obese at Wave I 
(BMI ≥30) or not (BMI <30). This method of harmo-
nizing BMI categories between adolescence and 
adulthood has been used before in longitudinal stud-
ies of adolescent obesity change (Frisco, Houle, and 
Lippert 2013; Gordon-Larsen et al. 2004).

The adolescent obesity measure was then com-
bined with a binary measure of Wave III young 
adult obesity. This was calculated by dividing 
weight in kilograms by height in meters squared 
(weight[kg] / height[m]2) and classifying the result-
ing scores into two categories—not obese (BMI 
<30) and obese (BMI ≥30). Combining the adoles-
cent and young adult obesity indicators yielded the 
first dependent variable with the following values: 
non-obese by young adulthood (=0).2 became obese 
by young adulthood (=1). or consistently obese in 
adolescence and young adulthood (=2).

The second dependent variable was a binary 
measure of Wave IV adult obesity using the formula 
(weight[kg] / height[m]2) and obesity cutpoints (i.e., 
BMI ≥30 = obese) used for deriving young adult 
obesity. Obesity measures were based on self-
reported height and weight at all waves because 
Wave I included only self-reported measures.3

Neighborhood Poverty Change. Measures of Wave I to 
Wave III and Wave III to Wave IV neighborhood 
poverty change were constructed over several steps. 
First, binary indicators of neighborhood poverty 
were based on the census-derived percentage of indi-
viduals with incomes below the federal poverty line 
within a respondent’s Wave I, III, and IV tract. Fol-
lowing conventions in the literature (Jargowsky and 
Bane 1991; South and Crowder 1997; Timberlake 
2007), these indicators = 1 if the respondent lives in 
a neighborhood where 20% or more if their neigh-
bors are below the poverty line and 0 otherwise.

Binary indicators were combined into separate 
four-category measures indicating Wave I to Wave 
III and Wave III to Wave IV neighborhood poverty 
change with the following categories: consistently 
lived in nonpoor neighborhoods (reference), moved 
from a nonpoor neighborhood at one wave to a poor 
neighborhood at the next (=1), moved from a poor 
neighborhood at one wave to a nonpoor neighbor-
hood at the next (=2), or consistently lived in poor 
neighborhoods at each wave (=3). For simplicity, I 
referred to the middle two categories as entered and 
exited poor neighborhoods, respectively.



6 Journal of Health and Social Behavior 57(1)

Health Behaviors. Multiple health behaviors were 
examined to assess explanatory pathways. Wave I 
sleep had a range of 0 to 12 hours and was based on 
a Wave I question asking respondents: “How many 
[whole] hours of sleep do you usually get?” For 
Wave III, respondents were asked four sleep-related 
questions: “On days when you go to work, school, 
or similar activities, what time do you usually wake 
up?”; “What time do you usually go to sleep the 
night (or day) before?”; “On days you don’t have to 
get up at a certain time, what time do you usually get 
up?”; and “On those days, what time do you usually 
go to sleep the night or day before?” Based on these 
items, which were intended to measure sleep on 
weekdays and weekends, a weighted average of 
whole sleep hours ranging from 0 to 12 was created 
by weighting the weekday items by five-sevenths 
and the weekend items by two-sevenths. A second 
constructed variable—Wave I–III change in sleep—
was the difference in Wave I and III sleep hours.

Wave I and III exercise frequency were from 
items asking how many days in the past week 
respondents participated in physical activities 
including weight lifting, jogging, gymnastics, and 
dancing. Response options varied slightly between 
waves but were made equivalent with the following 
categories: 0 days (reference), 1 to 2 days (=1), 3 to 
4 days (=2), and 5 to 7 days (=3). Wave I–III change 
in exercise was the difference in Wave I and III 
exercise frequency.

Measures of physical inactivity were based on 
questions from both waves on the number of hours 
spent per week (1) watching television, (2) watch-
ing movies or videos, and (3) playing computer or 
video games. Responses were combined and 
summed to create continuous measures of Wave I 
and III screen time, ranging from 0 to 40 hours 
weekly. Wave I–III change in screen time was the 
difference in Wave I and III screen hours.

While few nutrition-related measures were 
available, breakfast skipping—a potential risk for 
obesity (Niemeier et al. 2006)—was measured at 
both waves. Wave I respondents were asked if they 
normally eat breakfast, which I reverse-coded into a 
new variable = 1 if breakfast is normally skipped 
and 0 otherwise. In Wave III, respondents were 
asked: “On how many of the past seven days did 
you eat breakfast—that is, a meal within an hour of 
getting up?” Based on this, I created a new measure 
of Wave III breakfast skipping = 1 if breakfast was 
consumed on two or fewer days in the past week 
and 0 otherwise. These measures were combined 
into Wave I–III breakfast skipping, with the follow-
ing categories: never skipped breakfast (reference), 

began eating breakfast regularly by Wave III (=1), 
began skipping breakfast regularly by Wave III 
(=2), and always skipped breakfast (=3).

Controls
Race-ethnicity is self-reported non-Hispanic white 
(reference), non-Hispanic black, Hispanic/Latin, or 
other race. Native born indicated that the respondent 
was born in the United States (=0 if not). Family 
structure included indicators for two-parent families 
(reference), single-parent families, step families, or 
other family types. Parental education was the high-
est educational attainment reported by either parent 
and was coded into: less than a high school educa-
tion (reference), high school diploma/equivalent, 
and four-year degree or higher. Because of its corre-
lation with both neighborhood disadvantage and 
obesity, family poverty is controlled using a linear 
specification of the income-to-poverty ratio. This is 
the ratio of family income to the U.S. Census 
Bureau’s official 1994 poverty threshold adjusted by 
household size and age structure. Because body 
weight is influenced by puberty and gender, a control 
for Wave I pubertal development is also included. 
These measures are estimated separately for males 
and females and are based on the Tanner scores 
(Peterson et al. 1988) derived from Likert-style 
items ranging from low (e.g., 1 = I looked younger 
than most boys/girls my age) to high (e.g., 5 = I look 
older than most boys/girls my age). Males’ pubertal 
stage was constructed using four self-assessments: 
the amount of underarm hair (1 to 5), thickness of 
facial hair (1 to 4), deepening of one’s voice since 
grade school (1 to 5), and self-assessed physical 
development relative to similarly aged boys (1 to 5). 
Females’ pubertal stage was based on three self-
assessments, with response categories ranging from 
1 to 5: breast development, body curvature, and self-
assessed physical development relative to similarly 
aged girls. Combining these yielded summed mea-
sures with reasonable reliability (average α for males 
and females = .68) and ranges of 1 to 5 for females 
and 1 to 4.75 for males.

Because of its correlation with neighborhood 
poverty and respondents’ body weight, parental 
obesity from Wave I was controlled (=1 if either par-
ent is obese, 0 otherwise). Several emerging adult 
statuses measured at the Wave III interview were 
also included. These included relationship transi-
tions (=0 if single and never married/cohabited, =1 
if in a cohabiting relationship for six or more 
months, =2 if became married, =3 if previously 
 married/cohabited), education (=1 if currently 
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attending college, =2 if a four-year college degree 
has been completed, =0 if neither), parenthood (=1 
if residing with a child dependent, =0 otherwise), 
employment (=1 if currently working full-time, =0 
otherwise), and income from earnings at Wave III 
(=0 if $20,000 per year, =1 if between $20,000 and 
$29,999, =2 if $30,000 or more). Additional controls 
included age in years at Wave I and years of resi-
dence at Wave I and Wave III addresses. Descriptive 
statistics for all variables are shown in Table 1.

Data Analysis
Table 2 summarizes results from three multinomial 
logistic regression models predicting the odds of 
becoming obese (Panel A) and remaining obese 
(Panel B) by young adulthood, where the reference 
category was being non-obese by young adulthood. 
Model 1 is unadjusted, Model 2 adds control vari-
ables,4 and Model 3 adds interactions between sex 
and neighborhood poverty. Table 3 summarizes two 
separate sets of sex-specific multinomial logistic 
models, with Model 1 of each set including the 
neighborhood poverty change measure and all con-
trols, while Model 2 introduces health behaviors. 
Drawing on the subsample of respondents who 
lived in nonpoor neighborhoods in adolescence, 
Table 4 summarizes results from two separate sets 
of sex-specific binary logistic regression models 
predicting the odds of being obese by Wave IV (for-
mal adulthood). Model 1 is an unadjusted model 
including only Wave III-to-Wave IV neighborhood 
poverty change, and Model 2 adds controls.

In all models, the reference category for neighbor-
hood poverty change was never lived in a poor neigh-
borhood. In supplementary models, the  reference 
categories were rotated to obtain full comparisons. 
Where applicable, each table denotes statistically sig-
nificant differences (p < .05) relative to those who 
entered or exited poor neighborhoods.

Because Add Health respondents lived in differ-
ent tracts over time, the data were not nested in a 
conventional way, and Wave III tract clustering was 
low.5 Thus, neighborhood poverty was modeled as 
an individual-level exposure. Adjustments were 
made to correct standard errors for within-cluster 
homogeneity by clustering on primary (Wave I 
tract) and secondary (Wave III) sampling units. 
Analyses were weighted to correct for survey 
design effects.

rESULTS
In Table 2, Model 1 of Panel A shows that neighbor-
hood poverty exits are associated with higher odds 

of becoming obese by young adulthood. The odds 
ratio for neighborhood poverty exits—1.44—indi-
cates that those exiting poor neighborhoods have 
44% higher odds ([1.44 – 1.00] × 100) of becoming 
obese than those who never live in poor neighbor-
hoods. There is a similar pattern for those consis-
tently living in poor neighborhoods, who have 90% 
higher odds of becoming obese than those never liv-
ing in poor neighborhoods and 130% higher odds 
versus those who enter neighborhood poverty (OR 
= 2.30, p < .001, 95% CI = 1.69, 3.12).

In Model 1 of Panel B, those exiting or consis-
tently living in poor neighborhoods have 76% and 
124% higher odds, respectively, of being consis-
tently obese than those who never live in poor 
neighborhoods. Compared to those entering poor 
neighborhoods, supplementary models reveal that 
those exiting poor neighborhoods have 102% 
higher odds of being consistently obese (OR = 2.02, 
p < .001, 95% CI = 1.35, 3.00), and those consis-
tently living in poor neighborhoods have 157% 
higher odds of being consistently obese (OR = 2.57, 
p < .001, 95% CI = 1.71, 3.86).

These patterns are attenuated once controls are 
added to Model 2. In Panel A, the contrasts between 
those exiting poor neighborhoods and those who 
consistently lived in or entered poor neighborhoods 
are nonsignificant. Likewise, the odds ratio for con-
sistent residence in poor neighborhoods is reduced 
by 17% to 1.58 but remains significant. Those con-
sistently living in poor neighborhoods also remain 
more likely to become obese young adults relative 
to those entering poor neighborhoods (OR = 1.70, 
p < .01, 95% CI = 1.24, 2.32).

In Panel B, Model 2 shows that neighborhood 
poverty exits remain associated with higher odds of 
being consistently obese relative to those never liv-
ing in poor neighborhoods net of controls, but not 
compared to those entering poor neighborhoods. 
Those who consistently live in poor neighborhoods 
have 85% higher odds of being consistently obese 
compared to those never living in neighborhood 
poverty, and 71% higher odds relative to those who 
entered poor neighborhoods (OR = 1.71, p < .01, 
95% CI = 1.14, 2.59).

Interaction terms in Model 3 of Panel A indicate 
that the associations in Model 2 are generally stron-
ger for women versus men. To better illustrate this, 
predicted probabilities from Model 3 are shown in 
Figure 1.

Table 3 is divided into two parts summarizing 
sex-specific multinomial logistic models. Among 
women, Model 1 in Panel A shows that net of con-
trols, consistent residence in poor neighborhoods is 
associated with 75% higher odds of becoming 
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Table 1. Sample Description, National Longitudinal Study of Adolescent to Adult Health (N = 12,164).a

Variable Mean/Proportion SD

BMI category change Wave I–Wave III
 Non-obese by young adulthood (reference) .81 .01
 Became obese .12 .01
 Consistently obese .07 .00
Wave IV obesity (1 = obese, 0 = non-obese) .32 .01
Wave I to Wave III neighborhood poverty change
 Never lived in a poor neighborhood (reference) .63 .03
 Entered poor neighborhood .12 .01
 Exited poor neighborhood .12 .02
 Consistently lived in a poor neighborhood .13 .02
Wave I sleep (in average daily hours) 7.85 .02
Wave I–III change in sleep .82 .05
Wave I average weekly exercise frequency (range, 0–3)b 1.62 .02
Wave I–III change in exercise –1.11 .02
Wave I screen time (in average weekly hours) 18.12 .29
Wave I–III change in screen time 1.17 .26
Wave I–III breakfast skipping
 Always ate breakfast regularly (reference) .43 .01
 Began eating breakfast regularly .37 .01
 Began skipping breakfast regularly .07 .01
 Always skipped breakfast .13 .01
Female .51 .01
Race-ethnicity
 Non-Hispanic white (reference) .67 .03
 Non-Hispanic black .15 .02
 Hispanic .11 .01
 Other .07 .01
Native born .94 .01
Wave 1 age (in years) 15.32 .04
Family structure
 Two-parent household (reference) .59 .01
 Single-parent household .21 .01
 Step-family .15 .01
 Other family structure .05 .00
Parental education
 Less than high school or equivalent (reference) .11 .01
 High school or equivalent .57 .01
 Four-year college degree or more .32 .02
Income-to-poverty ratio 3.07 .96
Years at Wave I address 7.32 .12
Years at Wave III addressc 2.88 .10
One or both biological parents obese .24 .01
Tanner pubertal development score 3.08 .02
Educationc  
 High school diploma or less (reference) .67 .02
 Currently enrolled in college .23 .01
 Completed four-year degree or more .11 .01

(continued)
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Variable Mean/Proportion SD

Relationship transitionsc  
 Never married or cohabited (reference) .51 .01
 Currently cohabiting .16 .01
 Currently married .15 .01
 Previously cohabited or married .19 .01
Co-residing with child dependentc .20 .01
Working full-timec .52 .01
Past year income from wagesc

 <$20,000 (reference) .77 .01
 $20,000–$29,999 .15 .01
 $30,000 or more .08 .00

aEstimates weighted and cluster adjusted for design effects.
bresponse options are: no weekly exercise (=0), 1 to 2 days (=1), 3 to 4 days (=2), and 5 to 7 days (=3).
cBased on reports from the Wave III young adult interviews.

Table 1. (continued)

obese compared to never living in a poor neighbor-
hood. The odds of becoming obese are also 67% 
higher for women consistently living in poor neigh-
borhoods versus those who enter neighborhood 
poverty (OR = 1.67, p < .05, 95% CI = 1.05, 2.63). 
Adjustments for health behaviors in Model 2 of 
Panel A do not attenuate these differences signifi-
cantly but do show that women who exercise more 
frequently at baseline or increase exercise fre-
quency between waves have lower odds of becom-
ing obese. Conversely, baseline screen time is 
positively associated with the odds of becoming 
obese, while a one-hour between-wave increase in 
screen time is associated with a 2% increase in 
these odds. Young women who regularly skipped 
breakfast are also at higher risk.

In Panel B, young women consistently living in 
poor neighborhoods had 110% higher odds of being 
consistently obese than women who never live in 
poor neighborhoods. This difference is robust to 
adjustments for health behaviors in Model 2. The 
odds of being consistently obese are 31% lower for 
every one-unit increase in baseline exercise fre-
quency and 3% higher for every additional baseline 
hour spent behind a screen. Women who began 
regularly eating breakfast by Wave III had 56% 
higher odds of being consistently obese than 
women who always ate breakfast.

Among men, in Model 1 of Panel A, consistent 
residence in poor neighborhoods is associated with 
43% higher odds of becoming obese compared to 
never living in poor neighborhoods and 77% higher 
odds versus entering neighborhood poverty (OR = 
1.77, p < .05, 95% CI = 1.08, 2.89). Adding health 
behaviors to Model 2 attenuates these differences, but 
the associations remain significant. Regarding health 

behaviors, increasing exercise frequency between 
waves is associated with lower odds of becoming 
obese.

In Panel B, the odds of being consistently obese 
are higher for men exiting or consistently living in 
poor neighborhoods versus never living in neigh-
borhood poverty. Compared to neighborhood pov-
erty entries, the odds of being consistently obese 
are 112% higher for neighborhood poverty exits 
(OR = 2.12, p < .05, 95% CI = 1.15, 3.90) and 
101% higher for consistent residence in poor neigh-
borhoods (OR = 2.01, p < .05, 95% CI = 1.10, 
3.68).

These differences are attenuated after adjusting 
for health behaviors (Model 2). Compared to those 
entering poor neighborhoods, supplemental models 
show that the odds of being consistently obese are 
higher for both those exiting (OR = 2.00, p < .05, 
95% CI = 1.05, 3.81) or consistently living in poor 
neighborhoods (OR = 1.89, p < .05, 95% CI = 1.03, 
3.48). The odds of being consistently obese increase 
3% for every additional hour of baseline screen 
time and 161% and 109% for young men who 
began skipping or never regularly ate breakfast, 
respectively.

Unexpectedly, those entering neighborhood 
poverty are at similar risk for becoming obese as 
those who never lived in poor neighborhoods. To 
examine whether this pattern extends into formal 
adulthood, Table 4 presents results from two sets of 
sex-specific models based on the subsample of 
respondents from nonpoor neighborhoods in ado-
lescence. Model 1 includes a Wave III to Wave IV 
neighborhood poverty typology analogous to the 
measure used previously, and Model 2 adds 
controls.6
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Model 1 in Panel A indicates that women enter-
ing poor neighborhoods in Wave IV or living in 
them at both Waves III and IV are at higher risk for 
being obese in formal adulthood than women who 
never live in poor neighborhoods. Supplemental 

models reveal that these odds are also higher for 
neighborhood poverty entries (OR = 1.63, p < .05, 
95% CI = 1.11, 2.39) and consistent residence in 
poor neighborhoods (OR = 1.92, p < .01, 95% CI = 
1.22, 3.01) versus neighborhood poverty exits. 

Table 4. Logistic regression Models Estimating the Effect of Wave III-to-Wave IV Neighborhood 
Poverty Change on Wave IV Obesity for Those from Nonpoor Wave I Neighborhoods (N = 9,123).

 
 
Variable

Panel A. Young Women 
(N = 4,744)

Panel B. Young Men 
(N = 4,379)

Model 1a Model 2b Model 1a Model 2b

Or 
(95% CI)

Or 
(95% CI)

Or 
(95% CI)

Or 
(95% CI)

Wave III–Wave IV neighborhood poverty changec

 Entered poor neighborhood 1.43**† 1.21 .87 .85
 (1.09, 1.87) (.90, 1.63) (.62, 1.23) (.58, 1.24)
 Exited poor neighborhood .88 1.01 .65* .79
 (.66, 1.17) (.76, 1.34) (.46, .92) (.55, 1.13)
 Consistently in poor neighborhood 1.68**† 1.51* .75 .77
 (1.17, 2.42) (1.03, 2.20) (.48, 1.16) (.48, 1.24)

aUnadjusted for controls.
bAdjusted for the following: race, nativity, age, family structure, parental education, income-to-poverty ratio, years at 
Wave I and III addresses, parental obesity, pubertal development, and young adult attainments (education, relationship 
status, childrearing, employment, and income).
creference category is never lived in a poor neighborhood.
†Significantly (p < .05) larger coefficients versus those who entered or exited poor neighborhoods, respectively.
*p < .05, **p < .01.

Figure 1. Young Women’s and Men’s Predicted Average Probabilities of Becoming and Consistently 
Being Obese (N = 12,164).
Note: Estimates are from multinomial logistic models based on the full sample and adjusted for race, nativity, age, 
family structure, parental education, income-to-poverty ratio, tenure at Wave I and III addresses (in years), parental 
obesity, pubertal development, and young adult attainments (education, relationship status, childrearing, employment, 
and income from wages). Upper and lower 95% confidence intervals are shown with error bars.



Lippert 15

Once controls are added in Model 2, only those 
women who consistently lived in poor neighbor-
hoods have higher odds of being obese in formal 
adulthood than women who never live in poor 
neighborhoods.

In Panel B, results from Model 1 show that men 
who exited poor neighborhoods by Wave IV were 
less likely to be obese than men who never lived in 
neighborhood poverty. This difference is not robust 
to the addition of controls.

Sensitivity Analyses
While adjustments were made for confounding fac-
tors, residential self-selection could introduce bias. 
To investigate this, propensity-matched models are 
estimated for two sets of neighborhood poverty 
exposures: (1) consistently living in versus never 
living in neighborhood poverty and (2) consistently 
living in versus exiting neighborhood poverty. 
Results based on the full sample and k = 1 nearest-
neighbor matching are shown in Table 5.

Results from propensity-matched models are 
consistent with the main findings. Those who con-
sistently live in poor neighborhoods have a higher 
probability of becoming obese than those who 
never live in poor neighborhoods (Panel A) or those 
who exit them (Panel B). Results from Table 5 also 

show that consistent residence in poor neighbor-
hoods is associated with a higher probability of 
being consistently obese relative to never living in 
neighborhood poverty (Panel A).

A second concern is that the operational defini-
tion of the exposure variable is based on a widely 
used but nevertheless arbitrary threshold for neigh-
borhood poverty. To address this, a supplemental 
multinomial logistic model is estimated for the full 
sample using a Wave I to Wave III neighborhood 
poverty typology that includes neighborhood pov-
erty rate thresholds, ranging from less than 10% to 
30% or more, encountered in adolescence and 
young adulthood. For ease of interpretation, results 
from this model are shown in Figure 2.

The results are generally consistent with the 
main findings. For instance, those consistently liv-
ing in neighborhoods with poverty rates exceeding 
20% or 30% had higher probabilities of becoming 
obese than those consistently living in low-poverty 
neighborhoods. Figure 2 also shows that certain 
neighborhood poverty exits may curtail one’s risk 
for becoming obese. Among those originating in 
the poorest neighborhoods, the probability of 
becoming obese is lower for those moving to a non-
poor neighborhood by young adulthood versus 
those who remain in severely poor neighborhoods. 
Conversely, the probability of becoming obese is 

Table 5. Propensity-Score Matching (PSM) Estimates of the Effect of Consistent residence in Poor 
Neighborhoods on Obesity (N = 10,657).

 
 

Panel A. 
Consistently in Versus Never 
Lived in Poor Neighborhoods

Panel B. 
Consistently in Versu. Exited 

Poor Neighborhoods

Became  
Obese

Consistently 
Obese

Became  
Obese

Consistently 
Obese

Average probability of obesity 
outcome for matched treated

.17 .13 .17 .13

Average probability of obesity 
outcome for matched control

.14 .10 .14 .13

Difference between the treated 
and controls

ATT = .03 ATT = .03 ATT = .03 ATT = –.00

 SE = .01 SE = .01 SE = .02 SE = .01
 t = 2.63 t = 2.13 t = 2.06 t = –.17
 p < .01 p < .05 p < .05 p > .05

Note: Estimates are for the full sample and based on k = 1 nearest-neighbor matching. Models using radius matching 
with calipers of .1, .01, and .001 produced similar results, even when constrained to the region of common support. 
Treatment and control groups are matched on race, nativity, age, family structure, parental education, income-to-
poverty ratio, years at Wave I and III addresses, parental obesity, pubertal development, young adult attainments 
(education, relationship status, childrearing, employment, and income), Wave I self-rated health, desire to attend 
college, and neighborhood attachment, satisfaction, and desire to relocate. ATT = average treatment effect on the 
treated; SE = standard error.
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not significantly lower for those exiting neighbor-
hoods with poverty rates between 20% and 30% 
compared to those who remain in such neighbor-
hoods or those who move to poorer places.

DISCUSSION
Recent studies find that adolescents from low-
income neighborhoods have higher risks for 
becoming obese young adults than their peers from 
nonpoor communities (Burdette and Needham 
2012; Lee et al. 2009; Nicholson and Browning 
2012). However, it remains unclear whether 
 adolescence is a sensitive period or if the link 
between neighborhood poverty and heightened 
risk for young adult obesity is characterized by 
cumulative processes. Additional knowledge gaps 
include ambiguity over how neighborhood poverty 
entries and exits are linked to obesity, how these 
patterns differ for young women compared to men, 
and whether health behaviors explain these 
associations.

The current study examined how the odds of 
becoming or being consistently obese varied for 
young women and men as a function of entering, 
exiting, or consistently living in poor and nonpoor 
neighborhoods during the transition to adulthood. 
Data from the National Longitudinal Study of 
Adolescent Health were used to address these ques-
tions and assess how baseline and change measures 
of multiple health behaviors explained the findings.

Consistent with the accumulation of risks per-
spective and Hypothesis 1, I found that those who 
consistently lived in poor neighborhoods were 
more likely to become obese young adults relative 
to those who never lived in a poor neighborhood or 
entered one by young adulthood. The risk for being 
consistently obese is also higher among those 
locked in low-income neighborhoods relative to 
those who never live in neighborhood poverty.

According to the social mobility perspective, 
adolescents who improve on their residential cir-
cumstances by moving from poor to nonpoor neigh-
borhoods should bear lower risks for obesity than 
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Figure 2. Predicted Average Probabilities of Becoming and Consistently Being Obese across Varying 
Thresholds of Wave I-to-Wave III Neighborhood Poverty Exposure (N = 12,164).
Note: Estimates are from multinomial logistic models based on the full sample and adjusted for race, nativity, age, 
family structure, parental education, income-to-poverty ratio, years at Wave I and III addresses, parental obesity, 
pubertal development, young adult attainments (education, relationship status, childrearing, employment, and income 
from wages), Wave I-to-Wave III breakfast skipping, and baseline and change measures of average daily sleep (in 
hours), exercise frequency (in average days per week), and screen time (in average weekly hours). The first and 
second percentages refer to respondents’ Wave I and Wave III neighborhood poverty rates, respectively. Upper and 
lower 95% confidence intervals are shown with error bars.
†Includes all respondents who as adolescents lived in neighborhoods with poverty rates between 10% and 20%.
‡Includes all respondents who moved from neighborhoods with poverty rates +30% to neighborhoods with rates <20%.
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their counterparts who remain in poor neighbor-
hoods (Hypothesis 2). Conversely, adolescents who 
experience downward residential mobility by mov-
ing from nonpoor to poor communities should have 
elevated risks relative to those who remain in non-
poor communities (Hypothesis 3/3a). The findings 
revealed qualified support for each of these scenar-
ios. Adolescents from the poorest neighborhoods 
who as young adults lived in neighborhoods with  
< 20% poverty rates were less likely to become 
obese than their peers who remained in severely 
poor neighborhoods. Regarding downward residen-
tial mobility, youth from nonpoor communities were 
more likely to be obese in formal adulthood (Wave 
IV) if they shifted into and remained in low-income 
neighborhoods in adulthood.

Finally, I evaluated whether these patterns were 
different for young women versus men and whether 
adjustments for multiple health behaviors explained 
the association between neighborhood poverty and 
obesity. Consistent with Hypothesis 4, I found that 
women’s risk for obesity varied more strongly 
across the neighborhood poverty typology com-
pared to men. Adjustments for health behaviors 
attenuated the association between consistent 
neighborhood poverty exposure and the obesity 
outcomes, but only slightly.

The study has several noteworthy limitations. 
First, the dietary and physical activity measures need 
improvement. To the extent that long-term residence 
in poor neighborhoods is associated with obesity, it 
must be so through proximate mechanisms like diet 
and exercise. While the results here show robust 
effects net of health behaviors, this association may 
shift with improved measures of energy intake and 
expenditure. Additional mediating pathways could 
also include stress-related factors. Residents of poor 
neighborhoods report feeling trapped and present 
higher levels of distress than those from nonpoor 
neighborhoods (Ross, Reynolds, and Geis 2000). 
This could influence weight gain by affecting the 
body’s energy utilization and fat deposition or by 
stimulating overeating. Research is needed on how 
stress-related factors are implicated in the link 
between neighborhood poverty and obesity.

Second, selection bias could remain problematic. 
Bias arising from residential self-selection was 
addressed using propensity matching. However, like 
all regression-based techniques, propensity matching 
is sensitive to omitted variable bias, and this may 
influence the results. Third, this study is focused on a 
limited moment in the life course, and it is unclear 
whether the cumulative function identified here is 
applicable to other stages in the life course—espe-
cially those occurring early in life. Indeed, findings 

from recent research suggest that body weight trajec-
tories are established in early childhood (Cunningham, 
Kramer, and Narayan 2014).

Finally, the current study ignores how chang-
ing neighborhood conditions around stationary 
individuals influences obesity. The percentage of 
the study sample switching neighborhoods between 
adolescence and young adulthood (67%) is consis-
tent with the high rate of residential mobility 
among this age group (Fischer 2002). But residen-
tial mobility is less common at earlier and later 
stages in life, and future research is needed to 
understand how changing neighborhood condi-
tions coincide with weight changes. In light of 
these limitations, future work is needed to better 
understand how residential trajectories over the 
life course are implicated in body weight changes, 
the causal nature of such associations, and the 
mechanisms undergirding the link between neigh-
borhood disadvantage and obesity.

Notwithstanding its limitations, this study demon-
strates the importance of current as well as past resi-
dential circumstances to obesity and connects broader 
findings on the persistence of residential inequalities 
to health changes over the life course. Importantly, 
this study is among a few to illustrate the health con-
sequences stemming from the durable residential 
inequalities characterizing the contemporary United 
States (Sharkey 2013). While such rigid inequalities 
are not often explicitly linked to population health 
disparities, the work presented here suggests that sub-
optimal housing outcomes for youth entering adult-
hood have important health consequences.

Encouragingly, the findings also show that escap-
ing neighborhood distress by adulthood may curtail 
adolescents’ risk for becoming obese young adults. 
Though this finding aligns with recent evidence from 
the five-city Moving to Opportunity Study (Ludwig 
et al. 2011), this study is the first to demonstrate the 
health-protective effects of neighborhood poverty 
exits among a nationally representative sample of 
youth entering adulthood. It also does so at a finer 
resolution of neighborhood poverty exposures, with 
thresholds of neighborhood poverty exposures rang-
ing from <10% in the neighborhood poor to over 
30% poor. As recently demonstrated elsewhere 
(Chetty, Hendren, and Katz 2015), the results here 
suggest that providing adolescents resources to 
improve their residential circumstances as they enter 
adulthood can have positive impacts on their life 
chances, including their health. More work is needed 
to better understand the health consequences that fol-
low improvements to one’s residential circumstances 
through residential relocation and housing voucher 
programs as well as programs intended to 
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deconcentrate poverty and ameliorate unmet service 
needs of those living in low-income communities.
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NOTES
 1. Supplementary analyses using block groups yield 

results that are nearly identical to those shown here. 
Add Health does not account for intercensal bound-
ary changes; thus, comparing the same tract over 
time is potentially problematic.

 2. The category of individuals who were non-obese by 
Wave III includes a small number (192 cases, 1.5% 
of the entire sample) who went from an obese to 
non-obese status between waves. Within this small 
subgroup, the proportion experiencing any given 
neighborhood poverty exposure was not statisti-
cally different than those who were never obese. 
However, compared to those who were never obese, 
the group that went from obese in Wave I to non-
obese in Wave III consisted of fewer females (38% 
vs 51%), more respondents with obese parent(s) 
(38% vs 20%), and lower income-to-poverty ratios 
(2.5 vs 3.2). Supplementary analyses omitting them 
entirely yielded results that are nearly identical to 
the main findings.

 3. While anthropometric measurements are pre-
ferred, studies find strong correlations between the 
two, for example, Brener et al. (2003) and Struss 
(1999). Even so, supplemntary analyses were esti-
mated using Wave II–Wave III measured heigh and 
weight. The results were substantively and statisti-
cally similar to the main findings.

 4. Supplemental models adjust for lifetime residential 
mobility, school switching in adolescence, and liv-
ing quarters in young adulthood (e.g., college dor-
mitory, parents’ or own home). Results were nearly 
identical to the findings presented here. Additional 

models remove current college students altogether, 
revealing similar results.

 5. There was an average of 2.4 respondents per Wave 
III tract, and 28% of tracts had only one respondent, 
which caused estimation problems for cross-classi-
fied multilevel models.

 6. Adjustments for health behaviors are not made due 
to considerable Wave III to Wave IV changes in 
health behavior measures.
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