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Abstract

Background—Socioeconomic status (SES) has well known associations with a variety of health
conditions and behaviors in adults but is unknown in adolescents.

Methods—Multilevel analysis was conducted to examine the associations between individual and
neighborhood-level measures of SES and physical activity and body mass index in a sample of 1554
6th grade girls selected at random from 36 middle schools across 6 geographic regions in the United
States that participated in the Trial of Activity for Adolescent Girls (TAAG). Data on parental
education and employment, and receipt of subsidized school lunch were collected by questionnaire.
Neighborhood-level SES was measured by the Townsend Index. Nonschool physical activity levels
were measured by accelerometer and type, location and context was measured using a 3 day physical
activity recall (3DPAR).

Results—After controlling for race, lower parental education and higher levels of social deprivation
were associated with higher BMI. In a model with both variables, effects were attenuated and only
race remained statistically significant. None of the indices of SES were related to accelerometer
measured physical activity. Bivariate associations with self-reported Moderate-Vigorous Physical
Activity (MVPA) location and type (3DPAR) varied by SES.

Conclusion—Among adolescent girls in the TAAG Study, the prevalence of overweight is high
and inversely related to individual and neighborhood SES.
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Numerous studies have linked differences in health,1=4 markers of disease risk,® and health-
related behaviors6= to inequalities in socioeconomic status (SES) in childhood and over the
life course. In general, the studies have found that lower SES in childhood and over the life
course is associated with increased risk of engaging in unhealthy behaviors, such as lack of
exercise and poorer health by midlife. A recent analyses of 30 year trends in US adolescents
in the National Health and Nutrition Examination Study showed socioeconomic inequality of
overweight across ethnic and gender groups as well as variations over time.? In the late 1980s,
Liberatos et al (1988)1% among others criticized the use of individual indices of SES for failing
to capture the social and physical environments that might influence health. Over the past 20
years, a growing literature has evolved which focuses on determining whether the
socioeconomic status of the community in which individuals live also plays a role in health
behaviors1:12 and outcomes.13—15 This research is based on the premise that community-level
resources are linked to health and behavior through a number of intermediate pathways. For
instance, a common hypothesis posits that inequalities in community-level SES influence
health behaviors through differential exposure to physical activity resources (eg, recreational
facilities, bike lanes, sidewalks), hazardous conditions (eg, crime, traffic), and stores selling
fresh produce, or health through differential exposure to environmental pollutants or toxic
substances such as lead or ashestos.16:17 There has been relatively little testing of these
hypothesized pathways between community level SES and health or health-promoting
behavior, primarily because until recently scant data have been available to test these pathways.

Although the effects of socioeconomic deprivation are thought to be cumulative over the life
course, the time lag before differences in health behaviors or outcomes can be seen has not
been well characterized. In particular, although several studies have evaluated the effects of
individual and neighborhood level SES on physical activity and weight status in adults, 1820
few have explored these relationships in children and teens. Those that have explored these
relationships in large national longitudinal samples have found lower SES groups had reduced
access to facilities which was associated with decreased PA and increased overweight'2 and
adolescents living in urban neighborhoods more likely to be overweight.2! In the face of
growing concerns about increasing physical inactivity and obesity in youth and the future risk
of cardiovascular disease, diabetes, and high blood pressure associated with these problems,
greater research in this area is needed.

The literature on socioeconomic inequalities in health use an array of measures to define the
concept of socioeconomic status. Individual-level socioeconomic status has traditionally been
defined by education, income, occupation, or a composite of these measures, 22 and
neighborhood-level SES is frequently assessed using census tract measures, separately or using
an aggregate index such as the Townsend Index, an index of social deprivation based on
unemployment, overcrowding, housing ownership, and access to private transport (ie, car).
22,23 The primary limitations of these early measures include methods that use artificial
(administrative) boundaries such as census tract, or block group as defined neighborhoods.
New mapping technology allows the creation of boundaries specific to individual address
locations. The variables chosen for this analysis mirror these same indices, as closely as
possible to facilitate comparisons with accumulated literature. Boundaries were created as radii
around each individual address as opposed to using administrative boundaries, which
depending on where an individual falls in a census tract could over or underestimate the SES
status of a particular contiguous neighborhood. This paper identifies 2 individual and 1
aggregate neighborhood-level measures of SES, and attempts to parse their independent and
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shared influences on two important risk factors for future ill health (objectively measured
physical activity and weight status) in a geographically and racially diverse sample of
adolescent girls who participated in the Trial of Activity for Adolescent Girls (TAAG). A
secondary aim is to examine the relationship between SES and Physical activity context (type
and location of activity). To begin to explore these relationships and suggest future directions
for others to explore the relationship between SES and physical activity this paper reports on
whether girls who live in higher vs. lower SES neighborhoods tend to have a higher ratio of
activity performed in their home or neighborhoods compared with school based before or after
school activity, and leisure to nonleisure activity (eg, sports vs. child-care). A proposed
conceptual model of direct hypothesized relationships between SES, BMI and physical activity
is shown here (Figure 1) where the mechanism by which SES related family, school and
neighborhood factors may have direct or indirect influences on physical activity and BMI. The
specific potentially additional SES related influences are not investigated in this study however
they are discussed to explain the results in a broader context.

Participants and Study Design

TAAG is a multicenter group-randomized trial funded by the National Heart, Lung, and Blood
Institute, designed to test the effectiveness of a school and community-linked intervention to
reduce the usual decline in moderate to vigorous physical activity (MVPA) among adolescent
girls.24 In the fall/winter of 2003, healthy 6th grade girls, age 11 to 12 years, were recruited
from 36 schools participating in TAAG at field centers located in Baltimore, MD, Minneapolis/
St. Paul, MN, Columbia, SC, Tucson, AZ, San Diego, CA, and New Orleans, LA in
collaboration with NHLBI staff, and coordinated by the University of North Carolina, Chapel
Hill. A random sample of 60 girls was targeted for recruitment from each of the 6 school centers.
Any girl in the random sample who was unable to read and understand English; had been told
by a physicianto avoid physical activity; or had other medical contraindications was considered
ineligible and replaced with another eligible girl in the school. Each participating institution’s
Human Subjects Review Board approved the protocol. Consent to participate was obtained
from 1 parent, and assent was obtained from each participant. Parental consent and student
assent were obtained for 1721 of the 2160 eligible girls for an average recruitment rate of 80%.

Variable Descriptions

Outcome Measures

Body Mass Index (BMI): Following a standardized protocol, the participant’s weight was
measured twice to the nearest 0.1 kg on an electronic scale (Seca, Model 770, Hamburg,
Germany). Height was measured twice to the nearest 0.1 cm using a portable stadiometer (Shorr
Height Measuring Board, Olney, MD). The height and weight values were the average of the
2 readings. BMI data computed as weight (kg) divided by height (meters) squared. Girls were
classified as underweight (< 5th percentile of weight-for-height), normal (5-85th percentile),
at-risk for overweight (85-95th percentile), and overweight (> 95th percentile) based on the
age and gender specific tables provided by the CDC (CDC, NCHS accessed 1/15/06).

Physical Activity; Objective Measure (Accelerometry)—This analysis focused on
nonschool physical activity defined as the sum of weekend activity and weekday activity
between 3 PM and midnight. Activity during school was excluded since it was less likely to
be affected by the neighborhood characteristics of the girls in the study.

Physical activity was assessed using the Actigraph accelerometer (Manufacturing
Technologies Inc. Health Systems, Model 7165, Shalimar, FL). Actigraph measures have
previously been shown to be valid indicators of energy expenditure and physical activity in
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youth.25:26 Girls were instructed to wear the accelerometer on a belt around their waist over
their right hip for a 7-day period, except when they were sleeping, bathing, or swimming.
Accelerometers were initialized to begin data collection at 5:00 AM the day after they were
distributed to girls (giving 6 complete days of recorded activity), and the epoch of integration
was set at 30 seconds. Because the monitor records even slight motion as a nonzero count, a
sustained 20-minute period of zero counts was considered a non-wearing period, and missing
data were imputed using the Expectation Maximization (EM) algorithm as described
previously.2” Girls who failed to provide at least 1 day with a minimum of 6 hours of data were
excluded from this analysis as the accuracy of imputation was deemed too imprecise.

Accelerometer counts were summarized into time spent in each of 4 activity intensities with
thresholds for sedentary, light, moderate, and vigorous activity intensity ranges of < 50, 51 to
1499, 1500 to 2599, and > 2600 counts/30 s respectively.28 In addition, counts > 1500 counts/
30 s were converted to their metabolic equivalent (MET; multiples of resting metabolic rate in
kcal-kg-h-1) and summed to create the total “intensity-weighted” minutes (ie, MET-minutes)
of Moderate-Vigorous Physical Activity (MVPA).27:28

Physical Activity Type and Context; Self-Report (3DPAR)—A modified version of
the 3-Day Physical Activity Recall (3DPAR) was used to provide contextual information
regarding the type and location of physical activities the participants performed. The 3DPAR
is a modification of the Previous Day’s Physical Activity Recall (PDPAR), which has been
previously validated in youth.28:29 and 8th and 9th grade.2® The 3DPAR form provides a grid
divided into 30-minute segments or blocks in which to record activities performed and activity
intensity over the previous 3 days. The participants chose from a list of activities, arranged in
categories (eating, sleeping, personal care, transportation, work/school, spare time, play/
recreation and exercise/workout), and recorded the predominant activity that they performed
during each block of time. Participants then chose an intensity level (light, moderate, hard or
very hard) at which they performed the activity.

For this study the 3DPAR was used to assess 2 contextual variables: where nonschool activity
was performed and type of activity performed. Different codes were provided so that girls
could choose between 5 options for where they were (home/neighborhood, school, community
facility, other public facility, other) and 4 options for whom they were with (by yourself, with
1 other person, with several other people [but NOT an organized program, class or team], and
with an organized program, class or team). The original classification on the 3DPAR included
71 possible activities that were grouped into 4 general types of activity: physical activity, school
(club, student activity, marching band, physical education class), transportation (riding in a
car/bus, travel by walking, travel by bicycling), and work (job, house chores, yard work). For
this analysis, the physical activity classification was split into organized physical activity (ie,
team sports) and unorganized physical activity. The “with whom” classification from the
3DPAR was used to identify organized physical activity. If the type of activity was a sport and
if the girl specified that that activity was performed with an organized program, class, or team,
then we classified that activity as an organized physical activity.

Individual-Level SES Measures

The following individual-level indicators of SES were obtained from the participant by self-
report questionnaire.

Parents’ Education—Highest level of education attained by either parent based on the

following options: less than high school, completed high school, vocational school, some
college, completed college, professional training beyond college, or don’t know. At least 1 of
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the parent education variables was “missing” (don’t know/nonresponse) for about 50% of the
participants; both were “missing” for about 30% of participants.

Parental Employment—Mother and father employment status (employed full or part time,
unemployed, not working due to disability, or retired) was coded into the following categories:
both employed, 1 employed, and both unemployed.

Free or Reduced Lunch—Current enrollment in the free/reduced lunch program (yes, no,
don’t know).

Neighborhood-Level SES Measures

School-Level % Free or Reduced Lunch—The percent of students qualifying for free/
reduced lunch at each school was obtained from state department of education websites for
each school.

Neighborhood SES—Girls’ addresses were geocoded using ArcGIS software.
Neighborhood was defined as the area within a 1/2 mile buffer surrounding each girl’s place
of residence. Socioeconomic status of the neighborhood was defined in terms of the Townsend
index, using data from the 2000 US Census. The components of the Townsend index are the
percentage of the work-force that is unemployed, average persons per household, percentage
of houses that are not owner-occupied, and percentage of households with no vehicle). The
component values for a specific girl were interpolated proportionally from the block group
data (weighted average of the component values across the block groups within a 1/2 mile
buffer around the girl’s home, with weights proportional to the block group’s area in the buffer,
Figure 2). Each of the 4 component scores was standardized (z scores) and summed to form
the Townsend index, with higher values of the index representing greater levels of material
deprivation (eg, lower neighborhood SES).

Statistical Analyses

The goal of the primary analysis was to determine if physical activity and weight status differ
as a function of individual and neighborhood-level measures of SES. The a priori level of
significance was set at P < .05. Analyses adjusted for the clustered study design using mixed
linear models (PROC MIXED in SAS version 9.1, SAS Institute Inc, Cary, NC) for predicting
minutes of nonschool physical activity and BMI (continuous variable) with random effects for
school and site. Neighborhood was not treated as an additional level of clustering since there
was only 1 observation for each neighborhood defined as the 1/2 mile area around each girl’s
home. Model-based estimates of the mean levels of physical activity or BMI across categories
of SES or slope parameters associated with a 1-unit change in the Townsend Index of
neighborhood SES were used to describe bivariate relationships. Then, all SES variables were
included in multivariate regression models to assess the independent relationships of each
factor with the physical activity or BMI outcomes adjusting for race. Model t was compared
using the model concordance correlation coefficient (MCCC)30 and Akaike’s Information
Criterion (AIC). There is no simple r-squared equivalent for mixed models. The MCCC is a
measure of how well the model predicts values of the dependent variable. It ranges from -1 to
1, with 1 meaning a perfect fit and values 0 and below meaning no fit.

The secondary aim was to examine the relationship between SES and context in which physical
activities occurred (“where” and “with whom” girls were physically active). The analysis was
limited to contextual data on 30-minute blocks on the 3DPAR that were at or above a moderate
threshold (ie, > 4.6 METS, equivalent to a brisk walk). A multinomial model was used to
compare the location in which activity occurred and type of activity (both 5-level nominal
variables) between those girls living in neighborhoods of low vs. high socioeconomic
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deprivation (defined at the median value of the Townsend Index). The NEST statement in the
MULTILOG procedure in the SAS-callable SUDAAN software, version 9.0.1 (RTI, Research
Triangle Park, NC) was used to account for the correlation of responses within site, school,
and girl (since each girl could contribute multiple blocks of activity).

Of the 1721 girls consented for the study, 1603 girls provided the minimally acceptable amount
of accelerometer data necessary to represent weekend and weekday activity, and of these 1554
had addresses that could be geocoded. The excluded group did not differ from the analysis
sample on any of the individual indices of SES, but were more likely to attend schools with
higher enrollment in the free/reduced lunch program. Participants were primarily white
(44.5%), African American (22.1%), and Hispanic (21.8%).

The distribution of BMI and physical activity and indices of SES are shown in Table 1. The
mean BMI for the sample was 20.9 + 4.9 kg/m?, range 12.7 to 44.8 kg/m?2. Close to 40% of
girls were classified as at risk for overweight or overweight. On average, girls accumulated 25
hours of total physical activity over 6 days, with much less accumulated on weekdays after
school and on weekend days. Child-reported parental education of either parent included a
large number of missing data which necessitated considering other measures of SES. Most
girls reported that 1 or both parents were employed. There was relative agreement between
self-reported and Department of Education reported proportion of girls participating in free or
reduced lunch programs. The social status of neighborhoods spanned a wide range in each
category.

BMI and SES

Table 2 shows the distribution of BMI by each of the indices of SES within each race/ethnic
group. After adjusting race/ethnicity, lower parental education, lower school SES as measured
by percentage of students on free or reduced lunch, and higher social deprivation as measured
by the Townsend Index were associated with higher BMI.

Compared with girls whose parents are college graduates, girls whose parents have less than
a high school education have almost 1 point higher BMI on average. Girls who do not report
their parents’ education levels also had higher BMI and measures of SES (ie, Townsend Index,
percent of students on free or reduced lunch) to girls with less than high-school parental
education. Each additional percentage of the student body that is on free or reduced lunch is
associated with an increase of 0.02 points in BMI on average. Note that because we have
standardized the neighborhood SES index, the change in BMI associated with a 1-unit increase
represents the change associated with a 1-SD increase. Thus, the mean BMI is 0.14 units higher
with every additional 1-SD increment in neighborhood SES index. Table 3 shows the mixed
model results and model fit parameters (MCCC and AIC) when both individual and
neighborhood-level indices of SES are included in the same model. When adjusted for
individual SES, the effect of neighborhood SES on BMI was attenuated and no longer
statistically significant. As with the race-adjusted results, no associations were found between
SES indicators and physical activity in the multivariate model. In general, the model fits were
low but slightly higher for the BMI models than the physical activity models.

Non School Physical Activity and SES

We found no significant association between our SES measures and objective (accelerometer)
measures of physical activity in models adjusted for race/ethnicity (data not shown).
Examination of the 3DPAR data suggests that there are significant differences in the level of
total nonschool physical activity between girls in low and high SES neighborhoods.
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Physical Activity Context and SES

While quantitative analyses (accelerometer data) show no effects of SES on physical activity
or MET-minutes of MVPA, self reported activities from the 3DPAR instrument shows there
are qualitative differences in contextual aspects of physical activity (“where” and “with whom”
activity occurs) by neighborhood SES. Girls were active most often in their home or
neighborhood, accounting for 53% of blocks of MVPA, followed by community facilities (25%
of MVPA blocks), schools (8%), other public facilities (8%), or other locations (4%). However,
Table 4 shows that MVPA was more likely to occur at home or in a girl’s neighborhood vs.
elsewhere for girls from neighborhoods of high vs. low deprivation regardless of whether we
considered weekday or weekend activity. In particular, girls from neighborhoods of higher
deprivation (lower SES) were significantly more likely that girls from neighborhoods with
lower deprivation (higher SES) to be active at home or in their neighborhood than at school
(OR, 2.5; 95% ClI, 1.50 to 4.14) or at a community facility and (OR, 1.7; 95% CI, 1.27 to 2.23).

Most physical activity occurred as part of an organized or unorganized program, class or team
(59% and 35% of MVPA blocks, respectively), with other school, transportation, and work-
based activities each accounting for approximately 2% of all activity blocks. Table 5 shows
the odds ratios for organized vs. other types of activity by neighborhood deprivation status for
each weekday and weekend time period. During weekday after-school time periods, girls living
in higher deprivation (lower SES) neighborhoods were significantly less likely than girls from
lower deprivation neighborhoods to participate in organized activity vs. work-based activity
(OR, 0.34; 95 ClI, 0.17 to 0.69), or equivalently, higher neighborhood deprivation was
associated with a 2.9 times higher odds of accumulating activity as part of work vs. an organized
program. Regardless of time period, girls from neighborhoods of higher deprivation also tended
to be less likely to engage in organized vs. transportation-based activity than girls from lower
deprivation neighborhoods although this association did not always reach statistical
significance.

Discussion

We found that adolescents with lower individual and area-level SES had higher BMI than
adolescents with higher SES. No relationships were found between SES measures and
accelerometer measured physical activity. However, we did find qualitative differences (3
DPAR) in types and location of activity where lower SES girls’ were more likely to participate
in moderate-vigorous activities at home during the weekday and weekend whereas higher SES
girls were most likely to participate in MVPA at school or community facilities during the
week and community facilities and schools on weekends. 3DPAR data illustrates that lower
SES girls spent fewer blocks of MVVPA time (during weekdays and weekends) in any organized
activity compared with higher SES girls and more time in informal and spontaneous activity
(recreational, individual, unorganized). Higher SES girls spent more MVPA time participating
in organized activities (team sports, program, or class) during both weekdays and weekends.
These differences in types of activity between low and high deprivation (low SES)
neighborhoods may be a function of limited resources where more financial and supportive
(eg, transportation) resources are needed to enable adolescents to participate in organized
activities. Despite finding an association between SES and BMI, SES was not found to be a
determinant of accelerometer measured physical activity levels. Therefore, the data from this
study do not support the hypothesis that socioeconomic differences in activity leads to the
emergence of weight differences. One possible explanation for this finding is that there are
other pathways that better explain how the social environment influences BMI for instance,
dietary factors and the impact of neighborhood3? psychosocial hazards3? and family as a source
of chronic stress on the neuroendocrine system33 and may act as “risk regulators”34 in this
complex relationship. In addition, the finding that SES measures were significant over and
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above race/ethnicity suggests that there are common features to low SES environments in the
groups in our study that may act as barriers to out of school activity and healthy eating for
adolescent girls previously discussed.

Others have debated the association with poorer neighborhoods and poorer access to resources
for healthy diets and physical activity.3® Also intriguing is the possibility that physical activity
may buffer the effects of chronic stress on adiposity in youth.36 Unfortunately, the data needed
to test these pathways are not available. Another interpretation, originally proposed by
Chen37 suggests that SES differences in activity may be diminished because of
“homogenization of youth through a common culture that crosses SES lines.” The same SES
factors that are strongly related to physical activity in adulthood may be unassociated (or
weakly associated) with physical activity in adolescence because there is less variation in
activity during this period of the lifecourse. Indeed, previous studies examining the relationship
between SES and physical activity among adolescents have yielded mixed results; 2 out of 8
found no association, and two of the significant associations were not evident in girls.3’

While the influence of SES on obesity risk factors is complex, many believe that lower SES
populations are more likely to live in obesogenic environments with greater exposure to fast
food outlets, fewer full service grocery stores,38 fewer recreational facilities, and in
neighborhoods that are unsafe, restricting residents’ ability to walk outside and children’s
opportunities for outside play.39 Activity differences among SES subgroups have been
attributed to difference in perceived benefits of being active, perceptions of desirable body
shape, lack of time and financial resources for leisure time activities by lower income families
and differences in real or perceived safety of neighborhoods.*0:41

Various levels of SES may influence BMI and physical activity in a variety of ways either
directly or indirectly, and in ways we did not measure. SES may serve as a proxy for other
risks or exposures. At the family level SES may impact energy intake through foods purchased
and available at the home. In addition, family resources impact transportation options and
ability to pay fees related to recreational and sports opportunities that may provide access to
vigorous, health enhancing forms of physical activity. Educational levels of parents/guardians
and caregivers may influence nutrition and physical activity through knowledge about healthy
choices. At the school level the percentage of students on free/reduced lunch may suggest a
higher intake of fat (> 38%) found in school lunch and breakfast menus in which low income
children are more likely to participate.*2 Low neighborhood SES may be a surrogate measure
for poor access to healthy foods and high exposure to fast foods,*3 as well as increased exposure
to crime** which may also limit outdoor recreational opportunities and “free play” in a
particular neighborhood. Lower SES neighborhoods may also be less likely to have well
maintained and safe parks, open spaces and playgrounds.12:14

These analyses begin to disentangle the complex SES, BMI and PA relationships and could
provide initial support (or refute) the hypothesis that differences in opportunities to engage in
particular behaviors and constraints (eg, time, transportation) on individual choice to engage
in particular behaviors mediate or serve as “risk regulators”?4 in the effect of individual and
neighborhood poverty on physical activity or BMI. While the impact SES was “independent”
of race in the models some may argue that they are closely related however social and cultural
factors should also be explored as this may explain additional influences.

Future work will focus on linking the multiple level objective neighborhood and family factors
to health outcomes determining whether lower SES children are more exposed to these factors,
and examining the potential for a dose-response relationship between these factors and physical
activity levels and body weight status and adiposity in all children, regardless of SES.
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There are policy and intervention implications related to the findings that physical activity
opportunities are different depending on community SES level. Interventions need to consider
both location and resources related to creating opportunities that are convenient and affordable
to lower income adolescents.

Acknowledgments

The authors thank Katie Schmitz, Cheryl Addy, Deborah Rohm-Young and Charlotte Pratt for their helpful critiques.
We thank the girls who participated in the study; the project and measurement coordinators for participant recruitment
and measurement; and the members of TAAG Steering Committee. This work was funded by National Institutes of

Health/National Heart Lung and Blood Institutes. Grants #R01HL 71244, U01HL66845, U01HL 66852, U01HL66853,
U01HL66855, U01HL66856, U01HL66857, UO1HL66858.

References

1. Gliksman MD, Kawachi I, Hunter D, Colditz GA, Manson JE, Stampfer MJ. Childhood socioeconomic
status and risk of cardiovascular disease in middle aged US women: a prospective study. J Epidemiol
Community Health 1995;49:10-15. [PubMed: 7706992]

2. Lynch, J.; Kaplan, G. Socioeconomic Position. New York: Oxford University Press; 2000.

3. Mensah GA, Mokdad AH, Ford ES, Greenlund KJ, Croft JB. State of disparities in cardiovascular
health in the United States. Circulation 2005;111(10):1233-1241. [PubMed: 15769763]

4. Lee JR, Paultre F, Mosca L. The association between educational level and risk of cardiovascular
disease fatality among women with cardiovascular disease. Womens Health Issues 2005;2:80-88.
[PubMed: 15767198]

5. Winkleby MA, Kraemer HC, Ahn DK, Varady AN. Ethnic and socioeconomic differences in
cardiovascular disease risk factors: findings for women from the Third National Health and Nutrition
Examination Survey, 1988-1994. JAMA 1998;280:356-362. [PubMed: 9686553]

6. Lynch JW, Kaplan GA, Salonen JT. Does low socioeconomic status potentiate the effects of heightened
cardiovascular responses to stress on the progression of carotid atherosclerosis? Am J Public Health
1998;88:389-394. [PubMed: 9518969]

7. Lindstrom M, Hanson BS, Wirfalt E, Ostergren PO. Socioeconomic differences in the consumption
of vegetables, fruit and fruit juices: the influence of psychosocial factors. Eur J Public Health
2001;11:51-59. [PubMed: 11276572]

8. Giles-Corti B, Donovan RJ. Socioeconomic status differences in recreational physical activity levels
and real and perceived access to a supportive physical environment. Prev Med 2002;35:601-611.
[PubMed: 12460528]

9. Zhang Q, Wang Y. Using concentration index to study changes in socio-ecoinomic ineaulaity of
overweight among US adolescents between 1971 and 2002. Int J Epidemiol 2007;36:916-925.
[PubMed: 17470489]

10. Liberatos P, Link BG, Kelsey JL. The measurement of social class in epidemiology. Epidemiol Rev

1988;10:87-121. [PubMed: 3066632]

11. Chuang YC, Cubbin C, Ahn D, Winkleby MA. Effects of neighbourhood socioeconomic status and
convenience store concentration on individual level smoking. J Epidemiol Community Health
2005;59(7):568-573. [PubMed: 15965140]

12. Gordon-Larsen P, Nelson MC, Page P, Popkin BM. Inequality in the built environment underlies key
health disparities in physical activity and obesity. Pediatrics 2006;117:417-424. [PubMed:
16452361]

13. Diez-Roux AV. Residential environments and cardiovascular risk. J Urban Health 2003;4:569-589.
[PubMed: 14709706]

14. Macintyre S, Mutri N. Socio-economic differences in cardiovascular diseases and physical activity:
stereotypes and reality. J R Soc Health 2004;124(2):66-69.

15. Cubbin C, Sundquist K, Ahlen H, Johansson SE, Winkleby MA, Sundquist J. Neighborhood
deprivation and cardiovascular disease risk factors: protective and harmful effects. Scand J Public
Health 2006;34:228-237. [PubMed: 16754580]

J Phys Act Health. Author manuscript; available in PMC 2010 April 14.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Voorhees et al.

Page 10

16. Adler, NE. A Consideration of Multiple Pathways from Socioeconomic Status to Health. Washington,

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

DC: National Policy Association; 2001.

McNeill LH, Wyrwich KW, Brownson RC, Clark EM, Kreuter MW. Individual, social environmental,
and physical environmental influences on physical activity among black and white adults: a structural
equation analysis. Ann Behav Med 2006;31(1):36—44. [PubMed: 16472037]

Johansson SE, Sundquist J. Change in lifestyle factors and their influence on health status and all-
cause mortality. Int J Epidemiol 1999;28(6):1073-1080. [PubMed: 10661650]

Ross CE, Jang SJ. Neighborhood disorder, fear, and mistrust: the buffering role of social ties with
neighbors. Am J Community Psychol 2000;28(4):401-420. [PubMed: 10965384]

Cubbin C, Hadden WC, Winkleby MA. Neighborhood context and cardiovascular disease risk factors:
the contribution of material deprivation. Ethn Dis 2001;11(4):687-700. [PubMed: 11763293]

Nelson MC, Gordon-Larsen P, Song Y, Popkin BM. Built and social environment associations with
adolescent overweight and activity. Am J Prev Med 2006;31(2):109-117. [PubMed: 16829327]

Townsend, P.; Phillimore, P.; Beattie, A. Health and Deprivation: Inequality and the North. London:
Croom Helm; 1988.

Cradock AL, Melly SJ, Allen JG, Morris JS, Gortmaker SL. Characteristics of school campuses and
physical activity among youth. Am J Prev Med 2007;33(2):106-113. [PubMed: 17673097]

Stevens J, Murray DM, Catellier DJ, et al. Design of the trial of activity in adolescent girls (TAAG).
Contemp Clin Trials 2005;26(2):223-233. [PubMed: 15837442]

Trost SG, Sallis JF, Pate RR, Freedson PS, Taylar WC, Dowda M. Evaluating a model of parental
influence on youth physical activity. Am J Prev Med 2003;25(4):277-282. [PubMed: 14580627]

Welk GJ, Blair SN, Wood K, Jones S, Thompson RW. A comparative evaluation of three
accelerometry-based physical activity monitors. Medicine & Science in Sports & Exercise 2000;32
(9 Supplement):S489-S497. [PubMed: 10993419]

Catellier DJ, Hannan PJ, Murray DM, et al. Imputation of missing data when measuring physical
activity by accelerometry. Medicine and Science in Sports and Exercise 2005;37(11
supplement):S555-562. [PubMed: 16294118]

Saksvig BI, Catellier DJ, Pfeiffer K, et al. Travel by walking before and after school and physical
activity among adolescent girls. Arch Pediatr Adolesc Med February 1;2007 161(2):153-158.
[PubMed: 17283300]

Weston AT, Petosa R, Pate RR. Validation of an instrument for measurement of physical activity in
youth. Med Sci Sports Exerc 1997;29:138-143. [PubMed: 9000167]

Vonesh EF, Chinchilli VM, Pu K. Goodness-of-fit in generalized nonlinear mixed-effects models.
Biometrics 1996;52(2):572-587. [PubMed: 10766504]

Steptoe A, Feldman PJ. Neighborhood problems as sources of chronic stress: development of a
measure of neighborhood problems, and associations with socioeconomic status and health. Ann
Behav Med 2001;23(3):177-185. [PubMed: 11495218]

Glass TA, Rasmussen MD, Schwartz BS. Neighborhood and obesity in older adults: The Baltimore
Memory Study. Am J Prev Med 2006;31(6):455-463. [PubMed: 17169707]

Dallman MF, Pecoraro N, Akana SF. Chronic stress and obesity: a new view of “comfort food”.
Neuroscience 2003;100(20):11696-11701.

Glass TA, McAttee MJ. Behavioral science at the crossroads in public health: extending horizons,
envisioning the future. Soc Sci Med 2006;62(7):1650-1671. [PubMed: 16198467]

Macintyre S. Deprivation amplification revisited; or, is it always true that poorer places have poorer
access to resources for healthy diets and physical activity? Int J Behav Nut and Physical Activity
2007;4(32)

Zenong Y, Davis CL, Moore JB, Treiber FA. Physical activity buffers the effects of chronic stress
on adiposity in youth. Ann Behav Med 2005;29(1):29-36.

Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood-Based Differences in Physical Activity: An
Environment Scale Evaluation. Am J Public Health 2003;93(9):1552-1558. [PubMed: 12948979]
Morland K, Wing S, Diez Roux A. The contextual effect of the local food environment on residents’
deits: the atherosclerosis risk in communities study. Am J Public Health 2002;92(11):1761-1767.
[PubMed: 12406805]

J Phys Act Health. Author manuscript; available in PMC 2010 April 14.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Voorhees et al.

39.

40.

41.

42.

43.

44,

Page 11

Subramanian SV, Kawachi I, Kennedy BP. Does the state you live in make a difference? Multilevel
analysis of self-rated health in the US. Soc Sci Med 2001;53(1):9-19. [PubMed: 11380164]

Harris MB, Koehler KM. Eating and exercise behaviors and attitudes of Southwestern Anglos and
Hispanics. Psychol Health 1992;7:165-174.

Wolf AM, Gortmaker SL, Cheung L, Gray HM, Herzog DB, Colditz GA. Activity, inactivity, and
obesity: racial, ethnic, and age differences among schoolgirls. AmJ Public Health 1993;83(11):1625—
1627. [PubMed: 8238692]

Gleason PM. Participation in the national school lunch program and the school breakfast program.
Am J Clin Nutr 1995;61(1 suppl):213S-220S. [PubMed: 7832168]

Reidpath DD, Burns C, Garrard J, Mahoney M, Townsend M. An ecological study of the relationship
between social and environmental determinants of obesity. Health Place 2002;(8):141-145.
[PubMed: 11943585]

Gordon-Larsen P, McMurray RG, Popkin BM. Determinants of adolescent physical activity and
inactivity patterns. Pediatrics 2000;105(6):E83. [PubMed: 10835096]

J Phys Act Health. Author manuscript; available in PMC 2010 April 14.



Voorhees et al. Page 12

Levels of Influence* Risk factors for Disease Disease Outcomes

*all factors hypothesized to be related to SES

Figure 1.
Socioeconomic influences on weight and physical activity in adolescents.
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Figure 2.
SES calculation example; census blockgroups that intersect neighborhood. Numbers in
parentheses represent % of area of blockgroup that falls within 1/2 mile circular neighborhood.
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Table 1
Sociodemographic Characteristics of Girls in TAAG Study, n = 1554

Mean (SD) or % Range

Individual-level indicators of SES

Highest parental education, % NA
Mother or father
Missing 30.0
Less than high school 75
High school 13.8
Vocational school or some college 8.3
College graduate 25.1
Professional training beyond college 15.2
Parental employment, % NA
Missing 7.5
Both unemployed 41
One employed 30.2
Both employed 58.2
Free or reduced lunch (self- reported), % NA
Don’t know or missing 13.9
Yes 41.2
No 46.2

Neighborhood-level indicators of SES
School level % free or reduced lunch, mean (SD) 38 (26.9) 0,91

Note. Neighborhood SES index = sum of four standardizing component measures.
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Page 16

Multivariate Relationship Between Individual and Neighborhood SES and BMI and Nonschool Physical Activity

BMI

MET-minutes of MVPA

Estimate (SE)  P-value

Estimate (SE)

P-value

Intercept 19.6 (0.44)
Highest parental education
Missing 0.5(0.32) 0.13
Less than high school 1.1 (0.50)
High school 0.1(0.39)
Vocational school or some college 0.7 (0.47)
College graduate ref

Parental employment

Mother and father unemployed —-0.3(0.61) 0.60
One parent employed -0.3(0.27)
Mother and father employed ref

Free or reduced lunch (self-reported)

Yes 0.1 (0.30) 0.72
No ref
Don’t know/missing —-0.2 (0.39)

School-level % free or reduced lunch

Change in outcome per 10% increase 0.1 (0.09) 0.36
Townsend Index

Change in outcome per unit increase 0.1 (0.07) 0.16

Race/ethnicity

White ref <0.001
Black 1.7 (0.41)
Hispanic (of any race) 1.6 (0.37)
Other —-0.2 (0.43)
Model Concordance Correlation Coefficient 0.17

681 (39.3)

51.4 (28.1)
71.2 (44.3)
14.5 (34.6)
60.7 (41.9)

ref

~1.8 (54.0)
~ 256 (24.1)

ref

—-51.5(26.8)
ref

~70.8 (34.5)

3.0(8.0)

5.6 (5.86)

ref
-61.8 (36.4)
-98.2 (32.7)
-89.0 (37.7)

0.08

0.24

0.56

0.047

0.70

0.34

0.011
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Table 4

Comparison of Physical Activity Location! With Neighborhood Deprivation?

Total nonschool physical Weekday after-school

activity physical activity Weekend physical activity

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Location of physical activity

OR (95% ClI)

OR (95% CI)

OR (95% Cl)

Home/neighborhood vs. school
Home/neighborhood vs. community facility
Home/neighborhood vs. other public facility
Home/neighborhood vs. other

Wald Chi-square (4 df) P-value for effect of
neighborhood SES

1.49 (1.50, 4.14)
1.68 (1.27, 2.23)
1.28 (0.74, 2.22)
1.13 (0.63, 2.03)
<0.001

2.55 (1.48, 4.40)
1.89 (1.15, 3.10)
1.68 (0.98, 2.88)
2.21 (1.05, 4.65)
0.005

2.30 (0.91, 5.80)
1.52 (1.16, 2.00)
1.07 (0.50, 2.30)
0.80 (0.36, 1.80)
0.022

Note. OR (95% CI) bolded only when overall test of neighborhood SES is significant.
1Datal derived from 3DPAR (3 day physical activity recall) corresponding with 30 minute blocks > 4.6 METS (MVPA).

2 . _— . R
Based on values above vs. below the median value of the Townsend Index of Deprivation (high vs low deprivation).
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Odds Ratio (OR) and 95% Confidence Interval (CI) of Physical Activity Occurring as Part of an Organized
Program, Class, or Team Based vs. Other Types of Activity for Girls Who Live in Neighborhoods of High vs.

Low Deprivation™

Type of activity

Total non- school physical

activity

Weekday after-school

physical activity

Weekend physical activity

OR (95% Cl)

OR (95% ClI)

OR (95% CI)

Organized program, class or team vs. school-based
activity*

Organized program, class or team vs. transportation-
based activity**

Organized program, class or team vs. work-based
P
activity

Organized vs. unorganized program, class or team

Wald Chi-square (4 df) P-value for effect of
neighborhood SES

1.09 (0.58, 2.06)

0.48 (0.24, 0.93)

0.70 (0.34, 1.44)

0.85 (0.69, 1.06)
021

1.05 (0.55, 2.00)

0.58 (0.32, 1.06)

0.34 (0.17, 0.69)

0.93(0.71, 1.22)
0.045

1.08 (0.29, 4.11)

0.38 (0.12, 1.16)

0.99 (0.40, 2.44)

0.79 (0.61, 1.04)
0.20

*
School-based activities: club, student activity, marching band, physical education class.

Fk

Transportation-based activity: riding in a car/bus, travel by walking, travel by bicycling.

Fk
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Work-based activity: job, house chores, yard work.



