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Abstract

Not So Black and White: The Racial/Ethnic Structure of School Environments and
Cardiometabolic and Reproductive Health across the Life Course
By Kya N. Grooms

Background: Given the public health burden of adverse cardiometabolic and
reproductive outcomes, it is critical to investigate the social determinants of that occur
in adolescence and childhood. We sought to investigate the association between the
racial structure of schools and three connected outcomes: adolescent obesity (Aim 1),
inflammation in early adulthood (Aim 2), and experiences of preterm birth (PTB) (Aim
3).

Methods: We utilized data from the National Study of Adolescent to Adult Health.
School racial composition was assessed using the proportion of Black/non-White
students, and racial diversity. District-level segregation was assessed using the Black-
White dissimilarity and exposure indices. Adolescent obesity was categorized as not
overweight/obese (< 85th percentile) and overweight/obese (= 85th percentile).
Inflammation was classified using two categories of high-sensitivity C-reactive protein
concentrations: (1) low/average: < 3 mg/L, and (2) high: 3-10 mg/L. PTBs were defined
as any birth that occurred prior to 37 gestational weeks. The predicted prevalences of
the outcomes were estimated from cluster- and sample-weight adjusted logistic
regression models. Models were stratified by race/ethnicity and adjusted for school-,
neighborhood-, and individual-level characteristics.

Results: In Aim 1, Asian/Native American/Other adolescents who attended schools
with 26-50% Black students were 2.11 times more likely to be overweight/obese (95%
CI: 1.08, 4.15) than those who attended schools with 0-10% Black students. Non-
Hispanic Black adolescents who attended schools with 0-10% non-White students were
1.83 times more likely to be overweight/obese (95% CI: 1.07, 3.11) than those who
attended schools with 0-10% non-White students. In Aim 2, there were no meaningful
associations observed between school environments and inflammation. In Aim 3,
Hispanic mothers were 0.05 times as likely (95% CI: 0.00, 0.56) to experience a PTB for
every one-unit change (0-100%) in the proportion of Black students in a school.
Conclusion: There were racial/ethnic differences in the types of schools attended that
U.S. adolescents attended. The relationships between the racial structure of school
environments and cardiometabolic and reproductive health across the life course also
varied by race/ethnicity.
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SPECIFIC AIMS

Specific Aim 1: Investigate the multilevel associations between the racial/ethnic
structure of school environments in adolescence and the prevalence of adolescent
obesity.

Hypothesis 1a: Adolescents who attend schools with a higher proportion of Black

students, higher proportion of non-White students, or with less racial/ethnic
diversity will have an increased likelihood of adolescent obesity, after adjusting
for individual-, school-, and neighborhood-level characteristics.

Hypothesis 1b: The associations between the racial/ethnic structure of school

environments in adolescence and the prevalence of adolescent obesity will differ

by an individual’s race/ethnicity.

Specific Aim 2: Examine the association between the racial/ethnic structure of
school environments in adolescence and the risk of inflammation in early adulthood.

Hypothesis 2a: Adolescents who attend schools with a higher proportion of black

students, non-white students, less racial/ethnic diversity, and higher levels of
racial segregation will have higher C-reactive protein (CRP) levels in early
adulthood, even after adjusting for individual-, school-, and neighborhood-level

characteristics.

Hypothesis 2b: The association between the racial/ethnic structure of school
environments in adolescence and the risk of inflammation in early adulthood will

differ by an individual’s race/ethnicity.



Specific Aim 3: Examine the association between school racial composition in
adolescence and the risk of preterm birth (PTB) in early adulthood.

Hypothesis 3a: Adolescents who attend schools with a higher proportion of black

students, non-white students, or with less racial/ethnic diversity, and higher
levels of racial segregation will have an increased risk of PTB in early adulthood,
even after adjusting for individual-, school-, and neighborhood-level

characteristics.

Hypothesis 3b: The association between the racial/ethnic structure of school
environments in adolescence and the risk of PTB in early adulthood will differ by

an individual’s race/ethnicity.



BACKGROUND & SIGNIFICANCE

Cardiometabolic and Reproductive Outcomes: Finding Common Ground

The seemingly disparate collection of cardiometabolic and reproductive health
outcomes under investigation in this dissertation may have their origins in early
life/adolescence, and may share common etiologic pathways. Specifically, adolescent
obesity, cardiometabolic risk, and experiences of preterm birth (PTB) are all linked to
the dysregulation and disruption of inflammatory processes. Furthermore,
cardiometabolic risk and adverse pregnancy outcomes represent a set of related
outcomes that can inform us not only about the development of risk across an
individual’s life, but also how a contextual exposure can potentially impact population

health across three connected periods of emerging adulthood.

Population Burden of Adolescent Obesity

The prevalence of obesity among United States (U.S.) adolescents, aged 12-19
years old, has increased in recent years?, with approximately 20.6% of adolescents being
obese23. Family history, health behaviors (e.g., physical activity and diet), and
socioeconomic characteristics are all risk factors for obesity4-¢. Being of black or
Hispanic race/ethnicity or having a lower socioeconomic status (SES) are associated
with a higher risk of adolescent obesity24.¢-. In addition, the prevalence of adolescent
obesity varies by geographic area and school characteristics. Adolescents living in
southern states are more likely to be obese than those living in other regions of the

country!2. Adolescents living in non-urban areas are also more likely to be obese than



those living in urban areas2513. Finally, adolescent obesity is higher in schools with a
higher proportion of students from racial/ethnic minorities and low-SES households?4.
Being obese can also have adverse health consequences during adolescence that
carry on into adulthood. Compared to those who are normal weight, obese children and
adolescents are more likely to be obese as adults and may have higher levels of
inflammatory biomarkers, such as C-reactive protein and interleukin-69:12.1519, Obesity
that occurs during childhood and adolescence can increase the risk of type 2 diabetes,
high blood pressure, high cholesterol, cardiovascular disease, and mortality in
adolescence and adulthood®.4.9:15.17-18,20-27 " Given these life course implications and that
more than 1in 5 U.S. adolescents are obese, identifying relevant socio-contextual
exposures and underlying biosocial mechanisms are important in addressing this large

public health burden.

Population Burden of Cardiometabolic Risk

Though there have been considerable declines in mortality due to advances in
medical treatments and public health preventions28, cardiovascular disease (CVD) is still
the leading cause of death in the U.S.3 Approximately 92.1 million U.S. adults, or about
33% of the country’s population, are living with CVD. Known risk factors of CVD
include, but are not limited to: hypertension, inflammation, smoking, a family history of
CVD, being overweight/obese, lack of physical activity, and a poor diet329. Although
CVD has decreased in recent years, racial/ethnic, geographic, and socioeconomic
disparities still persist in the U.S. Blacks, persons with lower SES, and those who live in

the South have an increased cardiovascular risk3o-38, Also, adverse are-level



characteristics, such as low neighborhood SES, are associated with an increased risk of
CVDs39-42,

Cardiometabolic risk can also accumulate across the life course. Given that
overweight children are likely to become obese adults®:1517, they will have a higher
cardiovascular risk since obesity plays a significant role in the development of CVD. It is
thought that obesity is associated with heart disease through an increased insulin
resistance experienced among obese persons; obesity results in cardiometabolic
dysfunction4s. Furthermore, since higher levels of inflammatory biomarkers are
associated with a higher cardiometabolic risk44-5°, we will use inflammation in early

adulthood as our second outcome in this proposed study.

Population Burden of Preterm Birth

Approximately 11.4% of U.S. infants were born preterm in 20135, which is
relatively high compared to other developed nationss2-53. Though PTBs, defined as an
infant born < 37 gestational weeks53, have decreased in the last decade due to the
reduction of population-wide risk factors and the development of medical interventions
and policiess4, the health implications of PTB span the entire life course.

Preterm delivery is often a result of infection or inflammation, hemorrhage, and
maternal stresss3:55. Demographic risk factors for PTB include: race/ethnicity, SES,
maternal age, marital status, and maternal obesity, among otherss3. In fact, black
infants are more likely to be born preterm than white infants5:.53:56-58, Furthermore,
there are also established socioeconomic disparities in PTB59-63. These socioeconomic

differences may vary by maternal race/ethnicity, in that having a higher SES may be



more beneficial for the reproductive health of white women than black women©2-63,
Thus, investigating the social determinants of PTB will help to decrease this racial gap.
Similar to adolescent obesity and cardiometabolic risk, PTBs may also have
adverse consequences spanning across the life course. Being born preterm is also
associated with neonatal and infant mortalitys3.60, as well as attention-
deficit/hyperactivity disorder and other behavioral problems in childhood®4-6. It has
been theorized that the association between PTB and health in later life is a result of
“fetal programming.” In fact being born preterm can have a detrimental impact on the
pathophysiology and structure of organs, tissues, and systems relevant to the

development of disease in adulthood®7-69.

Inflammatory Pathways and Processes

Inflammation is an underlying physiologic process, which may begin in
adolescence and have long-lasting implications for the three seemingly unrelated
outcomes experienced across the life course — adolescent obesity, cardiometabolic
dysfunction, and poor perinatal outcomes. Persistent and long-term external stressors,
such as socio-contextual exposures, can have negative consequences for one’s
sympathetic nervous system and hypothalamic-pituitary-adrenal (HPA) axis. Repeated
stress on the body may lead to biological “wear and tear” (i.e., allostatic load) and
hyperactivity of adaptive responses, resulting in increases in cortisol levels and the
disruption of other inflammatory processes. Though the activation of the HPA axis may
have some protective value when facing acute stressors, the dysregulation of this system
can prove to be detrimental. Constant activation, particularly from socioeconomic

stressors, can result in increased allostatic load, which may accumulate across one’s life
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course and produce harmful chronic health outcomess7.70-72. More specifically, when the
body is faced with an external stressor, the sympathetic nervous system and HPA axis
are activated, causing catecholamines and cortisol to be released. However, if one’s
body stays in a heightened state or still perceives a stressor to be present, such as
attending a disadvantaged school or living in a violent neighborhood, the body is unable
to return to homeostasis. Persistent activation of this system results in increased levels
of stress hormones (e.g., cortisol) and inflammatory biomarkers (e.g., C-reactive protein
(CRP))71-72,

CRP is a biomarker of systemic inflammation and is associated with an increased
risk of CVD, stroke, and cardiovascular-related mortality44-50. It is thought that CRP can
bind to low density lipoprotein and deposit in the walls of the arteries creating a buildup
of plaque, thus playing a direct role in the development of atherosclerosis73-77. Elevated
levels of CRP, defined as a CRP concentration > 3.0 mg/L, have also been found to be
associated with an increased risk of type 2 diabetes among women78. Thus, elevated
levels of inflammatory biomarkers, such as CRP, can have adverse effects on
cardiometabolic health. The national prevalence of elevated CRP has decreased in
recent years4879. In fact, the proportion of U.S. adults living with elevated CRP levels
has decreased from 36.7% to 32.9% between 1999 and 2010. However, in early
adulthood, there still remains a large population burden, with the prevalence of elevated
CRP levels among adults ages 20-29 and 30-39 years old at 26.7% and 30.2%,
respectively, in 201080, Additionally, compared to whites and adults with a high SES,
blacks and those with a lower SES are more likely to have elevated levels of
inflammatory biomarkers80-83. Adults with lower educational attainment are also more
likely to have higher levels of CRP84. Given this relatively large burden among young

11



adults and the associated disparities, inflammation is a relevant proxy for

cardiometabolic risk in Specific Aim 2 of this dissertation.

Stress and Inflammation

Higher levels of inflammatory biomarkers have been found to be associated with
higher risks of obesity9:18-19:21,85, CVD46:49-50, and PTB53:55:86 in adulthood. Due to its role
in the development of atherosclerosis, inflammation can increase the risk of
cardiometabolic outcomes?3-77. In fact, it is believed that chronic social stressors can
increase the risk of adolescent obesity by: (1) increasing cortisol secretion, which can
result in an accumulation of fat and abdominal obesity; and (2) decreasing one’s
motivation for and participation in physical activity due to feelings of intense stress87.

Regarding PTB, women who experience chronic stressors across the life course
may not be able to regulate their inflammatory and endocrine responses when
confronted with a prenatal stressor. This dysregulation due to psychological and social
stress can result in increased levels of the corticotropin-releasing hormone produced by
the placenta, increasing the risk of preterm deliveryss.57.59.88-89, Furthermore,
Geronimus’ “weathering” hypothesis suggests that black women have worse birth
outcomes than white women due to the declines in reproductive potential that results
from social, economic, and political disadvantages and stressors experienced repeatedly

across the life coursevo.

From Segregation to Desegregation to Resegregation of U.S. Schools

Segregation

12



In the investigation of the impact of the racial/ethnic structure of school
environments on population health across the life course, it is important to understand
the historical context and evolution of school segregation in the U.S. In Plessy v.
Ferguson (1896), the Supreme Court ruled that the separation of people by race in
public places in the U.S. was legal. In fact, the Court reasoned that, as long as the
separate facilities were equal, laws requiring blacks to utilize separate public facilities
from whites were not unconstitutional. Though facilities for blacks were generally of
lower quality than white facilities, the doctrine of “separate, but equal” was enacted into
a federal law under Plessy. Until the Civil Rights Act of 1964, Jim Crow laws provided
the legal basis for racial segregation in many domains of everyday life (e.g., schools,
transportation, restaurants, etc.) in states across the country91-92. In fact, during this era
of legal segregation, black schools were actually inherently unequal to white schools.
Compared to black schools, white schools received more funding, offered more courses,
and had smaller class sizes93. This era of “separate, but equal” produced inequitable

educational opportunities for black students in the U.S.

Desegregation

Brown v. Board of Education of Topeka (1954) abolished de jure school
segregation based on race in public schools and deemed the doctrine of “separate, but
equal” to be unconstitutional based on its violation of basic human rights guaranteed
under the 14t Amendment94. Though Brown was the landmark case in undermining a
long-standing history of legal, racial segregation in American public schools, plans on
how and when to desegregate were not detailed in this decision. Even after the Court

decided on Brown II (1955), which stated that school systems should desegregate “with

13



all deliberate speed,” implementation plans were still not explicitly defined%. Even by
1964, ten years after the Brown decision, a majority of black students in the South still
attended majority-black schools93. School desegregation proved to be a slow process.

It was not until Green v. County School Board of New Kent County (1968) when
specific guidelines were established to assist U.S. public schools in their desegregation
efforts. The Green decision forced an end to “dual” (i.e., separate and segregated)
school systems, in an effort to create a single, integrated school system in each district.
Unitary school systems were what school districts should strive to accomplish and they
should attempt to achieve desegregation across the following domains: facilities, staff,
faculty, extracurricular activities, and transportation9. Encouraging unitary status
would create racially integrated, or more diverse, schools that could have had beneficial
effects. Students attending less segregated schools have higher levels of academic
achievement, experience less racial discrimination, and have more college resources and
opportunitiesy’.

In an effort to further enforce the desegregation of public schools in the South,
Swann v. Charlotte-Mecklenberg Board of Education (1971) specified that schools must
make reasonable efforts to desegregate, including through the use of busing9s.

However, busing was a potentially harmful exposure for children during this period of
desegregation. Busing forced a child to leave one’s neighborhood to go to an unfamiliar
or “foreign” neighborhood. Though black students might have been exposed to better
educational opportunities/resources and wider social networks through busing, the
violent white opposition created safety concerns and increased experiences of
heightened interracial contact and discrimination93. Finally, Keyes v. Denver School
District No. 1 (1973) proved to be the first Supreme Court case to encourage the creation

14



of desegregated schools in the North and West, where school desegregation plans had

not been previously mandated by the courts99.

Resegregation

Although court-ordered efforts were temporarily successful in reducing de jure
school segregation, U.S. public schools began to resegregate in the late 1970s due to
persistent residential segregation and a few, critical Supreme Court decisions that
released school systems from their court-ordered mandates to integrate. These
decisions effectively helped to unravel the successful desegregation policies that were
put in place during the Brown era%3.100-102_ In fact, Milliken v. Bradley (1974) made
school desegregation in northern metropolitan areas difficult by preventing school
districts from drawing on majority white, suburban areas to integrate majority black,
inner-city schoolsto3. Riddick v. School Board of the City of Norfolk, Virginia (4t Cir.
1986), Board of Education of Oklahoma v. Dowell (1991), and Freeman v. Pitts (1992)
allowed local governments to formally end desegregation efforts in southern school
districts. Even if schools in those districts had not reached complete desegregation
under Green’s guidelines, as long as the Court declared that they had “achieved” unitary
status, the school districts were free from court-ordered desegregation mandates104-106,

Most notably, these Court decisions did not take into account the long-standing
effects of slavery and segregation that had been entrenched in our society and pervasive
throughout our education system. As a result, the 1980s and 1990s saw an increase in
the segregation of public schools in various regions across the U.S.102 Given the
evolution from segregation to desegregation, and back to the segregation of U.S. public

schools in recent years, the racial/ethnic structure of schools and school systems is not
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only a timely socioeconomic risk factor, but it is also a plausible, social determinant of

population health that needs further investigation.

The Structure of School Environments in Adolescence

Racial/Ethnic Composition of U.S. Schools

Given the historical evolution of school segregation and court-ordered
desegregation efforts in the South, the racial/ethnic composition of U.S. schools has
changed dramatically since the Brown decision in 1954. In 1995, the same year during
which Wave I of Add Health was conducted, 40.5% of metropolitan public schools,
61.8% of city public schools, and 25.6% of suburban public schools consisted of minority
students. Particularly of note, between 1989 and 1995, public schools located in cities
saw significant decreases in the white student enrollment, as well as increases in the
minority student enrollmentt°7. Understanding the current state of U.S. schools will
help in our investigation of the impact of the racial/ethnic structure of school
environments on adolescent obesity.

Both school segregation and school racial composition are constructs of the
racial/ethnic structure of school environments. However, in this proposed study, we
will conceptualize the racial/ethnic structure of schools and school systems using school
racial composition and school entropy. While school racial segregation represents a
regional phenomenon of the sorting of students of various races/ethnicities across
schools within a geographic area, school racial composition measures the absolute
racial/ethnic make-up of the student population, while school entropy measures the

level of racial/ethnic diversity within a school. These two entities assess students’
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experiences interacting with their peers of other racial/ethnic groups. More specifically,
school racial composition and school entropy attempts to represent the daily-life
stressors experienced by students and the general intergroup contact between

racial/ethnic groups within a school.

Implications of the Racial Composition and Diversity within Schools

Recent literature has established a potentially harmful link between the
racial/ethnic structure of schools and academic outcomes08-113. One study, using Add
Health data, found that a school’s racial/ethnic composition is associated with a
student’s academic achievement. These researchers suggested that this association
could be explained by one’s school socioeconomic characteristics. Schools with a higher
proportion of students of color may have fewer socioeconomic and academic resources,
which may negatively affect academic achievement9. There are also racial differences
associated with this relationship:08.110.12. Hanushek et al., (2009) found that the higher
the percentage of black students at a school, the lower black students’ academic
achievement in mathematics. However, this study did not find any significant impact of
school racial composition on white students’ achievement08. Furthermore, the type of
racially segregated school may also matter for academic achievement. Roscigno (1998)
found that attending a predominantly black school was associated with lower academic
achievement, while attending a predominantly white school was associated with higher
academic achievement. These differences could be due to the better quality of teachers
and higher levels of cultural and social capital that persists more in predominantly white

schools than in predominantly black schools1.
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The racial structure of schools experienced during adolescence may also have
effects on an individual’s health that could accumulate across the life course. According
to the perpetuation theory, persons who experience segregation in early life are more
likely to have segregated experiences in adulthood. It is possible that school segregation
experienced during adolescence can perpetuate into other domains of everyday life in
adulthood4. Students attending racially segregated schools may have heightened
beliefs of other racial/ethnic groups due to harmful experiences of racial/ethnic
discrimination or lack of contact with other racial/ethnic groups. For students of color,
this negative intergroup contact could result in attendance at historically black colleges
and universities or the purchasing of homes in more segregated neighborhoods97:114-116,
Segregation in other domains of life in adulthood could lead to disadvantage and
prevent access to critical health-relevant resources that occur more abundantly in less
segregated spaces. Similar to the life course framework, the perpetuation theory
suggests that socio-contextual risk factors experienced in early life, such as racially

segregated school environments, may send you down a path of segregation in later life.

Role of Residential Segregation

The effects of residential segregation on population health have been extensively
investigated in the public health literature. In fact, racial residential segregation is a
known cause of health disparities through its effects on the following factors: individual
and neighborhood SES, inadequate educational and employment resources and
opportunities, healthy behaviors and lifestyles, and access to health care!?7. It has been
widely thought that racial residential segregation plays a role in the racial/ethnic

structure of U.S. public schools. The racial/ethnic composition within a geographic area
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can impact school segregation and the racial/ethnic make-up of the student
population18-119, Yet, due to neighborhood gentrification, school choice, regional
differences, and other processes, the correlation between racial residential segregation
and the racial/ethnic structure of school environments is not complete2°.

In fact, if all students attended their neighborhood schools, school racial
composition would be almost identical to the neighborhood racial composition.
However, as a result of attendance in private, charter, and magnet schools, school racial
composition is often different than the neighborhood racial composition. Also, there
may be neighborhoods with a high proportion of households without any school-age
children. In these areas, the racial/ethnic make-up of the resident population will not
be equal to the racial/ethnic make-up of the student population in the neighborhood
schools. Furthermore, it is possible that there may be lower levels of racial segregation
in metropolitan schools if wealthy and white families did not have school choice!2.. As a
result of white parents sending their children to private schools, some metropolitan
areas may be racially diverse, while the public schools are predominantly black2o.
Though there is an inherent link between the distribution of racial/ethnic groups within
a residential area and the racial composition of school within those areas, the
correlation is not complete. In this study, we will attempt to determine whether there
are independent effects of school racial composition and diversity and adolescent
obesity, even after accounting for the demographic characteristics of the neighborhoods

in which the schools reside.
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How Does the Racial/Ethnic Structure of School Environments Get Under

the Skin?

Social Epidemiologic Theory

Fundamental Causes

Given the associated racial/ethnic and socioeconomic disparities, there is a need
for a more comprehensive understanding of the social, economic, and political contexts
of these three distinct, yet connected, cardiometabolic and reproductive outcomes.
Socioeconomic conditions are considered to be fundamental causes of disease because
they are often associated with access to critical health-relevant resources, such as
wealth, economic capital, social support, and political power?22-123. Given its ties to
inequitable school resources and opportunities, it is possible that the racial/ethnic
structure of school environments is a fundamental cause of health, particularly in
adolescence. Racially homogenous schools have higher dropout rates, offer fewer
advanced courses, and lack high-caliber teacherst©2117, Thus, students attending these
segregated schools lack an access to important socioeconomic resources needed to live

healthy and successful lives in adolescence, as well as in adulthood.

Biological Embodiment

The social embodiment of disease theory suggests that humans biologically
embody the socioeconomic characteristics of the environments in which they live.
Humans are literally products of the social, economic, and political environments in
which they reside and interact'24-225. Harmful life experiences, such as living in a

socioeconomically disadvantaged neighborhood, experiences of sexual trauma or racial
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discrimination, and even attending segregated schools, can prove to be detrimental to
one’s health. It is possible that the effects of attending segregated school environments
could be biologically embodied. This contextual factor could constrain an individual’s
acquisition of important socioeconomic resources and their ability to develop critical
social capital needed to prevent chronic health outcomes. Therefore, adolescents could
biologically internalize the adverse health consequences of attending racially
homogenous schools. Furthermore, since education is a critical means for increased
social capital in adulthood2¢, inadequate educational opportunities in segregated
schools during adolescence could result in health inequities in adolescence, across the

life course, and even across generations.

Life Course Framework

In order to fully understand the manifestation of health disparities, it is critical to
examine how socio-contextual risk factors impact one’s health across multiple stages of
the life course: adolescence, early adulthood, and the reproductive age. The life course
framework suggests that the timing of an exposure affects the development of disease
and early-life socioeconomic factors can impact health in adulthood!27. It has been
theorized that the health effects of social and economic exposures can accumulate across
the life course, and that differences in early-life socioeconomic conditions, such as
educational attainment, can result in differential health trajectories from childhood into
adulthood, leading to population health disparities!28-129,

According to this life course framework of population health, adolescence is also
a “critical period” of human development, which is marked by substantial bran growth,

as well as important social and emotional changes'27:130-133, The Adolescent Pathway
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model also suggests that adverse socioeconomic factors that are experienced during
adolescence will not only result in poor adult health outcomes, but can also result in
health inequalities across populations. In fact, this model also theorizes that
socioeconomic disadvantage experienced at an early age can negatively impact health-
relevant behaviors and resources, and result in the differential access to critical social
capital and social networks, ultimately producing health disparities!s:.

Additionally, it is possible that the racial/ethnic structure of school environments
experienced during adolescence can have adverse consequences on cardiometabolic and
reductive health in emerging adulthood. Experiences of social and economic
disadvantage during childhood and adolescence can increase the risk for chronic health
outcomes in adulthood27:131.133, Socioeconomic disadvantage in childhood increases
one’s risk of all-cause and cause-specific mortality!27-128,134, obesity and type 2
diabetes!28.131,135, CVD128,135-137, and inflammation28.138-139 in adulthood. Also,
socioeconomic disadvantage, potentially experienced in racially segregated schools,
could have adverse effects on pregnancy outcomes. Recent literature has suggested that
contextual factors in early life may have greater consequences on the reproductive
health of women across their life course than social disadvantage only experienced
during pregnancys7:62. Given the critical development that occurs, any adverse
exposures experienced during this period can have detrimental consequences on the
physiologic structure and function of organs and tissues!?7. Thus, attending racially
segregated school environments may affect the risk and development of chronic diseases
in adolescence and in later life, as well as impact the acquisition of healthy behaviors

and socioeconomic resources that are needed for optimal health in emerging adulthood.
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Potential Biosocial Mechanisms

The Individual Level

School racial/ethnic composition and diversity may impact chronic health
outcomes, such as adolescent obesity, through its effects on individual health behaviors
and life style factors. The racial/ethnic composition of a school may impact chronic
disease risk by limiting an adolescent’s access to quality dietary options, ultimately
preventing one’s agency to make healthy food choices. In fact, high schools that have a
higher percentage of black students are more likely to be located in close proximity to a
fast food restaurant. Thus, adolescents attending these racially segregated that are close
to fast food restaurants have poorer eating habits and are ultimately more likely to be
overweight/obese!40. At the individual level, the racial/ethnic structure of school
environments can constrain a student’s ability to make healthy food choices and may

prevent the development of healthy behaviors.

The Interpersonal Level

The racial/ethnic structure of schools may also impact adolescent obesity through
stressful events and negative intergroup contact. The contact hypothesis suggests that
students attending more diverse schools are more likely to have more positive
relationships with students outside of their own race, especially as they enter adulthood.
In more diverse schools, there is increased intergroup contact between students of
different racial/ethnic backgrounds, which results in increased racial tolerance and
positive attitudes, as well as decreased racial prejudice?7-141. Furthermore, the cultural

deficit theory suggests that in more integrated schools, black students may benefit from
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the “lateral transmission” of academic values, goals, capital, and resources from their
white peers97:142, Schools provide the place for students to learn how to interact with
other students from diverse backgrounds and to develop social skills and social capital
that are critical for their development as they transition into adulthood.

Although there are positive effects for black students who attend more diverse
schools (e.g., more economic resources, advanced courses, college opportunities), it is
important to highlight some of the harmful effects of discrimination that can occur in
predominantly white schools. In fact, black students attending predominantly white
schools in Add Health were found to have worse adult health outcomes compared to
their white peers, due to the negative consequences of perceived racial discrimination
that they experienced being the racial/ethnic minority43. Recent studies have also
found that black and Hispanic students attending predominantly white schools are
likely to experience racial discrimination from their peers and racial stereotypes from
their teachers44-147. It is possible that these experiences of racial discrimination impact
health through the negative physiological consequences of stresst©t. Repeated stress
over time can result in increases in cortisol levels and the disruption of normal
cardiometabolic functions7*-72. Stress, resulting from racial discrimination0%148  can
lead to poor dietary behaviors and a reduction in physical activity, ultimately resulting
in adolescent obesity87:149. Therefore, at the interpersonal level, school racial
composition and diversity may potentially get under the skin through the beneficial

effects of intergroup contact or the harmful biological effects of racial discrimination.
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The School Level

The impact of the racial/ethnic distribution of students within schools on chronic
health outcomes can also manifest itself at the school level. Racially segregated schools
have higher dropout rates and lack high-caliber teachersto2117, Additionally, segregated
schools result in an unequal access to educational opportunities. For example,
predominantly black/Latino and low-income schools are more likely to have fewer
advanced course and more remedial /vocational courses and less likely to have access to
college-preparatory courses than predominantly white and high-income schools97. This
differential access to critical resources can impact graduation rates and college
attendance, ultimately resulting in detrimental consequences for a student’s health-
relevant resources as an adult, such as educational attainment, employment, and
income.

The cultural deficit theory also suggests that black students benefit more
academically by attending predominantly white schools, than predominantly black
schools. Though there are potentially harmful effects of discrimination, this theory
suggests that, in more integrated schools, there is a lateral transmission of academic
values, goals, and resources from white students to black students97:142, Attending
predominantly white schools may provide black students with greater social capital as
they transition through various periods of their lives. It is also thought that attending
more integrated colleges and universities may prove to be advantageous to black
students in that they are more likely to pursue careers in which they are
underrepresented and are more likely to be hired by employers upon graduation9?.

Finally, lower levels of education achieved in these lower-quality schools can impact
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chronic disease risk through its effects on stress, social support, healthy behaviors and
lifestyles, and one’s SES accumulated across the life coursets0-152, Therefore, at the
school level, school racial composition can get under the skin through its impact on
socioeconomic potential and health-relevant resources, such as educational attainment

and employment.

Public Health Contributions and Policy Importance

The academic and socioeconomic impacts of the racial/ethnic structure of schools
have been investigated extensively in the sociology and educational studies literature.
However, very few studies have investigated the impact of school segregation on
cardiometabolic and reproductive health within a life course framework. This proposed
study will not only fill this gap in the public health literature, but it will also contribute
to the current social epidemiologic literature. Given the persistent racial and
socioeconomic disparities and that humans can embody the social contexts in which
they reside, the racial/ethnic structure of school environments is a plausible social
determinant of population health. Current social epidemiologic studies are attempting
to integrate macro-level determinants of health with the associated biosocial
mechanisms in order to better understand the relationships between social, economic,
and political exposures and various health outcome?ss. Thus, given the large public
health burden of obesity, inflammation, and PTB, investigating the link between school
segregation and these chronic and reproductive outcomes in this study will contribute to
our understanding of the ways in which more large-scale social contexts can impact

health across the life course.
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The recent segregation of public schools in the U.S. again, beginning in the late
20th century, has made school segregation a timely and relevant exposure. The findings
from this dissertation can also inform current educational policies. By understanding
the social, economic, and political contexts, this dissertation can contribute to the
contemporary educational policy debate on the health consequences of children
attending segregated and racially homogenous schools. Given that we will examine the
effects of school racial composition on health in adolescence and early adulthood, as
well as those passed from mother to child through experiences of PTB, this dissertation
will also provide an important life course perspective to existing zoning and educational

policies.
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SPECIFIC AIM 1

Investigate the multilevel associations between the racial/ethnic structure of school

environments in adolescence and the prevalence of adolescent obesity.

Hypothesis 1a: Adolescents who attend schools with a higher proportion of Black

students, higher proportion of non-White students, or with less racial/ethnic
diversity will have an increased likelihood of adolescent obesity, after adjusting

for individual-, school-, and neighborhood-level characteristics.

Hypothesis 1b: The associations between the racial/ethnic structure of school

environments in adolescence and the prevalence of adolescent obesity will differ

by an adolescent’s race/ethnicity.
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ABSTRACT

Since schools play an important role in adolescent development, it is possible that the
disparities in adolescent obesity may be driven by not only individual characteristics,
but also by the racial/ethnic structure of their school environments. This study will
examine the racial/ethnic differences in the associations between school racial/ethnic
composition and diversity and adolescent obesity. We used data from Wave I (1994-5)
of the National Longitudinal Adolescent to Adult Health Study (N=20,745). Using self-
reported height and weight data, adolescent obesity was categorized as not
overweight/obese (< 85th percentile) and overweight/obese (> 85th percentile). The
predicted marginal prevalence of obesity, by school racial/ethnic composition (i.e.,
proportion Black and non-White students) and school racial/ethnic diversity (i.e.,
school entropy), were estimated from cluster- and sample-weight adjusted logistic
regression models in SUDAAN. Models stratified by race/ethnicity were adjusted for
school-level (size, type, urbanicity), neighborhood-level (poverty, racial composition),
and individual-level (age, gender, parent’s education, physical activity) characteristics.
Adolescents identifying as Asian/Native American/Other who attended schools with 26-
50% Black students were 2.11 times more likely to be obese (95% CI: 1.08, 4.15) than
those who attended schools with 0-10% Black students. Non-Hispanic Black
adolescents who attended schools with 11-25% non-White students were 1.83 times
more likely to be obese (95% CI: 1.07, 3.11) than those who attended schools with 0-10%
non-White students. Attending a school with moderate levels of Black and non-White
students is associated with an increased prevalence of obesity among Asian/Native

American/Other and non-Hispanic Black adolescents.
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SIGNIFICANCE

The prevalence of obesity among U.S. adolescents, aged 12-19 years old, has
increased in recent years?, with approximately 20.6% of adolescents being obese2-3.
Adolescents who are less physically active, have poor dietary habits, or have a family
history of obesity are at a higher risk for developing obesity during adolescence4-¢. Black
and Hispanic adolescents and those having a lower family socioeconomic status (SES)
are more likely to be overweight or obese24:6-11, Adolescents living in southern states
and non-urban areas are more likely to be overweight or obese, compared to those living
in other regions of the country and urban areas, respectively2512-13, Additionally, being
overweight or obese in adolescence can have adverse health consequences that carry on
into adulthood, including type 2 diabetes, high blood pressure, high cholesterol,
cardiovascular disease, and mortality.4.9:14-24,

Given the persistent disparities, identifying the relevant socio-contextual risk
factors is critical to further understanding the underlying biosocial mechanisms in order
to fully address this public health burden. In fact, since adolescents are shaped by their
environments and peer social groups, the racial/ethnic structure of school environments
could be one of these socio-contextual risk factors. Considering the historical context of
school segregation in the U.S. is important to the investigation of the health impact of
the racial/ethnic structure of school environments. Plessy v. Ferguson (1896) provided
the legal basis for the racial segregation of public schools, which ultimately produced
inequitable educational opportunities for black students in the U.S.25-27. Brown v.
Board of Education of Topeka (1954) ended this era of “separate, but equal” and

southern schools, in particular, were forced to desegregate28. However, due to
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persistent residential segregation and other defining Supreme Court decisions that
released school systems from their court-ordered mandates to integrate29-32, U.S. public
schools began to resegregate in the late 1970s27:33-35. The 1980s and 1990s saw
significant decreases in the white student enrollment in urban schools, as well as
increases in the minority student enrollment3t. Given the evolution from segregation to
desegregation, and back to resegregation of U.S. public schools in recent years, the
racial/ethnic structure of schools and school systems is not only a timely socioeconomic
risk factor, but it is also a plausible, social determinant of adolescent obesity that needs
further investigation.

According to ecosocial theory, humans can biologically embody the
characteristics of the contexts in which they live and interact37-38. Adolescents spend a
considerable amount of time in school, which are places that should provide the
foundation to increase economic resources and develop social capital. However, this is
not always the case. Predominantly black or Hispanic schools have higher dropout rates
and lack high-caliber teachersss39. Additionally, students attending these racially-
segregated schools are more likely to have fewer advanced courses and more
remedial/vocational courses, and less likely to have access to college-preparatory
courses than those attending predominantly white schools4°. Recent literature has
established a potentially harmful link between the racial/ethnic structure of schools and
academic outcomes41-46, However, this association is dependent upon the type of
racially segregated school environment. Due to fewer socioeconomic and academic
resources available, schools with a higher proportion of minority students are more
likely to have lower academic achievement4244. On the other hand, schools that are

predominantly white may have higher academic achievement due to the higher-caliber
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teachers and higher levels of cultural and social capital44. Since we are products of our
social, economic, and political environments, it is possible that adolescents could
internalize the adverse consequences of attending racially-segregated and resource-
deprived school environments.

Though there are important academic implications, little is known about the
health consequences of attending racially homogenous schools during adolescence. It is
possible that the racial/ethnic structure of schools may impact adolescent obesity
through its impact on individual health behaviors. School racial/ethnic composition
may limit an adolescent’s access to quality dietary options, ultimately constraining
his/her agency to make healthy food choices. High schools that have a higher
percentage of black students are more likely to be located in close proximity to fast food
restaurants than schools that are predominantly white47. These adolescents develop
poorer eating habits and are more likely to be overweight/obese48. Furthermore,
adolescent obesity is higher in schools with a higher proportion of students from
racial/ethnic minorities and low-SES households49.

Given the growing public health burden and disparities in the development of
obesity, it is important to investigate the social and economic risk factors that contribute
to this disease. Since schools play a large role in the social, emotional, and physical
development of adolescents, understanding how the racial/ethnic structure of these
environments impact chronic disease is critical in combatting this burden. Very few
public health studies have explored the link between the racial/ethnic structure of
schools and chronic health outcomes. To our knowledge, this is one of the first studies
that will estimate the relationships between both school racial/ethnic composition and

diversity, and adolescent obesity in a nationally-representative study. The primary
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objective of this study is to determine if there are associations between school
racial/ethnic composition and diversity experienced in adolescence and adolescent
overweight/obesity. Our secondary objective is to investigate whether these

associations differ by an individual’s race/ethnicity.
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METHODS

Study Design and Population

For this study, we used data from Wave I (1994-1995) of the National
Longitudinal Study of Adolescent to Adult Health (Add Health). Beginning in 1994, Add
Health was a longitudinal study that followed adolescents in grades 7-12 into adulthood.
This study utilized a complex sampling design and stratification method in order to
derive a nationally representative sample of U.S. high schools. Using a sampling frame
based on a database from the Quality Education Data, Inc., Add Health derived a
school-based sample of adolescents living in the U.S. Systematic sampling methods and
implicit stratification were used to ensure that the schools in Add Health were
representative of all U.S. schools regarding the following factors: region, urbanicity, size,
type, and racial compositions°.

The sampled high schools had to include 11t graders and at least 30 enrolled
students. Seventy-nine percent of sampled schools participated in the study, resulting
in 80 high schools represented in the Add Health sample. Once high schools were
sampled, feeder (middle) schools were identified to capture students in grades 7-8 from
the 80 communities in which the high schools were located. These feeder schools were
required to include the 7th grade and had to send at least 5 graduates to one of the 8o
high schools in the Add Health sample. Altogether, there were 132 U.S. schools included
in the Add Health sample: 80 high schools and 52 feeder schools. There was nota1to1
ratio of high schools to feeder schools because some high schools included students
from grades 7-12, and thus, separate feeder schools were not recruited for these high

schoolss°.
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Given that this was a school-based sample, both in-school questionnaires and in-
home interviews were administered. From the sampled schools, there were 90,118
students in grades 7-12 who participated in the in-school questionnaires during Wave 1.
Of these students, 20,745 adolescents were randomly selected, based on grade and sex,
to be in the “core sample” to participate in the in-home interviews. Only those students
who participated in the in-school questionnaires were eligible to be selected to
participate in the in-home interviews. In addition to the random selection by grade and
sex, investigators oversampled based on the following criteria: ethnicity, disability

status, school saturation, and genetic factors (e.g., twins)s°.

Adolescent Obesity

The outcome of interest for this study was adolescent obesity, which was assessed
using body mass index (BMI). Self-reported height and weight data were collected
during the in-home interview of Wave 1. Height was reported in feet and inches, while
weight was reported in pounds. We converted the adolescents’ height and weight data
into meters and kilograms, respectively. BMI was calculated as kilograms/meters2.
Categories for adolescent obesity were determined using the criteria from the Centers
for Disease Control and Prevention (CDC), which is based on standardized age- and sex-
specific growth charts. Using the CDC’s criteria, adolescent obesity was categorized as:
(1) not overweight/obese (< 85th percentile), and (2) overweight/obese (= 85th

percentile)st-52,
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Individual Race/Ethnicity

Adolescents reported their race/ethnicity during the in-home interview of Wave
I. Individual race/ethnicity consisted of the following categories: Hispanic, Non-
Hispanic White, Non-Hispanic Black, Asian/Pacific Islander, American Indian/Native
American, and Other. We combined Asian/Pacific Islander, American Indian/Native

American, and Other into one category.

School Racial/Ethnic Composition and Entropy

The exposures of interest for this study were school racial/ethnic composition
and school entropy (i.e., diversity) within an adolescent’s school during Wave I (1994-
1995). We were not able to assess school segregation operating at the district level in
Add Health, so we decided to focus on school racial/ethnic composition and diversity.
Investigating the health impact of the proportion of black students within a school was
important given the historical and political context of Brown, which was primarily
decided to address Black-White segregation in U.S. public schools. In addition, given
that the Hispanic population has increased in the U.S. in recent years and that
Hispanics are experiencing higher levels of segregations®, it was also necessary to
incorporate the proportion of non-white students within a school. Furthermore, with
these increases in minority student enrollment in U.S. public schools in the 1980s and
1990s3¢, we thought it was critical to explore a measure of school diversity, across
multiple racial/ethnic groups.

School racial/ethnic composition was defined in two ways: (1) the proportion of

the total student population within each Add Health school that was non-Hispanic

46



Black; and (2) the proportion of the total student population within each Add Health
school that was non-White. School entropy, a measure of racial/ethnic diversity within

each Add Health school, was calculated using the following formula:

n; 1
Ei= ) Q:n(go)
ri=1 t

n; represents the total number of racial/ethnic groups in the ith school. r; represents the
specific racial/ethnic group in the ith school. @,, represents the total students in the ith

school made up of the specific racial/ethnic group of interest. School entropy is an
index that theoretically ranges from 0 (minimum diversity) to 1 (maximum diversity),
after standardization. For this multi-group measure of entropy, a value of 0 was
assigned to schools where a single racial/ethnic group was present. A value of 1 was
assigned to schools where all racial/ethnic groups were represented equally in the
student populations3.

School racial composition (proportion black students and proportion non-white
students) was divided into five categories: (1) low: 0.00 — 0.10, (2) 0.11 — 0.25, (3) 0.26
— 0.50, (4) 0.51 — 0.75, and (5) high: 0.76 — 1.00. School entropy (multi-group,
standardized) was also divided into five categories: (1) low: 0.02 — 0.10, (2) 0.11 — 0.25,
(3) 0.26 — 0.50, (4) 0.51 — 0.75, and (5) high: 0.76 — 0.94. While school racial/ethnic
composition was an absolute measure of the racial structure of a school, school entropy
was a proxy for the levels of diversity within a school, and the degree to which the

racial/ethnic groups within a school are represented equally.
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Covariates: School

School-level covariates included: size, urbanicity, and type. Schools were divided
into three categories, based on the definition of school size from the National Center for
Education Statistics (NCES). These categories included: (1) small: 1 — 400 students, (2)
medium: 401 — 1,000 students, and (3) large: 1,001 — 4,000 students. A school’s
urbanicity was determined according to the NCES and QED classification of the
geographic areas in which the schools reside. This classification included:

(a) Central city of a Consolidated Metropolitan Statistical Area (CMSA) or

Metropolitan Statistical Area (MSA) with population of 250,000 or more

(b) Central city of a CMSA or MSA, but not designated as a large central city

(c) Place within the CMISA or MSA of a large central city

(d) Place within the CM'SA or MSA of a mid-size central city

(e) Place not within a CMSA or MSA, but with a population of 25,000 or more

and defined as urban

(f) Place not within a CMSA or MSA with a population of at least 2,500, but less

than 25,000

(g) Place not within a CMSA or MSA and designated as rural

(h) Place within a CMSA or MSA designated as rural
In this study, schools were categorized as: (1) urban: included schools located within
items (a) and (b); (2) suburban: included schools located within items (c¢) — (f); and (3)
rural: included schools located within items (g) and (h). Regarding school type, schools

were classified as either public or private.

Covariates: Neighborhood

During Wave III (2001-2002), neighborhood-level data — corresponding to the
adolescents’ areas of residence at Wave I (1994-1995) — was merged retrospectively in
Add Health. This neighborhood data was derived from the 1990 U.S. Censuss°.

Neighborhood-level covariates included: poverty and racial composition. For
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neighborhood poverty, we used the proportion of residents in each adolescents’ census
tract who were living below the federal poverty level. Regarding the neighborhood racial
composition, we used the proportion of residents who were non-Hispanic Black when
the exposure of interest was the proportion black students within a school; and we used
the proportion of residents who were non-White when the exposure of interest was the

proportion of non-White students within a school.

Covariates: Individual

Individual-level covariates included: age, gender, parental education, and
physical activity. An adolescent’s age (years) and gender (male vs. female) was self-
reported during the in-home interview of Wave I. The educational attainment levels of
an adolescent’s parents were self-reported by the parents in the in-home interview. In
our study, parental education was determined to be the highest educational attainment
of either the mother or the father. Parental education was collapsed into the following
categories: less than high school, high school diploma, some college or an Associate’s
degree, and college degree or higher.

An adolescent’s physical activity levels were defined using a previous
categorization based on Add Health data. Physical activity was determined from how
many times per week (during Wave I) the participant engaged in the following three
groups of activities: (a) rollerblading, skating, skate-boarding, and bicycling; (b)
baseball, football, basketball, and soccer; and (c) jogging, walking, jumping rope,
dancing, and karate. Adolescents’ assessed their average weekly participation in these
three groups of activities as (1) not at all, (2) 1 or 2 times, (3) 3 or 4 times, or (4) 5 or

more times. We then assigned the following numerical values:
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Notatall =0
10r2times=1.5
30r4times = 3.5
5 ormoretimes =5
We summed across the three groups of activities and created a physical activity score,

which was categorized as: not physically active (< 5 times/week) vs. physically active (>

5 times/week)53.

Statistical Analysis

The predicted prevalence for adolescent obesity was estimated from cluster- and
sample-weight adjusted logistic regression models in SUDAAN. Analyses included
unadjusted models, as well as models adjusted for covariates in three stages. Stage 1
included logistic regression models adjusted for school-level covariates (size, type,
urbanicity) only. Stage 2 included logistic regression models adjusted for school-level
covariates and neighborhood-level covariates (poverty, racial/ethnic composition).
Stage 3 included the fully-adjusted logistic regression models, which were adjusted for
school-level covariates, neighborhood-level covariates, and individual-level covariates
(age, gender, parental education, physical activity). All models were then stratified by
individual race/ethnicity. Unadjusted models, as well as models from stages 1 & 2, are

included in the Appendix.
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RESULTS

Socio-Demographic Characteristics of Schools, Neighborhoods, and Participants

Table 1 displays the characteristics of the schools attended by the adolescents
who participated in Wave I. Regarding the demographic characteristics of the Add
Health schools, Hispanic adolescents were most likely to attend large, urban schools
located in the West and South. Non-Hispanic White and non-Hispanic Black
adolescents were most likely to attend medium-sized, suburban schools located in the
Midwest and South. Asian/Native American/Other adolescents were most likely to
attend large, suburban schools located in the West and Northeast.

The racial/ethnic composition of the schools attended by the adolescents in this
study population varied by race/ethnicity. Hispanic, non-Hispanic White, and
Asian/Native American/Other adolescents were most likely to attend schools that
consisted of 0-10% Black students, while non-Hispanic Black adolescents were most
likely to attend schools that consisted of 76-100% Black students. However, Hispanic,
non-Hispanic Black, and Asian/Native American/Other adolescents were most likely to
attend schools that consisted of 76-100% non-White students and schools that had
moderate-to-high levels of racial/ethnic diversity. Non-Hispanic White adolescents
were most likely to attend schools that consisted of 0-10% non-White students and
schools with low levels of racial/ethnic diversity.

The sociodemographic characteristics of the adolescents and their respective
neighborhoods in Wave I of Add Health are described in Table 2. Hispanic and non-
Hispanic Black adolescents were more likely to have at least one parent with a High

School Diploma/GED, while non-Hispanic White and Asian/Native American/Other
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adolescents were more likely to have at least one parent with a Bachelor’s Degree or
higher. Regarding the outcome of interest, approximately 25% of the adolescents in
Wave I of Add Health were overweight/obese. However, 29.1% and 31.3% of Hispanic
and non-Hispanic Black adolescents, respectively, were overweight/obese; while 23.8%
and 19.5% of non-Hispanic White and Asian/Native American/Other adolescents,
respectively, were overweight/obese.

Non-Hispanic White and non-Hispanic Black adolescents in Add Health lived in
neighborhoods with the lowest and highest proportions of the reported adverse,
socioeconomic characteristics. On average, non-Hispanic White adolescents lived in
neighborhoods that consisted of 11% of residents living below the federal poverty level,
and with 6% and 9% of residents who were Black and non-White, respectively. On
average, non-Hispanic Black adolescents lived in neighborhoods that consisted of 26%
of residents living below the federal poverty level, and with 54% and 58% of residents

who were Black and non-White, respectively.

Proportion Black Students and Overweight/Obesity

Tables 3a-c present the adjusted prevalence ratios for overweight/obesity by
school racial/ethnic composition and school entropy (multi-group), stratified by
individual race/ethnicity. In Table 3a, there were null associations between the
proportion of Black students in a school and the prevalence of overweight/obesity,
among Hispanic, non-Hispanic White, and non-Hispanic Black adolescents. Among
Asian/Native American/Other adolescents, those who attended schools with 26-50%
Black students had a significantly higher likelihood of adolescent overweight/obesity,

after adjusting for school-, neighborhood-, and individual-level characteristics.
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Compared to those Asian/Native American/Other adolescents who attended schools
with 0-10% Black students, those who attended schools with 26-50% Black students
were 2.11 times (95% CI: 1.08, 4.15) more likely to be overweight/obese. In Figure 1a,
the predicted prevalence of overweight/obesity among Asian/Native American/Other
adolescents appeared to be higher as the proportion of Black students within a school
was higher. However, there is no meaningful dose-response relationship between the
proportion of Black students and overweight/obesity among adolescents of this
racial/ethnic sub-group.

Though the overall associations between the proportion of Black students within
a school and overweight/obesity, among Hispanic and non-Hispanic Black adolescents,
were null, there are two findings from the Appendix that are worth noting. In analyses
adjusted for school- and neighborhood-level characteristics, Hispanic adolescents who
attended schools with 11-25% Black students had an increased likelihood of
overweight/obesity, compared to Hispanic adolescents who attended schools with o-
10% Black students. However, this association among Hispanic adolescents was
attenuated after adjusting for individual-level characteristics. In unadjusted analyses,
non-Hispanic Black adolescents who attended schools with 76-100% Black students had
a higher likelihood of overweight/obesity, compared to non-Hispanic Black adolescents
who attended schools with 0-10% Black students. However, this association among
non-Hispanic Black adolescents was attenuated after adjusting for school-level

characteristics.

Proportion Non-White Students and Overweight/Obesity
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In Table 3b, there were null associations between the proportion of non-White
students in a school and the prevalence of overweight/obesity, among Hispanic, non-
Hispanic White, and Asian/Native American/Other adolescents. Among non-Hispanic
Black adolescents, those who attended schools with 11-25% non-White students had a
significantly higher likelihood of adolescent overweight/obesity, after adjusting for
school-, neighborhood-, and individual-level characteristics. Compared to those non-
Hispanic Black adolescents who attended schools with 0-10% non-White students, those
who attended schools with 11-25% non-White students were 1.83 times (95% CI: 1.07,
3.11) more likely to be overweight/obese.

Though there was an association between the proportion of non-White students
in a school and overweight/obesity among non-Hispanic Black adolescents, the
predicted prevalences from Figure 1b demonstrated that this was not a dose-response
relationship. Additionally, the predicted prevalence of overweight/obesity among
Hispanic adolescents in Figure 1b appeared to be lower as the proportion of non-White
students within a school increased. However, as mentioned above, there is no

meaningful, overall association among Hispanic adolescents.

School Entropy and Overweight/Obesity

In Table 3c, there were null associations between the levels of racial/ethnic
diversity in a school and the prevalence of overweight/obesity among Hispanic, non-
Hispanic White, and Asian/Native American/Other adolescents. Among non-Hispanic
Black adolescents, those who attended schools that were moderately diverse (i.e., school
entropy of 0.11-0.25) had a significantly lower likelihood of adolescent

overweight/obesity, after adjusting for school-, neighborhood-, and individual-level

54



characteristics. Compared to those non-Hispanic Black adolescents who attended
schools with the lowest levels of racial /ethnic diversity, those who attended schools that
were moderately diverse were 0.81 times (95% CI: 0.66, 0.98) as likely to be
overweight/obese.

Although we observed an association among non-Hispanic Black adolescents, the
findings from Figure 1¢ demonstrated that there does not appear to be a meaningful
dose-response relationship between school diversity levels and the predicted prevalence
of overweight/obesity in this racial/ethnic sub-group. Additionally, the predicted
prevalence of overweight/obesity among Hispanic adolescents appeared to be higher as
the levels of racial/ethnic diversity within a school increased. However, as mentioned
above, there is no meaningful, overall association among Hispanic adolescents.

Though the overall associations between the proportion of Black students within
a school and overweight/obesity, among non-Hispanic White adolescents, were null,
there is a finding from the Appendix that is worth noting. In analyses adjusted for
school- and neighborhood-level characteristics, Non-Hispanic White adolescents who
attended schools with higher levels of racial/ethnic diversity had a higher likelihood of
overweight/obesity, compared to non-Hispanic White adolescents who attended schools
with lower levels of racial/ethnic diversity. However, this association among non-
Hispanic White adolescents was attenuated after adjusting for individual-level

characteristics.
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DISCUSSION

Our study found that there were racial/ethnic differences in the types of schools
attended by the adolescents in Add Health. Non-Hispanic White adolescents were most
likely to attend predominantly White schools, while non-Hispanic Black adolescents
were most likely to attend predominantly Black/non-White schools. Hispanic and
Asian/Native American/Other adolescents were most likely to attend schools with
moderate-to-high levels of racial /ethnic diversity. Also, the prevalence of
overweight/obesity varied by race/ethnicity, with Asian/Native American/Other
adolescents with the lowest prevalence, and non-Hispanic Black adolescents with the
highest prevalence.

There were also racial/ethnic differences in the associations between school
racial/ethnic composition and diversity and adolescent overweight/obesity, after
adjusting for school-, neighborhood-, and individual-level characteristics. Among
Asian/Native American/Other adolescents, attending schools that consisted of 26-50%
Black students was associated with a higher prevalence of adolescent
overweight/obesity. Furthermore, the associations between the proportion of Black
students within a school and the prevalence of overweight/obesity among Hispanic and
non-Hispanic Black students were attenuated after the adjustment of covariates. This
attenuation suggests that individual-level characteristics and school-level characteristics
could explain these associations among Hispanic and non-Hispanic Black students,
respectively.

Among non-Hispanic Black adolescents, attending schools that consisted of 11-

25% non-White students was also associated with a higher prevalence of adolescent
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overweight/obesity. Additionally, attending moderately diverse schools was associated
with a lower prevalence of adolescent overweight/obesity among non-Hispanic Black
adolescents. Finally, it is critical to highlight that school racial/ethnic composition and
diversity levels do not impact the likelihood of overweight/obesity among non-Hispanic
White adolescents; their prevalence was the lowest among the racial/ethnic groups
across school-level exposures.

The results from this study are consistent with previous research that established
a relationship between school racial composition and adolescent obesity47. Although we
were unable to account for neighborhood food quality in this study, it is possible that
schools that are predominantly Black or non-White are located in areas with poorer
dietary options. In addition, our study’s findings are similar to the educational studies
literature, which has established racial/ethnic differences in the association between
school racial/ethnic composition and academic achievement41-46, It appears that
students of color who attend schools with a higher proportion of Black or non-White
students are more likely to have worse academic and chronic health outcomes. The lack
of economic resources and social capital could contribute to inadequate educational
opportunities and constraints on important dietary behaviors learned in adolescence.

The racial/ethnic structure of schools may also impact adolescent obesity through
the harmful effects of negative intergroup contact and perceived discrimination
experienced in racially homogenous schools. Black and Hispanic students attending
predominantly White schools are more likely to experience discrimination from their
teachers and peers, compared to their white counterpartss4-57. In fact, Black students
attending predominantly White schools were found to have worse adult health outcomes
compared to their white peers, as a result of the negative consequences of perceived
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racial discrimination they experienced being in the minoritys8. Though this association
was only found using adult health outcomes, it is plausible that these experiences of
racial discrimination impact adolescent health through the negative physiological
consequences of stress34. Repeated stress can produce higher levels of cortisol, causing
an increased risk of abdominal obesity59-¢0. In addition, stress resulting from
discrimination could lead to poor dietary behaviors and a reduction in physical activity,
ultimately resulting in adolescent obesity®1-62. However, very little is known about the
adverse health consequences for Black students who attend predominantly Black
schools.

Given that we only examined the association between the racial/ethnic structure
of schools and obesity during adolescence, this study was limited by the cross-sectional
nature of the design. Though reverse causality is likely impossible, the design of this
study makes it difficult to infer causality. Despite this limitation, our findings suggest
that there are potential racial/ethnic differences in this association. It is also worth
noting that height and weight data were self-reported during Wave I of Add Health.
Therefore, there was some potential for measurement error of body mass index.
Overweight and obese adolescents may underestimate their weight, resulting in the
underestimation of the associations between school racial/ethnic composition and
diversity and adolescent overweight/obesity. However, a previous study found that self-
reported height and weight data obtained from Add Health was very reliable (ICCs >
0.92)%3. In addition, Add Health is an observational study and there are likely
unmeasured confounders for which we were unable to adjust. However, we attempted
to remedy this limitation by adjusting for relevant confounding factors at three distinct
levels: the school, the neighborhood, and the individual. The findings from this study
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suggest that the racial/ethnic structure of schools are an important social determinant
of adolescent health, even above and beyond the impact of residential characteristics.
This study also had four important strengths that are worth highlighting. First,
Add Health was a nationally-representative cohort study, which used a complex
stratification and sampling method. This design increased the external validity of our
findings, pertaining to adolescents attending public and private schools in the U.S.
between 1994 and 1995. Second, Wave I of Add Health consisted of a large study
population (N=20,745), which increased the precision of our estimates. Third, to our
knowledge, this is one of the first studies that investigated the association between both
school racial/ethnic composition, as well as diversity, and adolescent obesity.
Characterizing the racial/ethnic composition as the proportion of students who were
black and the proportion of students who were non-white allowed us to assess the
absolute racial/ethnic make-up within a school. On the other hand, school entropy
allowed us to assess how diverse a school was and attempted to measure the degree to
which students of various racial/ethnic groups were represented equitably within a
school. By measuring the exposure in these different ways, we were able to provide a
more comprehensive investigation of the impact of the racial/ethnic structure of school
environments on adolescent obesity. We were able to differentiate the relationship
between absolute measures vs. diversity measures of racial/ethnic structure of schools
and adolescent health. Our study’s findings suggest that the absolute measures (i.e., the
proportion of black and non-white students within a school) are associated with an
increased prevalence of adolescent obesity. Lastly, we were able to control for potential
confounding at the three levels described above. Given the complex processes that

contribute to the racial/ethnic structure of schools and school systems, it was important
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to establish a more comprehensive understanding of how school racial composition and
diversity impact adolescent obesity, even after adjusting for potential confounders at
these three levels.

Future research should investigate the potential mediating factors that play a role
in the relationship between the racial/ethnic structure of schools and adolescent obesity.
It is possible that the racial differences that we found could be contributed to differences
in experiences of racial/ethnic discrimination or feeling of school
connectedness/isolation. Furthermore, the findings from this study provide evidence
that the racial/ethnic structure of school environments is important for the health of
students of color, particularly non-Hispanic Black adolescents. For these adolescents,
the proportion of non-White students may be harmful, while the levels of racial/ethnic
diversity may be protective for their likelihood of overweight/obesity. Additional
research is warranted that explores how attending racially/ethnically diverse schools
could be beneficial for the chronic health of non-Hispanic Black adolescents.

Given the constraints of the data, our analyses were not able to capture the effects
of a larger construct — the racial segregation of schools within districts — on adolescent
obesity. Since schools operate within school districts across the U.S., it is critical to
investigate the spatial and geographic processes that contribute to the increasing burden
of obesity among our country’s youth. School racial/ethnic composition and diversity
are plausible and relevant, social determinants of adolescent obesity that need further
investigation. Finally, given the racial/ethnic shifts in the composition of U.S. public
schools since the late 20t century the racial/ethnic structure of schools has also become
a timely and relevant exposure. Our findings can help contribute to the contemporary

educational policy debate surrounding whether attending segregated and racially-
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homogenous schools are harmful or beneficial for the health of children and

adolescents.
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TABLE 1. School Characteristics by Race/Ethnicity among Adolescents who

Participated in Wave I of Add Health, 1994-1995*.

Asian/Native
Non-Hispanic | Non-Hispanic American/
HisPanic White Black Other
School Region
West 886; 31.2 (5.5) 1,095; 11.4 (1.6) 474; 6.0 (1.9) 767; 48.1 (9.2)
Midwest 160; 10.9 (3.6) | 2,430;33.9(3.9) | 502;19.6 (6.1) 162; 16.3 (4.5)
South 906; 39.0 (7.3) | 2,714;38.4(3.2) | 1,013;68.6 (6.3) | 136;15.3(3.7)
Northeast 419; 18.9 (5.6) 1,445; 16.4 (1.9) 223; 5.7 (1.7) 169; 20.4 (7.1)
School Size
Small . . . .
(1-400 students) 141;13.4 (4.6) | 1,394;19.9 (4.2) | 452;17.4 (6.6) 71; 12.0 (5.5)
gz‘i{‘fgoo students) | 447:313(7.0) | 3.399:48.6 (5.8) | 1,330;53.1(8:7) | 294;40.8(9.9)
Large
(1,001-4,000 1,783; 55.3 (8.1) | 2,891; 31.5(6.1) | 1,330;29.6 (7.6) | 869; 47.2 (10.7)
students)
School Type
Public 2,284; 93.5(3.0) | 6,940;92.1(2.6) | 2,962; 96.3 (1.6) | 1,103; 83.6 (7.0)
Private 87; 6.5 (3.0) 744; 7.9 (2.6) 150; 3.7 (1.6) 131; 16.4 (7.0)
School Urbanicity
Urban 1,289; 56.1 (7.9) | 1,632;18.1(3.5) | 908; 25.9(6.3) 292; 28.3 (7.6)
Suburban 1,000; 39.8 (7.7) | 4,109; 60.3 (6.0) | 1,791; 58.3(8.5) | 883; 65.9 (8.6)
Rural 82; 4.1 (2.7) 1,043; 21.6 (6.0) 413&,.8 (7.6) 59; 5.8 (3.8)

Proportion Black Students

0.00 — 0.10 1,244; 58.0 (8.5) | 5,712; 76.1 (4.1) 323; 9.9 (2.4) 516; 55.4 (10.8)
0.11 — 0.25 750; 21.2 (8.4) 709; 6.9 (2.4) 488; 9.0 (3.1) 499; 23.8 (11.5)
0.26 — 0.50 266; 14.4 (4.7) 994; 14.1 (3.3) 874; 27.1(6.7) 102; 12.7 (4.7)
0.51 — 0.75 72; 5.7 (2.9) 134; 2.3 (1.0) 402; 16.7 (6.7) 100; 6.1 (3.4)
0.76 — 1.00 20; 0.8 (0.4) 47; 0.6 (0.3) 993; 38.1(9.3) 15; 2.1 (1.2)
Proportion Non-White Students

0.00 — 0.10 207; 14.3 (4.2) | 4,384; 60.9 (4.9) 119; 4.0 (1.4) 106; 14.2 (4.4)
0.11 — 0.25 155; 8.6 (3.1) 1,399; 16.1(3.6) | 234;7.7(2.7) 107; 9.4 (3.6)
0.26 — 0.50 133; 9.4 (3.7) 872;12.0(3.1) | 498;17.9 (5.4) 122;14.3 (7.4)
0.51—0.75 483; 29.8 (7.4) 651; 8.9 (2.3) 678; 25.5(7.1) | 195;28.2(8.4)
0.76 — 1.00 1,374; 37.9 (9.2) 290; 2.0 (0.7) 1,551; 45.0 (9.1) | 702; 33.8 (11.8)

School Entropy (Multi-Group, Standardized)

0.02 — 0.10 66;4.9(2.3) | 2,793;39.3(6.0) | 321;14.0(7.3) 39; 7.3 (3.4)
0.11 — 0.25 144;10.0 (3.8) | 1,143;17.2(4.3) | 635; 24.4 (9.0) 45; 5.4 (2.0)
0.26 — 0.50 742; 23.2 (7.3) | 2,272;27.8 (4.6) | 851;28.6 (6.6) 254; 25.6 (9.0)
0.51—0.75 792; 46.5(8.5) | 1,094;12.7(2.9) | 754;26.2(7.3) | 322;36.7(9.5)
0.76 — 0.94 608; 15.4 (6.2) 204; 2.9 (1.3) 519; 6.8 (3.7) 572; 25.1 (11.4)

* N=20,745 adolescents participated in the In-School Questionnaire and In-Home Interview in
Wave I of Add Health. All statistics are reported as: N; Weighted % (SE).
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Table 2. Individual and Neighborhood Characteristics by Race/Ethnicity among
Adolescents who Participated in Wave I of Add Health, 1994-1995.

HisPanic

Non-Hispanic
White

Non-Hispanic
Black

Asian/Native
American/Oth
er

Individual Characteristics

Age

10 — 13 years old

347; 27.3 (5.5)

1,780; 29.9 (3.9)

712; 25.5 (5.5)

189; 26.6 (5.6)

14 — 15 years old

841; 35.0 (2.2)

2,817; 34.7 (1.4)

1,136; 33.5 (1.7)

408; 33.7 (2.3)

16 — 19 years old

1,180; 37.7 (4.3)

3,070; 35.3 (2.7)

1,243; 40.9 (5.0)

634; 39.7 (5.4)

Gender

Male

[ 1,153; 50.4 (2.0) | 3,714; 50.3 (1.0) | 1,375; 45.1 (1.2) |

636; 52.3 (2.5)

Parent’s Educational Attainment

Less than HS

506; 28.0 (3.1)

416; 6.4 (0.8)

167; 8.4 (1.0)

81;11.8 (2.7)

HS Diploma/GED

588; 33.1 (2.0)

2,279; 34.6 (1.5)

678; 38.2 (2.4)

186; 23.1 (3.0)

Some College or
Associate’s Degree

290; 12.5 (1.2)

1,247; 18.1 (0.7)

373;17.8 (1.2)

136; 14.7 (2.1)

Bachelor’s Degree or
Higher

454; 26.4 (2.2)

2,937; 40.9 (1.9)

1,395; 35.5 (2.8)

551; 50.5 (4.0)

Physical Activity

Less than 5
times/week

1,216; 36.9 (1.6)

3,536; 34.0 (1.1)

1,403; 38.0 (1.6)

525; 31.8 (2.0)

5 or more
times/week

2,010; 63.1 (1.6)

6,660; 66.0 (1.1)

2,530; 62.0 (1.6)

1,015; 68.2 (2.0)

Adolescent
Overweight/Obesity

657; 29.1 (1.5)

1,702; 23.8 (0.9)

875; 31.3 (1.5)

223;19.5(3.2)

Neighborhood Characteristics

Proportion
Residents Living
Below Poverty
Level, 1990**

0.18 (0.01)

0.11 (0.01)

0.26 (0.02)

0.13 (0.02)

Proportion
Residents who are
Black, 1990**

0.10 (0.01)

0.06 (0.01)

0.54 (0.03)

0.11 (0.02)

Proportion
Residents who are
Non-White, 1990**

0.30 (0.03)

0.09 (0.01)

0.58 (0.03)

0.35 (0.05)

*N=20,745 adolescents participated in the In-School Questionnaire and In-Home Interview in
Wave I of Add Health. Statistics are reported as: N; Weighted % (SE), unless otherwise

indicated.

**Statistics are reported as: Weighted Mean (SE).
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Table 3a. Adjusted Prevalence Ratios* for Adolescent Obesity by Proportion Black
Students within a School and Individual Race/Ethnicity.

Proportion Non- Non- Asian/Native
Black All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
_ 1.15 1.16 1.13 1.08 1.22
OM~=925 | (103,129) | (087,1.56) | (0.95135) | (0.74,1.56) | (0.74,2.00)
0.26 — 0.50 1.07 1.22 1.04 0.96 2.11
: -5 (0.92, 1.26) (0.91, 1.65) (0.83, 1.30) (0.72,1.28) (1.08, 4.15)
B 1.13 0.80 1.12 1.07 1.24
) ) (0.94, 1.35) (0.38, 1.65) (0.91,1.39) (0.78,1.46) (0.45, 3-39)
_ 1.15 1.52 0.95 1.07 0.97
0.76=1.00 | (5.93,142) | (0.45,506) | (047,1.92) | (0.80,142) | (0.13,7.52)

Table 3b. Adjusted Prevalence Ratios* for Adolescent Obesity by Proportion Non-
White Students within a School and Individual Race/Ethnicity.

Proportion Non- Non- Asian/Native
Non-White All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00

_ 1.00 1.10 0.93 1.83 (1.07, 0.55 (0.15,
0.11—0.25 (0.88,1.14) (0.71,1.70) (0.78,1.11) 3.11) 2.03)

_ 0.96 0.78 0.96 1.31 (0.79, 0.71 (0.23,
0.26 — 0.50 (0.79, 1.16) (0.43, 1.41) (0.75,1.23) 2.17) 2.19)

_ 1.15 1.11 1.09 1.54 (0.94, 0.93 (0.37,
0517975 | (0.97,1.35) | (0.76,1.63) | (0.85,1.40) 2.51) 2.37)

_ 1.07 0.95 1.02 1.52 (0.93, 0.80 (0.21,
Leglo = e (0.88,1.32) (0.60, 1.49) (0.70, 1.48) 2.50) 3.09)

Table 3c. Adjusted Prevalence Ratios* for Adolescent Obesity by School Entropy

(Multi-Group, Standardized) and Individual Race/Ethnicity.

School Non- Non- Asian/Native
Entropy All Hispanic Hispanic American/
Adolescents HisPanic White Black Other
0.02 — 0.10 1.00 1.00 1.00 1.00 1.00
_ 0.94 1.25 0.83 0.81 0.72
0.11—0.25 (0.79, 1.11) (0.66, 2.36) (0.67,1.03) (0.66, 0.98) (0.14, 3.56)
_ 0.95 1.11 0.90 0.87 0.86
0.26 — 0.50 (0.84, 1.08) (0.59, 2.09) (0.78,1.05) (0.72, 1.05) (0.29, 2.54)
_ 1.00 1.23 0.94 0.85 0.70
0.51—0.75 (0.85, 1.18) (0.69, 2.20) (0.77,1.15) (0.68, 1.06) (0.23, 2.07)
_ 1.16 1.51 1.02 0.88 0.89
076550:94 (0.96, 1.39) (0.86, 2.66) (0.91, 1.56) (0.63, 1.22) (0.29, 2.77)

*Adjusted for school-level characteristics (school size, school urbanicity, school type),

neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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Figure 1a. Adjusted* Predicted Prevalence for Adolescent Overweight/Obesity by
Proportion Black Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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Figure 1b. Adjusted* Predicted Prevalence for Adolescent Overweight/Obesity by
Proportion Non-White Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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Figure 1c. Adjusted* Predicted Prevalence for Adolescent Overweight/Obesity by
School Entropy (Multi-Group, Standardized) and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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SPECIFIC AIM 1: APPENDIX

A1.1. Unadjusted Prevalence Ratios for Adolescent Obesity by Proportion Black
Students within a School and Individual Race/Ethnicity.

Proportion Non- Non- Asian/Native
Black All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
011 — 0.2 1.07 1.18 0.98 1.18 0.91
: 25 (0.92, 1.25) (0.98, 1.42) (0.82,1.16) (0.82,1.69) (0.42, 2.00)
0.26 — 0.50 1.15 1.19 1.11 1.14 1.21
) 0 (0.98,1.34) (0.90, 1.58) (0.90, 1.37) (0.84,1.55) (0.59, 2.52)
1— 1.30 0.58 1.36 1.40 1.07
0.51—0.75 (0.96, 1.77) (0.28,1.17) (0.88, 2.10) (0.98, 2.01) (0.45, 2.52)
1.43 1.33 1.36 1.37 2.07
0.76 —1.00 (1.26, 1.62) (0.42, 4.21) (0.76, 2.44) (1.03,1.81) (0.60, 7.22)
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A1.2. Prevalence Ratios for Adolescent Obesity by Proportion Black Students

within a School and Individual Race/Ethnicity, Adjusted for School-Level

Covariates.
Proportion Non- Non- Asian/Native
Black All Hispanic Hispanic American/O
Students Adolescents Hispanic White Black ther
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
_ 1.20 1.22 1.18 1.11 1.38
0.11-0.25 (1.05, 1.38) (1.01, 1.46) (0.97,1.43) (0.79, 1.57) (0.87,2.18)
26 — 1.20 1.23 1.19 1.10 2.17
0- 0-50 (1.05,1.37) (0.94,1.61) (1.00, 1.40) (0.84,1.43) (1.23, 3.83)
1.34 0.56 1.49 1.30 1.67
0.51—0.75 (1.02, 1.77) (0.27,1.17) (1.02, 2.17) (0.98, 1.70) (0.96, 2.91)
1.35 1.23 1.26 1.18 2.47
Legle = e (1.14, 1.61) (0.38,3.98) (0.70, 2.28) (0.93, 1.50) (0.82,7.44)
School Size
1— 400 1.26 1.46 0.93 3.09
students 1.36 (1.15, 1.61) (0.93, 1.69) (1.21,1.77) (0.77,1.12) (1.51, 6.36)
‘1“())10; 1.08 1.07 1.04 1.26 0.88
b
students (0.96, 1.20) (0.87,1.32) (0.88,1.21) (1.08, 1.47) (0.50, 1.53)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
0.90 1.39 0.85 0.80 0.40
Urban (0.76, 1.07) (0.81, 2.40) (0.67,1.08) (0.63,1.00) (0.15, 1.09)
0.98 1.26 1.03 0.91 0.71
Suburban (0.86, 1.11) (0.73, 2.18) (0.88, 1.22) (0.80,1.04) (0.28,1.78)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
c 1.41 1.46 1.20 1.26 2.37
Public (1.10,1.82) (0.91, 2.32) (0.96, 1.74) (0.88, 1.81) (1.01, 5.55)
Private 1.00 1.00 1.00 1.00 1.00
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A1.3. Prevalence Ratios for Adolescent Obesity by Proportion Black Students

within a School and Individual Race/Ethnicity, Adjusted for School- and

Neighborhood-Level Covariates.

Proportion Non- Non- Asian/Native
Black All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
_ 1.14 1.23 1.12 1.06 1.24
0.11-0.25 (1.00, 1.30) (1.02, 1.48) (0.93,1.35) (0.76, 1.48) (0.78,1.96)
0.26 — 0.50 1.08 1.23 1.07 1.03 1.80
) 0 (0.92,1.26) (0.93, 1.61) (0.87,1.33) (0.79,1.33) (0.97, 3.36)
0.51— 0 1.18 0.60 1.37 1.20 1.04
17075 | (0.98,1.44) | (0.29,1.22) | (0.99,1.89) | (0.90,1.59) | (0.43,2.54)
61 1.12 1.38 1.15 1.09 1.40
0.7 -00 (0.88, 1.42) (0.45, 4.27) (0.61, 2.19) (0.83,1.43) (0.29, 6.83)
School Size
1— 400 1.23 1.25 1.26 0.90 2.57
students (1.05, 1.44) (0.91,1.73) (1.06, 1.51) (0.75,1.07) (1.23, 5.35)
‘1“())10; 1.05 1.09 0.98 1.27 0.79
b
students (0.94,1.18) (0.89,1.34) (0.83,1.15) (1.09,1.47) (0.44, 1.40)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
0.90 1.58 0.91 0.78 0.39
Urban (0.76, 1.07) (0.93, 2.69) (0.71,1.16) (0.63, 0.98) (0.14,1.07)
1.03 1.55 1.13 0.90 0.82
Suburban (0.90, 1.18) (0.90, 2.65) (0.95,1.33) (0.80,1.03) (0.32,2.09)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
. 1.31 1.34 1.18 1.21 2.23
Public (1.02,1.67) (0.85, 2.14) (0.88,1.57) (0.83, 1.76) (0.88, 5.67)
Private 1.00 1.00 1.00 1.00 1.00
Neighborhood Characteristics
Poverty in 4.68 2.82 8.08 2.13 6.54
1990 (2.45, 8.93) (0.55,14.44) | (2.92,22.34) (0.97,4.68) | (0.23,187.60)
gf;’g? ;:(llon 1.03 0.55 0.84 1.06 3.94
1990 (0.71,1.48) (0.23,1.36) (0.42, 1.70) (0.70, 1.61) (0.41, 38.03)
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A1.4. Unadjusted Prevalence Ratios for Adolescent Obesity by Proportion Non-
White Students within a School and Individual Race/Ethnicity.

Proportion Non- Non- Asian/Native
Non-White All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
011 — 0.2 0.88 1.09 0.83 1.88 0.25
: 25 (0.75,1.04) (0.74,1.60) (0.71, 0.97) (1.11, 3.16) (0.06, 1.08)
1.05 0.92 1.05 1.51 0.90
0.26 — 0.50 (0.86, 1.28) (0.57,1.49) (0.83,1.33) (0.90, 2.52) (0.23, 3.50)
_ 1.16 1.11 1.11 1.78 0.87
0.51—=0.75 (0.96, 1.39) (0.83,1.49) (0.87,1.40) (1.04, 3.03) (0.27,2.82)
1.29 1.19 1.14 1.75 1.52
0.76 —1.00 (1.11, 1.50) (0.90, 1.56) (0.82,1.59) (1.06, 2.91) (0.45, 5.13)
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A1.5. Prevalence Ratios for Adolescent Obesity by Proportion Non-White Students

within a School and Individual Race/Ethnicity, Adjusted for School-Level

Covariates.
Proportion Non- Non- Asian/Native
Non-White All Hispanic Hispanic American/
Students Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
011 — 0.2 1.02 1.15 0.98 1.77 0.36
: 25 (0.88,1.17) (0.77,1.72) (0.84, 1.15) (1.10, 2.81) (0.08, 1.62)
0.26 — 0.50 1.11 0.88 1.12 1.40 1.13
) 0 (0.93,1.31) (0.57,1.34) (0.93,1.35) (0.91, 2.14) (0.37, 3.42)
1.12 1.29 1.73 1.25
0.51-0.75 |1.32(1.11,1.56) (0.81,1.57) (1.03, 1.62) (1.13, 2.65) (0.51, 3.03)
1.21 1.24 1.59 1.78
0.76 — 1.00 | 1.37(1.19, 1.
4 37 (119, 1.57) (0.89,1.64) (0.89, 1.72) (1.05, 2.40) (0.71, 4.44)
School Size
1— 400 1.38 1.27 0.98 3.06
students (1.17,1.63) (0.90, 1.80) 147 (1.21, 1.77) (0.80, 1.19) (1.28, 7.29)
401~ 1.12 1.07 1.05 1.39
1,000 ) ) : 1.31 (1.12, 1.54) )
students (1.00, 1.25) (0.84,1.36) (0.90, 1.23) (0.74, 2.61)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
0.84 1.45 0.84 0.80 0.45
Urban (0.71,1.01) (0.84, 2.49) (0.65, 1.09) (0.66, 0.99) (0.16, 1.24)
0.95 1.43 1.01 0.96 0.65
Suburban (0.84, 1.08) (0.82, 2.50) (0.86, 1.18) (0.83, 1.11) (0.24,1.73)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
. 1.38 1.33 1.29 1.41 1.91
Public (1.07,1.78) (0.81, 2.18) (0.95, 1.75) (1.04, 1.92) (0.82, 4.41)
Private 1.00 1.00 1.00 1.00 1.00
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A1.6. Prevalence Ratios for Adolescent Obesity by Proportion Non-White Students

within a School and Individual Race/Ethnicity, Adjusted for School- and

Neighborhood-Level Covariates.

Proportion Non- Non- Asian/Native
Non-White All Hispanic Hispanic American/O
Students Adolescents Hispanic White Black ther
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
_ 0.98 1.12 0.95 1.66 0.43
0.11-0.25 (0.86,1.13) (0.76, 1.66) (0.81, 1.12) (1.05, 2.63) (0.10, 1.78)
26 — 1.00 0.84 1.02 1.30 1.03
0- 0-50 (0.83,1.21) (0.52,1.34) (0.81, 1.29) (0.86, 1.98) (0.37,2.88)
1.17 1.04 1.19 1.59 0.99
SR T (0.99,1.39) (0.71,1.52) (0.94, 1.50) (1.04, 2.42) (0.38, 2.53)
6—1 1.13 1.06 1.13 1.43 1.06
0.7 -00 (0.92,1.39) (0.70, 1.60) (0.77, 1.66) (0.94, 2.20) (0.30, 3.77)
School Size
1— 400 1.24 1.23 1.25 0.94 2.60
students (1.06, 1.45) (0.85,1.79) (1.05,1.48) (0.78, 1.13) (1.12, 6.05)
‘1“())10; 1.07 1.08 0.99 1.30 1.17
b
students (0.95, 1.19) (0.86,1.37) (0.84,1.16) (1.10, 1.52) (0.60, 2.29)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
0.87 1.55 0.91 0.79 0.46
Urban (0.73, 1.03) (0.91, 2.65) (0.71,1.18) (0.64, 0.97) (0.16,1.31)
1.01 1.59 1.11 0.94 0.74
Suburban (0.89, 1.15) (0.89, 2.83) (0.95,1.31) (0.82,1.09) (0.25, 2.17)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
. 1.29 1.40 1.17 1.33 2.03
Public (1.01, 1.67) (0.82, 2.37) (0.88,1.56) (0.97,1.83) (0.74, 5.55)
Private 1.00 1.00 1.00 1.00 1.00
Neighborhood Characteristics
Poverty in 4.31 1.76 8.98 2.03 6.39
1990 (2.24, 8.32) (0.28, 10.95) (3.24, 24.87) (1.01, 4.10) (0.28, 148.35)
;2‘;12%}:32 1.10 1.33 0.84 1.12 3.59
o AT (0.74,1.63) (0.49,3.63) | (0.43,1.63) (0.76,1.65) | (0.26,49.94)
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A1.7. Unadjusted Prevalence Ratios for Adolescent Obesity by School Entropy

(Multi-Group, Standardized) and Individual Race/Ethnicity.

School Non- Non- Asian/Native
Entropy All Hispanic Hispanic American/
Adolescents Hispanic White Black Other
0.02 — 0.10 1.00 1.00 1.00 1.00 1.00
1.01 1.25 0.90 1.22 0.45
0.11—0.25 (0.81, 1.25) (0.81,1.93) (0.67,1.19) (0.91,1.64) (0.07,3.04)
0.99 1.35 0.94 1.07 0.71
0.26 — 0.50 (0.85, 1.15) (0.85, 2.14) (0.80, 1.11) (0.80, 1.43) (0.16, 3.12)
1.02 1.38 0.89 1.08 0.70
0.51—=0.75 (0.84,1.23) (0.93, 2.06) (0.72,1.11) (0.75,1.57) (0.14, 3.61)
1.10 1.46 1.24 0.85 0.78
0.76 — 0.94 (0.89,1.37) (0.96, 2.23) (0.95, 1.61) (0.61,1.18) (0.18, 3.35)
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A1.8. Prevalence Ratios for Adolescent Obesity by School Entropy (Multi-Group,

Standardized) and Individual Race/Ethnicity, Adjusted for School-Level

Covariates.
School Non- Non- Asian/Native
Entropy All Hispanic Hispanic American/
Adolescents Hispanic White Black Other
0.02 — 0.10 1.00 1.00 1.00 1.00 1.00
011 — 0.2 1.05 1.26 0.90 1.08 0.51
: 25 (0.87,1.28) (0.71, 2.24) (0.72,1.13) (0.89,1.31) (0.10, 2.51)
1.07 1.33 1.03 1.05 0.92
0.26 — 0.50 (0.94,1.23) (0.76, 2.33) (0.89,1.18) (0.87,1.27) (0.33, 2.58)
0.F1— 0 1.21 1.37 1.10 1.13 0.82
-5 75 (0.99, 1.47) (0.80,2.34) (0.87,1.38) (0.88,1.45) (0.29, 2.28)
1.32 1.53 1.05 1.12
0760941 (155 161 | (0.90,2.58) | 12179 (673 150) | (0.37,3.40)
School Size
1— 400 1.44 1.25 1.49 1.04 2.91
students (1.23, 1.69) (0.90, 1.73) (1.22,1.81) (0.81,1.33) (1.26, 6.73)
;“(’)10; 1.14 1.04 1.06 1.35 1.21
b
students (1.00, 1.30) (0.82,1.34) (0.90, 1.23) (1.12,1.62) (0.66, 2.21)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
0.88 1.39 0.89 0.81 0.45
Urban (0.73, 1.08) (0.81, 2.36) (0.69, 1.14) (0.65, 1.01) (0.18, 1.16)
0.95 1.26 1.04 0.94 0.64
Suburban (0.82,1.10) (0.72, 2.20) (0.89,1.21) (0.81, 1.08) (0.25,1.65)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
c 1.54 1.27 1.41 1.42 2.86
Public (1.16, 2.03) (0.74, 2.17) (1.02, 1.95) (0.96, 2.10) (1.15, 7.10)
Private 1.00 1.00 1.00 1.00 1.00
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A1.9. Prevalence Ratios for Adolescent Obesity by School Entropy (Multi-Group,
Standardized) and Individual Race/Ethnicity, Adjusted for School- and
Neighborhood-Level Covariates.

School Non- Non- Asian/Native
Entropy All Hispanic Hispanic American/
Adolescents Hispanic White Black Other
0.00 — 0.10 1.00 1.00 1.00 1.00 1.00
0.11 — 0.25 0.96 1.26 0.85 1.05 0.58
(0.81, 1.15) (0.69, 2.27) (0.70, 1.05) (0.86, 1.28) (0.11, 3.06)
0.26 — 0.50 0.99 1.30 0.94 1.08 0.78
(0.86,1.14) (0.74, 2.29) (0.81,1.10) (0.89,1.31) (0.28, 2.19)
0.51 — 0.75 1.08 1.30 1.02 1.16 0.72
(0.91, 1.28) (0.75, 2.26) (0.82,1.27) (0.93, 1.46) (0.25, 2.04)
0.76 — 1.00 1.18 1.43 1.27 1.06 0.93
(0.96, 1.46) (0.82,2.51) (1.01, 1.60) (0.75,1.48) (0.32, 2.70)
School Size
1— 400 1.26 1.22 1.25 0.97 2.72
students (1.08, 1.47) (0.88, 1.70) (1.04, 1.50) (0.76, 1.25) (1.30, 5.66)
‘1"(())100 1.08 1.07 0.98 1.31 (1.10, 1.55) 1.28
students (0.96, 1.21) (0.84,1.36) (0.84,1.14) (0.69, 2.39)
1,001 —
4,000 1.00 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.88 1.51 0.96 0.76 0.52
(0.73, 1.06) (0.89, 2.55) (0.75,1.23) (0.61, 0.95) (0.22,1.23)
Suburban 1.01 1.48 1.16 0.89 0.81
(0.88, 1.16) (0.84, 2.61) (0.99, 1.36) (0.78,1.03) (0.37,1.79)
Rural 1.00 1.00 1.00 1.00 1.00
School Type
Public 1.37 1.27 1.36 1.32 2.76
(1.05, 1.79) (0.74, 2.18) (0.94, 1.69) (0.88, 1.96) (0.98, 7.72)
Private 1.00 1.00 1.00 1.00 1.00
Neighborhood Characteristics
Poverty in 4.66 2.04 9.61 1.84 7.59
1990 (2.43, 8.91) (0.29,14.59) | (3.57,25.88) (0.78,4.34) | (0.41,139.32)
;2‘;12%}:32 1.23 1.19 0.94 1.30 4.65
in 1990 (0.89, 1.69) (0.47, 2.99) (0.56, 1.59) (0.88,1.93) (0.95, 22.86)
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SPECIFIC AIM 2

Investigate the multilevel associations between the racial/ethnic structure of school

environments experienced in adolescence and inflammation in early adulthood.

Hypothesis 2a: Adolescents who attend schools with a higher proportion of black

students, higher proportion of non-white students, or with less racial/ethnic
diversity will have higher levels of C-reactive protein (CRP), after adjusting for
individual-, school-, and neighborhood-level characteristics. These associations

will differ by an adolescent’s race/ethnicity.

Hypothesis 2b: Adolescents who attend schools within districts that have higher

levels of racial/ethnic segregation will have higher levels of CRP, after adjusting
for individual-, school-, and neighborhood-level characteristics. These

associations will differ by an adolescent’s race/ethnicity.
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ABSTRACT

Given the critical biological and social development that occurs during adolescence and
the life course implications of harmful exposures that occur during this critical period, it
is necessary to investigate the health consequences of racial/ethnic structure of their
school environments. This study will examine the racial/ethnic differences in the
associations between school racial/ethnic composition, diversity, and district-level
segregation and inflammation in early adulthood. We used data from Waves I (1994-5)
and IV (2008) of the National Longitudinal Adolescent to Adult Health Study
(N=15,701). Inflammation was classified into the following categories of high-sensitivity
C-reactive protein (hsCRP) concentrations: (1) low/average: < 3 mg/L, and (2) high: 3-
10 mg/L. The predicted marginal prevalence of inflammation, by school racial/ethnic
composition (i.e., proportion Black and non-White students), school racial/ethnic
diversity (i.e., school entropy), and district-level segregation (i.e., Black-White
dissimilarity and exposure indices) were estimated from cluster- and sample-weight
adjusted logistic regression models in SUDAAN. Models stratified by race/ethnicity
were adjusted for school-level (size, type, urbanicity), neighborhood-level (poverty,
racial composition), and individual-level (age, gender, parent’s education, physical
activity) characteristics. There were no meaningful associations between the various
measures of the racial/ethnic structure of school environments and inflammation in

early adulthood, even across the different racial/ethnic groups.
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SIGNIFICANCE

Though there have been considerable declines in mortality due to advances in
medical treatments and public health interventions?, cardiovascular disease is still the
leading cause of death in the United States (U.S.)2. Furthermore, having higher levels of
inflammatory biomarkers are associated with a higher cardiometabolic risk3-9. C-
reactive protein (CRP) is one biomarker of systemic inflammation that can bind to low
density lipoprotein and deposit in the walls of the arteries creating a buildup of plaque,
thus playing a direct role in the development of atherosclerosis:o-24. Though the national
prevalence of inflammation has decreased in recent years7:15, there still remains a large
burden among young adults. In fact, among adults ages 20-29 and 30-39 years old, the
prevalence of elevated CRP levels (> 3.0 mg/L) is 26.7% and 30.2%, respectively, in the
U.S.16,

Early-life social factors, particularly those experienced in childhood, can
contribute to increased cardiometabolic risk in adulthood. Long-term external
stressors, such as socio-contextual exposures, can have negative consequences for one’s
sympathetic nervous system and hypothalamic-pituitary-adrenal axis. Repeated stress
on the body may lead to biological “wear and tear” (i.e., allostatic load) and hyperactivity
of adaptive responses, resulting in increases in cortisol levels and the disruption of other
inflammatory processes. Constant wear and tear on the body, particularly from
socioeconomic stressors, can accumulate across one’s life course and produce harmful
cardiometabolic outcomes during adulthood?7-2o.

Racial/ethnic and socioeconomic disparities in inflammation also exist in the
U.S. adult population. Compared to Whites and adults with a high socioeconomic status
(SES), Blacks and those with a lower SES are more likely to have elevated levels of
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inflammatory biomarkers6.21-24. Adults with lower educational attainment are also
more likely to have higher levels of CRP25. Given these persistent disparities, it is
important to investigate the socio-contextual risk factors for inflammation that occur
during childhood or adolescence. In fact, in a previous study among Add Health
participants, Black students who attended predominantly white schools were likely to
have worse health outcomes in early adulthoodz2¢. Thus, the racial/ethnic structure of
school environments experienced during adolescence could be associated with
cardiometabolic outcomes occurring in adulthood.

In order to fully understand the relationship between the racial/ethnic
composition of schools and systemic inflammation in early adulthood, one must
consider the historical context and evolution of school segregation. Public schools in the
U.S. were segregated based on race due to the legal guidelines set out by Plessy v.
Ferguson (1896). This Supreme Court decision resulted in unequal educational
opportunities for black students in this country27-29. Brown v. Board of Education of
Topeka (1954) dismantled the “separate, but equal” doctrine from Plessy and southern
U.S. schools were under mandates to desegregates°. However, over the coming years,
residential segregation persisted and other Supreme Court decisions relinquished school
systems from their court-ordered mandates3!-34, ultimately resulting in the
resegregation of U.S. public schools beginning in the late 1970s29:3537. Given the
evolution from segregation to desegregation, and back to resegregation, the
racial/ethnic structure of schools is a relevant and plausible, social determinant of
cardiometabolic risk in early adulthood.

There is an established relationship between individual- and neighborhood-level

socioeconomic factors during childhood and adolescence and inflammation in

85



adulthood. SES is a fundamental cause of health and health inequalities through its
important link to critical health-relevant resources, as well as its relationship to multiple
diseases38. Having a lower SES in childhood or adolescence is associated with increased
levels of CRP39-41 and an increased risk of type 2 diabetes and obesity42 in adulthood.
Additionally, residing in a neighborhood that is more socioeconomically disadvantaged
in adolescence is associated with an increased risk of metabolic syndrome in early
adulthood43. However, to our knowledge, there are no recent studies that have
examined the relationship between both the absolute racial/ethnic composition of
schools, as well as district-level school segregation, and cardiometabolic risk in early
adulthood. In this study, we will investigate the associations between school
racial/ethnic composition, school diversity, and district-level school segregation
experienced during adolescence and inflammation in early adulthood. Given the
historical context of school segregation in the U.S. and the persistent racial/ethnic
disparities, we will also examine whether these longitudinal associations differ by

race/ethnicity.
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METHODS

Study Design and Population

For this study, we used data from Waves I (1994-1995) and Wave IV (2008) of
the National Longitudinal Study of Adolescent to Adult Health (Add Health). Beginning
in 1994, Add Health is an ongoing, longitudinal study that follows adolescents in grades
7-12 into adulthood. This study utilized a complex sampling design and stratification
method in order to derive a nationally representative sample of U.S. high schools in
Wave I (1994-1995). Using a sampling frame based on a database from the Quality
Education Data, Inc. (QED), Add Health consisted of a school-based sample of
adolescents living in the U.S. Systematic sampling methods and implicit stratification
were used to ensure that the schools in Add Health were representative of all U.S.
schools regarding the following factors: region, urbanicity, size, type, and racial
composition44.

The high schools incorporated into the sample had to include eleventh graders
and at least thirty enrolled students. Seventy-nine percent of sampled schools
participated in the study, resulting in eighty high schools represented in the Add Health
sample. Once high schools were sampled, feeder (i.e., middle) schools were identified to
capture students in the seventh and eighth grades from the 80 communities in which
the high schools were located. These feeder schools were required to include the
seventh grade and had to send at least five graduates to one of the eighty high schools in
the Add Health sample. Altogether, there were 132 U.S. schools included in the Add
Health Wave I sample: eighty high schools and fifty-two feeder schools. There was not a

one to one ratio of high schools to feeder schools because some high schools included
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students from grades seven through twelve, and thus, separate feeder schools were not
recruited for these high schools44.

Given that this was a school-based sample, both in-school questionnaires and in-
home interviews were administered during Wave I. From the sampled schools, there
were 90,118 students in grades seven through twelve who participated in the in-school
questionnaires during Wave I. Of these students, 20,745 adolescents were randomly
selected, based on grade and sex, to be in the “core sample” to participate in the in-home
interviews. Only those students who participated in the in-school questionnaires were
eligible to be selected to participate in the in-home interviews. In addition to the
random selection by grade and sex, investigators oversampled based on the following
criteria: ethnicity, disability status, school saturation, and genetic factors (e.g., twins)44.

Conducted in 2008, Wave IV only consisted of in-home interviews, as well as the
collection of geographic and biological data, for the respondents who were part of the
“core sample” from Wave I of Add Health. Researchers were able to locate 92.5% of the
original Wave I respondents, and of those located, 80.3% were sampled. Wave IV
included 15,701 young adults, aged twenty-four through thirty-four years old. In-home
interviews were conducted using 90-minute computer-assisted personal interviews and
computer-assisted self-interviews. Upon completion of these interviews, biological and

physical measurements were collected44.
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Inflammation

Since higher levels of inflammatory biomarkers are associated with a higher
cardiometabolic risk3-9, inflammation in early adulthood was used as the primary
outcome for this study. Inflammation was assessed by the concentration of high-
sensitivity C-reactive protein (hsCRP) measured during Wave IV of Add Health. Dried
capillary whole blood spots were collected during the Wave IV in-home interviews, and
then assayed at the University of Washington Medical Center Immunology Lab, in
Seattle, Washington4s. In accordance to previously established criteria, inflammation
was classified into the following categories of hsCRP concentration: (1) low/average: <
3 mg/L, and (2) high: 3-10 mg/L. We excluded 1,786 participants who had hsCRP
concentrations > 10 mg/L because these high levels are often a sign of acute

inflammation and/or infection, and may not be related to cardiometabolic risk46.

Individual Race/Ethnicity

Adolescents reported their race/ethnicity during the in-home interview of Wave
I. Individual race/ethnicity consisted of the following categories: Hispanic, Non-
Hispanic White, Non-Hispanic Black, Asian/Pacific Islander, American Indian/Alaska
Native, and Other. We restricted our analyses to include Hispanic, non-Hispanic White,

and non-Hispanic Black participants.

Racial/Ethnic Structure of Schools and School Systems
We evaluated two types of exposures in this study: (1) the racial/ethnic
composition of the schools that the participants attended in adolescence, and (2) the

average racial/ethnic segregation within the district in which their schools resided. The
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measures of composition were utilized to describe the racial/ethnic distribution and
levels of diversity within the Add Health schools. The measures of district-level
segregation aimed to quantify the degree to which racial/ethnic groups of students are
segregated within school districts in Add Health. Thus, we utilized these two types of
exposures in order to investigate the health consequences of the absolute racial/ethnic
make-up of a school, as well as the spatial separation of racial/ethnic groups within a
school district.

School racial/ethnic composition was defined in three ways: (1) the proportion of
the total student population within each Wave I Add Health school that was non-
Hispanic Black; (2) the proportion of the total student population within each school
that was non-White; and (3) the racial/ethnic entropy (i.e., diversity) within each
school. School entropy, a measure of racial/ethnic diversity within a school, was

calculated using the following formula:

n; 1
Ei= ) Qrin(go)
ri=1 t

n; represents the total number of racial/ethnic groups in the ith school. r; represents the
specific racial/ethnic group in the ith school. @, represents the total students in the ith

school made up of the specific racial/ethnic. School entropy is an index that
theoretically ranges from 0 (minimum diversity) to 1 (maximum diversity), after
standardization. For this multi-group measure of entropy, a value of 0 was assigned to
schools where a single racial/ethnic group was present. A value of 1 was assigned to
schools where all racial/ethnic groups were represented equally in the student

populationss.
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The average racial/ethnic segregation within a school district was evaluated using
two indices: (1) the Black-White dissimilarity index, and (2) the Black-White Exposure
Index. Both indices assess the extent to which Black students are segregated from
White students within a school district. The Black-White dissimilarity represents the
proportion of Black students that would have to change their schools in order to achieve
an even racial distribution (among Black and White students) in their respective school
district. The Black-White dissimilarity index was calculated using the following

formula:

N
lz b; w;
vy (B W)
=1

b; is the number of Black students in the ith school. B represents the total Black student
enrollment in the school district. w; is the number of White students in the ith school.
W represents the total White student enrollment in the school district.

The Black-White Exposure index represents the extent to which Black students
are exposed to White students within their school district. This exposure index was

calculated using the following formula:
C w; b
; Gy * t_i)
t; is the total student enrollment within the school (across all racial/ethnic groups).
Ranging from o (lowest probability of exposure) to 1 (highest probability of exposure),
both school segregation indices were previously derived and calculated by Add Health
researchers, using the adolescents’ Wave I school-level data and data from the Common

Core of Data, National Center for Education Statistics47.

Covariates: School
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School-level covariates included: size, urbanicity, and type. Schools were divided
into three categories, based on the definition of school size from the National Center for
Education Statistics (NCES). These categories included: (1) small: 1-400 students, (2)
medium: 401 — 1,000 students, and (3) large: 1,001 — 4,000 students. A school’s
urbanicity was determined according to the NCES and QED classification of the
geographic areas in which the schools reside. This classification included:

(a) Central city of a Consolidated Metropolitan Statistical Area (CMSA) or

Metropolitan Statistical Area (MSA) with population of 250,000 or more

(b) Central city of a CMSA or MSA, but not designated as a large central city

(c¢) Place within the CMSA or MSA of a large central city

(d) Place within the CMSA or MSA of a mid-size central city

(e) Place not within a CMSA or MSA, but with population of 25,000 or more and

defined as urban

(f) Place not within a CMSA or MSA with a population of at least 2,500, but less
than

25,000

(g) Place not within a CMSA or MSA and designated as rural

(h) Place within a CMSA or MSA designated as rural
In this study, schools were categorized as: (1) urban: included schools located within
items (a) and (b); (2) suburban: included schools located within items (¢) — (f); and (3)

rural: included schools located within items (g) and (h). Regarding type, schools were

labeled as either public or private.

Covariates: Neighborhood

At Wave 11T (2001-2002), neighborhood-level data was merged retrospectively
using area of residence during Wave I. This neighborhood data was derived from the
1990 U.S. Census44. Neighborhood-level covariates included: poverty and racial
composition. For neighborhood poverty, we used the proportion of residents in each
adolescents’ census tract who were living below the federal poverty level. The selection

of the neighborhood racial composition was dependent upon the exposure of interest.
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For the analyses that investigated the proportion of Black students within a school and
the school segregation indices, we used the proportion of residents who were non-
Hispanic Black. For the analyses that investigated the proportion of non-White students
within a school and school entropy, we used the proportion of residents who were non-

White.

Covariates: Individual

Individual-level covariates included: age, gender, parental education, and
physical activity. An adolescent’s age (10-13, 14-15, and 16-19 years) and gender (male
vs. female) was self-reported during the in-home interview of Wave I. The educational
attainment levels of an adolescent’s parents were self-reported by the parents during the
in-home interview. In our study, parental education was determined to be the highest
educational attainment of either the mother or father. Parental education was collapsed
into the following categories: less than high school, high school diploma, some college or
an Associate’s degree, and college degree or higher.

An adolescent’s physical activity levels were defined using a previous
categorization based on Add Health data. Physical activity was determined from how
many times per week (during Wave I) the participant engaged in the following three
groups of activities: (a) rollerblading, skating, skate-boarding, and bicycling; (b)
baseball, football, basketball, and soccer; and (c) jogging, walking, jumping rope,
dancing, and karate. Adolescents’ assessed their average weekly participation in these
three groups of activities as (1) not at all, (2) 1 or 2 times, (3) 3 or 4 times, or (4) 5 or
more times. We then assigned the following numerical values:

Notatall =0
10r2tmes=1.5
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3o0r4times=3.5
5 0r more times = 5

We summed across the three groups of activities and created a physical activity score,
which was categorized as: not physically active (< 5 times/week) vs. physically active

(5+ times/week)48.

Statistical Analysis

The predicted prevalence of inflammation were estimated from cluster- and
sample-weight adjusted logistic regression models in SUDAAN. School racial/ethnic
composition, diversity, and district-level segregation were assessed using the continuous
versions of these variables. Analyses included unadjusted models, as well as models
adjusted for covariates in three stages. Stage 1 included linear and logistic regression
models adjusted for school-level covariates (size, type, urbanicity) only. Stage 2
included linear and logistic regression models adjusted for school-level covariates and
neighborhood-level covariates (poverty, racial/ethnic composition). Stage 3 included
the fully-adjusted linear and logistic regression models, which were adjusted for school-
level covariates, neighborhood-level covariates, and individual-level covariates (age,
gender, parental education, physical activity). All models were then stratified by
individual race/ethnicity. Unadjusted models, as well as models from stages 1 & 2, are

included in the Appendix.
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RESULTS

Socio-Demographic Characteristics of Schools, Neighborhoods, and Participants

Table 1 displays the characteristics of the schools attended by the young adults
who participated in Wave IV of Add Health. The racial/ethnic composition, diversity,
and district-level segregation of the schools attended by the participants in this study
population also varied by race/ethnicity. Non-Hispanic Black participants attended
schools during adolescence that had a higher proportion of Black students than schools
attended by Hispanic and non-Hispanic White participants. On average, Hispanic and
non-Hispanic Black participants attended schools during adolescence that had the
highest proportion of non-White students (58% and 67%, respectively). Compared to
non-Hispanic White and non-Hispanic Black adults, Hispanic adults attended schools
during adolescence with the highest average levels of racial/ethnic diversity.

Regarding the Black-White dissimilarity index, in schools attended by Hispanic
and non-Hispanic Black participants, 40% and 38% of Black students, respectively,
would have to change schools in order to achieve an even racial distribution in the
school district. Concerning the Black-White exposure index, in schools attended by
non-Hispanic White participants, Black students had a 74% probability of being exposed
to a White student. In those schools attended by non-Hispanic Black participants had a
39% probability of being exposed to a White student.

The sociodemographic characteristics of the young adults in Wave IV and the
neighborhoods in which they resided during Wave I of Add Health are described in
Table 2. Compared to non-Hispanic White adults, Hispanic and non-Hispanic Black

adults were more likely to have a lower adolescent SES, as measured by their parent’s
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highest educational attainment at Wave 1. The proportion of Add Health participants
with high levels of hsCRP (> 3 and < 10 mg/L) were similar across racial/ethnic groups

— with approximately one-third of the population exhibiting inflammation.

Proportion Black Students and Inflammation

Table 3 presents the adjusted prevalence ratios for inflammation by measures of
school racial/ethnic composition, diversity, and district-level segregation, stratified by
individual race/ethnicity. After adjusting for individual-, school-, and neighborhood-
level covariates, there were null associations between the proportion of Black students
in a school and the prevalence of inflammation, among Hispanic, non-Hispanic White,
and non-Hispanic Black participants. Though the predicted prevalence of inflammation
among Hispanic adults appeared to be higher as the proportion of Black students within
a school was higher (Figure 1a), there was still no overall association among this
racial/ethnic sub-group. Non-Hispanic White participants did not experience a change
in the predicted prevalence of inflammation across the various levels of the proportion
of Black students. Finally, though the predicted prevalence of inflammation among
non-Hispanic Black participants appeared to be lower as the proportion of Black
students within a school was higher, there was no overall association within this

racial/ethnic sub-group.

Proportion Non-White Students within a School and Inflammation

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between the proportion of non-White students in a school and the
prevalence of inflammation, among Hispanic, non-Hispanic White, and non-Hispanic

Black participants (Table 3). In Figure 1b, the predicted prevalence of inflammation
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among Hispanic adults appeared to be higher as the proportion of non-White students
within a school was higher. However, there is no overall association between this
measure of school racial composition and inflammation among this racial/ethnic sub-
group. Furthermore, there is an important finding from the Appendix that is worth
noting. After adjusting for school-level characteristics, there was a significant
association between the proportion of non-White students within a school and the
prevalence of inflammation in early adulthood among Hispanic participants. However,
this association was attenuated after adjusting for neighborhood-level characteristics.
Similar to the findings from the measures of school racial/ethnic composition,
non-Hispanic White participants did not experience a change in the predicted
prevalence of inflammation across the various levels of the proportion of non-White
students. Finally, though the predicted prevalence of inflammation among non-
Hispanic Black adults appeared to be lower as the proportion of non-White students
within a school was higher, there was no overall association among this racial/ethnic

sub-group.

School Entropy and Inflammation

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between the levels of school racial/ethnic diversity and the
prevalence of inflammation, among Hispanic, non-Hispanic White, and non-Hispanic
Black participants (Table 3). In Figure 1c, the predicted prevalence of inflammation
among non-Hispanic Black adults appeared to be higher as the levels of racial/ethnic
diversity within a school were higher. However, there was no overall association

observed among this racial/ethnic sub-group. Similar to the findings with the measures
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of school racial/ethnic composition, non-Hispanic White participants did not experience
a change in the predicted prevalence of inflammation across the various levels of school

diversity.

Black-White Dissimilarity Index (District-Level Segregation) and Inflammation

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between district-level segregation and the prevalence of
inflammation, among Hispanic, non-Hispanic White, and non-Hispanic Black
participants (Table 3). In Figure 1d, the predicted prevalence of inflammation among
Hispanic adults appeared to be higher as the levels of the Black-White dissimilarity
index were higher. However, there was no overall association observed between this
measure of district-level school segregation and inflammation in this racial/ethnic sub-
group. Similar to the findings with school racial/ethnic composition, non-Hispanic
White participants did not experience a change in the predicted prevalence of

inflammation across the various levels of the Black-White dissimilarity index.

Black-White Exposure Index (District-Level Segregation) and Inflammation

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between district-level segregation and the prevalence of
inflammation, among Hispanic, non-Hispanic White, and non-Hispanic Black
participants (Table 3). Similar to the findings from the dissimilarity index, Figure 1e
demonstrated that non-Hispanic White participants did not experience a change in the
predicted prevalence of inflammation across the various levels of the Black-White

exposure index.
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In Figure 1e, the predicted prevalence of inflammation among non-Hispanic
Black adults appeared to be higher as the levels of the Black-White exposure index were
higher. However, there was no overall association observed among this racial/ethnic
sub-group. Furthermore, there is an important finding from the Appendix that is worth
noting. After adjusting for school-level characteristics, there was a significant
association between the exposure index and the prevalence of inflammation in early
adulthood among non-Hispanic Black adults. However, this association was attenuated

after adjusting for neighborhood-level characteristics.
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DISCUSSION

Our study found that there were racial/ethnic differences in the types of schools
attended by the young adults who participated in Wave IV of Add Health. Non-Hispanic
White participants were most likely to attend predominantly White schools, while non-
Hispanic Black participants were most likely to attend predominantly Black/non-White
schools. Hispanic participants were most likely to attend schools with higher levels of
racial/ethnic diversity. Regarding district-level segregation, non-Hispanic Black
participants were more likely to attend schools within racially-segregated districts than
their Hispanic and non-Hispanic White peers. Also, the prevalence of high CRP levels
among these young adults were similar across racial/ethnic groups.

Neither school racial/ethnic composition nor district-level segregation impacted
the likelihood of inflammation for non-Hispanic White participants. Among Hispanic
and non-Hispanic Black participants, there appeared to be increasing and decreasing
trends in the predicted prevalence of inflammation, depending on the levels of school
racial/ethnic composition, diversity, and district-level segregation. However, these
associations did not appear to be meaningful or consistent. Additionally, the
associations between the proportion of non-White students (among Hispanic adults)
and levels of district-level segregation (among non-Hispanic Black adults), and the
prevalence of inflammation were attenuated after the adjustment of covariates. This
attenuation suggests that neighborhood-level characteristics could explain these
associations among Hispanic and non-Hispanic Black students. Further, given that the
prevalence of inflammation is relatively high among these young adults in Add Health, it
is possible that there are other factors occurring in adolescence that could impact levels
of CRP.
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The findings from this study are consistent with previous research that
established a relationship between childhood socioeconomic disadvantage and an
increased cardiometabolic risk in adulthood39-4t. However, to our knowledge, this is the
first study that has investigated the association between the racial/ethnic structure of
school environments in adolescence and cardiometabolic risk in early adulthood.
Regarding school racial/ethnic composition and diversity, the findings indicate that
increasing proportions of Black and non-White students is potentially harmful for
Hispanic participants. It is possible that the lack of economic resources and social
capital in schools that are predominantly Black or non-White can contribute to
inadequate educational opportunities and other health-relevant resources accumulated
over the life course, from adolescence into adulthood. Furthermore, increasing
proportions of Black and non-White students in a school is potentially protective for
non-Hispanic Black participants. Recent studies have demonstrated that Black students
attending predominantly White schools are more likely to experience discrimination
from their teachers and peers, compared to other White students49-52. In addition, Black
students attending predominantly White schools have worse adult health outcomes
compared to their White peers, as a result of the negative consequences of perceived
racial discrimination that they experience while attending these schools2¢. Thus, it is
possible that with increasing proportions of Black and non-White students in a school
result in fewer experiences of racial discrimination. As a result of Black students not
being the “other” during adolescence, they might be experiencing fewer of the
physiological consequences of stress. In terms of the disruption of inflammatory
processes, it may be beneficial for cardiometabolic health of Black students to attend
schools during adolescence with students who look like them.
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Theories from the life course framework support the findings from this study.
The Pathway Model theorizes that harmful socio-contextual exposures experienced in
adolescence can result in poorer health outcomes in adulthood, through its impact on
social mobility and socioeconomic capital acquired from adolescence into early
adulthoods3. One consequence of attending a racially segregated school is the unequal
access to educational opportunities and resources. For example, predominantly
Black/Hispanic and low-income schools are more likely to have fewer advanced courses
and more remedial/vocational courses, and less likely to have access to college-
preparatory course than predominantly White and high-income schools54. This
differential access to critical resources can impact graduation rates and college
attendance, ultimately resulting in detrimental consequences for a student’s health-
relevant resources as an adult, such as educational attainment, employment, and
income. Lower levels of education achieved in these segregated, and often lower-
quality, schools can impact cardiometabolic risk through its impact on social support,
social mobility, and one’s SES that is accumulated across the life coursess-57. Therefore,
it is possible that as Black-White segregation levels, as measured by the exposure index,
increase, the prevalence of inflammation also increases for Black participants in Add
Health, as a result of the inequitable resources and opportunities to which they are
exposed to in adolescence that carry into adulthood.

Due to the nature of the Add Health data, we were not able to estimate the risk of
inflammation since adolescence (i.e., Wave I). Though this was a longitudinal study
design, we were only able to estimate the prevalence of elevated CRP levels in early
adulthood (i.e., at Wave IV). Additionally, Add Health is an observational study and
there are likely unmeasured confounders for which we were unable to adjust. However,

102



we attempted to remedy this by adjusting for relevant confounders at three distinct
levels: the school, the neighborhood, and the individual. Lastly, Add Health only
reported Black-White segregation indices, which describe the levels of segregation only
between Black and White students within a school district. The construction of these
segregation indices could have contributed to the non-significant findings, and it is
possible that the Hispanic-White dissimilarity and exposure indices are more relevant
for Hispanic adolescents.

Our study had four important methodological strengths that are worth
highlighting. First, Add Health was a nationally-representative cohort study, which
used a complex stratification and sampling method. This design increased the external
validity of our findings, pertaining to adolescents attending U.S. public and private
schools between 1994 and 1995. Second, Wave IV of Add Health consisted of a large
study population (N=15,701), which increased the precision of our estimates. Third, this
is one of the first studies to investigate the association between both school-level
measures (e.g., proportion Black students, proportion non-White students, school
diversity) and district-level measures (e.g., Black-White dissimilarity index, Black-White
exposure index) of the racial/ethnic structure of school environments and risk of
inflammation. The school-level exposures investigated in this study allowed us to assess
the absolute racial/ethnic make-up within a school, while the district-level exposures
allowed us to assess the spatial process of racial/ethnic groups within a particular space.
In measuring the exposure in these different ways, we were able to provide a more
comprehensive examinations of the impact of the racial/ethnic structure of schools and
school systems on cardiometabolic health in adulthood. Lastly, we were able to control

for potential confounding at the three levels described above. It was critical to establish
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a more comprehensive understanding of these relationships given the complicated
social processes that operate within schools and school districts.

The findings from this study provide evidence that school racial/ethnic
composition, diversity, and district-level segregation are possibly relevant social
determinants of cardiometabolic health in later life. However, given the complex nature
of U.S. middle and high schools, future research should investigate the potential
mediating role of racial/ethnic discrimination in the relationship between the
racial/ethnic structure of school environments and inflammation in early adulthood.
Additional research is warranted that also examines other segregation indices and
spatial process that are operating within school systems. Given the history of school
segregation and the racial/ethnic shifts in the composition of U.S. public schools since
the late 20th century, our findings can help contribute to both educational polices and
the social epidemiology literature surrounding the health consequences experienced
across the life course of attending racially-homogenous or segregated schools during

adolescence.
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Table 1. School Characteristics by Race/Ethnicity among Young Adults who
Participated in Wave IV of Add Health, 2008*.

Non-Hispanic

Non-Hispanic

S White Black

School Racial/Ethnic Composition

Proportion Black Students** 0.16 (0.02) 0.10 (0.01) 0.58 (0.05)

Proportion Non-White Students** 0.58 (0.05) 0.17 (0.02) 0.67 (0.04)

School Entropy (Multi-Group,

Standardized)** 0.54 (0.03) 0.24 (0.02) 0.36 (0.04)
District-Level Segregation

Black-White Dissimilarity Index** 0.40 (0.04) 0.27 (0.01) 0.38 (0.03)

Black-White Exposure Index** 0.53 (0.05) 0.74 (0.03) 0.39 (0.03)

* N=15,701 adolescents participated in the In-School Questionnaire and In-Home Interview in
Wave I, as well as the In-Home Interview in Wave 1V of Add Health. All statistics are reported

as: N; Weighted % (SE).

**Statistics are reported as: Weighted Mean (SE).
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Table 2. Individual and Neighborhood Characteristics by Race/Ethnicity among
Young Adults who Participated in Wave IV of Add Health, 2008*.

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Individual Characteristics

Age at Wave I

10 — 13 years old

266; 26.7 (5.6)

1,527; 30.5 (3.9)

578; 24.8 (5.3)

14 — 15 years old

631; 34.8 (2.3)

2,337; 34.7 (1.5)

929; 33.7 (1.7)

16 — 19 years old

852; 38.5 (4.4)

2,455; 34.8 (2.7)

980; 41.5 (5.0)

Gender
Male | 1,119;50.7(1.8) [ 3,938;50.7(0.8) | 1,334;49.7 (1.4)
Parent’s Educational Attainment at Wave I
Less than HS 375; 29.1 (3.4) 347; 6.4 (0.8) 151; 9.3 (1.2)
HS Diploma/GED 428; 31.4 (2.1) 1,872; 34.2 (1.6) 546; 37.1(2.7)
SD%r;igollege or Associate’s 210; 12.1 (1.6) 1,037; 17.9 (0.8) 305; 18.2 (1.2)

Bachelor’s Degree or Higher

348; 27.4 (2.4)

2,442; 41.5 (1.9)

1,118; 35.4 (2.9)

Physical Activity at Wave I

Less than 5 times/week

900; 36.6 (1.8)

2,845; 33.7 (1.1)

1,134; 38.6 (1.8)

5 or more times/week

1,456; 63.4 (1.8)

8,304; 66.3 (1.1)

1,952; 61.4 (1.8)

High Sensitivity CRP at Wave IV

High: > 3 and < 10 mg/L

| 662; 35.1 (1.5)

2,065; 31.6 (0.8) |

Neighborhood Characteristics

Below Poverty Level, 1000%+ | 18 (0:01) 0.11 (0.01) 0.26 (0.02)
b

Proportion Residents who 6

are Black, 1990** 0.10 (0.01) 0.06 (0.01) 0.54 (0.03)
P rtion Residents wh

a:gllil(:)ni%hitees,llge;oiy ° 0.30 (0.03) 0.09 (0.01) 0.58 (0.03)

* N=15,701 adolescents participated in the In-School Questionnaire and In-Home Interview in
Wave I, as well as the In-Home Interview in Wave IV of Add Health. All statistics are reported

as: N; Weighted % (SE).

**Statistics are reported as: Weighted Mean (SE).
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Table 3. Adjusted Prevalence Ratios* for Inflammation in Early Adulthood by the
Racial/Ethnic Structure of Schools and School Systems during Adolescence and

Individual Race/Ethnicity, Add Health Waves I (1994-5) and IV (2008).

Total
Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Proportion
Black
Students

1.03 (0.70, 1.52)

1.69 (0.44, 6.45)

1.07 (0.52, 2.20)

0.65 (0.36, 1.16)

Proportion
Non-White
Students

1.10 (0.78, 1.55)

1.70 (0.63, 4.58)

1.13 (0.64, 2.00)

0.75 (0.41,1.37)

School
Entropy
(Multi-
Group)

1.14 (0.85, 1.54)

0.95 (0.36, 2.50)

1.06 (0.65, 1.73)

1.67 (0.76, 3.65)

Black-White
Dissimilarity
Index

0.93 (0.60, 1.45)

2.17(0.75, 6.31)

1.00 (0.49, 2.05)

1.05 (0.43, 2.55)

Black-White
Exposure
Index

1.03 (0.77, 1.39)

0.54 (0.24, 1.24)

0.98 (0.68, 1.42)

1.74 (0.82, 3.71)

*Adjusted for school-level characteristics (school size, school urbanicity, school type),

neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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Figure 1a. Adjusted* Predicted Prevalence for Inflammation in Early Adulthood by
Proportion Black Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (age, gender, parent’s highest
education, physical activity).
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Figure 1b. Adjusted* Predicted Prevalence for Inflammation in Early Adulthood by
Proportion Non-White Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (age, gender, parent’s
highest education, physical activity).
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Figure 1c. Adjusted* Predicted Prevalence for Inflammation in Early Adulthood by
School Entropy (Multi-Group, Standardized) and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (age, gender, parent’s
highest education, physical activity).
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Figure 1d. Adjusted* Predicted Prevalence for Inflammation in Early Adulthood by
Average School Segregation — Black-White Dissimilarity Index — and Individual
Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty,
neighborhood proportion who are non-white), and individual-level characteristics
(age, gender, parent’s highest education, physical activity).
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Figure 1e. Adjusted* Predicted Prevalence for Inflammation in Early Adulthood by
Average School Segregation — Black-White Exposure Index — and Individual
Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (age, gender, parent’s
highest education, physical activity).
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SPECIFIC AIM 2: APPENDIX

A2.1. Unadjusted Prevalence Ratios for Inflammation in Early Adulthood by
Proportion of Black Students in a School during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Total Population

Hispanic

Non-Hispanic

White

Non-Hispanic
Black

Proportion
Black
Students

1.19 (0.94, 1.51)

2.74 (0.83, 9.06)

1.04 (0.61, 1.77)

0.86 (0.50, 1.49)

0.10*

0.31 (0.01, 0.30)

0.33 (0.29, 0.37)

0.31(0.29, 0.33)

0.37 (0.30, 0.45)

0.25%

0.32(0.30, 0.33)

0.36 (0.32, 0.41)

0.31(0.29, 0.34)

0.36 (0.31, 0.43)

0.50%

0.33 (0.31, 0.35)

0.42 (0.32, 0.53)

0.32 (0.27, 0.37)

0.36 (0.31, 0.40)

0.75%

0.34 (0.31, 0.37)

0.48 (0.31, 0.66)

0.32 (0.25, 0.40)

0.35 (0.31, 0.39)

0.90*

0.34 (0.31, 0.38)

0.52 (0.31, 0.73)

0.32 (0.23, 0.42)

0.34 (0.29, 0.40)

*Predicted Prevalence (95% CIs).
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A2.2. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by
Proportion of Black Students in a School during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Non-Hispanic Non-Hispanic
Total Population Hispanic White Black
Proportion
Black 1.22 (0.96, 1.53) 2.96 (0.94, 9.28) 1.24 (0.70, 2.22) 0.57 (0.32, 1.02)
Students
0.10* 0.31 (0.30, 0.33) 0.33 (0.29, 0.36) 0.31(0.29, 0.33) 0.42 (0.33, 0.51)
0.25% 0.32(0.30, 0.33) 0.36 (0.32, 0.41) 0.32 (0.29, 0.35) 0.40 (0.33, 0.47)
0.50* 0.33 (0.31, 0.35) 0.43 (0.33, 0.53) 0.33 (0.28, 0.39) 0.36 (0.32, 0.41)
0.75% 0.34 (0.31, 0.37) 0.49 (0.33, 0.66) 0.34 (0.26, 0.44) 0.33 (0.29, 0.37)
0.90% 0.35 (0.31, 0.39) 0.53 (0.33, 0.73) 0.35 (0.25, 0.46) 0.31(0.27, 0.36)
School Size
1— 400
students 1.15 (0.99, 1.33) 1.00 (0.71, 1.41) 1.17 (0.98, 1.38) 1.21(0.85, 1.72)
ggllde;igoo 1.00 (0.90, 1.11) 1.08 (0.87, 1.34) 0.96 (0.84, 1.10) 1.34 (1.03, 1.74)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.87(0.76, 0.99) 0.81 (0.53, 1.24) 0.87(0.72, 1.05) 0.88 (0.67, 1.16)
Suburban 0.92 (0.82,1.04) 0.88 (0.58, 1.34) 0.94 (0.81, 1.09) 1.05 (0.83, 1.34)
Rural 1.00 1.00 1.00 1.00
School Type

Public 1.20 (1.03, 1.40) 1.14 (0.71, 1.85) 1.10 (0.91, 1.33) 2.30 (1.14, 4.64)
Private 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.3. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by

Proportion of Black Students in a School during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
Proportion
Black 1.04 (0.77, 1.40) 1.76 (0.61, 5.05) 1.15 (0.60, 2.22) 0.66 (0.34, 1.28)
Students
0.10* 0.32(0.30, 0.33) 0.34 (0.30, 0.38) 0.31(0.29, 0.33) 0.40 (0.31, 0.50)
0.25% 0.32 (0.30, 0.33) 0.35 (0.32, 0.39) 0.32 (0.29, 0.35) 0.39 (0.32, 0.46)
0.50* 0.32(0.30, 0.34) 0.39 (0.30, 0.48) 0.32 (0.27, 0.39) 0.36 (0.32, 0.41)
0.75% 0.32 (0.28, 0.36) 0.42 (0.28, 0.57) 0.33 (0.24, 0.43) 0.34 (0.20, 0.38)
0.90% 0.32 (0.28, 0.37) 0.44 (0.27, 0.63)_ 0.34 (0.23, 0.46) 0.33 (0.28, 0.38)
School Size
1— 400
students 1.11 (0.96, 1.29) 0.98 (0.68, 1.39) 1.12 (0.95, 1.33) 1.13 (0.77, 1.64)
ggllde;igoo 0.99 (0.89, 1.10) 1.08 (0.87, 1.34) 0.95 (0.82, 1.08) 1.35 (1.05, 1.75)
;iﬁﬁ;;tg’ooo 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 0.86(0.76,0.98) | 0.76 (0.48,1.21) 0.88 (0.73, 1.06) 0.90 (0.68, 1.19)
Suburban | 0.94(0.83,1.05) 0.83 (0.53, 1.30) 0.96 (0.83, 1.11) 1.07 (0.85, 1.35)
Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.17 (1.01, 1.37) 1.25 (0.72, 2.18) 1.07 (0.89, 1.30) 2.05 (1.03, 4.10)
Private 1.00 1.00 1.00 1.00
gs:zil;?y(ﬁl;;%d 1.83 (0.94, 3.56) 0.51(0.12, 2.14) 2.17 (0.69, 6.85) 2.74 (1.01, 7.45)
Neighborhood
Proportion 1.08 (0.79, 1.48) 3.76 (1.33, 10.62) 0.93 (0.44, 2.01) 0.65 (0.38, 1.12)
Black, 1990

*Predicted Prevalence (95% CIs).
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A2.4. Adjusted Relative Risks for Inflammation in Early Adulthood by Proportion
of Black Students in a School during Adolescence, Add Health Waves I (1994-5)

and IV (2008).
Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
Proportion
Black 1.03 (0.70, 1.52) 1.69 (0.44, 6.45) 1.07 (0.52, 2.20) 0.65 (0.36, 1.16)
Students
0.10* 0.31 (0.29, 0.33) 0.32 (0.28, 0.37) 0.31 (0.29, 0.33) 0.39 (0.32, 0.47)
0.25% 0.31(0.30, 0.33) 0.34 (0.29, 0.38) 0.31(0.28, 0.35) 0.38 (0.32, 0.44)
0.50* 0.32 (0.29, 0.35) 0.36 (0.27, 0.47) 0.32 (0.26, 0.38) 0.36 (0.31, 0.40)
0.75% 0.32 (0.27, 0.37) 0.39 (0.24, 0.57) 0.32 (0.23, 0.43) 0.33 (0.29, 0.38)
0.90% 0.32 (0.26, 0.38) 0.41 (0.22, 0.63) 0.32 (0.21, 0.46) 0.32 (0.27, 0.38)
School Size
1— 400
students 1.14 (0.97, 1.35) 1.06 (0.74, 1.50) 1.10 (0.90, 1.34) 1.34 (0.97, 1.84)
401 — 1,000
students 1.04 (0.92, 1.17) 1.04 (0.74, 1.45) 0.96 (0.83, 1.11) 1.77 (1.35, 2.34)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 0.85(0.73,0.98) | 0.75(0.42,1.33) 0.90 (0.74, 1.09) 0.92 (0.64, 1.31)
Suburban | 0.92(0.81,1.09) 0.94 (0.55, 1.62) 0.95 (0.81, 1.12) 1.01 (0.77, 1.31)
Rural | 1.00 1.00 1.00 1.00
School Type
Public 1.04 (0.86, 1.27) 1.21 (0.68, 2.15) 0.96 (0.78, 1.20) 2.32 (1.05, 5.14)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.51 (0.68, 3.35) 0.42 (0.06, 3.09) 1.55 (0.44, 5.52) 5.43 (1.60, 18.37)
Neighborhood
Proportion 1.11 (0.73, 1.70) 5.43 (1.34, 21.90) 1.05 (0.45, 2.44) 0.60 (0.35, 1.04)
Black, 1990
Age at Wave 1
(1)(1)('113 years 0.94 (0.81, 1.09) 1.06 (0.71, 1.59) 0.97 (0.81, 1.16) 0.71 (0.54, 0.94)
:)‘1‘('115 years 1.02 (0.92, 1.14) 0.96 (0.71, 1.30) 1.05 (0.91, 1.21) 0.91 (0.72, 1.14)
16-19 years 1.00 1.00 1.00 1.00
old
Gender
Male | 1.00 1.00 1.00 1.00
Female | 158(1.44,1.73) | 1.95(1.45,2.62) 1.55 (1.38, 1.74) 1.73 (1.33, 2.25)
Parental Education at Wave I

<HS | 118(0.97,1.43) | 1.25(0.86,1.80) 1.34 (1.05, 1.71) 0.73 (0.53, 1.01)
HS Diploma | 1.19(1.07,1.34) 1.38 (0.97, 1.96) 1.22 (1.07, 1.40) 0.89 (0.75, 1.06)
Some College | 1.07 (0.93, 1.23) 0.96 (0.61, 1.51) 1.08 (0.92, 1.27) 1.04 (0.81, 1.33)
College+ | 1.00 1.00 1.00 1.00
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Physical Activity at Wave I

<5

times/week I 1.05 (0.95, 1.17) 0.77 (0.57, 1.03) 1.11 (0.96, 1.27) 0.97 (0.80, 1.18)
5+

times/week I 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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Az2.5. Unadjusted Prevalence Ratios for Inflammation in Early Adulthood by
Proportion of Non-White Students in a School during Adolescence, Add Health
Waves I (1994-5) and IV (2008).

Total Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Proportion
Non-White
Students

1.11 (0.90, 1.37)

1.67 (0.88, 3.20)

1.03 (0.71, 1.50)

0.79 (0.43, 1.44)

0.10*

0.31(0.29, 0.33)

0.29 (0.22, 0.37)

0.31(0.29, 0.33)

0.38 (0.29, 0.48)

0.25%

0.31(0.30, 0.33)

0.30 (0.25, 0.37)

0.31(0.29, 0.33)

0.38 (0.30, 0.45)

0.50%

0.32(0.30, 0.34)

0.33 (0.29, 0.37)

0.32 (0.28, 0.35)

0.36 (0.31, 0.41)

0.75%

0.33 (0.30, 0.35)

0.36 (0.32, 0.41)

0.32 (0.27, 0.37)

0.35 (0.31, 0.39)

0.90*

0.33 (0.30, 0.36)

0.38 (0.32, 0.44)

0.32 (0.26, 0.38)

0.34 (0.30, 0.39)

*Predicted Prevalence (95% CIs).
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A2.6. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by

Proportion of Non-White Students in a School during Adolescence, Add Health

Waves I (1994-5) and IV (2008).

Non-Hispanic Non-Hispanic
Total Population Hispanic White Black
Proportion
Non-White 1.23 (1.00, 1.51) 2.09 (1.11, 3.94) 1.29 (0.85, 1.97) 0.62 (0.36, 1.07)
Students
0.10* 0.31(0.29, 0.33) 0.27 (0.20, 0.34) 0.31(0.29, 0.33) 0.42 (0.33, 0.51)
0.25* 0.31 (0.30, 0.33) 0.29 (0.23, 0.35) 0.32 (0.30, 0.34) 0.40 (0.33, 0.48)
0.50* 0.32 (0.31, 0.34) 0.33 (0.29, 0.37) 0.33 (0.30, 0.37) 0.37(0.32, 0.42)
0.75% 0.34 (0.31, 0.36) 0.37(0.33, 0.41) 0.35 (0.29, 0.41) 0.34 (0.31, 0.38)
0.90% 0.34 (0.31, 0.38) 0.39 (0.34, 0.45) 0.35 (0.28, 0.43) 0.33 (0.29, 0.37)
School Size
;t:lggl(l)ts 1.16 (1.00, 1.35) 1.06 (0.77, 1.46) 1.18 (0.99, 1.40) 1.14 (0.81, 1.61)
3311(1;;;:00 1.01 (0.91, 1.13) 1.11 (0.87, 1.40) 0.96 (0.84, 1.10) 1.29 (1.00, 1.66)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.84 (0.74,0.96) | 0.85(0.60,1.20) 0.85 (0.71, 1.02) 0.91 (0.69, 1.19)
Suburban 0.91(0.81,1.03) | 1.02(0.75,1.39) 0.93 (0.80, 1.07) 1.06 (0.84, 1.34)
Rural 1.00 | 1.00 1.00 1.00
School Type

Public 1.19 (1.02,1.39) | 1.07(0.71, 1.61) 1.10 (0.91, 1.33) 2.11 (1.02, 4.38)
Private 1.00 | 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.7. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by

Proportion of Non-White Students in a School during Adolescence, Add Health
Waves I (1994-5) and IV (2008).

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
Proportion
Non-White 1.20 (0.92, 1.56) 1.72 (0.81, 3.64) 1.28 (0.77, 2.14) 0.76 (0.41, 1.42)
Students
0.10% 0.31(0.29, 0.33) 0.29 (0.21, 0.38) 0.31(0.29, 0.33) 0.39 (0.30, 0.49)
0.25* 0.31(0.30, 0.33) 0.30 (0.24, 0.38) | 0.32(0.29, 0.34) 0.38 (0.31, 0.46)
0.50* 0.32(0.30, 0.34) 0.33 (0.29, 0.38) 0.33 (0.29, 0.37) 0.36 (0.32, 0.42)
0.75% 0.33 (0.30, 0.36) 0.36 (0.32, 0.41) 0.34 (0.28, 0.42) 0.35 (0.31, 0.39)
0.90% 0.34 (0.30, 0.38) 0.38 (0.32, 0.44) 0.35 (0.27, 0.44) 0.34 (0.29, 0.39)
School Size
L~ 400 112 (0.97,1.30) | 1.07(0.78,1.49) | 113(0.95,1.34) | 1.07(0.73,1.57)
studen‘ts . . 9 . . . 9 . . . b . . . b .
401 — 1,000
students 1.00 (0.89, 1.11) 1.13 (0.89, 1.43) 0.95 (0.82, 1.09) 1.31 (1.02, 1.68)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 084(0.75,0.95) | 0.84(0.60,1.17) 0.85 (0.71, 1.02) 0.94 (0.71, 1.23)
Suburban | 0.93(0.83,1.04) | 0.94(0.69,1.28) 0.95 (0.82, 1.10) 1.08 (0.86, 1.36)
Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.15 (0.99, 1.35) 1.16 (0.74, 1.82) 1.07 (0.88, 1.29) 1.87(0.91, 3.81)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.95 (0.95, 4.01) 0.34 (0.07, 1.70) 2.18 (0.72, 6.56) 2.44 (0.90, 6.61)
Neighborhood
Proportion
Non-White, 0.91 (0.64, 1.29) 1.99 (0.90, 4.41) 0.87(0.40, 1.91) 0.64 (0.37, 1.11)
1990

*Predicted Prevalence (95% CIs).
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A2.8. Adjusted Relative Risks for Inflammation in Early Adulthood by Proportion
of Non-White Students in a School during Adolescence, Add Health Waves I (1994-

5) and IV (2008).
Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
Proportion
Non-White 1.10 (0.78, 1.55) 1.70 (0.63, 4.58) 1.13 (0.64, 2.00) 0.75 (0.41, 1.37)
Students
0.10% 0.31(0.29, 0.33) 0.28 (0.19, 0.38) 0.31(0.29, 0.33) 0.38 (0.30, 0.47)
0.25* 0.31(0.30, 0.33) 0.29 (0.23, 0.37) 0.31 (0.29, 0.34) 0.37(0.31, 0.44)
0.50* 0.32(0.30, 0.34) 0.32 (0.28, 0.37) 0.32 (0.28, 0.37) 0.36 (0.31, 0.41)
0.75% 0.32 (0.29, 0.36) 0.35 (0.29, 0.41) 0.33 (0.26, 0.41) 0.34 (0.30, 0.39)
0.90% 0.33 (0.28, 0.37) 0.36 (0.29, 0.45) 0.33 (0.24, 0.43) 0.33 (0.28, 0.39)
School Size
1— 400
students 1.14 (0.97, 1.34) 1.13 (0.76, 1.68) 1.10 (0.90, 1.34) 1.25 (0.91, 1.73)
401 — 1,000
students 1.04 (0.92, 1.17) 1.06 (0.73, 1.55) 0.96 (0.83, 1.12) 1.71 (1.30, 2.26)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 0.84(0.72,0.98) | 0.79 (0.50,1.27) 0.89 (0.73, 1.08) 0.95 (0.66, 1.37)
Suburban I 092(0.81,1.05) | 1.05(0.67,1.62) 0.95 (0.81, 1.11) 1.01 (0.77, 1.33)
Rural | 1.00 1.00 1.00 1.00
School Type
Public 1.03 (0.85, 1.26) 1.13 (0.67, 1.89) 0.96 (0.77, 1.20) 2.11 (0.91, 4.90)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.76 (0.77, 4.00) 0.42 (0.05, 3.27) 1.58 (0.47, 5.31) 5.26 (1.53, 18.09)
Neighborhood
Proportion
Non-White, 0.94 (0.60, 1.48) 1.52 (0.49, 4.76) 0.97 (0.41, 2.30) 0.91 (0.72, 1.14)
1990
Age at Wave 1
(1)(1)('113 years 0.94 (0.81, 1.09) 1.08 (0.72, 1.64) 0.97 (0.81, 1.16) 0.72 (0.54, 0.94)
:)‘1‘('115 years 1.02 (0.92, 1.14) 0.97 (0.71, 1.32) 1.05 (0.91, 1.21) 0.91 (0.72, 1.14)
16-19 years 1.00 1.00 1.00 1.00
old
Gender
Male | 1.00 | 1.00 1.00 1.00
Female | 158(1.44,1.73) | 1.31(1.42,2.58) 1.55 (1.38, 1.74) 1.74 (1.33, 2.26)
Parental Education at Wave 1

<HS I 117(0.96,1.41) | 1.19(0.83,1.73) 1.34 (1.05, 1.71) 0.72 (0.52, 1.00)
HS Diploma | 1.19(1.07,1.33) | 1.37(0.97,1.93) 1.22 (1.07, 1.40) 0.89 (0.75, 1.06)
Some College | 1.07 (0.94, 1.23) 0.99 (0.64, 1.52) 1.08 (0.92, 1.27) 1.04 (0.81, 1.33)
College+ | 1.00 1.00 1.00 1.00
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Physical Activity at Wave I

<5

times/week I 1.05 (0.95, 1.17) 0.79 (0.59, 1.07) 1.11 (0.96, 1.27) 0.97 (0.80, 1.18)
5+

times/week I 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.9. Unadjusted Prevalence Ratios for Inflammation in Early Adulthood by
School Entropy (Multi-Group, Standardized) during Adolescence, Add Health

Waves I (1994-5) and IV (2008).

Total Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

School
Entropy
(Multi-
Group)

0.96 (0.76, 1.21)

1.61 (0.72, 3.60)

0.92 (0.66, 1.29)

0.92 (0.49, 1.74)

0.10*

0.32(0.30, 0.34)

0.30 (0.21, 0.40)

0.32(0.30, 0.34)

0.36 (0.31, 0.41)

0.25%

0.32(0.30, 0.33)

0.31 (0.24, 0.39)

0.31(0.29, 0.33)

0.36 (0.31, 0.40)

0.50%

0.31(0.30, 0.33)

0.34 (0.30, 0.38)

0.31(0.28, 0.34)

0.35 (0.31, 0.40)

0.75%

0.31(0.29, 0.34)

0.36 (0.32, 0.41)

0.30 (0.26, 0.35)

0.35 (0.28, 0.42)

0.90*

0.31 (0.28, 0.34)

0.38 (0.32, 0.45)

0.30 (0.25, 0.36)

0.34 (0.26, 0.44)

*Predicted Prevalence (95% CIs).
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A2.10. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Entropy (Multi-Group, Standardized) during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Non-Hispanic Non-Hispanic
Total Population Hispanic White Black
School
?ﬁ:ﬁ‘:}fy 1.23 (0.92, 1.63) 1.68 (0.78, 3.62) 1.17 (0.79, 1.74) 1.51 (0.56, 4.06)
Group)
0.10* 0.31(0.29, 0.33) 0.29 (0.21, 0.39) 0.31(0.29, 0.33) 0.33 (0.28, 0.39)
0.25% 0.31(0.30, 0.33) 0.31(0.24, 0.38) 0.31(0.29, 0.33) 0.34 (0.30, 0.38)
0.50* 0.33 (0.31, 0.35) 0.34 (0.30, 0.38) 0.32 (0.29, 0.35) 0.37(0.31, 0.43)
0.75% 0.34 (0.30, 0.37) 0.37(0.33, 0.41) 0.33 (0.28, 0.38) 0.39 (0.29, 0.51)
0.90% 0.34 (0.30, 0.39) 0.39 (0.33, 0.45) 0.34 (0.28, 0.40) 0.41 (0.27, 0.55)
School Size
1—400 1.18 (1.01, 1.37) 1.04 (0.74, 1.47) 1.18 (0.99, 1.40) 1.17 (0.80, 1.70)
students ’ ’ ’ ’
401 —
1,000 1.01(0.91, 1.14) 1.07 (0.85, 1.34) 0.97 (0.84, 1.11) 1.30 (0.99, 1.69)
students
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.84 (0.73, 0.97) 0.87(0.60, 1.26) 0.86 (0.72, 1.03) 0.87(0.65, 1.16)
Suburban 0.91 (0.81, 1.03) 0.95 (0.68, 1.32) 0.93 (0.80, 1.08) 1.03 (0.81, 1.31)
Rural 1.00 1.00 1.00 1.00
School Type

Public 1.22 (1.04, 1.43) 1.14 (0.71, 1.84) 1.11 (0.92, 1.35) 2.06 (1.10, 3.86)
Private 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.11. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Entropy (Multi-Group, Standardized) during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Total
Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

School
Entropy
(Multi-GrouP)

1.18 (0.88, 1.57)

1.04 (0.43, 2.52)

1.10 (0.69, 1.74)

1.50 (0.54, 4.20)

0.10*

0.31(0.29, 0.33)

0.34 (0.24, 0.46)

0.31(0.29, 0.33)

0.33 (0.27, 0.40)

0.25* 0.31(0.30, 0.33) 0.34 (0.27, 0.43) 0.31 (0.29, 0.33) 0.35 (0.30, 0.39)

0.50* 0.32(0.30, 0.34) 0.34 (0.30, 0.39) 0.32(0.28, 0.35) 0.37 (0.31, 0.43)

0.75% 0.33 (0.30, 0.37) 0.35 (0.31, 0.39) 0.32 (0.27, 0.38) 0.39 (0.29, 0.51)

0.90% 0.34 (0.30, 0.38) 0.35 (0.29, 0.41) 0.32 (0.26, 0.40) 0.41 (0.27, 0.56)
School Size

L~ 400 113 (0.97,1.32) | 1.02(0.72,1.45) | 113(0.95,1.35) | 1.11(0.75,1.65)

students . . b . . . b . . . b . . . 9 .

401 — 1,000

students 1.00 (0.89, 1.12) 1.11 (0.89, 1.39) 0.95 (0.82, 1.09) 1.34 (1.03, 1.73)

1,001 — 4,000

students 1.00 1.00 1.00 1.00

School Urbanicity

Urban I 0.83(0.73,0.95) | 0.85(0.59,1.23) 0.87(0.72,1.04) | 0.90 (0.68,1.20)

Suburban | 093(0.82,1.04) | 0.91(0.65,1.27) 0.95 (0.82, 1.10) 1.07 (0.85, 1.33)

Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.18 (1.01, 1.37) 1.23 (0.72, 2.09) 1.08 (0.90, 1.30) 1.87(0.99, 3.56)

Private 1.00 1.00 1.00 1.00

Neighborhood

Poverty, 1990 1.96 (0.96, 3.99) 0.37 (0.08, 1.79) 2.10 (0.69, 6.41) 2.95 (1.04, 8.41)

Neighborhood

Proportion

Non-White, 1.02 (0.75, 1.37) 2.76 (1.22, 6.22) 1.04 (0.47, 2.26) 0.55 (0.32, 0.94)

1990

*Predicted Prevalence (95% CIs).
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A2.12. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Entropy (Multi-Group, Standardized) during Adolescence, Add Health Waves I
(1994-5) and IV (2008).

Total
Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

School
Entropy
(Multi-Group)

1.14 (0.85, 1.54)

0.95 (0.36, 2.50)

1.06 (0.65, 1.73)

1.67 (0.76, 3.65)

0.10%

0.31(0.29, 0.33)

0.33 (0.23, 0.45)

0.31(0.29, 0.33)

0.32 (0.27, 0.38)

Non-White,
1990

0.98 (0.69, 1.39)

2.31(0.36, 2.50)

1.05 (0.45, 2.43)

0.25% 0.31(0.30, 0.33) 0.33 (0.25, 0.42) 0.31(0.29, 0.33) 0.34 (0.29, 0.39)

0.50* 0.32 (0.30, 0.34) 0.33 (0.28, 0.37) 0.32 (0.28, 0.35) 0.37 (0.32, 0.42)

0.75% 0.33 (0.29, 0.36) 0.32 (0.28, 0.37) 0.32 (0.26, 0.38) 0.39 (0.32, 0.48)

0.90% 0.33 (0.29, o.§7) 0.32 (0.26, 0.5:,9) 0.32 (0.25_;, 0.40) 0.41 (0.;_2,1, o.§2)
School Size

;tuggl?ts 1.15 (0.98, 1.37) 1.07 (0.72, 1.57) 1.10 (0.90, 1.35) 1.32 (0.94, 1.86)

;‘&he,ﬁ;’oo 1.04 (0.92, 1.18) 1.05 (0.73, 1.49) 0.96 (0.83, 1.12) 1.77 (1.33, 2.35)

;’tz(()lz;tg,ooo 1.00 1.00 1.00 1.00

School Urbanicity

Urban I 0.83(0.71,0.97) | 0.82(0.50,1.34) 0.89 (0.73, 1.09) 0.91 (0.62, 1.32)

Suburban | 092(0.80,1.09) | 1.03(0.65,1.63) 0.95 (0.81, 1.11) 1.00 (0.76, 1.32)

Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.04 (0.86, 1.27) 1.17 (0.65, 2.10) 0.97 (0.78, 1.20) 2.13 (1.01, 4.51)

Private 1.00 1.00 1.00 1.00

ggi%ﬂ’y‘ﬁg‘;%d 1.78 (0.79, 4.00) 0.44 (0.06, 3.42) 1.55 (0.46, 5.24) 6.75 (2.15, 21.13)

Neighborhood

Proportion

0.46 (0.26, 3.65)

Some College

1.07 (0.93,1.23) |

0.99 (0.65, 1.53)

1.08 (0.92, 1.27)

Age at Wave I

(1)(1)('113 years 0.94 (0.81, 1.09) 1.10 (0.73, 1.67) 0.97 (0.81, 1.16) 0.70 (0.53, 0.93)
(1)‘1‘('115 years 1.02 (0.92, 1.14) 0.97 (0.71, 1.33) 1.05 (0.91, 1.21) 0.89 (0.71, 1.12)
16-19 years 1.00 1.00 1.00 1.00

old

Gender
Male | 1.00 | 1.00 1.00 1.00
Female | 158(1.44,173) | 1.91(.42,257) 1.55 (1.38, 1.74) 1.74 (1.34, 2.27)
Parental Education at Wave I
<HS I 116(096,1.41) | 1.19(0.82,1.72) 1.34 (1.05, 1.71) 0.72 (0.52, 0.99)
HS Diploma | 1.19(1.07,1.33) 1.35 (0.95, 1.91) 1.22 (1.07, 1.40) 0.89 (0.74, 1.06)
|

1.04 (0.82, 1.33)
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College+ | 1.00 | 1.00

1.00

1.00

Physical Activity at Wave I

<5

times/week 1.05 (0.95, 1.17) I 0.79 (0.58, 1.07) 1.11 (0.96, 1.27) 0.96 (0.79, 1.17)
5+

times/week 1.00 I 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.13. Unadjusted Prevalence Ratios for Inflammation in Early Adulthood by
School Segregation — Black-White Dissimilarity Index — in a School during
Adolescence, Add Health Waves I (1994-5) and IV (2008).

Total Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Dissimilarity
Index

0.93 (0.68, 1.26)

0.71 (0.38, 1.31)

1.19 (0.72, 1.96)

0.56 (0.29, 1.10)

0.05%

0.32 (0.30, 0.35)

0.38 (0.32, 0.45)

0.31(0.28, 0.34)

0.39 (0.33, 0.45)

0.20%

0.32(0.31, 0.34)

0.37 (0.32, 0.41)

0.31(0.29, 0.33)

0.37(0.33, 0.41)

0.40*

0.32(0.30, 0.33)

0.35 (0.32, 0.38)

0.32(0.30, 0.34)

0.34 (0.31, 0.38)

0.60*

0.31(0.29, 0.34)

0.33 (0.30, 0.37)

0.33 (0.29, 0.37)

0.32 (0.27, 0.37)

0.80*

0.31(0.28, 0.35)

0.32 (0.27, 0.38)

0.33 (0.28, 0.40)

0.29 (0.23, 0.37)

*Predicted Prevalence (95% CIs).
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A2.14. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation — Black-White Dissimilarity Index — in a School during Adolescence,
Add Health Waves I (1994-5) and IV (2008).

Non-Hispanic Non-Hispanic
Total Population Hispanic White Black
});(Sli?ﬂanty 1.06 (0.75, 1.51) 1.27 (0.65, 2.50) 1.02 (0.55, 1.88) 0.80 (0.40, 1.60)
0.05% 0.31(0.29, 0.34) 0.33 (0.27, 0.39) 0.31(0.28, 0.34) 0.37 (0.30, 0.44)
0.20* 0.31(0.30, 0.33) 0.33 (0.29, 0.38) 0.31(0.29, 0.33) 0.36 (0.31, 0.42)
0.40% 0.32 (0.30, 0.34) 0.35 (0.31, 0.38) 0.31(0.29, 0.34) 0.35 (0.32, 0.39)
0.60* 0.32 (0.29, 0.35) 0.36 (0.31, 0.41) 0.31 (0.27, 0.36) 0.34 (0.30, 0.39)
0.80* 0.32 (0.28, 0.37) 0.37 (0.30, 0.45) 0.31(0.24, 0.39) 0.33 (0.27, 0.41)
School Size
1— 400
students 1.14 (0.98, 1.32) 1.10 (0.77, 1.56) 1.13 (0.95, 1.35) 1.08 (0.76, 1.52)
401 — 1,000
students 1.02 (0.91, 1.13) 1.10 (0.88, 1.38) 0.97 (0.82, 1.11) 1.24 (0.97, 1.58)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban I 0.88(0.77,1.00) | 0.85(0.55,1.29) 0.89 (0.76, 1.05) 0.91 (0.69, 1.22)
Suburban | 0.92(0.81,1.04) | 0.91(0.62,1.35) 0.94 (0.81, 1.09) 1.05 (0.80, 1.36)
Rural | 1.00 | 1.00 1.00 1.00
School Type

Public | 124G.07,144) | 116(0.65,2.09) 1.13 (0.95, 1.36) 1.91 (1.01, 3.61)
Private | 1.00 | 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.15. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation — Black-White Dissimilarity Index — in a School during Adolescence,
Add Health Waves I (1994-5) and IV (2008).

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
})nl(slseyﬂanty 0.96 (0.68, 1.35) 1.27(0.63, 2.54) 0.96 (0.53, 1.73) 1.21 (0.55, 2.66)
0.05% 0.32 (0.30, 0.34) 0.33 (0.27, 0.39) 0.31(0.28, 0.35) 0.34 (0.28, 0.41)
0.20* 0.32(0.30,0.33) | 0.34(0.29,0.39) 0.31 (0.29, 0.33) 0.35 (0.30, 0.40)
0.40* 0.32(0.30, 0.33) 0.35 (0.31, 0.38) 0.31(0.28, 0.34) 0.36 (0.32, 0.40)
0.60* 0.31 (0.29, 0.34) 0.36 (0.31, 0.41) 0.31(0.26, 0.36) 0.36 (0.31, 0.42)
0.80* 0.31(0.27, 0.35) 0.37 (0.30, 0.44) 0.31(0.24, 0.38) 0.37(0.29, 0.46)
School Size
1—400 1.08 (0.93, 1.25) 1.08 (0.77, 1.51) 1.06 (0.89, 1.25) 1.07 (0.74, 1.55)
students . . 9 . . . 9 . . . 9 . . . 9 .
401 — 1,000
students 0.99 (0.89, 1.10) 1.11 (0.89, 1.39) 0.94 (0.82,1.08) 1.33 (1.04, 1.71)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 0.87(0.77,0.98) | 0.78 (0.49, 1.25) 0.89 (0.75, 1.05) 0.92 (0.70, 1.21)
Suburban I 0.93(0.83,1.05) | 0.83(0.53,1.30) 0.96 (0.82, 1.11) 1.05 (0.83, 1.33)
Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.18 (1.02, 1.37) 1.31 (0.69, 2.51) 1.08 (0.90, 1.29) 1.82(0.98, 3.37)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.95 (1.01, 3.77) 0.37 (0.08, 1.67) 2.72 (0.88, 8.42) 3.18 (1.14, 8.91)
Neighborhood
Proportion 1.08 (0.82, 1.42) 4.68 (1.48, 14.84) 1.02 (0.46, 2.28) 0.46 (0.26, 0.81)
Black, 1990

*Predicted Prevalence (95% CIs).
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A2.16. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation — Black-White Dissimilarity Index — in a School during Adolescence,
Add Health Waves I (1994-5) and IV (2008).

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
})nl(sliyﬂanty 0.93 (0.60, 1.45) 2.17 (0.75, 6.31) 1.00 (0.49, 2.05) 1.05 (0.43, 2.55)
0.05% 0.32 (0.29, 0.34) 0.28 (0.21, 0.36) 0.31(0.28, 0.35) 0.35 (0.28, 0.42)
0.20* 0.31(0.30, 0.33) 0.30 (0.25, 0.36) 0.31(0.29, 0.33) 0.35 (0.30, 0.40)
0.40* 0.31(0.29, 0.33) 0.33 (0.29, 0.38) 0.31(0.28, 0.34) 0.35 (0.31, 0.39)
0.60* 0.31 (0.28, 0.34) 0.36 (0.30, 0.43) 0.31(0.26, 0.37) 0.35 (0.30, 0.41)
0.80* 0.31(0.26, 0.36) 0.39 (0.29, 0.51) 0.31(0.23, 0.40) 0.35 (0.27, 0.45)
School Size
1— 400
students 1.11 (0.94, 1.31) 1.19 (0.85, 1.66) 1.04 (0.86, 1.27) 1.24 (0.92, 1.67)
401 — 1,000
students 1.04 (0.92, 1.17) 1.07 (0.76, 1.52) 0.96 (0.83, 1.11) 1.73 (1.30, 2.31)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 0.85(0.73,0.99) | 0.68(0.37, 1.25) 0.91 (0.76, 1.09) 0.94 (0.63, 1.38)
Suburban I 0.91(0.80,1.04) | 0.88(0.51,1.53) 0.95 (0.80, 1.12) 0.99 (0.74, 1.33)
Rural | 1.00 1.00 1.00 1.00
School Type
Public 1.05 (0.87, 1.27) 1.24 (0.67, 2.29) 0.96 (0.78, 1.19) 2.05 (0.96, 4.37)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.62 (0.75, 3.51) 0.25 (0.03, 1.75) 1.89 (0.55, 6.53) | 5.89(1.62,21.43)
Neighborhood
Proportion 1.12 (0.79, 1.58) 7.02 (1.62, 30.45) 1.09 (0.45, 2.63) 0.44 (0.23, 0.83)
Black, 1990
Age at Wave 1
10-1
old 3 years 0.93 (0.80, 1.08) 1.11 (0.75, 1.65) 0.95 (0.79, 1.14) 0.74 (0.56, 0.97)
(1)‘1‘('115 years 1.01 (0.91, 1.13) 0.96 (0.71, 1.30) 1.04 (0.90, 1.20) 0.91 (0.72, 1.14)
16-19 years 1.00 1.00 1.00 1.00
old
Gender
Male | 1.00 1.00 1.00 1.00
Female | 157(0.44,1.73) | 1.98(1.48,2.65) 1.55 (1.38, 1.73) 1.73 (1.33, 2.24)
Parental Education at Wave I

<HS I 120(0.99,1.45 | 1.24(0.86,1.79) 1.35 (1.06, 1.73) 0.79 (0.57, 1.10)
HS Diploma | 1.20(1.07,1.35) | 1.38(0.97,1.96) 1.24 (1.08, 1.42) 0.90 (0.75, 1.07)
Some College | 1.09(0.95,1.25) | 0.96 (0.61,1.52) 1.10 (0.93, 1.30) 1.05 (0.82, 1.35)
College+ | 1.00 1.00 1.00 1.00

135




Physical Activity at Wave I

0.97 (0.80, 1.19)

<5

times/week 1.03 (0.92, 1.14) 0.77 (0.57, 1.03) 1.07 (0.93, 1.23)

5+

times/week 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.17. Unadjusted Prevalence Ratios for Inflammation in Early Adulthood by

School Segregation — Black-White Exposure Index — in a School during

Adolescence, Add Health Waves I (1994-5) and IV (2008).

Total Population

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Exposure
Index

1.08 (0.90, 1.31)

1.03 (0.70, 1.51)

1.17 (0.89, 1.54)

1.94 (1.07, 3.51)

0.10%

0.31(0.29, 0.33)

0.35 (0.30, 0.39)

0.29 (0.26, 0.33)

0.30 (0.25, 0.36)

0.25%

0.31(0.29, 0.33)

0.35 (0.31, 0.39)

0.30 (0.27, 0.33)

0.32 (0.29, 0.36)

0.50%

0.32(0.30, 0.33)

0.35 (0.32, 0.38)

0.31(0.29, 0.33)

0.36 (0.33, 0.40)

0.75%

0.32(0.31, 0.34)

0.35 (0.31, 0.39)

0.32 (0.30, 0.33)

0.40 (0.34, 0.46)

0.90*

0.32 (0.30, 0.34)

0.35 (0.31, 0.40)

0.32 (0.30, 0.34)

0.42 (0.35, 0.50)

*Predicted Prevalence (95% CIs).
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A2.18. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation — Black-White Exposure Index — in a School during Adolescence, Add
Health Waves I (1994-5) and IV (2008).

Non-Hispanic Non-Hispanic
Total Population Hispanic White Black
Efg:;ure 0.94 (0.76, 1.17) 0.72 (0.45, 1.15) 1.02 (0.74, 1.39) 2.19 (1.16, 4.16)
0.10* 0.32 (0.29, 0.35) 0.38 (0.32, 0.44) 0.31(0.26, 0.36) 0.30 (0.26, 0.36)
0.25% 0.32 (0.30, 0.35) 0.37(0.32, 0.42) 0.31(0.27, 0.35) 0.33 (0.29, 0.37)
0.50* 0.32 (0.30, 0.33) 0.35 (0.31, 0.39) 0.31 (0.29, 0.34) 0.37(0.33, 0.42)
0.75* 0.31(0.30, 0.33) 0.33 (0.29, 0.37) 0.31(0.29, 0.33) 0.42 (0.35, 0.49)
0.90* 0.31(0.29, 0.33) 0.32 (0.27, 0.37) 0.31(0.29, 0.33) 0.45 (0.36, 0.54)
School Size
1—400 1.13 (0.98, 1.31) 1.09 (0.76, 1.56) 1.13 (0.96, 1.34) 1.07 (0.76, 1.51)
students . .98, 1. . .76, 1. . .96, 1. . .76, 1.
401 —
1,000 1.01 (0.91, 1.13) 1.12 (0.89, 1.41) 0.97 (0.85, 1.11) 1.29 (1.02, 1.63)
students
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.88(0.77,0.99) | 0.84(0.56,1.25) 0.90 (0.77, 1.05) 0.89 (0.68, 1.15)
Suburban 0.92(0.82,1.04) | 0.94(0.65,1.36) 0.94 (0.81, 1.09) 1.02 (0.82, 1.27)
Rural 1.00 | 1.00 1.00 1.00
School Type

Public 1.24 (1.07,1.44) | 1.20(0.68, 2.14) 1.13 (0.95, 1.36) 1.81 (1.01, 3.24)
Private 1.00 | 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A2.19. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation —Black-White Exposure Index — in a School during Adolescence, Add
Health Waves I (1994-5) and IV (2008).

Black, 1990

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
Efg:;ure 1.08 (0.85, 1.39) 0.80 (0.49, 1.32) 1.08 (0.78, 1.50) 1.89 (0.95, 3.78)
0.10* 0.31(0.27, 0.34) 0.37(0.31, 0.43) 0.30 (0.26, 0.35) 0.31(0.26, 0.38)
0.25% 0.31 (0.28, 0.34) 0.36 (0.32, 0.41) 0.30 (0.27, 0.34) 0.33 (0.29, 0.38)
0.50* 0.31(0.30, 0.33) 0.35 (0.31, 0.39) 0.31(0.28, 0.33) 0.37(0.33, 0.41)
0.75% 0.32(0.30, 0.33) 0.34 (0.29, 0.38) 0.31(0.29, 0.33) 0.41 (0.35, 0.47)
0.90* 0.32 (0.30, 0.34) 0.33 (0.27, 0.39) 0.31(0.29, 0.34) 0.43 (0.35, 0.42)
School Size
1— 400
students 1.09 (0.94, 1.25) 1.07 (0.76, 1.51) 1.06 (0.90, 1.25) 1.03 (0.72, 1.47)
401 — 1,000
students 0.99 (0.90, 1.10) 1.12 (0.89, 1.40) 0.94 (0.82,1.08) 1.31 (1.03, 1.67)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici
Urban I 0.87(0.77,0.98) | 0.79 (0.51,1.22) 0.89 (0.76, 1.05) 0.91 (0.69, 1.18)
Suburban I 0.93(0.83,1.05) | 0.84(0.5,1.30) 0.96 (0.82, 1.11) 1.04 (0.83, 1.31)
Rural | 1.00 1.00 1.00 1.00
School Type

Public 1.18 (1.02, 1.37) 1.34 (0.70, 2.57) 1.08 (0.90, 1.29) 1.72 (0.95, 3.13)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.96 (1.01, 3.82) 0.35 (0.07, 1.76) 2.69 (0.86, 8.42) 2.42 (0.87, 6.72)
Neighborhood
Proportion 1.13 (0.83, 1.53) 4.40 (1.42, 13.66) 1.09 (0.48, 2.50) 0.71 (0.42, 1.20)

*Predicted Prevalence (95% CIs).
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A2.20. Adjusted Prevalence Ratios for Inflammation in Early Adulthood by School
Segregation — Black-White Exposure Index — in a School during Adolescence, Add
Health Waves I (1994-5) and IV (2008).

Total Non-Hispanic Non-Hispanic
Population Hispanic White Black
E
I:(ll):;ure 1.03 (0.77, 1.39) 0.54 (0.24, 1.24) 0.98 (0.68, 1.42) 1.74 (0.82, 3.71)
0.10* 0.31(0.27, 0.35) 0.38 (0.30, 0.48) 0.31(0.26, 0.37) 0.32 (0.26, 0.38)
0.25% 0.31(0.28, 0.34) 0.36 (0.30, 0.44) 0.31(0.27, 0.36) 0.33 (0.29, 0.38)
0.50* 0.31(0.29, 0.33) 0.33 (0.29, 0.38) 0.31(0.28, 0.34) 0.36 (0.32, 0.41)
0.75% 0.31 (0.30, 0.33) 0.30 (0.25, 0.36) 0.31(0.29, 0.33) 0.39 (0.33, 0.46)
0.90* 0.31(0.29, 0.34) 0.29 (0.23, 0.36) 0.31(0.29, 0.34) 0.41 (0.33, 0.50)
School Size
1— 400
students 1.11 (0.95, 1.31) 1.14 (0.81, 1.61) 1.04 (0.86, 1.25) 1.19 (0.89, 1.61)
401 — 1,000
students 1.04 (0.93, 1.18) 1.07 (0.75, 1.52) 0.96 (0.83, 1.11) 1.70 (1.30, 2.23)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban I 085(0.74,0.98) | 0.71(0.40,1.23) 0.91 (0.76, 1.08) 0.92 (0.64, 1.32)
Suburban | 0.91(0.80,1.04) | 0.92(0.54,1.55) 0.95 (0.80, 1.12) 0.98 (0.75, 1.28)
Rural | 1.00 1.00 1.00 1.00
School Type
Public 1.05 (0.86, 1.27) 1.29 (0.69, 2.41) 0.96 (0.78, 1.19) 1.96 (0.94, 4.09)
Private 1.00 1.00 1.00 1.00
Neighborhood
Poverty, 1990 1.60 (0.73, 3.51) 0.22 (0.02, 1.88) 1.89 (0.55, 6.51) 4.77 (1.47, 15.46)
Neighborhood
Proportion 1.13 (0.77, 1.66) 5.84 (1.40, 24.30) 1.08 (0.44, 2.67) 0.61 (0.35, 1.05)
Black, 1990
Age at Wave 1
(1)(1)('113 years 0.93 (0.80, 1.08) 1.11 (0.75, 1.63) 0.95 (0.79, 1.14) 0.75 (0.57, 0.99)
(1)‘1‘('115 years 1.01(0.91, 1.13) 0.95 (0.70, 1.29) 1.04 (0.90, 1.20) 0.92 (0.73, 1.16)
16-19 years 1.00 1.00 1.00 1.00
old
Gender
Male | 1.00 | 1.00 1.00 1.00
Female | 157(.44,1.73) | 1.98 (147, 2.68) 1.55 (1.38, 1.73) 1.71(1.31, 2.23)
Parental Education at Wave I

<HS I 120(0.99,1.45 | 1.22(0.85,1.76) 1.35 (1.06, 1.73) 0.78 (0.56, 1.09)
HS Diploma [ 1.20 (1.07, 1.35) 1.39 (0.99, 1.95) 1.24 (1.08, 1.42) 0.89 (0.75, 1.06)
Some College | 1.09 (0.95, 1.25) 0.94 (0.60, 1.47) 1.10 (0.94, 1.30) 1.04 (0.82, 1.34)
College+ | 1.00 1.00 1.00 1.00
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Physical Activity at Wave I

0.98 (0.80, 1.18)

<5

times/week 1.03 (0.92, 1.14) 0.77 (0.57, 1.03) 1.07 (0.93, 1.23)

5+

times/week 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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SPECIFIC AIM 3

Investigate the multilevel associations between the racial/ethnic structure of school

environments experienced in adolescence and experiences of preterm birth (PTB).

Hypothesis 3a: Female adolescents who attend schools with a higher proportion

of Black students, higher proportion of non-White students, or with less
racial/ethnic diversity will have a higher prevalence of PTB, after adjusting for
individual-, school-, and neighborhood-level characteristics. These associations

will differ by an adolescent’s race/ethnicity.

Hypothesis 3b: Female adolescents who attend schools within districts that have

higher levels of racial/ethnic segregation will have a higher prevalence of PTB,
after adjusting for individual-, school-, and neighborhood-level characteristics.

These associations will differ by an adolescent’s race/ethnicity.
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ABSTRACT

Since the causes of the persistent racial/ethnic and socioeconomic disparities in preterm
birth (PTB) are still not fully understood, it is necessary to investigate the potential
adverse consequence of the racial/ethnic structure of school environments on pregnancy
outcomes. This study will examine the racial/ethnic differences in the associations
between school racial/ethnic composition, diversity, and district-level segregation and
experiences of PTB. Our study population included females who participated in both
Waves I (1994-5) and V (2016-18) of the National Longitudinal Adolescent to Adult
Health Study, and who had a singleton, first birth by Wave V (N=4,380). Preterm births
were defined as any birth that occurred prior to thirty-seven gestational weeks. The
predicted marginal prevalence of PTB, by school racial/ethnic composition (i.e.,
proportion Black and non-White students), school racial/ethnic diversity (i.e., school
entropy), and district-level segregation (i.e., Black-White dissimilarity and exposure
indices) were estimated from cluster- and sample-weight adjusted logistic regression
models in SUDAAN. Models stratified by race/ethnicity were adjusted for school-level
(size, type, urbanicity), neighborhood-level (poverty, racial composition), and
individual-level (age, gender, parent’s education, physical activity) characteristics.
Hispanic females were 95% less likely (95% CI: 0.00, 0.56) to experience a PTB as the
proportion of Black students in their schools increased from 0 to 100%. There were no
meaningful associations between the racial/ethnic structure of school environments and

experiences of PTB for non-Hispanic White and Black female participants.
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SIGNIFICANCE

Preterm births (PTBs) are defined as an infant born less than thirty-seven
gestational weeks!. The prevalence of PTBs in the United States (U.S.) has decreased in
the last decade due to the reduction of population-wide risk factors (e.g., smoking, etc.)
and the development of important medical interventions and policies2. However,
approximately 11.4% of U.S. infants were still born preterm in 20133, which is relatively
high compared to other developed nations®4. Though preterm delivery is often thought
to be a result of infection or inflammation, hemorrhage, and maternal stresst5; other
early-life socio-contextual factors can also contribute to the risk of PTB during the
reproductive years.

Increased levels of stress and lower levels of socioeconomic status (SES) during
childhood and adolescence are potentially associated with the risk of PTB, through the
physiological effects of inflammation. Socioeconomic disadvantage in childhood can
have adverse effects on pregnancy outcomes, suggesting that contextual factors in early
life may have greater consequences on the reproductive health of women across their
life course than social disadvantage experienced during pregnancy®-8. Furthermore,
women who experience chronic stressors across the life course may not be able to
regulate their inflammatory and endocrine responses when confronted with a prenatal
stress. This dysregulation, due to psychological and social stress, can result in increased
levels of corticotropin-releasing hormone produced by the placenta, increasing the risk
of preterm delivery®.9-11.

Geronimus’ “weathering” hypothesis also suggests that Black women have worse
birth outcomes than White women due to the declines in reproductive potential that
results from social, economic, and political disadvantages and stressors experienced
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repeatedly across the life course!2. In fact, Black infants are more likely to be born
preterm than White infants:3.6:13-14, There are also established socioeconomic
disparities in PTB7-8.1517, These socioeconomic differences may vary by maternal
race/ethnicity, in that having a higher SES may be more beneficial for the reproductive
health of White women than Black women7:'7. It is possible that the pathways for PTB
develop during childhood and are exacerbated by stress and inflammation experienced
early in life. Given the racial/ethnic and socioeconomic disparities, it is important to
investigate the socio-contextual risk factors for PTB that occur during childhood or
adolescence.

The racial/ethnic structure of school environments and systems experienced
during early life could be a risk factor for PTB during the reproductive years. In another
study using Add Health data, researchers found that Black students who attended White
schools were more likely to have worse health outcomes in early adulthood8. However,
there are no recent studies that have investigated the impact of both school racial
composition and district-level segregation on pregnancy outcomes, such as PTB. In
order to fully understand the relationship between the racial/ethnic structure of school
environments and experiences of PTB, one must consider the historical context and
evolution of school segregation in the U.S. Public schools in the U.S. were segregated
based on race due to the legal guidelines set out by Plessy v. Ferguson (1896). This
Supreme Court decision resulted in unequal educational opportunities for Black
students in this country'9-2t. Brown v. Board of Education of Topeka (1954) dismantled
the “separate, but equal” doctrine from Plessy and southern U.S. schools were under
mandates to desegregate22. However, over the coming years, residential segregation
persisted and other Supreme Court decisions relinquished school systems from their
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court-ordered mandates23-26, ultimately resulting in the resegregation of U.S. public
schools beginning in the late 1970s21.27-29, Furthermore, the 1980s and 1990s saw
significant decreases in the White student enrollment in urban schools, as well as
increases in the minority student enrollment2’. Given this unique historical context and
the racial demographics of U.S. schools in the 1990s, the racial/ethnic structure of
school environments is a plausible social determinant of health that is relevant for
contemporary students.

According to ecosocial theory, humans can biologically embody the social,
economic, and political aspects of the environments in which they live and interactse.
Therefore, it is possible that mothers and children can internalize the adverse health
consequences of contextual factors, such as school segregation, over time. Given that
adolescents spend a considerable amount of time in school, it is necessary to examine
the health consequences of attending racially-homogenous or segregated schools during
adolescence. Having lower levels of maternal childhood SES is associated with an
increased likelihood of low birth weight among Add Health participants3:. However,
little is known about the consequences of school environments on a mother’s risk of
PTB.

In addition, the Accumulation of Risks Model suggests that the adverse health
effects of harmful socio-contextual exposures experienced in early life, particularly
adolescence can accumulate over times2. It is possible that the stress that Black and
Hispanic students experience in predominantly white schools, due to racial/ethnic
discrimination from their teachers and/or peers, can accumulate over time. It is also
plausible that Black and Hispanic students attending schools in racially-segregated
districts may have less access to critical health-relevant, social and economic resources.
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These psychosocial and socioeconomic stressors arising from attending racially
homogenous and segregated schools could have negative consequences for one’s
sympathetic nervous system and hypothalamic-pituitary-adrenal axis. In fact, it has
been established that repeated stress, especially during the critical period of
adolescence, is associated with increased endocrine levels and the disruptions of
inflammatory processes33-35. Thus, inadequate educational opportunities experienced in
racially homogenous or segregated schools could result in health inequities across the
life course and even from mother to child.

To our knowledge, this is the first study that has investigated the impact of school
racial/ethnic composition and segregation on experiences of PTB. Given the relevance
of this socio-contextual exposure, especially since U.S. schools have resegregated in
recent years, it is important to understand whether the racial/ethnic structure of school
environments can have adverse effects on pregnancy outcomes. Therefore, this seeks to
examine whether the associations between school racial/ethnic composition, diversity,
and district-level segregation and experiences of PTB among the participants in Add

Health differ by individual race/ethnicity.
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METHODS

Study Design and Population

We used data from Waves I (1994-1995) and Wave V (2016-2018) of the National
Longitudinal Study of Adolescent to Adult Health (Add Health). Beginning in 1994, Add
Health is an ongoing, longitudinal study that follows adolescents in grades 7-12 into
adulthood. This study utilized a complex sampling design and stratification method in
order to derive a nationally representative sample of U.S. high schools in Wave I (1994-
1995). Using a sampling frame based on a database from the Quality Education Data,
Inc. (QED), Add Health consisted of a school-based sample of adolescents living in the
U.S. Systematic sampling methods and implicit stratification were used to ensure that
the schools in Add Health were representative of all U.S. schools regarding the following
factors: region, urbanicity, size, type, and racial composition3®.

The high schools incorporated into the sample had to include eleventh graders
and at least thirty enrolled students. Seventy-nine percent of sampled schools
participated in the study, resulting in eighty high schools represented in the Add Health
sample. Once high schools were sampled, feeder (i.e., middle) schools were identified to
capture students in the seventh and eighth grades from the 80 communities in which
the high schools were located. These feeder schools were required to include the
seventh grade and had to send at least five graduates to one of the eighty high schools in
the Add Health sample. Altogether, there were 132 U.S. schools included in the Add
Health Wave I sample: eighty high schools and fifty-two feeder schools. There was not a

one to one ratio of high schools to feeder schools because some high schools included
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students from grades seven through twelve, and thus, separate feeder schools were not
recruited for these high schools3¢.

Given that this was a school-based sample, both in-school questionnaires and in-
home interviews were administered during Wave I. From the sampled schools, there
were 90,118 students in grades seven through twelve who participated in the in-school
questionnaires during Wave I. Of these students, 20,745 adolescents were randomly
selected, based on grade and sex, to be in the “core sample” to participate in the in-home
interviews. Only those students who participated in the in-school questionnaires were
eligible to be selected to participate in the in-home interviews. In addition to the
random selection by grade and sex, investigators oversampled based on the following
criteria: ethnicity, disability status, school saturation, and twin sets (e.g., genetic
factors)3e.

Conducted between 2016 and 2018, Wave V included the collection of biological,
behavioral, social, and geographic data for the living Add Health participants who were
part of the “core sample” from Wave 1. The 19,828 eligible Add Health participants
were between 31 and 43 years old. Wave V was the first wave of Add Health to utilize a
mixed-mode survey design for data collection. Add Health participants were allowed to
choose between a web- or mail-based questionnaires, with in-person and/or phone
interviews to follow-up with participants who did not respond. There was a 69.3%

response rate in Wave V, resulting in a total sample population of 12,300 participants3”.
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Experiences of Preterm Birth (PTB)

The Wave V questionnaires asked Add Health participants about their complete
reproductive and fertility histories across the life course. Participants reported all
relationships, pregnancies, and live births across their lifetime. We restricted our study
population to only include the female participants who had a singleton, first birth by
Wave V. There were 8,168 singleton, first births at Wave V. Our final analysis
population included the 4,380 of these births corresponded to female participants. Self-
reported experiences of preterm birth were assessed using the following question: “A
preterm delivery is one that occurs before 37 weeks in pregnancy (more than 3 weeks
early). Was the baby born preterm?” Participants responded either yes or no.
Individual Race/Ethnicity

Adolescents reported their race/ethnicity during the in-home interview of Wave
I. Individual race/ethnicity consisted of the following categories: Hispanic, non-
Hispanic White, non-Hispanic Black, Asian/Pacific Islander, American Indian/Alaska
Native, and other. We restricted our analyses to include Hispanic, non-Hispanic White,

and non-Hispanic Black participants.

Racial/Ethnic Structure of School Environments and School Districts

We evaluated two types of exposures in this study: (1) the racial/ethnic
composition of the schools that the participants attended in adolescence, and (2) the
average racial/ethnic segregation within the district in which their schools resided. The
measures of composition were utilized to describe the racial/ethnic distribution and
levels of diversity within the Add Health schools. The measures of segregation aimed to

quantify the degree to which racial/ethnic groups of students are segregated within
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school districts in Add Health. Thus, we utilized these two types of exposures in order
to investigate the health consequences of the absolute racial/ethnic make-up of a school,
as well as the spatial separation of racial/ethnic groups within a school district.

School racial/ethnic composition was assessed using three measures: (1) the
proportion of the total student population within each Wave I Add Health school that
was non-Hispanic Black; (2) the proportion of the total student population within each
school that was non-White; and (3) the racial/ethnic entropy (i.e., diversity) within each
school. School entropy, a measure of racial/ethnic diversity within a school, was

calculated using the following formula:

n; represents the total number of racial/ethnic groups in the ith school. r; represents the
specific racial/ethnic group in the ith school. Q,, represents the total students in the ith

school made up of the specific racial/ethnic. School entropy is an index that
theoretically ranges from 0 (minimum diversity) to 1 (maximum diversity), after
standardization. For this multi-group measure of entropy, a value of 0 was assigned to
schools where a single racial/ethnic group was present. A value of 1 was assigned to
schools where all racial/ethnic groups were represented equally in the student
population27.

The average racial/ethnic segregation within a school district was evaluated using
two indices: (1) the Black-White dissimilarity index, and (2) the Black-White Exposure
Index. Both indices assess the extent to which Black students are segregated from
White students within a school district. The Black-White dissimilarity represents the

proportion of Black students that would have to change their schools in order to achieve
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an even racial distribution (among Black and White students) in their respective school
district. The Black-White dissimilarity index was calculated using the following

formula:

N
12 b; w;
24 (B W)
=1

b; is the number of Black students in the ith school. B represents the total Black student
enrollment in the school district. w; is the number of White students in the itt school.
W represents the total White student enrollment in the school district.

The Black-White Exposure index represents the extent to which Black students
are exposed to White students within their school district. This exposure index was

calculated using the following formula:

i=1
t; is the total student enrollment within the school (across all racial/ethnic groups).
Ranging from o (lowest probability of exposure) to 1 (highest probability of exposure),
both school segregation indices were previously derived and calculated by Add Health
researchers, using the adolescents’ Wave I school-level data and data from the Common

Core of Data, National Center for Education Statistics38.

Covariates: School

School-level covariates included: size, urbanicity, and type. Schools were divided
into three categories, based on the definition of school size from the National Center for
Education Statistics (NCES). These categories included: (1) small: 1-400 students, (2)

medium: 401 — 1,000 students, and (3) large: 1,001 — 4,000 students. A school’s
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urbanicity was determined according to the NCES and QED classification of the
geographic areas in which the schools reside. This classification included:
(b) Central city of a Consolidated Metropolitan Statistical Area (CMSA) or
Metropolitan Statistical Area (MSA) with population of 250,000 or more
(b) Central city of a CMSA or MSA, but not designated as a large central city
(c) Place within the CMSA or MSA of a large central city
(d) Place within the CMSA or MSA of a mid-size central city
(e) Place not within a CMSA or MSA, but with population of 25,000 or more and
defined as urban
(f) Place not within a CMSA or MSA with a population of at least 2,500, but less
than
25,000
(g) Place not within a CMSA or MSA and designated as rural
(h) Place within a CMSA or MSA designated as rural
In this study, schools were categorized as: (1) urban: included schools located within
items (a) and (b); (2) suburban: included schools located within items (c) — (f); and (3)
rural: included schools located within items (g) and (h). Regarding type, schools were

labeled as either public or private.

Covariates: Neighborhood

At Wave 111 (2001-2002), neighborhood-level data was merged retrospectively
using area of residence during Wave I. This neighborhood data was derived from the
1990 U.S. Census3®. Neighborhood-level covariates included: poverty and racial
composition. For neighborhood poverty, we used the proportion of residents in each
adolescents’ census tract who were living below the federal poverty level. The selection
of the neighborhood racial composition was dependent upon the exposure of interest.
For the analyses that investigated the proportion of Black students within a school and
the school segregation indices, we used the proportion of residents who were non-

Hispanic Black. For the analyses that investigated the proportion of non-White students
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within a school and school entropy, we used the proportion of residents who were non-

White.

Covariates: Individual

Individual-level covariates included maternal age at first birth and parent’s
educational attainment. Using self-reported data from the reproductive and fertility
histories at Wave V, maternal age at first birth was organized into three categories: 14-
19, 20-29, and 30-41 years old. The educational attainment levels of an adolescent’s
parents, which served as a proxy for adolescent SES, were self-reported by the parents
during the in-home interview at Wave I. In our study, parental education was
determined to be the highest educational attainment of either the mother or father.
Parental education was collapsed into the following categories: less than high school,
high school diploma, some college or an Associate’s degree, and college degree or
higher.
Statistical Analysis

Using a complete-case analysis, the predicted prevalence of PTB were estimated
from cluster- and sample-weight adjusted logistic regression models in SUDAAN.
School racial/ethnic composition, diversity, and district-level segregation were assessed
using the continuous versions of these variables. Analyses included unadjusted models,
as well as models adjusted for covariates in three stages. Stage 1 included linear and
logistic regression models adjusted for school-level covariates (size, type, urbanicity)
only. Stage 2 included linear and logistic regression models adjusted for school-level
covariates and neighborhood-level covariates (poverty, racial/ethnic composition).

Stage 3 included the fully-adjusted linear and logistic regression models, which were
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adjusted for school-level covariates, neighborhood-level covariates, and individual-level
covariates (age, gender, parental education, physical activity). All models were then
stratified by individual race/ethnicity. Unadjusted models, as well as models from

stages 1 & 2, are included in the Appendix.
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RESULTS

Socio-demographic Characteristics of Schools, Neighborhoods, and Participants

Table 1 displays the characteristics of the schools attended by the female
participants who experienced a first birth by Wave V of Add Health. The racial/ethnic
composition, diversity, and district-level segregation of the schools attended by the
female participants in this study population also varied by race/ethnicity. Non-Hispanic
Black mothers attended schools during adolescents that had a higher proportion of
Black students, compared to the schools attended by Hispanic and non-Hispanic White
mothers. On average, Hispanic and non-Hispanic Black mothers attended schools
during adolescence that had the highest proportions of non-White students (58% and
65%, respectively). Compared to non-Hispanic White and non-Hispanic Black mothers,
Hispanic mothers attended schools during adolescence with the highest levels of
racial/ethnic diversity.

Regarding the Black-White dissimilarity index, in schools attended by Hispanic
and non-Hispanic Black mothers, 39% and 37% of Black students, respectively, would
have to change schools in order to achieve an even racial distribution in the school
district. Concerning the Black-White exposure index, in schools attended by non-
Hispanic White mothers, Black students had a 75% probability of being exposed to a
White student. In those schools attended by non-Hispanic Black mothers, Black
students had a 40% probability of being exposed to a White student.

The sociodemographic characteristics of the female participants with a first birth
by Wave V and the neighborhoods in which they resided during Wave I of Add Health

are described in Table 2. Hispanic and non-Hispanic Black mothers were most likely to
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experience their first birth between 14 and 19 years old, while non-Hispanic White
mothers were most likely to experience their first birth between 30 and 41 years old.
Hispanic and non-Hispanic Black mothers were also more likely to have a lower
adolescent SES, as measured by their parents’ educational attainment in adolescence,
compared to that of non-Hispanic White mothers. Also, the prevalence of preterm
births ranged form 12.5% among non-Hispanic White mothers to almost 16% among

non-Hispanic Black mothers.

Proportion Black Students and Experiences of PTB

Table 3 presents the adjusted prevalence ratios for experiences of PTB by
measures of school racial/ethnic composition and segregation, stratified by individual
race/ethnicity. Hispanic mothers were 0.05 times (95% CI: 0.00, 0.56) as likely to
experience a PTB for every one-unit change in the proportion of Black students within a
school — from 0 to 100%. In fact, Figure 1a demonstrates that the predicted prevalence
of PTB was 16% among Hispanic mothers who attended schools during adolescence with
10% Black students, while the predicted prevalence of PTB was 2% among Hispanic
mothers who attended schools during adolescence with 90% Black students.

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between the proportion of Black students in a school and the
prevalence of PTB among non-Hispanic White and non-Hispanic Black mothers. In
Figure 1a, the predicted prevalence of PTB among non-Hispanic White mothers
appeared to be lower as the proportion of Black students within a school was higher.

However, there was no overall association observed among this racial/ethnic sub-group.

Proportion Non-White Students and Experiences of PTB
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After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between the proportion of non-White students in a school and the
prevalence of PTB, among Hispanic, non-Hispanic White, and non-Hispanic Black
female participants who had experiences a first birth by Wave V (Table 3). In Figure 1b,
the predicted prevalence of PTB among Hispanic and non-Hispanic White mothers
appeared to be lower as the proportion of non-White students within a school was
higher. However, there were no overall associations observed in these racial/ethnic sub-
groups. In addition, the predicted prevalence of PTB among non-Hispanic Black
mothers remained constant — around 17 or 18% — as the proportion of non-White

students within a school during adolescence increased from 10% to 90%.

School Entropy and Experiences of PTB

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between the levels of school racial/ethnic diversity and the
prevalence of PTB, among Hispanic, non-Hispanic White, and non-Hispanic Black
female participants who had experiences a first birth by Wave V (Table 3). In Figure 1b,
the predicted prevalence of PTB among non-Hispanic Black mothers was lower as the
levels of racial diversity within a school were higher. However, there was no overall
association in this racial/ethnic group. Additionally, the predicted prevalence of PTB
among Hispanic and non-Hispanic mothers remained constant — around 14 or 15% — as
the levels of racial diversity within a school during adolescence increased from low to

high.

Black-White Dissimilarity Index (District-Level Segregation) and Experiences of PTB
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After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between district-level segregation and the prevalence of PTB,
among Hispanic, non-Hispanic White, and non-Hispanic Black female participants with
a first birth by Wave V of Add Health (Table 3). In Figure 1d, the predicted prevalence
of PTB across all racial/ethnic groups of mothers appeared to be lower as the levels of
the Black-White dissimilarity index. However, there were no overall associations
between the Black-White dissimilarity index and the prevalence of PTB in this study

population.

Black-White Exposure Index (District-Level Segregation) and Experiences of PTB

After adjusting for individual-, school-, and neighborhood-level covariates, there
were null associations between district-level segregation and the prevalence of PTB,
among Hispanic, non-Hispanic White, and non-Hispanic Black female participants with
a first birth by Wave V of Add Health (Table 3). In Figure 1e, the predicted prevalence
of PTB among Hispanic mothers appeared to be lower as the levels of the Black-White
exposure index were higher. However, there was no observed association in this
racial/ethnic sub-group.

Similar to non-Hispanic Whites, there appears to be an increasing trend in the
predicted prevalence of PTB among non-Hispanic Black mothers by this measure of
district-level segregation. However, there was no meaningful relationship in this
racial/ethnic group. Furthermore, though there was a null association observed for
non-Hispanic Black mothers, there is an important finding form the Appendix that is
worth noting. After adjusting for school-level characteristics, there was a significant

association between the Black-White exposure index and the prevalence of PTB among
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non-Hispanic Black motehrs. Nevertheless, this association was attenuated after

adjusting for neighborhood-level characteristics.

161



DISCUSSION

Our study found that there were racial/ethnic differences in the types of schools
attended by the female participants who experienced a first birth by Wave V of Add
Health. Non-Hispanic White mothers were more likely to attend predominantly White
schools, while non-Hispanic Black mothers were more likely to attend predominantly
Black/non-White schools. Hispanic mothers were most likely to attend schools during
adolescence with higher levels of racial/ethnic diversity. Regarding district-level
segregation, non-Hispanic Black mothers were more likely to attend racially-segregated
schools than Hispanic and non-Hispanic White mothers. Also, the prevalence of PTB in
this study population varied by race/ethnicity, with non-Hispanic mothers having the
lowest prevalence (12%) and non-Hispanic Black mothers having the highest prevalence
(16%). It is important to note that the prevalence of PTB was higher in Add Health than
the national prevalence of 11%.

There were also racial/ethnic differences in the association between the racial
structure of school environments and experiences of PTB, after adjusting for
characteristics at the three levels mentioned above. Among Hispanic mothers, a one-
unit change in the proportion of Black students within a school was associated with a
lower prevalence of PTB. Neither school racial/ethnic composition nor district-level
segregation impacted the likelihood of experiencing a PTB for non-Hispanic White
mothers. Additionally, the association between the Black-White exposure index and the
prevalence of PTB, among non-Hispanic Black mothers, was attenuated after the

adjustment of relevant covariates. This attenuation suggests that neighborhood-level
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characteristics could potentially explain this relationship between district-level
segregation and the likelihood of PTB among non-Hispanic Black mothers.

It is possible that Hispanic participants who attended schools with a lower
proportion of Black students had a higher prevalence of PTB, as a result of the
potentially detrimental experiences of racial/ethnic discrimination in these schools that
are a majority White. Previous literature has suggested that attending predominantly
White schools may have a negative effect on the health of Black students due to the
harmful experiences of discrimination. One Add Health study found that, due to
experiences of racial discrimination, Black students attending majority White schools
were more likely to have worse adult health outcomes than their white peers:s.
Therefore, it is possible that these experiences of racial discrimination impact health
through the negative physiological consequences of stress28. However, it is important to
note that these studies only documented the experiences of discrimination and stress
among Black students. Little is known about the experiences of Hispanic students at
these types of schools, but it is possible that the significant association between the
proportion Black students within a school and prevalence of PTB can be attributed to
similar discriminatory experiences.

Regarding the Black-White exposure index, non-Hispanic Black participants who
attended schools within more racially segregated districts had a higher prevalence of
PTB. Though the findings from this study were imprecise, they are consistent with
previous research that established a relationship between childhood socioeconomic
disadvantage and adverse pregnancy outcomes. Socioeconomic disadvantage in
childhood or adolescence can impact experiences of PTB, through its potential impact

on stress and inflammatory processes associated with the disadvantage experienced
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during such a critical period of development®-8. Thus, it is possible that non-Hispanic
Black students had worse pregnancy outcomes due to the lack of access to important
health-relevant socioeconomic resources in these segregated environments. To our
knowledge, this is the first study that has investigated the association between district-
level segregation in adolescence and experiences of PTB. After adjusting for
neighborhood-level socioeconomic and demographic characteristics, the association
between the exposure index and prevalence of PTB was no longer significant, suggesting
that these neighborhood contextual factors could explain this relationship among non-
Hispanic Black participants.

This study had a few methodological limitations worth noting. First, due to the
nature of the Add Health data, we were only able to utilize information about female
participants’ first births. Thus, since we restricted our analyses to participants with first
births, this limits the external validity of our findings to non-first births, particularly
among women who have had multiple births by Wave V. Second, given that the
experiences of PTB were self-reported retrospectively, it is possible that there could be
some misclassification of the outcome. First births occurred between 14 and 41 years
old, so there could be some discrepancies in memory at Wave V for the first births that
occurred earlier in life. However, it is important to note that Add Health researchers did
not require participants to report the specific gestational week at the time of the first
birth, but rather participants only had to recall whether it was born preterm (before 37
weeks) or not. Third, Add Health is an observational study and there are likely
unmeasured confounders for which we were unable to adjust. However, we attempted
to remedy this by adjusting for the most relevant (measured) confounders at three
distinct levels: the school, the neighborhood, and the individual. Lastly, Add Health
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only reported Black-White segregation indices, which describe the levels of segregation
only between Black and White students within a school district. The construction of
these segregation indices could have contributed to the null findings among Hispanic
participants. It is possible that the Hispanic-White dissimilarity and exposure indices
are more relevant for Hispanics.

Our study also had four important methodological strengths worth highlighting.
First, Add Health was a nationally-representative longitudinal study, which used a
complex stratification and sampling method. This design increased the external validity
of our findings. Second, though we restricted our analyses to female participants with a
first birth at Wave V, our analyses still consisted of a relatively large study population
(N=4,380), which increased the precision of our effect estimates. Thirst, this is one of
the first studies to investigate the association between both school-level measures (e.g.,
proportion Black students, proportion non-White students, racial/ethnic diversity) and
district-level measures (e.g., Black-White dissimilarity index, Black-White exposure
index). The school-level exposures assessed the absolute racial/ethnic make-up within a
school, while the district-level exposures assessed the social and spatial processes of
racial/ethnic groups across schools within a district. In measuring the racial structure
of school environments in these various ways, we were able to provide a more extensive
examination of the impact of adverse pregnancy outcomes. Lastly, we were able to
control for potential confounding at the three levels described above. It was critical to
explore a more comprehensive understanding of these relationships given the
complicated social processes that operate within schools and school districts.

The findings from this study provide evidence that the racial/ethnic
environments of schools and school districts are potentially relevant social determinants
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of PTB. Due to the complex structure of U.S. middle and high schools, future research
should investigate the potential mediating role of racial/ethnic discrimination in this
relationship. Additional research is also warranted that examines other segregation
indices and spatial processes that are operating within school systems. Since Hispanic
mothers displayed a lower prevalence of PTB in schools with higher proportions of Black
students, it is critical that we explore the impact of Hispanic-White and Hispanic-Black
segregation measures in order to fully understand the racial/ethnic dynamics and
interactions within schools and districts. Given the history of school segregation and
the racial/ethnic shifts in the composition of U.S. public schools since the late 20th
century, our findings can help contribute to the social epidemiology literature
surrounding the health consequences of attending racially-homogenous or segregated
schools during adolescence, as well as those passed across generations, from mother to

child through experiences of PTB.
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Table 1. School Characteristics by Race/Ethnicity among Female Participants who

had a First Birth by Wave V of Add Health, 2016-2018*.

Non-Hispanic

Non-Hispanic

S White Black

School Racial/Ethnic Composition

Proportion Black Students** 0.16 (0.02) 0.10 (0.01) 0.57 (0.05)

Proportion Non-White Students** 0.58 (0.05) 0.16 (0.02) 0.65 (0.05)

School Entropy (Multi-Group,

Standardized)** 0.54 (0.03) 0.23 (0.02) 0.36 (0.04)
District-Level Segregation

Black-White Dissimilarity Index** 0.39 (0.04) 0.27 (0.01) 0.37 (0.03)

Black-White Exposure Index** 0.57 (0.06) 0.75 (0.03) 0.40 (0.03)

* N=4,380 female participants who: (1) participated in the In-School Questionnaire and In-
Home Interview in Wave I, (2) participated in the mixed-mode survey in Wave V, and (3) had
a first birth by Wave V of Add Health. All statistics are reported as: N; Weighted % (SE).
**Statistics are reported as: Weighted Mean (SE).
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Table 2. Individual and Neighborhood Characteristics by Race/Ethnicity among
Female Participants who had a First Birth by Wave V of Add Health, 2016-2018*.

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Individual Characteristics

Maternal Age at First Birth

14 — 19 years old

122; 25.5 (3.5)

349;15.4 (1.3)

240; 32.0 (2.9)

20 — 29 years old

151; 21.4 (2.8)

704; 26.5 (1.8)

137; 12.6 (1.7)

30 — 41 years old

328; 53.1(2.5)

1,467; 58.1 (1.6)

469; 55.4 (2.5)

Parent’s Educational Attainm

ent at Wave 1

Less than HS

111; 28.6 (4.0)

110; 6.1 (1.0)

58;13.8 (2.5)

HS Diploma/GED 116; 32.4 (3.2) 615; 37.1 (2.0) 178; 38.4 (3.7)

SDc;r;eegollege or Associate’s 72;13.7 (2.8) 346;19.0 (1.4) 105; 20.1 (2.6)

Bachelor’s Degree or Higher 93; 25.3 (3.8) 740; 37.8 (2.4) 208; 27.8 (2.7)
Experiences of Preterm Birth by Wave V

Preterm: < 37 weeks gestation | 86;14.9(2.2) | 337;12.5 (0.8) 155; 15.9 (1.7)

Neighborhood Characteristics

Proportion Residents Living

Below Poverty Level, 1990** 0.17 (0.01) 0.12 (0.01) 0.27(0.02)
P rtion Residents wh

arl'.gll)}(l)acllgliggegl*en > WO 0.10 (0.01) 0.05 (0.01) 0.54 (0.04)

»)
P rtion Residents wh
are Non-White, 1900* | ©0:29(0:03) 0.08 (0.01) 0.57 (0.09)
bJ

* N=4,380 female participants who: (1) participated in the In-School Questionnaire and In-
Home Interview in Wave I, (2) participated in the mixed-mode survey in Wave V, and (3) had
a first birth by Wave V of Add Health. All statistics are reported as: N; Weighted % (SE).

**Statistics are reported as: Weigh

ted Mean (SE).
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Table 3. Adjusted Prevalence Ratios* for Experiences of Preterm Birth by the
Racial/Ethnic Structure of Schools and School Systems during Adolescence (Wave
I, 1994-1995) and Individual Race/Ethnicity, among Add Health Participants who
had a First Birth by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Proportion
Black
Students

0.79 (0.35, 1.76)

0.05 (0.00, 0.56)

0.37 (0.09, 1.63)

1.28 (0.45, 3.64)

Proportion
Non-White
Students

0.76 (0.38, 1.53)

0.26 (0.04, 1.71)

0.62 (0.19, 2.00)

1.06 (0.33, 3.39)

School
Entropy
(Multi-
Group)

0.90 (0.48, 1.67)

1.06 (0.08, 14.05)

1.28 (0.45, 3.61)

0.52 (0.17, 1.59)

Black-White
Dissimilarity
Index

0.72 (0.33, 1.55)

0.54 (0.06, 5.37)

0.73 (0.21, 2.54)

0.62 (0.12, 3.12)

Black-White
Exposure
Index

1.10 (0.69, 1.75)

0.30 (0.06, 1.49)

1.31 (0.73, 2.36)

1.47 (0.30, 7.16)

*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (maternal age at first birth,
parent’s highest education).
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Figure 1a. Adjusted* Predicted Prevalence for Experiences of Preterm Birth by
Proportion Black Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-Ilevel characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are black), and individual-level characteristics (maternal age at first birth,
parent’s highest education).
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Figure 1b. Adjusted* Predicted Prevalence for Experiences of Preterm Birth by
Proportion Non-White Students in a School and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (maternal age at first
birth, parent’s highest education).
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Figure 1c. Adjusted* Predicted Prevalence for Experiences of Preterm Birth by
School Entropy (Multi-Group, Standardized) and Individual Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (maternal age at first
birth, parent’s highest education).
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Figure 1d. Adjusted* Predicted Prevalence for Experiences of Preterm Birth by
Average School Segregation — Black-White Dissimilarity Index — and Individual
Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (maternal age at first
birth, parent’s highest education).
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Figure 1e. Adjusted* Predicted Prevalence for Experiences of Preterm Birth by
Average School Segregation — Black-White Exposure Index — and Individual

Race/Ethnicity.
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*Adjusted for school-level characteristics (school size, school urbanicity, school type),
neighborhood-level characteristics (neighborhood proportion living in poverty, neighborhood
proportion who are non-white), and individual-level characteristics (maternal age at first
birth, parent’s highest education).
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SPECIFIC AIM 3: APPENDIX

A3.1. Unadjusted Prevalence Ratios for Experiences of Preterm Birth by the
Proportion of Black Students within a School during Adolescence (Wave I, 1994-
1995) and Individual Race/Ethnicity, among Add Health Participants who had a
First Birth by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Proportion
Black
Students

0.91 (0.61, 1.36)

0.11 (0.01, 1.84)

0.68 (0.30, 1.54)

0.67 (0.32, 1.41)

0.10*

0.15 (0.14, 0.17)

0.17 (0.13, 0.23)

0.14 (0.13, 0.16)

0.20 (0.13, 0.31)

0.25%

0.15 (0.13, 0.16)

0.13 (0.08, 0.20)

0.14 (0.12, 0.16)

0.19 (0.14, 0.26)

0.50%

0.15 (0.13, 0.17)

0.08 (0.03, 0.21)

0.13 (0.09, 0.17)

0.17 (0.14, 0.22)

0.75%

0.14 (0.12, 0.17)

0.05 (0.01, 0.23)

0.12 (0.07, 0.18)

0.16 (0.13, 0.20)

0.90*

0.14 (0.11, 0.18)

0.03 (0.00, 0.25)

0.11 (0.06, 0.19)

0.15 (0.11, 0.20)

*Predicted Prevalence (95% CIs).
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A3.2. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the
Proportion of Black Students within a School during Adolescence (Wave I, 1994-
1995) and Individual Race/Ethnicity, among Add Health Participants who had a
First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Proportion
Black 0.94 (0.63,1.39) | 0.09 (0.01,1.09) | 0.79 (0.34,1.85) | 0.73(0.35, 1.51)
Students
0.10* 0.15(0.13,0.17) | 0.17(0.13,0.23) | 0.14(0.13,0.16) | 0.19 (0.13, 0.28)
0.25% 0.15 (0.13, 0.16) | 0.13(0.09, 0.19) | 0.14(0.12,0.16) | 0.19(0.13, 0.25)
0.50* 0.15 (0.13, 0.17) | 0.08 (0.03, 0.18) | 0.13(0.10,0.18) | 0.17(0.14, 0.22)
0.75% 0.14 (0.12,0.18) | 0.05 (0.01, 0.17) | 0.13 (0.08, 0.20) | 0.16 (0.13, 0.20)
0.90% 0.14 (0.11, 0.18) 0.03 (0.01,0.17) | 0.12(0.07,0.22) | 0.16 (0.12, 0.20)
School Size
1— 400
students 1.23 (0.91,1.67) | 3.32(1.70,6.50) | 1.33(0.93,1.90) | 0.98 (0.57, 1.69)
ggllde;igoo 0.95 (0.74,1.21) | 0.80 (0.37,1.71) 1.13 (0.84,1.50) | 0.72(0.42,1.23)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban | 0.91(0.70,1.18) | 6.01(1.27,28.53) | 0.83(0.57,1.20) | 1.19 (0.59, 2.42)
Suburban | 0.92(0.73,1.15) [ 6.36 (1.38, 29.27) | 0.78 (0.60, 1.02) | 1.41(0.85, 2.34)
Rural | 1.00 1.00 1.00 1.00
School Type

Public I 1.23(0.91,1.67) | 0.48 (0.26,0.90) | 1.61(0.99,2.61) | 0.97(0.39, 2.42)
Private | 1.00 | 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.3. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the
Proportion of Black Students within a School during Adolescence (Wave I, 1994-
1995) and Individual Race/Ethnicity, among Add Health Participants who had a
First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Proportion
Black 0.62 (0.33, 1.19) o.og (O‘)OO’ 0.57(0.19,1.72) | 0.73(0.32, 1.63)
Students 44
0.10* 0.16 (0.14, 0.17) | 0.18 (0.14, 0.24) | 0.14 (0.13, 0.16) | 0.19 (0.13, 0.28)
0.25% 0.15 (0.13, 0.16) | 0.13 (0.08, 0.18) | 0.13 (0.11,0.16) | 0.19 (0.13, 0.25)
0.50* 0.13 (0.11, 0.16) | 0.06 (0.03, 0.14) | 0.12, 0.08, 0.18) | 0.17(0.14, 0.22)
0.75% 0.12 (0.09, 0.17) | 0.03 (0.01, 0.11) | 0.11(0.05, 0.19) | 0.16 (0.13, 0.20)
0.90% 0.02
0.11 (0.07, 0.17) (0.00, 0.10) 0.10 (0.04, 0.21) | 0.16 (0.12, 0.21)
School Size
1—400 1.24 (0.90, 1.72) | 3.40 (1.75, 6.60) | 1.32(0.89,1.96) | 1.08 (0.60, 1.95)
studen‘ts . . 9 . . . b . . . 9 . . . b .
401 — 1,000
students 0.95 (0.74, 1.22) | 0.83(0.40,1.75) | 1.13(0.84,1.53) | 0.70 (0.41, 1.22)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici
Urban 6.62
0.89 (0.69, 1.16 0.82(0.57,1.1 1.17 (0.58, 2.38
9(0.69,116) |, g5 ) (0.57,1.19) 7(0.58, 2.38)
Suburban 8.14
0.90 (0.71, 1.1 0.77 (0.59, 1.02) | 1.41(0.87, 2.2
90 (071, 1.14) I (} g6 "ac =q) 77 (0.59,1.02) | 1.41(0.87, 2.29)
Rural 1.00 1.00 1.00 1.00
School Type
Public 1.30 (0.94, 1.79) | 0.47 (0.26, 0.87) | 1.67(0.99, 2.81) | 0.12(0.43, 2.87)
Private 1.00 1.00 1.00 1.00
Neighborhood 0.69 4.34
Poverty, 1990 (0.20, 2.33) (0.19, 98.66) 0.87(0.13, 5.66) | 0.29 (0.05, 1.79)
Neighborhood 3.60 1.95
Proportion 1.87(0.94, 3.71) ’ ) 1.23 (0.53, 2.83)
Black, 1990 (0.30, 42.85) (0.28,13.80)

*Predicted Prevalence (95% CIs).
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A3.4. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the
Proportion of Black Students within a School during Adolescence (Wave I, 1994-
1995) and Individual Race/Ethnicity, among Add Health Participants who had a
First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Proportion 0.0
Black 0.79 (0.35, 1.76) (0 OO‘ 356) 0.37(0.09,1.63) | 1.28 (0.45, 3.64)
Students RS
0.10* 0.14 (0.13, 0.16) | 0.16 (0.10, 0.24) | 0.13(0.11, 0.15) | 0.16 (0.10, 0.25)
0.25% 0.14 (0.12, 0.15) | 0.12 (0.07, 0.18) | 0.11(0.09, 0.15) | 0.16 (0.11, 0.23)
0.50* 0.13 (0.10, 0.17) § 0.06 (0.03, 0.13) | 0.09 (0.05, 0.16) | 0.17(0.14, 0.22)
0.75% 0.12 (0.08, 0.19) | 0.03 (0.01, 0.10) | 0.07 (0.03, 0.18) | 0.18 (0.14, 0.23)
0.90% 0.12 (0.07, 0.20) | 0.02 (0.01, 0.09) | 0.06 (0.02, 0.19) | 0.19 (0.13, 0.26)
School Size
L - 400 1.27(0.91,1.77) | 3.29 (1.23, 8.78) | 1.31(0.84,2.02) | 1.02(0.53,1.95)
students . .01, 1. . .23, 8. . .84, 2. . .53, 1.
401 — 1,000
students 1.03 (0.79, 1.33) | 0.77(0.30, 2.00) | 1.13(0.81,1.58) | 1.09 (0.66, 1.79)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici
Urban 5.13
0. 0.67,1.2 0. 0.60, 1.48) | 1.90 (0.89, 4.06
93 (0.67, 1.29) (0.85, 30.75) 94 ( 48) | 1.90 (0.89, 4.06)
Suburban 7.22
0.92 (0.71, 1.17) (1.23, 42.42) 0.80 (0.59, 1.10) | 2.00 (1.10, 3.65)
Rural 1.00 1.00 1.00 1.00
School Type
Public 1.22 (0.88, 1.69) | 0.31(0.15,0.61) | 1.72(1.00, 2.96) | 1.37(0.44, 4.21)
Private 1.00 1.00 1.00 1.00
Neighborhood 19.84
Poverty, 1990 0.47 (0.10, 2.18) (0.56, 705.60) 0.46 (0.04, 5.25) | 0.51(0.08, 3.45)
Neighborhood 2.41 3.15
Proportion 2.00 (0.91, 4.43) ’ ) 0.80 (0.34, 1.86)
Black, 1990 (0.08, 71.94) (0.29, 33.64)
Age at First Birth
:)‘1‘('119 years 0.83 (0.60, 1.16) | 1.55(0.67, 3.59) | 0.76 (0.48, 1.20) | 0.61(0.30, 1.23)
20-29 years 1.00 1.00 1.00 1.00
old
gﬁi‘u years 0.87(0.66, 1.15) | 0.91(0.43,1.93) | 0.85(0.59,1.22) | 1.22(0.69, 2.13)
Parental Education at Wave I
<HS 1.07 (0.69, 1.67) | 0.60 (0.24,1.51) | 1.09 (0.57, 2.09) | 1.06 (0.40, 2.78)
HS Diploma 1.10 (0.81,1.48) | 0.57(0.26,1.23) | 1.19 (0.82,1.71) | 0.90 (0.45, 1.80)
Some College | 1.00 (0.68,1.46) | 0.79 (0.23, 2.76) | 1.04(0.63,1.73) | 1.06 (0.53, 2.13)
College+ 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.5. Unadjusted Prevalence Ratios for Experiences of Preterm Birth by the

Proportion of Non-White Students within a School during Adolescence (Wave I,
1994-1995) and Individual Race/Ethnicity, among Add Health Participants who
had a First Birth by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Proportion
Non-White
Students

0.88 (0.62, 1.25)

0.39 (0.13, 1.20)

0.59 (0.30, 1.16)

0.67(0.32, 1.41)

0.10*

0.15 (0.13, 0.17)

0.22 (0.13, 0.36)

0.15 (0.13, 0.18)

0.20 (0.13, 0.29)

0.25%

0.15 (0.14, 0.17)

0.20 (0.13, 0.30)

0.14 (0.12, 0.16)

0.19 (0.14, 0.26)

0.50%

0.15 (0.13, 0.16)

0.16 (0.12, 0.22)

0.12 (0.10, 0.15)

0.17 (0.14, 0.22)

0.75%

0.14 (0.12, 0.17)

0.13 (0.10, 0.18)

0.11 (0.07, 0.16)

0.16 (0.13, 0.20)

0.90*

0.14 (0.12, 0.17)

0.12 (0.08, 0.17)

0.10 (0.06, 0.16)

0.15 (0.12, 0.20)

*Predicted Prevalence (95% CIs).
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A3.6. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the
Proportion of Non-White Students within a School during Adolescence (Wave I,
1994-1995) and Individual Race/Ethnicity, among Add Health Participants who
had a First Birth by Wave V (2016-2018)

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Proportion
Non-White | 0.93(0.65,1.33) | 0.49(0.19,1.29) | 0.72(0.32,1.59) | 0.73(0.35,1.51)
Students
0.10* 0.15 (0.13, 0.17) | 0.20(0.12,0.32) | 0.15(0.13,0.17) | 0.19 (0.13, 0.28)
0.25% 0.15 (0.14, 0.17) | 0.19 (0.12,0.28) | 0.14 (0.12,0.16) | 0.19 (0.13, 0.25)
0.50* 0.15 (0.13, 0.16) | 0.16 (0.12, 0.22) | 0.13(0.10,0.17) | 0.17(0.14, 0.22)
0.75% 0.15 (0.12,0.17) } 0.14 (0.10,0.19) | 0.12(0.08,0.18) | 0.16 (0.13, 0.20)
0.90% 0.14 (0.12, 0.17) 0.13 (0.09,0.18) | 0.12(0.07,0.19) | 0.16 (0.12, 0.20)
School Size
1— 400
students 1.22 (0.91, 1.65) 2.59 (1.12, 6.01) 1.31(0.91, 1.87) 0.98 (0.57, 1.69)
ggllde;igoo 0.84(0.74,1.19) | 0.78 (0.37,1.64) | 1.12(0.84,1.49) | 0.72(0.42,1.23)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban | 0.92(0.70,1.21) | 4.38(0.61, 31.25) | 0.87(0.57, 1.31) 1.19 (0.59, 2.42)
Suburban | 0.92(0.73,1.15) [ 4.15(0.59, 29.27) | 0.79 (0.60, 1.05) | 1.41(0.85, 2.34)
Rural | 1.00 1.00 1.00 1.00
School Type

Public | 1.23(0.91,1.66) | 0.48 (0.24,0.95) | 1.62(0.99,2.65) | 0.97(0.39, 2.42)
Private | 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.7. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the

Proportion of Non-White Students within a School during Adolescence (Wave I,
1994-1995) and Individual Race/Ethnicity, among Add Health Participants who
had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Proportion 0.80
Non-White (0 ) 1.40) 0.46 (0.16,1.33) | 0.67(0.25,1.83) | 0.67(0.27,1.66)
Students 45,14
0.10* 0.16 (0.14, 0.18) | 0.21(0.12,0.33) | 0.15(0.13, 0.17) | 0.20 (0.13, 0.31)
0.25% 0.15 (0.14, 0.17) | 0.19 (0.12, 0.28) | 0.14 (0.12, 0.16) | 0.19 (0.13, 0.28)
0.50* 0.14 (0.13, 0.16) | 0.16 (0.12, 0.22) | 0.13(0.09, 0.17) | 0.18 (0.14, 0.23)
0.75% 0.14 (0.11, 0.17) | 0.14 (0.10, 0.19) | 0.12 (0.07, 0.19) | 0.17(0.13, 0.21)
0.90% 0.13 (0.10, 0.18) 0.13 (0.09, 0.18) | 0.11(0.06, 0.21) | 0.16 (0.12, 0.21)
School Size
1—400 1.21 (0.87,1.68) | 2.66 (1.18,5.99) | 1.28 (0.86,1.92) | 1.07(0.59, 1.94)
students . . . .
401 — 1,000
students 0.94 (0.74,1.20) | 0.79 (0.35,1.77) | 1.12(0.83,1.51) | 0.70 (0.40, 1.20)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici
Urban 5.18
.91 (0.69, 1.21 0.86 (0.57, 1.30) | 1.20 (0.60, 2.
0.91(0.69,1.21) |, =" a2 81 (0.57,1.30) ( 39)
Suburban 5.48
.91 (0.72, 1.1 0. 0.59, 1.0 1. 0.88, 2.32
0.91(072,115) | (= a8 -g) 79 (0.59,1.05) | 1.43 ( 32)
Rural 1.00 1.00 1.00 1.00
School Type
Public 0.44
1.27(0.91, 1.76) (0.22. 0.88) 1.62 (0.96, 2.74) | 1.11(0.42,2.93)
Private 1.00 1.00 1.00 1.00
Neighborhood 0.87 8.07
1.10 (0.16, 7.6 0.30 (0.04, 2.12
Poverty, 1990 (0.23, 3.30) (0.38, 172.50) ( 7.64) | 0.30 (0.04, 2.12)
Neighborhood
Proportion 1.30 (0.62, 2.73) | 0.65 (0.06, 6.55) | 1.10 (0.16,7.49) | 1.17(0.44, 3.13)
NW, 1990

*Predicted Prevalence (95% ClIs)
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A3.8. Adjusted Prevalence Ratios for Experiences of Preterm Birth by the

Proportion of Non-White Students within a School during Adolescence (Wave I,
1994-1995) and Individual Race/Ethnicity, among Add Health Participants who
had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic

All Females Hispanic White Black
Proportion
Non-White 0.76 (0.38,1.53) | 0.26 (0.04, 1.71) | 0.62 (0.19, 2.00) | 1.06 (0.33, 3.39)
Students
0.10* 0.14 (0.12, 0.17) | 0.21(0.10, 0.39) | 0.13(0.12,0.15) | 0.17(0.10, 0.28)
0.25% 0.14 (0.13, 0.15) § 0.18 (0.10, 0.30) | 0.12(0.10, 0.15) | 0.17(0.11, 0.26)
0.50% 0.13 (0.11, 0.16) | 0.14 (0.09, 0.21) | 0.11(0.07,0.17) | 0.17(0.13, 0.22)
0.75% 0.12 (0.09, 0.17) | 0.11(0.06, 0.18) | 0.10 (0.05, 0.19) | 0.18 (0.14, 0.22)

*
0.90 0.12 (0.08, 0.18) | 0.09 (0.04, 0.18) 0’03 ég.)04, 0.18 (0.13, 0.24)
School Size
1— 400
students 1.25(0.89, 1.75) | 2.33(0.75,7.21) | 1.29 (0.82, 2.04) | 1.06 (0.56, 2.00)
401 — 1,000
students 1.03 (0.80, 1.33) | 0.76 (0.29,1.99) | 1.12(0.80,1.57) | 1.12(0.69, 1.80)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici
Urban 3.79
0.96 (0.68, 1. 0. 0.56, 1.58) | 1.88 (0.87, 4.0

96 ( 35) (0.38. 37.76) 94 (0.56, 1.58) (0.87, 4.03)

Suburban 4.54
0.92 (0.72, 1.1 0.81(0.59, 1.11 2.01(1.11, 3.6

92 (0.72, 1.19) (0.48. 42.99) (0.59, 1.11) (1.11, 3.64)

Rural 1.00 1.00 1.00 1.00
School Type
Public 1.22 (0.88,1.71) | 0.31(0.14, 0.66) | 1.67(0.98, 2.85) | 1.44 (0.48, 4.30)
Private 1.00 1.00 1.00 1.00
Neighborhood 16.60
Poverty, 1090 0.59 (0.11, 3.06) (0.78, 352.85) 0.51 (0.04, 6.27) | 0.64 (0.07, 5.52)
Neighborhood Lao
Proportion 1.74 (0.73, 4.12) (0.0 '326 25) 1.64 (0.19, 14.18) | 0.72 (0.25, 2.08)
NW, 1990 07,2025
Age at First Birth
:)‘1‘('119 years 0.84 (0.60, 1.17) | 1.39 (0.56, 3.44) | 0.75(0.48,1.19) | 0.61(0.30, 1.24)
20-29 years 1.00 1.00 1.00 1.00
old
f’)ﬁi‘u years 0.87(0.66, 1.15) | 1.02 (0.46, 2.28) | 0.85 (0.59, 1.23) | 1.22 (0.69, 2.14)
Parental Education at Wave I

<HS 1.06 (0.68, 1.65) | 0.76 (0.29, 1.96) | 1.07(0.56, 2.06) | 1.04 (0.39, 2.74)
HS Diploma 1.09 (0.81, 1.47) | 0.68 (0.29,1.59) | 1.18 (0.82,1.70) | 0.88 (0.44, 1.76)
Some College 0.99 (0.68, 1.44) 0.8;).252.)28, 1.03 (0.62, 1.72) | 1.05 (0.53, 2.09)
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| College+ | 1.00 | 1.00 1.00 1.00
*Predicted Prevalence (95% CIs).
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A3.9. Unadjusted Prevalence Ratios for Experiences of Preterm Birth by School
Entropy (Multi-Group, Standardized) during Adolescence (Wave I, 1994-1995) and
Individual Race/Ethnicity, among Add Health Participants who had a First Birth
by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

School
EntroPy

0.94 (0.56, 1.57)

0.34 (0.06, 1.87)

0.68 (0.35, 1.34)

2.08 (0.62, 7.02)

0.10*

0.15 (0.13, 0.17)

0.23 (0.12, 0.40)

0.15 (0.13, 0.17)

0.14 (0.10, 0.20)

0.25%

0.15 (0.13, 0.17)

0.20 (0.12, 0.31)

0.14 (0.13, 0.16)

0.16 (0.13, 0.20)

0.50%

0.15 (0.13, 0.17)

0.16 (0.12, 0.21)

0.13 (0.11, 0.16)

0.18 (0.14, 0.24)

0.75%

0.15 (0.12, 0.18)

0.13 (0.08, 0.20)

0.12 (0.09, 0.16)

0.21 (0.13, 0.32)

0.90*

0.14 (0.11, 0.19)

0.11 (0.06, 0.21)

0.11 (0.08, 0.17)

0.23 (0.13, 0.39)

*Predicted Prevalence (95% CIs).
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A3.10. Adjusted Prevalence Ratios for Experiences of Preterm Birth by School
Entropy (Multi-Group, Standardized) during Adolescence (Wave I, 1994-1995) and
Individual Race/Ethnicity, among Add Health Participants who had a First Birth
by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
%fll;:(())ly 1.19 (0.65, 2.20) 0.55 (0.16,1.91) | 0.93(0.42,2.30) | 2.20(0.67, 7.19)
0.10* 0.15(0.13, 0.17) | 0.19 (0.12, 0.29) 0.14 (0.12, 0.17) 0.14 (0.11, 0.19)
0.25% 0.15(0.13, 0.16) | 0.18 (0.12,0.25) | 0.14(0.13,0.16) | 0.16 (0.13, 0.20)
0.50% 0.15(0.13, 0.18) | 0.16 (0.12, 0.21) 0.14 (0.11, 0.18) | 0.19(0.14, 0.24)
0.75% 0.16 (0.12, 0.20) | 0.14 (0.09, 0.21) | 0.14(0.10,0.21) | 0.22(0.13, 0.33)
0.90% 0.16 (0.12, 0.22) 0.13 (0.08,0.22) | 0.14(0.09, 0.2:_3) 0.24 (0.13, 0.39)
School Size
1— 400
students 1.26 (0.94, 1.69) | 2.39 (0.92,6.19) | 1.33(0.93,1.90) | 1.06 (0.64, 1.76)
401 —
1,000 0.96 (0.76,1.20) | 0.79 (0.39,1.60) | 1.12(0.84,1.48) 0.73 (0.44, 1.21)
students
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.86, 0.63,1.17) § 3.97(0.56, 28.16) | 0.80(0.52,1.23) | 1.08 (0.52, 2.20)
Suburban 0.90 (0.71, 1.14) (0.5;3"'2%.92) 0.78 (0.58,1.05) | 1.37(0.83, 2.28)
Rural 1.00 1.00 1.00 1.00
School Type

Public 1.24 (0.92,1.66) | 0.43(0.21,0.87) | 1.58 (0.99, 2.52) | 0.98 (0.44, 2.21)
Private 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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Ag3.11. Adjusted Prevalence Ratios for Experiences of Preterm Birth by School
Entropy (Multi-Group, Standardized) during Adolescence (Wave I, 1994-1995) and
Individual Race/Ethnicity, among Add Health Participants who had a First Birth
by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
School
Entropy 1.20 (0.64, 2.27) | 0.80 (0.11, 5.75) | 1.11(0.43,2.91) | 2.08 (0.60, 7.19)
0.10* 0.15 (0.13, 0.17) | 0.17(0.08, 0.32) | 0.14 (0.12, 0.17) | 0.15(0.11, 0.20)
0.25% 0.15 0.14, 0.17) | 0.17(0.10, 0.26) | 0.15(0.13, 0.16) | 0.16 (0.13, 0.20)
0.50* 0.16 (0.13, 0.18) | 0.16 (0.12,0.21) | 0.14 (0.11, 0.19) | 0.19 (0.14, 0.24)
0.75% 0.16 (0.12, 0.21) | 0.15 (0.09, 0.25) | 0.15(0.10, 0.23) | 0.21(0.13, 0.33)
0.90* 0.17(0.12, 0.23) ] 0.15 (0.07,0.29) | 0.15(0.09, 0.26) | 0.23 (01.2, 0.39)
School Size
1—400 1.26 (0.91,1.74) | 2.65(1.10, 6.36) | 1.32(0.88,1.97) | 1.17(0.69, 1.99)
students . . ’ . . . 9 . . . 9 . . . 9 .
401 — 1,000
students 0.96 (0.76,1.21) | 0.78 (0.36,1.72) | 1.12(0.83,1.51) | 0.74 (0.44,1.23)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity

Urban 4.74

0.85(0.63, 1.16) (0.68. 33.20) 0.79 (0.51,1.23) | 1.11(0.55, 2.22)
Suburban 5.36

. . . 0.77(0.57, 1.0 1.41 (0.87, 2.28

0.89 (0.70,1.13) | () _-"38 14) 77(0.57,1.04) | 1.41(0.87, 2.28)

Rural 1.00 1.00 1.00 1.00
School Type

Public 1.25 (0.92, 1.70) | 0.41(0.21,0.80) | 1.56 (0.96, 2.54) | 1.12 (0.48, 2.58)
Private 1.00 1.00 1.00 1.00
Neighborhood 5.29 0.40
Poverty, 1990 0.92(0.24, 3.45) (0.23, 120.01) 115 (0.17,7.78) (0.05, 3.00)
Neighborhood
Proportion 0.99 (0.58, 1.70) | 0.44 (0.03, 7.51) | 0.65 (0.12,3.48) | 0.91(0.37, 2.22)
NW, 1990

*Predicted Prevalence (95% CIs).
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A3.12. Adjusted Prevalence Ratios for Experiences of Preterm Birth by School
Entropy (Multi-Group, Standardized) during Adolescence (Wave I, 1994-1995) and
Individual Race/Ethnicity, among Add Health Participants who had a First Birth
by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
School 0.90 (0.48, 1.67) 1.06 1.28 (0.45, 3.61) | 0.52(0.17, 1.59)
EntroPy ) e (0.08, 14.05) ’ IOt ) T
0.10* 0.14 (0.12, 0.16) | 0.14 (0.05, 0.32) | 0.13(0.11,0.15) | 0.20 (0.15, 0.27)
0.25% 0.14 (0.12, 0.15) | 0.14 (0.07, 0.26) | 0.13(0.11,0.15) | 0.19 (0.15, 0.23)
0.50* 0.14 (0.11, 0.16) | 0.14 (0.09, 0.21) | 0.14 (0.10, 0.19) | 0.16 (0.13, 0.21)
0.75% 0.13 (0.10, 0.17) | 0.14 (0.07, 0.26) | 0.15(0.09, 0.24) | 0.14 (0.09, 0.21)
0.90% 0.13 (0.09, 0.18) | 0.14 (0.06, 0.32) | 0.15(0.08, 0.27) 0.13 (0.07, 0.22)
School Size
L~ 400 1.24 (0.87, 1.78) | 2.53 (0.69, 9.28) | 1.36 (0.85, 2.15) | 0.93 (0.47,1.87)
studen‘ts . . 9 . . . b . . . b . . . b .
401 — 1,000
students 1.03 (0.80,1.34) | 0.73 (0.28,1.94) | 1.13(0.81,1.59) | 1.09 (0.67, 1.77)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanici

Urban 3.64

0.95 (0.66, 1.36) (0.35. 38.04) 0.83(0.48,1.44) | 2.10 (0.98, 4.49)
Suburban 0.92 (0.71, 1.19) (0.53‘,‘2%.52) 0.78 (0.57,1.07) | 2.05 (1.12, 3.74)
Rural 1.00 1.00 1.00 1.00

School Type

Public 1.18 (0.85, 1.65) | 0.28 (0.13, 0.59) | 1.61(0.95,2.73) | 1.35(0.42, 4.33)
Private 1.00 1.00 1.00 1.00
Neighborhood 13.98

0.62 (0.13, 3.06 0.51(0.04, 6.31) | O. 0.08, 3.70
Poverty, 1990 (0.13, 3.06) (0.41, 475.94) 51(0.04, 6.31) | 0.53( 3.70)
Neighborhood
Proportion 1.40 (0.79, 2.51) | 0.39 (0.02,7.52) | 0.80 (0.12,5.31) | 0.78 (0.33, 1.82)
NW, 1990

Age at First Birth
(1)‘1‘('119 years 0.84 (0.60, 1.16) | 1.36 (0.52,3.56) | 0.75(0.48,1.18) | 0.62(0.30, 1.27)
20-29 years 1.00 1.00 1.00 1.00
old
gﬁi‘u years 0.87(0.66, 1.15) | 0.90 (0.41,1.98) | 0.84 (0.58,1.22) | 1.26 (0.70, 2.25)
Parental Education at Wave I

<HS 1.05 (0.68,1.64) | 0.74 (0.28,1.95) | 1.06 (0.55,2.04) | 1.07(0.41, 2.78)
HS Diploma 1.09 (0.81,1.48) | 0.72(0.30,1.71) | 1.18 (0.82,1.70) | 0.89 (0.45, 1.76)
Some College | 0.99 (0.68,1.45) | 0.90 (0.29, 2.75) | 1.03(0.62,1.72) | 1.05 (0.52, 2.11)
College+ 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.13. Unadjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Dissimilarity Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health

Participants who had a First Birth by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Dissimilarity
Index

0.98 (0.55, 1.75)

0.04 (0.28, 3.13)

0.85 (0.31, 2.30)

0.59 (0.23, 1.50)

0.05%

0.14 (0.12, 0.17)

0.16 (0.09, 0.25)

0.14 (0.11, 0.17)

0.19 (0.13, 0.26)

0.20*%

0.14 (0.13, 0.16)

0.16 (0.11, 0.22)

0.14 (0.12, 0.16)

0.18 (0.14, 0.23)

0.40*

0.14 (0.13, 0.16)

0.15 (0.12, 0.20)

0.13 (0.11, 0.16)

0.16 (0.13, 0.20)

0.60*

0.14 (0.12, 0.17)

0.14 (0.11, 0.21)

0.13 (0.09, 0.18)

0.15 (0.11, 0.19)

0.80*

0.14 (0.11, 0.18)

0.15 (0.10, 0.23)

0.13 (0.08, 0.20)

0.14 (0.09, 0.20)

*Predicted Prevalence (95% CIs).
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A3.14. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Dissimilarity Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
})nl(sliyﬂanty 0.70 (0.36,1.38) | 0.62(0.12,3.27) | 0.61(0.20,1.87) | 0.40(0.13, 1.25)
0.05* 0.16 (0.14, 0.20) | 0.18 (0.10, 0.32) | 0.16 (0.12, 0.20) | 0.22(0.15, 0.32)
0.20* 0.16 (0.14, 0.18) | 0.17(0.11,0.27) | 0.15(0.13,0.17) | 0.20 (0.15, 0.26)
0.40* 0.15 (0.13, 0.16) | 0.16 (0.12, 0.21) | 0.14(0.12,0.16) | 0.17(0.14, 0.21)
0.60* 0.14 (0.12, 0.17) | 0.15(0.11, 0.20) | 0.13(0.09, 0.18) | 0.15(0.11, 0.19)
0.80* 0.13 (0.10,0.17) | 0.14 (0.08, 0.2:_3) 0.12 (0.07, 0.19) 0.13 (0.08, 0.19)
School Size
1— 400
students 1.27(0.93,1.72) | 3.43(1.52,7.75) | 1.33(0.92,1.93) | 0.87(0.50, 1.51)
ggllde;igoo 0.94 (0.73,1.20) | 0.82(0.38,1.76) | 1.09 (0.79,1.49) | 0.70 (0.41, 1.17)
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.95 (0.73, 1.24) | 5.30(1.13, 24.77) | 0.81(0.58,1.13) | 1.41(0.71, 2.78)
Suburban 0.94 (0.74, 1.19) (1-03"53?)’-49) 0.79 (0.60, 1.04) | 1.66 (0.96, 2.88)
Rural 1.00 1.00 1.00 1.00
School Type

Public 1.23 (0.89, 1.70) | 0.47(0.23, 0.94) | 1.53 (0.88,2.64) | 0.92(0.38, 2.21)
Private 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.15. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Dissimilarity Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018)

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
})I:(Sl?;mlamy 0.69 (0.34, 1.40) | 0.57(0.10, 3.26) | 0.60 (0.19,1.96) | 0.40 (0.10, 1.56)
0.05% 0.17 (0.14, 0.20) | 0.19 (0.10, 0.33) | 0.16 (0.12, 0.21) | 0.22(0.14, 0.32)
0.20*% 0.16 (0.14, 0.18) | 0.18 (0.11, 0.27) | 0.15(0.13, 0.18) | 0.20 (0.15, 0.26)
0.40* 0.15 (0.13, 0.16) | 0.16 (0.12, 0.21) | 0.14 (0.12,0.17) | 0.17(0.14, 0.21)
0.60* 0.14 (0.12, 0.17) | 0.15(0.10, 0.20) | 0.13 (0.09, 0.18) | 0.15 (0.11, 0.20)
0.80* 0.13 (0.10, 0.18) ] 0.14 (0.08, 0.23) | 0.12(0.07, 0.20) | 0.13 (0.07, 0.21)
School Size
1—400 1.29 (0.93,1.80) | 3.52(1.61,7.70) | 1.33(0.88, 2.01) | 1.00 (0.55, 1.84)
studen‘ts . . 9 . . . 9 . . . b . . . b .
401 — 1,000
students 0.94 (0.72,1.21) | 0.83(0.39,1.77) | 1.10(0.78,1.53) | 0.70 (0.40, 1.20)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban 5.96
0.93 (0.71, 1.22 0.79 (0.55, 1.1 1.40 (0.73, 2.6
93 (071, 1.22) | () 0" o) 79 (0.55,1.14) | 1.40 (0.73, 2.69)
Suburban 5.68
0.91 (0.71, 1.17) (110, 29.22) 0.77 (0.58,1.04) | 1.67(1.00, 2.78)
Rural 1.00 1.00 1.00 1.00
School Type
Public 1.27(0.91, 1.77) | 0.45 (0.22, 0.92) | 1.54 (0.88, 2.69) | 1.10 (0.44, 2.75)
Private 1.00 1.00 1.00 1.00
Neighborhood 2.26
0.62(0.18, 2.1 0.98 (0.14, 6.8 0.22 (0.03, 1.66
Poverty, 1990 ( 4) (0.07,76.55) 98 (0.14 3) (0.03 )
Neighborhood 0.6
Proportion 1.34 (0.83, 2.16) (0.0 ’ 192 63) 1.13 (0.24, 5.23) | 1.21(0.45, 3.26)
Black, 1990 -04,12.63

*Predicted Prevalence (95% CIs).
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A3.16. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Dissimilarity Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
})nl(sliyﬂanty 0.72 (0.33, 1.55) | 0.54 (0.06,5.37) | 0.73 (0.21, 2.54) | 0.62(0.12, 3.12)
0.05% 0.15 (0.12, 0.18) | 0.17(0.07, 0.33) | 0.14 (0.10, 0.18) | 0.20 (0.13, 0.30)
0.20*% 0.14 (0.13, 0.16) | 0.16 (0.09, 0.27) | 0.13(0.11, 0.16) | 0.19 (0.15, 0.25)
0.40% 0.14 (0.12, 0.15) | 0.14 (0.09, 0.21) | 0.13(0.11, 0.15) | 0.18 (0.14, 0.22)
0.60* 0.13 (0.10, 0.16) | 0.13 (0.08, 0.21) | 0.12 (0.08, 0.17) | 0.16 (0.11, 0.24)
0.80* 0.12 (0.09, 0.17) | 0.12 (0.05_3, 0.25) 0.11 (0.06, 0.20) 0.15 (0.08, 0.28)
School Size
1— 400
students 1.31 (0.93, 1.86) | 3.79 (1.25, 11.52) | 1.29 (0.79, 2.09) | 1.07 (0.56, 2.06)
401 — 1,000
students 1.02 (0.78,1.33) | 0.80 (0.30, 2.15) | 1.10(0.75,1.60) | 1.11(0.69,1.81)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban 0.095 (0.68 4.82
’ 0.82(0.51,1.32 1.97 (0. .0

1.31) (0.93. 25.05) (0.51,1.32) | 1.97(0.97, 4.03)

Suburban 5.01
0.91 (0.70, 1.19) (0.88. 28.49) 0.78 (0.56, 1.09) | 2.17(1.21, 3.89)
Rural 1.00 1.00 1.00 1.00
School Type
Public 1.16 (0.85, 1.60) | 0.33 (0.15, 0.71) | 1.43 (0.78, 2.62) | 1.59 (0.56, 4.56)
Private 1.00 1.00 1.00 1.00
Neighborhood 0.39 6.23
Poverty, 1990 (0.08,1.86) (0.12, 316.92) 0.49 (0.03,7.41) | 0.37(0.04, 3.42)
Neighborhood 0.18
Proportion 1.81 (1.07, 3.06) (o 00' 22.25) 1.42 (0.25,7.91) | 0.99 (0.34, 2.82)
Black, 1990 -00,22.25
Age at First Birth
(1)‘1‘('119 years 0.82(0.58, 1.15) | 1.16 (0.42, 3.22) | 0.77(0.50, 1.19) | 0.56 (0.27,1.16)
20-29 years 1.00 1.00 1.00 1.00
old
gﬁi‘u years 0.85(0.64, 1.13) | 0.83(0.41,1.65) | 0.83(0.57,1.21) | 1.22(0.70, 2.12)
Parental Education at Wave 1

<HS 1.08 (0.69, 1.68) | 0.69 (0.27,1.78) | 0.99 (0.51,1.91) | 1.18 (0.48, 2.91)
HS Diploma 1.09 (0.81, 1.46) | 0.76 (0.36,1.62) | 1.13(0.79,1.62) | 0.88 (0.45,1.75)
Some College | 0.92(0.63,1.35) | 0.90 (0.27,2.94) | 0.90 (0.53,1.52) | 1.08 (0.55, 2.11)
College+ 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.17. Unadjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Exposure Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

All Females

Hispanic

Non-Hispanic
White

Non-Hispanic
Black

Exposure
Index

0.94 (0.67,1.32)

0.59 (0.26, 1.35)

1.14 (0.69, 1.87)

2.20 (1.02, 4.73)

0.10%

0.15 (0.12, 0.18)

0.19 (0.13, 0.27)

0.13 (0.09, 0.17)

0.13 (0.10, 0.17)

0.25%

0.15 (0.12, 0.17)

0.18 (0.13, 0.24)

0.13 (0.10, 0.17)

0.15 (0.12, 0.18)

0.50%

0.14 (0.13, 0.16)

0.16 (0.12, 0.21)

0.13 (0.11, 0.16)

0.17 (0.14, 0.21)

0.75*

0.14 (0.13, 0.16)

0.14 (0.10, 0.20)

0.14 (0.12, 0.15)

0.20 (0.15, 0.27)

0.90*

0.14 (0.12, 0.16)

0.13 (0.09, 0.20)

0.14 (0.12, 0.16)

0.22 (0.15, 0.32)

*Predicted Prevalence (95% CIs).
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A3.18. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Exposure Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
Efg:;ure 1.07(0.76,1.51) | 0.87(0.27,2.83) | 1.30(0.79, 2.15) 2.36 (1.09, 5.14)
0.10* 0.15 (0.12, 0.18) 0.17 (0.11, 0.26) 0.13 (0.09, 0.17) 0.14 (0.11, 0.18)
0.25% 0.15 (0.13, 0.17) 0.17 (0.11, 0.24) 0.13 (0.10, 0.17) 0.16 (0.13, 0.19)
0.50* 0.15(0.14, 0.17) | 0.16 (0.12,0.22) | 0.14(0.12, 0.16) 0.19 (0.15, 0.23)
0.75% 0.15 (0.14, 0.17) 0.16 (0.11, 0.23) 0.15(0.13, 0.17) | 0.22(0.16, 0.30)
0.90% 0.15 (0.14,0.17) | 0.16 (0.09, 0.25)_ 0.15(0.13, 0.17) | 0.24(0.16, o.&
School Size
1— 400
students 1.29 (0.94,1.76) | 3.63(1.66,7.93) | 1.39 (0.96,2.01) | 0.92(0.53, 1.60)
401 —
1,000 0.96 (0.75,1.22) | 0.88(0.39,1.95) | 1.13(0.83,1.53) | 0.76 (0.46,1.26)
students
1,001 —
4,000 1.00 1.00 1.00 1.00
students
School Urbanicity
Urban 0.94 (0.72,1.22) | 4.87(0.95, 24.95) | 0.83(0.59,1.17) | 1.27(0.66, 2.43)
Suburban 0.93 (0.74,1.17) | 4.75(0.94, 23.95) | 079 (0.60,1.04) | 1.47(0.90, 2.42)
Rural 1.00 1.00 1.00 1.00
School Type

Public 1.24 (0.90, 1.70) | 0.47(0.23,0.95) | 1.59 (0.95,2.66) | 0.82(0.38, 1.77)
Private 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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A3.19. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Exposure Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
E
hfggf“re 1.15 (0.75,1.77) | 0.83 (0.27,2.58) | 1.37(0.81,2.29) | 2.50 (0.78, 7.97)
0.10* 0.14 (0.11, 0.18) | 0.17(0.11,0.26) | 0.12 (0.09, 0.17) | 0.14 (0.09, 0.20)
0.25% 0.15(0.12, 0.17) | 0.17(0.12,0.24) | 0.13(0.10, 0.17) | 0.15(0.12, 0.20)
0.50* 0.15 (0.13, 0.17) | 0.16 (0.12, 0.22) | 0.14 (0.12, 0.16) | 0.19 (0.15, 0.23)
0.75% 0.15 (0.14, 0.17) | 0.16 (0.11, 0.23) | 0.15(0.13, 0.17) | 0.22(0.15, 0.31)
0.90* 0.16 (0.14, 0.18) ] 0.15(0.09, 0.24) | 0.15(0.13,0.18) | 0.25 (0.15, 0.38)
School Size
L~ 400 1.33 (0.96, 1.84) | 3.73 (1.75,7.92) | 1.41(0.94,2.13) | 1.02 (0.56, 1.85)
studen‘ts . . 9 . . . b . . . 9 . . . 9 .
401 — 1,000
students 0.96 (0.75, 1.23) | 0.89 (0.40,1.94) | 1.14 (0.83,1.57) | 0.75(0.45, 1.24)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity
Urban 5.08
0.92 (0.70, 1.21) (0.99. 26.18) 0.80 (0.56, 1.15) | 1.24 (0.66, 2.34)
Suburban 5.04
0.90 (0.71, 1.1 0.77 (0.57, 1.0 1.46 (0.90, 2.36
90(0.71,1.15) | () 94" 26.98) 77 (0.57,1.03) | 1.46 (0.90, 2.36)
Rural 1.00 1.00 1.00 1.00
School Type
Public 1.28 (0.92, 1.78) | 0.46 (0.22, 0.95) | 1.63 (0.96, 2.76) | 0.93 (0.41, 2.12)
Private 1.00 1.00 1.00 1.00
Neighborhood 1.36
0.58 (0.17, 2.00 0.78 (0.12, 5.0 0.25(0.04, 1.68
Poverty, 1990 58 (0.17 ) (0.04, 43.97) 78 ( 5.07) 5 (0.04 )
Neighborhood
Proportion 1.41 (0.85, 2.33) | 0.61(0.04, 8.32) | 1.68(0.37,7.63) | 1.44 (0.50, 4.13)
Black, 1990

*Predicted Prevalence (95% CIs).

197



A3.20. Adjusted Prevalence Ratios for Experiences of Preterm Birth by District-
Level School Segregation — Black-White Exposure Index — during Adolescence
(Wave 1, 1994-1995) and Individual Race/Ethnicity, among Add Health
Participants who had a First Birth by Wave V (2016-2018).

Non-Hispanic | Non-Hispanic
All Females Hispanic White Black
E
hfgg,f“re 1.10 (0.69, 1.75) | 0.30 (0.06, 1.49) | 1.31(0.73,2.36) | 1.47(0.30, 7.16)
0.10* 0.13 (0.10, 0.17) | 0.22(0.11, 0.40) | 0.11(0.08, 0.16) | 0.16 (0.10, 0.26)
0.25% 0.14 (0.11, 0.16) | 0.20(0.11, 0.33) | 0.12 (0.09, 0.16) | 0.17(0.12, 0.23)
0.50* 0.14 (0.12, 0.16) | 0.16 (0.10, 0.24) | 0.12(0.10, 0.15) | 0.18 (0.15, 0.23)
0.75% 0.14 (0.13, 0.16) | 0.13 (0.07, 0.21) | 0.13(0.11, 0.15) | 0.20 (0.13, 0.30)
0.90* 0.14 (0.12, 0.16) | 0.11 (0.06, 0.20) | 0.14 (0.12,0.16) | 0.21(0.11, 0.1_2,6)
School Size
1— 400
students 1.34 (0.95, 1.89) | 4.11 (1.41,12.03) | 1.35(0.83,2.19) | 1.10(0.57, 2.12)
401 — 1,000
students 1.05 (0.81, 1.35) | 1.00 (0.35,2.86) | 1.14(0.79,1.62) | 1.16 (0.72,1.85)
1,001 — 4,000
students 1.00 1.00 1.00 1.00
School Urbanicity

Urban 2.86

0.94 (0.67,1.31) (0.41, 19.83) 0.83 (0.52,1.35) | 1.87(0.91, 3.85)
Suburban 3.42

0.90 (0.69, 1.18) (0.56. 20.90) 0.78 (0.55, 1.10) | 2.04 (1.12, 3.73)
Rural 1.00 1.00 1.00 1.00

School Type

Public 1.17 (0.86,1.61) | 0.37(0.17,0.81) | 1.49(0.85, 2.62) | 1.49 (0.54, 4.14)
Private 1.00 1.00 1.00 1.00
Neighborhood 1.30

0. 0.08,1.72 0. 0.04, 5.2 0.38 (0.05, 3.1
Poverty, 1990 37 ( 72) (0.04. 40.97) 43 (0.04, 5.23) | 0.38 (0.05, 3.13)
Neighborhood
Proportion 1.86 (1.04, 3.34) O'Og :E’Z')OO’ (o 3‘1‘911) 76) 1.04 (0.31, 3.50)
Black, 1990 ’ T T

Age at First Birth
(1)‘1‘('119 years 0.82(0.58, 1.15) | 1.28 (0.45, 3.59) | 0.77(0.50, 1.18) | 0.57(0.28, 1.17)
20-29 years 1.00 1.00 1.00 1.00
old
gﬁi‘u years 0.85(0.64,1.13) | 0.78 (0.41,1.49) | 0.83(0.57,1.21) | 1.21(0.70, 2.11)
Parental Education at Wave 1

<HS 1.08 (0.69, 1.68) | 0.66 (0.25,1.74) | 0.99 (0.52,1.91) | 1.19 (0.50, 2.86)
HS Diploma 1.09 (0.81,1.46) | 0.76 (0.37,1.55) | 1.13(0.79,1.61) | 0.89(0.45,1.77)
Some College | 0.92(0.63,1.35) | 0.91(0.26, 3.10) | 0.90 (0.52,1.53) | 1.06 (0.53, 2.14)
College+ 1.00 1.00 1.00 1.00

*Predicted Prevalence (95% CIs).
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CONCLUSION

This dissertation investigated the impact of the racial/ethnic structure of school
environments on three distinct, yet connected, health outcomes that occur across the life
course. Across all three Specific Aims, we found that there were racial/ethnic
differences in the types of schools attended by Add Health participants during
adolescence. Overall, Hispanic and Asian/Native American/Other adolescents were
most likely to attend racially diverse schools; non-Hispanic White adolescents were
most likely to attend predominantly White schools; and non-Hispanic Black adolescents
were most likely to attend predominantly Black/non-White schools and schools within
racially-segregated districts. These disparities suggest that each of the racial/ethnic
groups investigated in this dissertation were a part of distinct school environments with
unique racial structures.

Aim 1 found that students identifying as Asian/Native American/Other who
attended schools with moderate levels of Black students were more likely to be
overweight/obese, compared to those who attended schools with the lowest levels of
Black students. Also, non-Hispanic Black students who attended schools with moderate
levels of non-White students were more likely to be overweight/obese, compared to
those who attended schools with the lowest levels of non-White students. It is possible
that schools with moderate levels of Black and non-White schools consist of
predominantly White students. This racial imbalance could contribute to experiences of
racial/ethnic discrimination for Asian/Native American/Other and non-Hispanic Black

adolescents. Ultimately, the findings from this dissertation suggest that the racial
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structure of these school environments could impact the prevalence of adolescent
obesity.

Aim 2 found that there were no meaningful differences by race/ethnicity in the
associations between the racial/ethnic structure of school environments and
inflammation in early adulthood. In additional analyses, we found that there were
significant associations between the proportion of non-White students within a school
and a higher prevalence of inflammation among Hispanic participants; as well as,
between district-level segregation (Black-White exposure index) and a higher prevalence
of inflammation among non-Hispanic Black participants. However, it is important to
note that these associations were attenuated after adjusting for neighborhood-level
characteristics. These findings suggest that adverse socioeconomic characteristics
within a neighborhood (i.e., poverty and racial composition) could explain the
relationship between the racial structure of school environments and inflammation.

Finally, Aim 3 found that for every one-unit change in the proportion of Black
students in a school (from 0 to 100%), Hispanic females had a significantly lower
prevalence of PTB. In fact, we observed a significantly lower predicted prevalence of
PTB among Hispanic mothers who attended schools with 90% Black students,
compared those who attended schools with 10% Black students. This finding was
unexpected. It is possible that attending schools with a higher proportion of Black
students during adolescence is protective for Hispanic mothers because there is the
potential for less racial/ethnic discrimination. In addition, similar to the findings from
Aim 2, the association between district-level segregation (Black-White exposure index)
and the prevalence of PTB among non-Hispanic Black mothers was attenuated after

adjusting for neighborhood-level characteristics. Additional research is warranted that
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explores the role of these adverse socioeconomic characteristics in the structure of
school environments.

This dissertation proved to be innovative in that we examined three aspects of the
racial/ethnic structure of school environments among a nationally-representative
cohort: (1) the racial composition of schools, (2) school diversity levels, and (3) district-
level segregation. The findings from these studies suggest that the absolute levels of
school racial composition, and not district-level segregation, is an important risk factor
in the development of cardiometabolic and reproductive outcomes that occur across the
life course. It is possible that the individual school environments, and not necessarily
the spatial processes operating at the district-level, are critical exposures, which
experienced during adolescence can contribute to adverse outcomes in adolescence and
adulthood.

This dissertation has important implications for both the construction of
educational policies, as well as its applications to social epidemiologic literature. First,
there have been large racial gaps in academic achievement that have persisted since
1990'. The resegregation of U.S. schools that occurred in the 1990s and the policies that
have reversed the Brown decision have not been effective in achieving racial equality in
education. However, very little is known about the health consequences of these
inequalities. This dissertation has attempted to address this gap in the literature, but
more work is needed to investigate how the racial/ethnic structure of school
environments is a relevant and plausible social determinant of health.

It is important to note that the findings from this dissertation work suggest that
the racial/ethnic structure of school environments does not impact the cardiometabolic
and reproductive health of non-Hispanic White participants in Add Health. However,
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the racial/ethnic composition of schools and district-level segregation proved to
important risk factors for the cardiometabolic and reproductive health of persons of
color. Thus, more research is needed that incorporates additional school segregation
indices that assess the levels of segregation between students from different
racial/ethnic backgrounds. This will be critical in the coming years, given that roughly
50% of Americans are persons of color2. Finally, future social epidemiologic literature
should investigate some of the mediating factors, such as economic segregation (in
terms of resources distributed within and across districts) and racial/ethnic
discrimination experienced by students, that could explain the relationship between the
racial/ethnic structure of school environments and cardiometabolic and reproductive
health across the life course.

To our knowledge, this was one of the first extensive studies to examine the
health impacts of both the racial/ethnic composition within schools, as well as the
spatial processes of race across schools within a district. Many social epidemiologic
studies have investigated the cross-sectional effects of contextual exposures, or during
one specific period of the life course. This dissertation was novel in that we examined
the effects of the distribution of racial groups within school and within districts on three
periods of the life course. In doing so, we have begun to understand the long-term
impacts of this social determinant of population health. Given the large public health
burden of the three outcomes in this dissertation, these findings can help researchers
understand the context and potential causes of the persistent disparities associated with
obesity, inflammation, and PTB. The recent resegregation of public schools in the U.S.

has made the structure of schools and school systems a timely and relevant exposure
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that will allow us to continue to investigate the social, economic, and political contexts

that impact adolescents across the life course.
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