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Abstract
Background—Determining the underlying causes of racial disparities in sexually transmitted
infections (STIs) is important. In the USA, rates of the most common STIs range from 5 to 20
times higher for African–Americans compared to Caucasians, and the health consequences of STIs
can be serious. Residential racial segregation results in very different contexts for individuals and
may be an important determinant of sexual risk. The purpose of this study was to examine how
segregation and race interact to impact the age trajectory of sexual risk behaviours.

Methods—Using 11 years of data from the National Longitudinal Survey of Youth 1997 (1997–
2007) and 2000 Census data, the authors performed three-level hierarchical linear regression to
examine the associations between hypersegregation, race and a sexual risk behaviour index among
black and white non-Hispanic adolescents as they transition to adulthood.

Results—Through most of the teenage years, African–Americans are at higher sexual risk than
Caucasians. However, by age 19, Caucasians are at higher risk. Hypersegregation was not
associated with increased sexual risk index score on average and did not impact the trajectory of
the race–sexual risk association.

Conclusions—The authors did not find any evidence that hypersegregation was associated with
the sex risk index or that it modified the race–sex risk association as individuals got older. Future
studies should examine whether segregation is associated with other causes of STI/HIV
acquisition risk, such as sexual network patterns.

BACKGROUND
Sexual activity among adolescents in the USA is common, with about half of all high school
students reporting ever having sexual intercourse.1 Using national survey data, Abma et al2

documented low rates of condom use among sexually active adolescents, with about half of
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males and two-thirds of females reporting not always using a condom. Additionally, while
adolescents have low rates of concurrent partnerships, they tend to have multiple partners in
the context of short-term, serial monogamous sexual relationships.34 Together with high
prevalence of sexually transmitted infections (STIs),56 sexual activity among adolescents
can have serious and costly consequences.57

Racial disparities in STIs, especially among adolescents, are well documented.58 However,
reasons for these disparities are not clear. Using condoms and having only one partner can
reduce one's risk of contracting STIs910; however, studies have shown that differences in
these behaviours cannot explain the racial disparities in STI risk1112 and that African–
Americans are at higher risk of STIs even when their behaviours are low risk.11

Structural factors, such as residential racial segregation, may underlie the disparities in
sexual risk. Residential racial segregation (herein, segregation) describes the separation of
racial groups in the urban environment. In the USA, African–Americans remain more
segregated than any other racial/ethnic group and are more likely to experience high
segregation across multiple dimensions of segregation simultaneously.1314

While growing literature has suggested that segregation may be a fundamental factor
underlying the black–white disparity in sexual risk, the empirical evidence is just emerging.
Our group has found evidence that African–Americans living in segregated areas are at
higher risk for gonorrhoea than African–Americans living in non-segregated areas.15

Additionally, our group found that segregation may help to explain the racial disparity in age
at adolescent sexual initiation.16 However, the mechanisms are not clear. It is posited that
segregation increases STI risk in two distinct ways.

First, segregation might lead to increased rates of STIs among African–Americans by
impacting the sexual network. Individuals tend to select sexual partners in their residential
area.17 It then follows that segregation of blacks fosters racial assortativity or the tendency
of individuals of one race to select sexual partners among members of the same race.
Additionally, segregation may lead to denser sexual networks so that sexual contacts are
more interconnected in a given area.17–19

Second, segregation may create or foster environments that are conducive to sexual risk
behaviours and increased STI risk. Segregation restricts the socioeconomic opportunities of
residents living in the segregated communities, leading to fewer resources and increased
social problems. These characteristics are associated with increased STI risk.20 Additionally,
segregated areas are often characterised by disordered neighbourhoods (eg, abandoned
buildings, vandalism). A disordered neighbourhood may suggest that objectionable and
risky behaviours are acceptable2122 and, as a result, become normative.21 Living in
disordered neigh-bourhoods is associated with increased STI risk,21 as well as increased risk
behaviours.2324

To begin to understand how segregation impacts STI risk, the primary aim of this study was
to examine longitudinally whether segregation was associated with sexual risk behaviours
among black and white non-Hispanic adolescents as they transitioned to adulthood in the
USA. Prior to examining this, we also described the age trajectory of sexual risk behaviours
and the racial differences in this trajectory in this population.
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METHODS
Person-level data

Person-level data came from the National Longitudinal Survey of Youth 1997 (NLSY97), a
nationally representative longitudinal survey of 8984 youths aged 12–16 years on 31
December 1996. Participants were interviewed on a yearly basis with baseline interviews
completed in 1997 and 1998 and continuing to the present. Further details have been
described elsewhere.25 Eleven rounds of data were used for this analysis (1997–2007).
Retention rates were >80%.25

Because black–white segregation was assessed, the sample was limited to non-Hispanic
blacks and whites (n=6746 in 121 metropolitan areas (MAs)) and to those living in Census-
defined MAs (n=5176 in 120 MAs), the level at which segregation is defined. Segregation
measures can be unreliable in small MAs so the sample was further limited to those living in
MAs with a total population >100 000 and a black population >5000 (n=4794 individuals in
110 MAs).26 Those who did not have at least one valid outcome measure over 11 years of
follow-up were excluded (n=198). Finally, MAs where three or fewer individuals were
represented in the sample were excluded (n=13 individuals in five MAs). The final sample
was 4583 individuals in 105 MAs. There were on average 43.65 individuals per MA (range
4–181).

Outcome measure: sexual risk behaviour index
To assess sexual risk at each survey year, an index that combines assessments of sexual
behaviours since the date of last interview (or past year for baseline) was used: 0= abstinent,
1= always uses a condom, 2= monogamous and has sex without a condom, 3= non-
monogamous and has sex without a condom sometimes and 4= non-monogamous and
always has sex without a condom.27 Sexual behaviour questions were asked to individuals
aged 14 years or older and refer to experiences with individuals of the opposite sex.

Primary person-level exposure: race/ethnicity
Race and ethnicity were self-reported and categorised into non-Hispanic white and non-
Hispanic black.

Person-level baseline covariates
Socio-demographic person-level covariates were assessed at baseline and included the
following predictors of sexual risk.

Individual characteristics
Sex of participant was self-reported.

Family characteristics
To account for family socioeconomic status, gross household income in the last year was
reported by the parent, maternal education and paternal education were dichotomised into
less than high school or high school or more, and number of rooms per person in the
household was calculated. To assess family structure, measures indicating whether the
participant lived with both biological parents at age 2, whether he/she lived in a single-
parent home at baseline and number of children who lived with the participant at baseline
were included.
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Geographic characteristics
Based on participant's baseline address, it was determined whether they lived in a census-
defined urban area (urban vs rural or unknown). It was determined in what part of the MA
(in a central city, outside a central city, unknown) and in what census region of residence
(northeast, central, west or south) they resided.

As suggested by the NLSY97 technical report, a variable indicating whether the participant
was part of the oversample of African–Americans and Hispanics was included in all
analyses.25

MA data
Values for segregation indices were obtained from the U.S. Census Bureau Housing and
Household Economic Statistics Division, which used U.S. Census Bureau 2000 data and
1999 MA definitions to calculate these indices.28 Other MA-level socio-demographic
measures were obtained from the U.S. Census Bureau 2000 Census Summary 1 and 3 Files.

Primary MA-level exposure: hypersegregation
Broadly, residential racial segregation is measured by assessing the distribution of African–
Americans compared with Caucasians across neighbourhoods (eg, Census tracts) within
larger MAs that represent housing and labour markets (eg, Census-defined Metropolitan
Statistical Areas).29 It is represented by five distinct dimensions—exposure, concentration,
centralisation, clustering and unevenness.30 Indices assessing each have been described in
detail elsewhere and have been used by segregation demographers to operationalise each
dimension.1315283031 Briefly, exposure, the extent of contact that African–Americans have
with other African–Americans in their neighbourhood, was operationalised using the
isolation index. Concentration, the density of African–Americans in a neighbourhood, was
measured using the relative concentration index. Centralisation, the extent to which black
neighbourhoods are located around an urban centre, was assessed using the absolute
centralisation index. Clustering, the degree to which black neighbourhoods are contiguous
within a MA, was measured using the spatial proximity index. Finally, unevenness, the
extent to which the proportion of African–Americans in each neighbourhood differs from
the proportion of African–Americans in the MA as a whole, was measured by the
dissimilarity index.28 Higher scores indicate higher black–white segregation, with scores
above 0.60 considered highly segregated.2631

Because simultaneous high segregation across multiple dimensions of segregation is thought
to multiply the negative impact of segregation, we examined the effect of hyper-segregation
on sexual risk. Hypersegregation has been operationalised by segregation demographers as
being highly segregated on four or five of these dimensions.2631

MA-level covariates
Population size (log), population density (people per square mile) and racial composition
(proportion black) were included as MA-level covariates.1432 A socioeconomic position
index was used to measure overall MA-level socioeconomic status, summing standardised
scores for multiple MA-level socioeconomic measures (eg, per cent unemployed, per cent in
poverty, per cent with less than high school education).33 Higher scores represent higher
socioeconomic disadvantage.
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Statistical analysis
MA of residence of survey respondents at baseline was provided by NLSY97 and defined
according to 1999 Census demarcations of Metropolitan Statistical Areas. MA-level data
and person-level survey data were then linked based on these MAs.

Several person-level covariates had missing data (25.3% for gross household income, 20.0%
for paternal education, 11.1% for biological parents in the home, 7.0% for maternal
education, 1.6% for rooms per people in home, 0.2% for single-parent household). We
performed multiple imputation using an iterative Markov Chain Monte Carlo procedure.3435

The sexual risk behaviour index scores were temporally arranged by age at time of interview
(range 14–27).27 Age at interview was then centred at 14 and used as the measure of time
since we expected that sexual risk would change as a function of age rather than time on
study or calendar year. Each participant contributed data at a specific age if he/she was in
the NLSY at that age (regardless of NLSY round). As a result, some individuals could not
contribute to certain measurement occasions if they were not in the study at that age,
reflected in the varied sample sizes at each age (table 1). This approach assumes that all
baseline age cohorts can be pooled together and considered as a single cohort and that those
who do not provide data for a given age can be adequately represented by those who do.36

Three-level hierarchical linear regression models were created to account for dependence of
measurement occasions (defined by age) within individuals and individuals within MAs.
Random intercept terms were specified at the individual and MA levels. Age was included
as a covariate in the random intercepts model to assess the trajectories in the sexual risk
behaviour index as participants aged. Based on preliminary analyses, age with both linear
and quadratic terms was modelled. Race and race by age interactions were added, allowing
the effect of race on sexual risk to differ as age increased. The baseline person-level and
MA-level measures were then included as time-unvarying covariates. Next, the main effect
of hypersegregation was tested. To examine whether hypersegregation modified the race–
sexual risk association, race-by-hypersegregation interaction terms were included.
Estimation was done using maximum likelihood. All analyses were conducted using SAS V.
9.2.

This study was approved by the Yale University Human Subjects Committee.

RESULTS
Sample characteristics

With the exception of age at baseline and sex, African–Americans were at significantly
higher risk than Caucasians across all person-level covariates in both hypersegregated and
non-hypersegregated areas (table 2). Additionally, of the 105 MAs included, 17 (16.2%)
were hypersegregated; in this sample, 1388 (30.3%) individuals lived in hypersegregated
MAs.

Sexual risk differences
Mean sexual risk was lowest at age 14 and highest at age 26 (table 1). On average, sex risk
behaviour index scores increased as adolescents became older and then began to level off
and decreased when they reached their mid-20s (figure 1). This trajectory was quadratic (p
for age2 ≤0.0001) (data not shown). On average, African–Americans were at lower sexual
risk (Est.= –0.07, 95% CI –0.12 to –0.02, p=0.005) (table 3, model 1). However, the
trajectory differed by race (p for joint effect of race × age interactions <0.0001) (table 3,
model 2). Through most of the teenage years, African–Americans were at higher sexual risk
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than Caucasians. However, by age 19, Caucasians were at higher risk (figure 1). Risk
increased for African–Americans and Caucasians over time; however, the risk for whites
increased faster than for African–Americans, resulting in an eventual reversal of the initial
blackewhit–disparity (figure 1 and table 3, model 2). After inclusion of covariates, the
black–white disparity in sexual risk scores at age 14 was reduced by 33%, but the racial
differences in the trajectories of sexual risk scores over time did not change (table 3, models
2 and 3).

Hypersegregation was not associated with increased sexual risk index score on average
(Est.=0.02, 95% CI –0.05 to 0.09, p=0.642)(table 3, Model 4). Additionally, inclusion of
hypersegregation did not impact the black–white disparity in sexual risk (table 3, Models 3
and 4).

Hypersegregation did not modify the trajectory of the association between race and sexual
risk behaviour index scores over adolescence and into young adulthood (p value for joint
effect of hypersegregation × race × age and hypersegregation × race × age2 interactions
=0.521) (result not shown). Additionally, holding the effect of age constant, the race–sexual
risk association was not modified by hypersegregation (Est.=0.06, 95% CI –0.05 to 0.17,
p=0.267) (table 3, model 6) nor was hypersegregation associated with sexual risk overall (p
value for joint effect of hypersegregation grouped variables =0.287) (table 3, model 6).

In analyses stratified by race, hypersegregation was not associated with sexual risk (among
African–Americans, Est. = 0.07, 95% CI –0.04 to 0.17, p=0.225; among Caucasians, Est. =–
0.05, 95% CI –0.15 to 0.05, p=0.324) (figure 2).

DISCUSSION
STIs among adolescents and young adults place a substantial burden on this population.
Black adolescents have a nearly 10-fold increased risk of contracting chlamydia, the most
common STI, and a 20-fold increased risk of contracting gonorrhoea, the second most
common STI, compared with white adolescents.37 While there are multitude of factors that
likely put individuals at increased risk for STIs, sexual activity, inconsistent condom use and
multiple partners are established behavioural risk factors. Results from this study found that
at younger ages, African–Americans were at increased sexual risk compared with
Caucasians but that this disparity reversed by late adolescence. This same race and age
pattern of sexual risk has been found previously among adolescents and young adults.38 The
higher risk at younger ages for African–Americans was likely strongly influenced by
African–Americans initiating sex at younger ages compared to Cauasians.11

There was no evidence that hypersegregation was associated with the sex risk behaviour
index or that it modified the race–sex risk association as individuals got older. Prior studies
have shown that segregation is associated with earlier age at sexual debut and higher risk of
STIs, both of which have established racial disparities (eg, African–Americans have more
STIs than Caucasians).1516 This might indicate that for outcomes and behaviours that
African–Americans are at higher risk than Caucasians, segregation can help explain the
disparity. However, for behaviours that are not characterised by large racial disparities (such
as those examined in the current study—condom use and multiple partners), segregation
may not be an important risk factor. In fact, Lang et al21 found that neighbourhood disorder
was associated with STI acquisition but that it was not associated with inconsistent condom
use or multiple partners and that inconsistent condom use was not associated with STI
acquisition. This lends support to the hypothesis that segregation might impact risk in large
part through its effect on sexual network characteristics, aspects that condom use and
number of partners do not fully capture.
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Because individuals, particularly adolescents, tend to select sexual partners in the area in
which they live, segregation likely impacts partner choice.17 Additionally, evidence suggests
that African–Americans are more racially assortative than other racial groups,39 resulting in
infections remaining in the subpopulation. Additionally, segregation may lead to denser
sexual networks so that sexual contacts are more interconnected in a given area. Evidence
also suggests that African–Americans are also more dissortative in their partner choice.1739

Specifically, low-risk African–Americans (one partner in the past year) are five times more
likely to have a partner who is at high risk (four or more partners in the past year) as
compared with Caucasians.39 Together, this may help explain why infection is more
widespread in this subpopulation and why even low-risk African–Americans are at higher
risk of STIs than Cauasians.11

Strengths and limitations
Due to the original survey sampling and the exclusion criteria, the sample may not be
representative of all MAs in the USA. Additionally, NLSY97 survey data are self-reported
and may be subject to misclassification error. However, computer-assisted personal
interviews were used to collect data on sexual behaviours to reduce bias. Survey questions
related to sexual intercourse referred to sex with a person of the opposite sex; as a result,
sexual intercourse with a same sex partner is impossible to determine and could not be
considered. The sexual risk score, while previously used for this data set, has not been
validated. By structuring the data by age at time of interview, we cannot rule out age by
cohort effects.36 However, since the largest age difference possible in a given year is <5
years and we have no reason to believe that any societal changes took place that would
impact sex risk over this short period of time, it is unlikely that this would have a major
effect on the conclusions.

The sexual risk score is a five-group ordinal variable. While statistical techniques exist to
model ordinal outcomes with hierarchical data, these models would not converge due to the
statistically complex nature of three-level hierarchical models with ordinal outcomes.
Therefore, while it did not meet the normality assumption, it was modelled as continuous.
Notably, it has been shown that treating non-normal ordinal outcomes as continuous most
often results in smaller SEs. In this analysis, larger SEs would only strengthen our findings
that segregation is not associated with sexual risk scores.

We used MA measures of segregation, rather than more local measures. This could have
attenuated any effect if the MA level is too large to meaningfully classify exposure for
capturing differences in adolescent sexual risk. However, while more local environments
(eg, the neighbourhood) are certainly important to understand health, the social processes
that impact health often operate across larger areas. Rather than looking at individual
neighbourhoods, it is important to examine how the distribution of these neighbourhoods in
larger areas (ie, MAs) impacts health. MAs approximate housing and labour markets. In
MAs, there is a separation between the central city and more suburban areas, a major factor
in residential racial segregation.40 The impact of segregation is hypothesised to not just
impact residents of a few neighbourhoods but to impact minorities across the MA as a
whole.41

We were able to examine the potential impact of a number of possible limitations. First, use
of the sexual risk index may hide differences for the individual behaviours (eg, condom
use); however, a post-hoc analysis examining the association of segregation with proportion
of sex acts where a condom was used did not result in qualitatively different findings.
Second, the hypersegregation measure could be misclassified due to the operationalisation
of it as the baseline place of residence of respondents. Few studies have examined the effect
of segregation longitudinally; however, using the baseline place of residence is supported in
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neighbourhood effects research in general.23 Additionally, evidence suggests that
individuals do not move from high segregation areas to low segregation areas or vice
versa.42 Third, some variables had substantial missing values, and multiple imputation may
not reduce bias; however, our findings were robust to changes in assumptions in that the
main findings did not meaningfully change when performing complete case analysis or
when dropping those variables with large number of missing values. Finally, due to our
modelling techniques and the complex relationships between variables over time, the
analysis might be subject to type 2 error because some of these variables may be mediators
and on the causal pathway between segregation and sexual risk. However, even in
unadjusted models, hypersegregation was not associated with the sexual risk behaviour
index and did not impact the race–sexual risk association trajectory.

This study also has a number of strengths. First, it addressed an important public health
problem, identified as a priority by the federal government. The FY2012 Trans-National
Institutes of Health plan for HIV-related research identifies the importance of exploring the
effects of ‘residential segregation... upon HIV transmission among racial and ethnic
populations across the lifespan’.43 Examining the effect of segregation on sexual risk
behaviours as adolescents transition into adulthood is an important step. Additionally, a
hierarchical, repeated measures design was used to validly examine the association between
a contextual variable on individual outcomes over time in a large national survey.

Conclusions
Emerging evidence suggests that residential racial segregation is related to racial disparities
in STI and early sexual initiation, but the mechanisms are still unclear. The current study
suggests that segregation may not be resulting in differences in sexual behaviours
particularly among sexually experienced individuals. Instead, future studies should examine
whether segregation is associated with sexual network patterns, whether it can help explain
the racial disparities in sexual network patterns and whether sexual networks can mediate
the relationship between segregation and STIs. Additionally, future studies might examine
whether segregation is associated with behaviours that have been more consistently shown
to explain disparities in STI risk, including concurrency and sex with casual and high-risk
partners.
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What is already known on this subject

▶ Sexual behaviours put individuals at risk of STIs; however, these behaviours do
not fully explain the large racial disparities in STIs among adolescents.

▶ Residential racial segregation has been shown to be associated with gonorrhoea
rates among African–American.
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What this study adds

▶ Segregation is not associated with a sexual risk behaviour index.

▶ Rather than through behaviour, segregation may impact STI risk through another
mechanism, such as sexual networks.
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Figure 1.
Unadjusted sex risk scores from age 14 to 27, by race, National Longitudinal Survey of
Youth, 1997–2007. Error bars represent 95% CIs around the black–white difference in
means at each age.
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Figure 2.
Adjusted sex risk scores from age 14 to 27, by race and hypersegregation, National
Longitudinal Survey of Youth, 1997–2007. Based on table 3, model 6. Adjusted for sample
type, sex, paternal education, maternal education, household income, rooms per people in
household, both biological parents in home (age 2), single-parent household, number of
children in home, residential location, location of residence in metropolitan area (MA),
census region of residence, log population size in MA, population density (people per square
mile) in MA, proportion black non-Hispanic in MA, socioeconomic position index of MA.
All covariates were centred at their grand mean so that the scores are predicted scores for the
‘average’ person.
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Table 1

Distribution of participants for sexual risk index scores and mean and median scores, by age

Age No. of participants Mean score (SD), range 0–4 Median

14 57 0.19 (0.58) 0

15 790 0.32 (0.80) 0

16 1565 0.53 (0.95) 0

17 2339 0.78 (1.07) 0

18 2714 0.99 (1.14) 1

19 2982 1.15 (1.17) 1

20 2503 1.21 (1.18) 1

21 2080 1.22 (1.22) 1

22 1870 1.23 (1.20) 1

23 1966 1.34 (1.18) 1

24 1613 1.46 (1.17) 2

25 1364 1.57 (1.17) 2

26 1023 1.68 (1.09) 2

27 448 1.50 (1.07) 2

Sexual risk index is defined as: 0= abstinent, 1= always uses a condom, 2= monogamous and has unprotected sex, 3= non-monogamous and has
unprotected sex sometimes and 4= non-monogamous and always has unprotected sex. Questions refer to practices since the date of last interview
(or past year for baseline) and refer specifically to experiences with individuals of the opposite sex.
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