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ABSTRACT

Objectives. The age of adolescents at first sexual intercourse is an important 
risk factor for sexually transmitted diseases (STDs) and adolescent pregnancy. 
Black adolescents are at higher risk than white adolescents for first sexual 
intercourse at younger ages as well as STDs and pregnancy. Individual- and 
family-level factors do not fully explain this disparity. We examined whether five 
dimensions of black-white residential racial segregation can help explain the 
racial disparity in age at first sexual intercourse.

Methods. Using the National Longitudinal Survey of Youth 1997 and U.S. 
Census 2000 data, we performed multiple hierarchical discrete time-to-event 
analyses on a nationally representative cohort of adolescents followed since 
1997. Although the cohort study is ongoing, we used data from 1997 through 
2005.

Results. Concentration and unevenness significantly modified the association 
of race and age at first sexual intercourse. However, stratified results suggested 
differences in the effect of race on age at first sexual intercourse at each level 
of segregation across dimensions of segregation. 

Conclusions. Residential racial segregation may modify the black-white dispar-
ity in risk of first sexual intercourse at younger ages, but these associations 
are complex. Future studies should be conducted to elucidate the causal 
mechanisms.
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In the United States, the age of adolescents at first 
sexual intercourse has been shown to be a risk factor 
for other sexual risk behaviors, even long term,1–3 as 
well as for sexually transmitted disease (STD) acquisi-
tion and adolescent pregnancy.2,4 Adolescents continue 
to have the highest rates of STDs in the U.S., and 
adolescent pregnancy rates remain higher in the U.S. 
than in other industrialized countries.5,6

Black adolescents are more likely than white ado-
lescents to report first sexual intercourse at younger 
ages.7 Similarly, compared with white adolescents, black 
adolescents have higher rates of most STDs8 as well 
as higher rates of adolescent pregnancies and births.6 
Studies of individual- and family-level predictors of 
adolescent age at first sexual intercourse have not 
fully explained the racial disparities.9 Individual-level 
interventions aimed at delaying sexual intercourse 
have not been as successful as interventions to reduce 
other risky sexual behaviors, such as unprotected sex.10 

Examining characteristics of the social environment 
can contextualize behavior and help explain what puts 
individuals at differential risk. The social environment 
likely influences individual sexual risk by shaping risk 
behaviors and social and sexual network patterns.11–14 

Residential racial segregation (hereafter, segregation)—
i.e., the spatial distribution of one racial group relative 
to another—continues to characterize many metro-
politan areas (MAs) in the U.S., and black people 
continue to experience segregation more than any 
other racial group.15–18 Segregation is defined by five 
distinct dimensions—isolation, concentration, cen-
tralization, clustering, and unevenness.15–17 Isolation of 
the black population from other racial groups, or the 
probability that black people share neighborhoods 
with other black people rather than white people, may 
strengthen within-group social norms. Concentration of 
the black population, or the density of black people 
in each neighborhood, further concentrates social, 
economic, and political disadvantage. Centralization 
of the black population, or the extent to which black 
neighborhoods are located around the center of the 
MA, limits this group to urban centers, which in the 
U.S. are largely characterized by crowding and pov-
erty. Clustering of the black population, or the degree 
to which black neighborhoods are contiguous within 
the MA, may exacerbate the concentration of social 
problems. Finally, unevenness of the black population, 
or the extent to which the proportion of black people 
in each neighborhood differs from the proportion 
of black people in the MA as a whole, can result in 
further social isolation.15,16,18–20 These characteristics 
are associated with multiple risk behaviors, including 
sexual risk behaviors.1,18,19,21–26 

Segregation is posited to be a fundamental cause of 
racial disparities in sexual risk.19,27 While studies have 
found that living in more segregated areas is associated 
with poorer health outcomes,20,22,23,28–31 limited studies 
have examined the association between segregation 
and health behaviors.32–34 To the best of our knowl-
edge, only two studies have empirically examined the 
association between segregation and sexual health 
outcomes. First, using national surveillance data, 
our research group found that certain dimensions 
of segregation were associated with gonorrhea rates 
among black people in the U.S.35 Second, we found 
that among adolescents and young adults, hyperseg-
regation was not associated with a sexual risk index, 
which included measures of sexual activity, condom use, 
and number of partners.36 In this article, we assessed 
whether black-white segregation can help explain the 
black-white racial disparity in adolescent age at first 
sexual intercourse, beyond individual- and family-level 
characteristics, in a nationally representative cohort of 
adolescents in the U.S.

METHODS

Person-level data
Data on person-level measures came from the National 
Longitudinal Survey of Youth 1997 (NLSY97). Briefly, 
NLSY97 is a longitudinal survey of 8,984 young people 
who were 12–16 years of age on December 31, 1996. 
Participants were interviewed on a yearly basis with 
baseline interviews completed in 1997–1998. Nine 
rounds of data were used for this analysis (1997–2005) 
to ensure follow-up of participants through age 20 
years (i.e., adolescence). Retention rates were greater 
than 80%.37

Based on our study objectives, the sample was lim-
ited to non-Hispanic black and non-Hispanic white 
participants (n56,746 in 121 MAs). We further lim-
ited the sample to those living in U.S. Census-defined 
MAs (n55,176 in 120 MAs), as segregation is an MA 
characteristic. Furthermore, to remove unstable segre-
gation estimates,15,28 the sample was limited to those 
living in MAs with a total population 100,000 and a 
black population 5,000 (n54,794 individuals in 110 
MAs). Participants who had no valid responses about 
ever having sex (n527) or who reported having sex 
but did not report an age at first sexual intercourse 
(n5277) were excluded. Research suggests that only 
a very small number of individuals have their first, 
non-coerced, sexual intercourse before age 12 years.38 
Therefore, we excluded those who reported having 
sex before age 12 (n5167). Individuals living in MAs 
where three or fewer individuals were represented 
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were excluded (n512 individuals in five MAs). The 
final sample comprised 4,311 individuals in 105 MAs, 
with a mean of 41.06 individuals per MA (range: 4.00 
to 175.00).

Outcome measure: age at first sexual intercourse. Age at 
first sexual intercourse was determined by participants’ 
response to the following question: “Thinking about 
the very first time in your life that you had sexual 
intercourse with a person of the opposite sex, how old 
were you?” Adolescent sexual intercourse was defined 
as the participant being 20 years of age or younger at 
first sexual intercourse. Our sample had data on age 
at first sexual intercourse for 3,900 individuals.

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

Person-level baseline covariates. Person-level covariates 
were assessed at baseline and included individual, fam-
ily, and geographic attributes hypothesized to be impor-
tant predictors of adolescent first sexual intercourse.

Individual. Age at baseline and sex of participant 
were included.

Family. Socioeconomic status was assessed using four 
measures: gross household income in the last year, 
maternal education, paternal education (high school 
vs. high school for both), and number of rooms per 
person in the household. Family structure was assessed 
using three measures: whether the participant lived 
in a home with both biological parents at age 2 years, 
whether the participant lived in a single-parent home 
at baseline, and the number of children who lived 
with the participant at baseline (2 vs. 2 children).

Geographic. Based on participants’ addresses, we 
determined whether they lived in a Census-defined 
urban area and in what part of the MA they resided. 
Census region of residence was also determined.

We included in all analyses variables indicating 
whether the participant was part of the NLSY97 overs-
ample of black and Hispanic participants and whether 
age at first sex was retrospectively reported at baseline.

Metropolitan area-level data
Data on all MA-level measures were obtained from the 
U.S. Census Bureau. 

Primary MA-level exposure: residential racial segregation. 
Segregation is operationalized by assessing the distri-
bution of black residents across neighborhoods (e.g., 
census tracts) within larger MAs (e.g., Census-defined 
metropolitan statistical areas). Five dimensions of 
segregation—exposure, concentration, centralization, 
clustering, and unevenness—represent distinct compo-

nents of segregation.39 Each dimension of segregation 
may have varying degrees of salience in describing 
distinct mechanisms.20 As these specific mechanisms 
have, to date, been unexplored, we examined indices 
of each dimension as well as a summary measure, 
hypersegregation.

These dimensions have been described in a previous 
section of this article, and the indices are described 
in detail elsewhere.15–17,39 Isolation was operationalized 
using the isolation index (range: 0.0 to 1.0). Concen-
tration and centralization were measured using the 
relative concentration index (range: –1.0 to 1.0) and 
absolute centralization index (range: –1.0 to 1.0), 
respectively. Clustering was measured using the spatial 
proximity index. While this index can be any real value, 
in practice it ranges from 1.0 to 2.0. We subtracted 
1.0 to put it on the same scale as the other indices. 
Finally, unevenness was measured by the dissimilarity 
index (range: 0.0 to 1.0).15 For all indices, higher val-
ues indicate higher segregation of black people from 
white people. 

Values for segregation indices were obtained from 
the U.S. Census Bureau Housing and Household 
Economic Statistics Division, which used U.S. Cen-
sus 2000 data and 1999 MA definitions to calculate 
these indices. Segregation indices were categorized at 
values established previously by segregation demogra-
phers: very low (0.30), low (0.30–0.40), moderate 
(0.40–0.60), and high (0.60).29,32,40 MAs that were 
highly segregated on four or five dimensions were 
categorized as hypersegregated.17,28 

MA-level covariates. MA-level sociodemographic mea-
sures were obtained from the U.S. Census Bureau’s 
2000 Census Summary 1 and 3 files. Population size 
(log), population density (people per square mile), and 
racial composition (proportion black) were included.41 
Krieger’s socioeconomic position index was used to 
measure MA-level socioeconomic status, incorporating 
multiple area-level measures (e.g., percentage unem-
ployed and percentage in poverty).42 Higher scores 
represent lower socioeconomic position.

Statistical analysis
MA of residence of participants at baseline was reported 
by NLSY97 and defined according to 1999 U.S. 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: 
gross household income (26.0%), paternal education 
(19.7%), biological parents in the home (11.6%), 
maternal education (7.0%), rooms per people in 
home (1.7%), and single-parent household (0.2%). 
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We performed multiple imputations using an iterative 
Markov Chain Monte Carlo procedure, which incor-
porates uncertainty due to missing data in calculating 
parameter estimates and standard errors.43 

Age at first sexual intercourse was collected as an 
integer value with nine possible responses (ages 12–20 
years). Therefore, discrete time-to-event analysis with a 
logit function was performed. Hazard rates of adoles-
cent first sexual intercourse were modeled, and hazard 
odds ratios (HORs) and 95% confidence intervals 
(CIs) are reported.

We created two-level hierarchical models to account 
for dependence of individuals within MAs. First, we 
created an unconditional random intercept model with 
the age indicator variables to account for the heteroge-
neity in ages of adolescents at first sexual intercourse 
across MAs. Because we were examining racial dispari-
ties, we added race and specified a random intercept 
and slope (for race) model with an unstructured cova-
riance.28,29 After including covariates, we tested a main 
effect of segregation for each dimension separately. As 
the test of the primary research question, to examine 
whether the black-white disparity in age at adolescent 
first sexual intercourse varied in areas with different 
levels of segregation, we included race-by-segregation 
interaction terms. F-tests were used to test statistical 
significance for all models.

We performed estimation with maximum likelihood 
using adaptive Gaussian quadrature. All analyses were 
conducted using Stata®  release 11.44 

RESULTS

Sample characteristics
Baseline characteristics are described in Table 1. Briefly, 
compared with white respondents, black respondents 
were more socioeconomically disadvantaged and more 
likely to live in a single-parent household at baseline. 
Of the 105 MAs included in this analysis, 23.8% were 
highly isolated, 60.9% were highly concentrated, 
72.4% were highly centralized, 4.8% were highly clus-
tered, 43.8% were highly uneven, and 16.2% were 
hypersegregated.

Race, segregation, and adolescent  
first sexual intercourse
Among black participants, 91.5% reported having first 
sexual intercourse in adolescence, compared with 
85.6% of white participants. Among those who had 
their first sexual intercourse in adolescence, the mean 
age of first sexual intercourse for black participants was 
15.26 years of age (standard deviation [SD] 5 1.84), 

compared with a mean of 16.15 years of age (SD51.84) 
for white participants (data not shown).

The likelihood of having first sexual intercourse 
in adolescence increased through age 18 years and 
then decreased from age 18 to age 20 years, and black 
participants had a higher likelihood of first sexual 
intercourse in adolescence than white respondents 
(p0.0001) (Figure). After allowing the association 
between race and age at first sexual intercourse to 
vary randomly across MAs and adjusting for control 
variables, black participants were 1.56 times as likely 
as white participants to have had their first sexual 
intercourse in adolescence (95% CI 1.37, 1.77). After 
additionally adjusting for individual covariates, this 
racial disparity remained. Inclusion of family and 
then additionally geographic covariates reduced the 
disparity substantially (HOR51.15, 95% CI 1.00, 1.33). 
However, the disparity still remained. Inclusion of 
MA-level covariates did not further reduce the racial 
disparity in the odds of having first sexual intercourse 
in adolescence (Table 2).

Only centralization was significantly associated with 
adolescent first sexual intercourse (p50.034); living in 
areas with high and moderate centralization increased 
the odds of adolescent first sexual intercourse by 
approximately 50% compared with living in areas with 
very low centralization (Table 2). 

Concentration (p50.016 for interaction) modified 
the race-adolescent first sexual intercourse association 
significantly, and unevenness (p50.052 for interaction) 
and hypersegregation (p50.060 for interaction) were 
borderline significant. While race-segregation inter-
action terms were not significant for isolation, cen-
tralization, and clustering, stratified results suggested 
potential differences in the association between race 
and adolescent first sexual intercourse at each level 
of segregation across these dimensions of segregation 
(Table 3). 

As hypothesized, across all dimensions in highly 
segregated MAs, black participants were 1.20 to 1.40 
times as likely to have had adolescent first sexual inter-
course compared with white participants (Table  3). 
For concentration, centralization, and clustering, this 
racial disparity was not seen in areas characterized by 
low or very low segregation. Similarly, in hypersegre-
gated areas, black participants were at increased odds 
of adolescent first sexual intercourse compared with 
white participants, whereas no racial disparity was seen 
in non-hypersegregated areas. In contrast, however, 
according to the isolation and unevenness dimensions, 
black participants were 1.56 and 1.52 times as likely as 
white participants to have had adolescent first sexual 
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Table 1. NLSY 1997 and metropolitan area sample characteristics in a study on residential racial segregation and 
the black-white disparity among adolescents in age at first sexual intercoursea

Characteristic

NLSY sample (n54,311)  
Percent or mean (SD)b

Black respondents (n51,687) White respondents (n52,624)

Male 47.4 51.3
Age at baseline (in years) 14.38 (1.52) 14.34 (1.47)
Rooms per people in house 1.46 (0.65) 1.72 (0.59)
Maternal education, high school 22.9 10.8
Paternal education, high school 20.1 12.8
Gross household income (in $10,000) 3.08 (2.72) 6.58 (5.06)
2 children living in home 44.0 33.0
Both biological parents not in home at age 2 years 80.9 42.9
Single-parent household 51.4 22.1
Urban 86.9 73.3
Census region
 Northeast
 North Central
 South
 West

17.7
21.9
52.8
7.5

21.9
28.3
34.5
15.2

Location in metropolitan area
 Inside central city
 Outside central city
 Unknown

59.9
38.8
1.3

21.1
77.5
1.3

Characteristic

Metropolitan area sample (n5105)

Percent or mean (SD) Range

Population size (in 100,000 people) 17.27 (26.08) 1.15–212.00
Population density (people per square mile) 802.79 (1,541.22) 85.82–13,043.62
Proportion non-Hispanic black 0.14 (0.10) 0.01–0.45
Socioeconomic position index 21.41 (3.71) 215.15–5.33
Residential racial segregation
 Isolation index 0.45 (0.19) 0.04–0.83
  Very low 21.9
  Low 18.1
  Moderate 36.2
  High 23.8
 Concentration index 0.59 (0.30) 20.70–0.93
  Very low 14.3
  Low 6.7
  Moderate 18.1
  High 60.9
 Centralization index 0.68 (0.21) 20.33–0.95
  Very low 5.7
  Low 6.7
  Moderate 15.2
  High 72.4
 Clustering index 1.24 (0.17) 1.01–1.82
  Very low 71.4
  Low 11.4
  Moderate 12.4
  High 4.8
 Unevenness index 0.58 (0.12) 0.31–0.85
  Very low 0.0
  Low 6.7
  Moderate 49.5
  High 43.8
 Hypersegregation 16.2

aBased on NLSY 1997 (1997–2005) and U.S. Census 2000 data. Note: Sampling weights were not used, so these data should not be interpreted 
as representing national characteristics.
bProportions and means were calculated on pre-imputed data.

NLSY 5 National Longitudinal Survey of Youth

SD 5 standard deviation
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intercourse in areas characterized by very low and low 
isolation and unevenness, respectively (Table 3).

DISCUSSION

Age at first sexual intercourse in adolescence is an 
important predictor of STD infection and adolescent 
pregnancy,2,4 and black-white disparities exist in each 
of these health outcomes.6–8 The results of our study 
support previous findings9 that there is indeed a 
black-white disparity in age of adolescent first sexual 
intercourse and that this disparity is not fully explained 
by individual characteristics. Our study indicates that 
residential racial segregation may help to explain this 
disparity. However, these associations are complex. 

According to the concentration, centralization, and 
clustering indices, in areas with the highest levels of 
segregation, black participants had increased odds 
compared with white participants of having first sexual 
intercourse in adolescence, whereas in areas with the 
lowest levels of segregation, this racial disparity did 
not exist. High concentration of black people may 
be associated with increased likelihood of adolescent 
first sexual intercourse because racial concentration 
further concentrates inherited economic, political, 
and social disadvantage.18–20 Studies have found that 
concentrated poverty is associated with increased odds 
of adolescent first sexual intercourse.9,45 Similarly, high 
centralization indicates that black people live closer to 
the center of the MA and, therefore, may experience 
the attributes that characterize many of these urban 

cities in the U.S., including a poorer neighborhood 
environment. A poor neighborhood environment is 
believed to increase social disorder and foster crime, 
drug use, and risky sexual behaviors.18,19,21,40,46 Studies 
have shown that segregation is associated with increased 
crime rates and drug use.33,40,47 High clustering may 
exacerbate the effects of the concentrated disadvantage 
and social disorder in these areas.

According to the isolation and unevenness measures, 
the racial disparity existed in areas with the lowest and 
highest levels of segregation, yet the racial disparity did 
not exist in areas with moderate levels of segregation. 
Bell et al. described this U-shaped association when 
examining the association between segregation and 
smoking among black people.32 Measures of isolation 
and unevenness, while distinct, are conceptually and 
empirically correlated,48 indicating consistency in these 
findings. If an area is highly uneven, the black popula-
tion is not distributed evenly across neighborhoods in 
an MA and is living in separate neighborhoods and in 
neighborhoods with a high percentage of black people, 
resulting in black people being isolated from white 
people. In areas characterized by low values of isola-
tion and unevenness indices, segregation may appear 
low; however, if the black population is relatively small 
in these MAs, true integration may not exist.48 In fact, 
under these conditions, black people may experience 
more racism,49 in turn increasing health risks for black 
adolescents in these areas. Studies have found that 
experiencing racial discrimination is associated with 
increased risk behaviors in adolescents.46,50,51 On the 

Figure. Estimated log-hazard odds of adolescent first sexual intercourse, overall and by race, in a study on 
residential racial segregation and the black-white disparity among adolescents in age at first sexual intercoursea

aBased on National Longitudinal Survey of Youth 1997 (1995–2005) 
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Table 2. Hazard odds of adolescent first sexual intercourse in multiple hierarchical discrete  
time-to-event models: National Longitudinal Survey of Youth 1997 (1997–2005)

Model and characteristic

Unadjusted race-only modela Adjusted race-only modelb Race and segregation modelsc

HOR (95% CI) HOR (95% CI) HOR (95% CI)

Race-only models
 Black race 1.56 (1.37, 1.77)d 1.15 (1.00, 1.32)d NA
Isolation models
 Black race 1.15 (1.00, 1.33)d

 High isolation 0.87 (0.70, 1.09)
 Moderate isolation 0.91 (0.77, 1.07)
 Low isolation 1.02 (0.87, 1.20)
 Very low isolation Ref.
 Overall test of significance p50.362
Concentration models
 Black race 1.16 (1.01, 1.33)d

 High concentration 1.10 (0.93, 1.29)
 Moderate concentration 1.02 (0.85, 1.21)
 Low concentration 0.97 (0.77, 1.21)
 Very low concentration Ref.
 Overall test of significance p50.373
Centralization models
 Black race 1.16 (1.01, 1.34)d

 High centralization 1.43 (1.04, 1.97)d

 Moderate centralization 1.50 (1.08, 2.09)d

 Low centralization 1.19 (0.82, 1.72)
 Very low centralization Ref.
 Overall test of significance p50.034d

Clustering models
 Black race 1.15 (1.00, 1.33)d

 High clustering 0.89 (0.72, 1.09)
 Moderate clustering 1.08 (0.92, 1.26)
 Low clustering 1.01 (0.87, 1.17)
 Very low clustering Ref.
 Overall test of significance p50.140
Unevenness models
 Black race 1.14 (0.99, 1.32)d

 High unevenness 1.06 (0.85, 1.33)
 Moderate unevenness 1.15 (0.93, 1.42)
 Low unevenness Ref.
 Overall test of significance p50.188
Hypersegregation models
 Black race 1.15 (1.00, 1.32)d

 Hypersegregated 0.97 (0.85, 1.11)
 Not hypersegregated Ref.
 Overall test of significance p50.681

aUnadjusted race-only model adjusts for sample type and sex before baseline interview.
bAdjusted race-only model includes all covariates (adjusted), but does not include segregation measures.
cRace and segregation models include all covariates (adjusted).
dStatistically significant at p0.05

HOR 5 hazard odds ratio

CI 5 confidence interval

NA 5 not applicable

Ref. 5 reference category
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other hand, a moderate level of isolation may in fact 
be protective for black people, potentially by fostering 
social support and political power within the black 
communities.52

In hypersegregated areas, black participants were at 
increased odds of adolescent first sexual intercourse 
compared with white people. This racial disparity did 
not exist in non-hypersegregated areas. Conceptually, 
the disadvantageous effects of high segregation are 
multiplied in areas characterized by high segregation 
across multiple dimensions.16,41 Therefore, this finding 
is not surprising given the association between race 
and first sexual intercourse in highly segregated areas 
across the dimensions. 

Strengths and limitations
These findings should be interpreted in light of the 
study limitations. The person-level data were self-
reported and may be subject to misclassification error. 
Computer-assisted personal interviews were used to col-
lect data on sex to reduce bias. Some individual-level 
variables had substantial missing values, and multiple 
imputations may not have reduced bias. Because survey 
questions related to sexual intercourse referred to sex 
with a person of the opposite sex, sexual intercourse 
with a same-sex partner was impossible to determine. 
Using baseline place of residence to determine seg-
regation status may have introduced misclassification 
if it was not the place where respondents lived at the 
most relevant time frame for first sexual intercourse. 
Using the baseline place of residence is supported 
in neighborhood effects research.9,53,54 Nonetheless, 
future studies may consider an appropriate lag time 
between exposure to segregation and the outcome.49,52 
Due to the original survey sampling and our exclusion 
criteria, our sample may not be representative of all 
MAs in the U.S.

Despite these limitations, this study is the first to 
empirically examine the role of segregation in racial 
disparities in adolescent first sexual intercourse—an 
important predictor of STD infection and adolescent 
pregnancy—using a valid multilevel framework. Our 
study used national longitudinal survey data and, 
therefore, we were able to examine the effect of seg-
regation on sexual risk over the course of adolescence, 
an important contribution to a field that has focused 
mainly on adult and birth outcomes.49

CONCLUSIONS

Black adolescents continue to have higher rates of 
most STDs8 and higher rates of adolescent pregnancies 
and births compared with other racial/ethnic groups.6 

Studies of individual- and family-level predictors of 
sexual health outcomes have not fully explained the 
racial disparities, and individual-level interventions 
have not been effective at reducing these disparities. 
Importantly, growing evidence suggests that, although 
complex, residential racial segregation—a characteris-
tic of the environment that has shaped and continues 
to shape the urban environment in the U.S.55—may 
influence sexual health for black adolescents. Future 
studies should aim to further explore the causal mecha-
nisms and additional moderators for these associations.

This study was supported by the National Institute of Mental 
Health (NIMH) at the National Institutes of Health (NIH) 
(T32MH020031 and P30MH062294 to Yale University). The 
content is solely the responsibility of the authors and does not 
necessarily represent the official views of the NIMH or the NIH. 
This study was approved by the Yale University Institutional 
Review Board.
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