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Background 

Black-white (B/W) disparities in adolescent health are pervasive in the U.S.[1] and they often 
persist across the life course.[2,3] Chronic physiologic stress as a consequence of black/African 
Americans (b/AA) increased exposure to environmental stressors (e.g. residential poverty and 
violence, discrimination) in comparison to whites is hypothesized to be one of the root causes 
underlying B/W disparities in health.[4-8] Prior research supports this line of inquiry as 
significant B/W disparities in the regulation of the hypothalamic pituitary adrenal (HPA) axis has 
been found, including blunting of the diurnal cortisol curve and elevated basal cortisol levels.[5, 
9, 10] Cortisol is one of the primary hormones involved in the stress response.[11] Under 
“normal” conditions, cortisol release follows a circadian rhythm, such that levels are high upon 
waking with a marked increase 30 minutes after waking and then a gradual decline throughout 
the day with the lowest levels in the evening. Exposure to acute stress triggers a rise in cortisol 
– an adaptive mechanism needed to ensure glucose is available to the cells to respond to the 
stressor at hand.[11] However, chronic exposure to high levels or irregular release of cortisol is 
linked to immune suppression and increased infection risk (e.g. EBV reactivation);[12-16]  
central adiposity due to the high density of cortisol receptors on the fat cells at the 
midsection;[17] increased insulin resistance and type 2 diabetes;[18] and a myriad of other 
health issues – outcomes with known B/W disparities in their occurrence.  
 
Although prior research has been particularly informative in identifying B/W disparities in HPA 
activity, research investigating explanations for these differences is limited. In addition, most 
studies examining HPA activity (including B/W differences) have focused primarily on measures 
of short-term or acute physiologic stress, specifically salivary cortisol measured via the diurnal 
curve captured over one to several days or in response to an acute stressor.[5,19-22] The 
emphasis on acute stress has led to an incomplete understanding of the extent to which 
adverse social environments contribute to chronic stress. In addition, prior research has tended 
to restrict the scope of the investigation to the residential neighborhood, which is typically 
measured as the census tract of residence. Although the reasoning for this restricted scope is 
partly rooted in the lack of appropriate existing large-scale data resources, incomplete 
measurement has limited our understanding of the extent to which sociospatial exposures have 
an effect on health outcomes. 
 
The purpose of this study is to examine the extent to which B/W disparities exist in chronic 
physiologic stress (e.g. HPA activity measured using hair cortisol) among a probability sample 
of adolescents (N=500) and the role of adverse sociospatial exposures (e.g. poverty, violence, 
and disorder measured using an activity space approach) in explaining observed B/W 
differences in chronic stress. The study employs innovative measurement approaches – (1) hair 
for cortisol to better capture measures of chronic physiologic stress (e.g. 1 cm of hair 
approximates mean cortisol for corresponding month [23]) and (2) activity space measures 
using Smartphone technologies (e.g. global positioning systems and ecological momentary 
assessments) over a 1 week data collection period to better capture the breadth of sociospatial 
exposures.  
 

Methods 
 
Study Design  
 
The study leverages data from two NIH-funded studies: (1) The Adolescent Health and 
Development in Context (AHDC) study (Browning, 1R01DA032371) – a prospective cohort 
study (and probability sample) that examines the impact of activity space exposures on the 
behavioral and health outcomes of 4,000 diverse youth aged 11-17 years in Franklin County, 



Ohio and (2) The Linking Biological and Social Pathways to Adolescent Health and Wellbeing 
(Bio-Social Linkages) study (Ford, 1R21DA034960) – a probability subsample of 500 youth 
participating in wave 1 of the AHDC study in which chronic stress biomarkers of longitudinal 
HPA activity (hair for cortisol) are being collected for linkage to the AHDC study.  
 
The AHDC study focuses on the multiple contexts of youth development over time in which data 
are collected at two time-points, approximately 1 year apart. Within each wave, the data are 
being collected over a weeklong period via face-to-face interviews/computer-assisted personal 
interviewing on days 1 and 7 of a focal youth and a primary caregiver and ecological momentary 
assessment (EMA) and global positioning system (GPS) methodologies using Smartphones for 
the youth over 7 days. The Bio-Social Linkages study employs a cross-sectional study in which 
biomeasures of chronic stress (e.g. hair for cortisol) and immune function (e.g. saliva for 
Epstein-Barr virus antibody and DNA) are being collected at wave 1 of the AHDC study. The 

associated figure depicts the data 
collection design of the AHDC and 
Bio-Social Linkages study. Data 
collection is current underway and to 
date, 170 youth have completed 
wave 1 of the study. 
 
Study Location and Sample 
 
The study takes place in Franklin 
County, Ohio – a large, metropolitan 
area with an estimated 2012 
population of 1.2 million.[24] Franklin 

County contains the city of Columbus—Ohio’s largest city and the 16th largest city in the U.S. 
(estimated 2012 population of 809,798). Franklin County is racially diverse (21.8% African 
American, 4% Asian, and 5% Latino). The 2008-2012 estimated median household income was 
$50,700 with 17.1% living below the poverty line.[24] The Columbus metropolitan area is 
representative of the average U.S. metropolitan area in terms of social and economic 
characteristics[24].  
 
The sampling design for the AHDC and Bio-Social Linkages studies was developed in 
collaboration with OSU’s Center for Human Resources Research (CHRR) – an established 
survey research center with expertise in representative survey designs and data collection 
among children and adolescents. Replicate samples of 500 households stratified by racial, 
ethnic and socioeconomic composition of census tracts were drawn to ensure a representative 
sample of the city of Columbus. One youth from eligible households is then randomly selected 
to participate. To date, data have been collected on 170 youth of which 52% are male and the 
mean age is 14.6 years. With respect to racial/ethnic composition, 57% of the youth self-identify 
as white, 32% as black/AA, 1% as Asian, 2% as ‘other’, 2% as Hispanic and 6% as mixed race.  
 
Data Collection 
 
AHDC Study 
 
Within each wave, the AHDC data are collected by trained interviewers over a weeklong period. 
A face-to-face interview and self-administered survey with both a focal youth and his or her 
caregiver is conducted on days 1 and 7. Caregiver interviews include questions on the youth’s 
residential history, household composition, family structure and routine activity locations (e.g. 
school, organizations, activities, etc.), socioeconomic background, mental and physical health 



and health behaviors of the caregiver and child, family conflict and legal troubles and child’s 
exposure to adverse life events (e.g. violence), and activity space/neighborhood characteristics. 
The youth face-to-face interview includes questions related the youth’s routine locations, social 
networks and risk behaviors at these locations (e.g. smoking at a “hang-out” location). In 
addition to the surveys, a seven day smartphone-based Global Positioning System (GPS) 
tracking and Ecological Momentary Assessment (EMA) data collection period follows the 
Entrance Survey for the youth collecting real-time data on locations; activities; network partner 
presence and interactions; mood; perceptions of safety and risk behavior.  
 
The Bio-Social Linkages Study 
 
Trained interviewers collect the hair sample from the youth during the exit interview at the end of 
the week.  The interviewers cut approximately 25-75 mg of hair (0.4-1 cm in diameter) from the 
posterior vertex region of the scalp cutting as close to the scalp as possible with a new pair of 
thinning shears. The posterior vertex region of the scalp has the lowest variation in cortisol 
levels, thus it is the preferred area for sampling.[23]  Consistent with prior research, adolescents 
with less than 1 cm of hair length on their scalp are generally excluded from this portion of the 
data collection due to insufficient quantity of hair to cut as are those who have taken oral or 
inhaled corticosteroids in the last month as these medications will significantly increase cortisol 
levels.[25] However, youth are still eligible for participation in the AHDC study, thus we will use 
the extensive data collected to examine the extent to which selection bias may occur and adjust 
for the bias in the statistical analyses using inverse probability of treatment weighting 
procedures when needed. To date, approximately, 90% (153) of the 170 youth provided a hair 
sample. Of the 10% who are missing, 3.5% refused to participate, 4% were ineligible due to 
insufficient hair and 2.5% were ineligible due to corticosteroid use.  
 
Measures  
 
Chronic physiologic stress is measured via cortisol (HPA activity) captured in adolescent hair. 
As previously stated, each 1 cm of hair approximates the mean cortisol level over the prior 1 
month in growth.[23] Studies have found cortisol is leached out of hair at more distal lengths (> 
3cm) due to repeated hair washing and environmental exposures,[26-28] thus consistent with 
prior research [26-32] we focus on the first 3 cm of hair growth. To date, most studies have only 
included participants who had at least 3 cm of hair. [29,30,32] However, in our diverse sample 
this would exclude individuals with shorter hair and increase the potential for selection bias. 
Thus, we include individuals with varying hair lengths (typically 1 cm – 3 cm) and adjust for hair 
length in our statistical analyses. Prior research found no significant differences in cortisol levels 
between individuals with varying hair lengths between 1 cm-to-3 cm,[31,33] thus, our approach 
reduces selection bias and provides a cost-effective and valid measure of chronic stress. 
 
Hair is assayed for the measurement of a mean cortisol value at OSU’s College of Nursing Lab 
under the direction of Ford using an adapted protocol by D’Anna-Hernandez et al.[34] and 
Meyer et al.[26] To prep for assay, the hair sample is washed with isopropanol and dried over 1 
to 3 days. A total of 25-75 mg of hair is placed into a microcentrifuge tube, cut into 2-4 mm 
lengths, and then ground for at least 15 min in Retsch 400 Mill. A total of 1.1 ml of HPLC-grade 
methanol is added to the ground sample, and incubated for 18-24 hours at room temperature 
with constant agitation via a shaking table. The tubes are centrifuged at 1000g for 15 min at 
room temperature to pellet the powdered hair. The entire amount (~1 ml) of supernatant is 
transferred to a clean microcentrifuge tube and the methanol is removed by evaporation using a 
stream of air for 6-8 hours at room temperature. The cortisol extract is immediately reconstituted 
in 100ul of Salimetric immunoassay cortisol analysis diluent buffer. Samples are assayed in 
duplicate. Inter- and intra-assay coefficients of variation are calculated. Cortisol levels are 
continuous in nature and expressed in hair as pg/mg (typically log transformed for analysis).  
 



Activity Space Construction and Sociospatial Adversity 
 
The AHDC study measures youths’ activity space using data from youth and parental report of 
routine activity locations over the month prior to the survey and the continuous GPS data 
collected over a 7-day tracking period. Activity space characteristics are estimated by specifying 
a buffer around the youth’s space-time travel path and employing Kernel density methods to 
determine aggregate characteristics of the resulting activity space. Specifically, the Kernel 
density surface (KDS) derived from the location of a set of points using a kernel function and a 
predetermined search radius (or bandwidth). To generate a KDS from a point distribution of n 
activity locations, a nonparametric kernel estimation method will be employed.[[35,36] Following 
Bailey and Gatrell‘s formulation,[37] if ℜ represents the study area, x represents a general 
location in ℜ and x1, x2…. xn are the locations of the n activities, then the intensity or density, 
𝜆𝜆(x), at x is estimated by:  

where k(.) is the kernel function, the 
parameter h > 0 is the bandwidth 
determining the amount of smoothing, 
wi is a weighing factor, and 𝛿𝛿h(x) is an 

edge correction factor.141  
In the AHDC study, the quartic kernel function: described in 
Silverman [36] is used for generating the KDS for each 
subject using an appropriate bandwidth.  

The AHDC study will then create weighted scores for 
subject‘s activity spaces (as defined by the KDS) based on both objective (e.g. census-based) 
characteristics of areas as well as reports of key social processes (e.g. collective efficacy) using 

caregiver and youth survey data (measures of activity 
space characteristics based on survey data will be 
aggregated from densely sampled respondents across 
the study area; the youth’s own caregiver report may be 
excluded from the construction of a given activity space 
measure in order to avoid shared method variance).  The 
example figure shows a density surface of commercial 
activity opportunities based on 10,727 commercial 
parcels in Columbus, Ohio. An analogous approach 
could be used to describe the density surface of actual 
activity locations for the entire sample of AHDC youth. 

 
The central measures of sociospatial adversity of the 
individual activity space for this study include: 

concentrated poverty, physical and social disorder, and violence measures including, perceived 
safety, prevalence of violence and exposure to community violence. Respondent reports and 
administrative data will be aggregated across the study area and kernel density estimation will 
be employed to construct measures of sociospatial adversity of respondent-specific activity 
spaces.  For self-reported measures, the effects of aggregated activity space characteristics will 
be estimated both with and without including youth and caregiver reports in order to ensure that 
observed associations are not due to shared method variance.  
 
Concentrated poverty (2010 U.S. Census) will be measured as a composite consistent with 
prior research [38-40] via the following items: % of households below the poverty line, % of 
households on public assistance, % of female-headed households with children and 
unemployment rate.  
 
Physical disorder (youth and caregiver surveys) will be measured as a composite of 3 items 
based on the Project for Human Development in Chicago Neighborhoods (PHDCN) [41] that 



ask “how much of a problem is”…“litter, broken glass or trash on sidewalks and streets,” “graffiti 
on buildings and walls,” and “vacant or deserted houses or storefronts” in the neighborhood).  
 
Social disorder (youth and caregiver surveys) will be measured as a composite of 3 items 
based on the PHDCN [41] that ask “how much of a problem is”…“drinking in public,” “people 
selling or using drugs,” and “groups of teenagers or adults hanging out and causing trouble” in 
the neighborhood).  
 
Perceived safety (youth and caregiver surveys) will be measured as a composite of 5 items 
based on the PHDCN [41] that ask about subjective perceptions of neighborhood danger, 
including fear of being robbed, of the house being broken into, being afraid to walk in the 
neighborhood at night, to let the youth go outside).  
 
Prevalence of violence (administrative data) will be measured via crime rates in the study area 
to determine rates of violence in specific locations, including publicly available information on 
the location and timing of a range of crimes as reported by the Columbus Division of Police and 
other administrative sources.   
 
Exposure to community violence is measured by a checklist of items (youth survey) adapted 
from the PHDCN [41] on whether violence and other risk behaviors occurred in the last year 
within a 5 minute drive from their home; items include threats, chasing, hitting, attacking with a 
weapon, fights, beatings, and shooting or shooting at someone. For each behavior reported, 
follow-up questions assess frequency of victimization and witnessing.  The battery of items is 
then repeated for each routine location reported by the caregiver and youth, including school 
locations. For each behavior reported, follow-up questions assess frequency of victimization and 
witnessing each act.  These unique data will allow for estimates of the extent to which the 
specific contexts of ETV (and the characteristics of those contexts) are linked with the chronic 
stress biomarkers.  
 
Adolescent Race 
 
Race is measured as mutually exclusive racial categories (e.g. non-Hispanic black/AA or non-
Hispanic white) self-identified by the youth. 
 
Control Measures  
Control measures of adolescent and caregiver sociodemographics will be included in the 
analysis, including but not limited to sex, family structure, household socioeconomic status, 
adolescent health status, household conflict (e.g. exposure to domestic violence) and season of 
data collection. In addition, adolescent hair care practices (e.g. frequency of washing, chemical 
treatments, hair product use) and the weight and length of the hair will be included in the 
analyses as control measures as prior research has found associations between these 
measures and hair cortisol values.[42]  
 
Analytic Strategy 
 
As discussed prior, the data collection is currently underway and anticipated to be complete in 
winter 2015. Of the 153 hair samples currently collected, 73 have been assayed for cortisol and 
of these, 66 of the youth self-identified as non-Hispanic b/AA or non-Hispanic white. Preliminary 
analyses were conducted to examine B/W differences in hair cortisol levels in which multiple 
linear regression analyses were conducted adjusting for age, sex, hair length and hair weight 
(N=66).  
 
The following describes the analytic strategy for the study aims to be conducted upon 
completion of the data collection. Specifically, we will examine the (1) extent to which B/W 



disparities exist in chronic physiologic stress (e.g. HPA activity) and (2) the role of adverse 
sociospatial exposures (e.g. poverty, violence, and disorder) in explaining observed B/W 
differences in stress outcomes. We hypothesize that b/AA youth will have higher hair cortisol 
levels than white adolescents and that sociospatial adversity in routine activity spaces will 
account for the observed racial differences in chronic stress.   
 
As noted, sociospatial adversity measures will be based on kernel density estimates of poverty 
levels, social and physical disorder, violence (both average levels of violence as captured by 
administrative data and direct experiences of violence as victim or witness), and perceptions of 
safety within a buffer bounding the locations of each subject’s routine activities.  This approach 
will substantially improve upon conventional strategies employing characteristics of the youth’s 
residential census tract or block group alone. Characteristics of activity spaces will be included 
in OLS regression models predicting hair cortisol levels, incorporating a range of controls 
available in the AHDC data.  The model will be specified as follows:  

Where the outcome, Y i , represents logged hair 
cortisol levels measured in pg/mg for youth i, β0 is 
the intercept, βp are coefficients capturing the 
effects of P sociospatial adversity covariates on 

hair cortisol levels and βq are coefficients for the effects of Q control variables X on hair cortisol 
levels. Among control variables, we will include adolescent health measures (e.g. chronic 
condition, current illness symptoms, medications), substance use and exposure to smoking; hair 
care practices and hair length/weight); season of collection; family structure; and exposure to 
adversity in the home (as a key activity space context), including poverty, family/household 
violence, etc. Because sociospatial adversity is measured at the individual activity space level, 
case clustering within conventionally defined neighborhoods is less problematic, although 
residual dependencies will be assessed to ensure accurate estimation of standard errors.   
 

Results 
 
Characteristics of the preliminary sample of black/AA and white youth aged 11 to 17 years, 
means for the total sample and stratified by race 
 Total sample Black/African American youth White youth 
Cortisol level logged 4.48 4.79 4.35 
Race    
   Non-Hispanic black/AA 0.29   
   Non-Hispanic white 0.71   
Male sex 0.50 0.37 0.55 
Age 14.2 13.9 14.4 
Hair length (cm) 2.8  2.6 2.85 
Hair weight (mg) 28.1 31.1 26.9 

 
 
Multiple linear regression of the racial differences in hair cortisol levels among the preliminary 
sample of black/AA and white youth aged 11 to 17 years (N=66)* 
 b SE  
Race    
   Non-Hispanic black/AA 0.50 0.21*  
   Non-Hispanic white (reference)    
Male sex -0.06 0.20  
Age -0.05 0.04  
Hair length (cm) -0.002 0.18  
Hair weight (mg) -0.02 0.003***  

*hair cortisol levels are in pg/mg and logged 
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Brief Discussion and Next Steps 
 

The preliminary findings of this study suggest that black/African American youth are more likely 
to experience chronic physiologic stress as indicated by their higher hair cortisol levels in 
comparison to their white peers. The next steps for this paper prior to presentation are to 
complete the data collection (anticipated 2/15), complete the cortisol assays (anticipated 3/15), 
construct measures including youth’s individual activity spaces (anticipated 3/15) and complete 
the analytic strategy as outlined above.  
 
This study is among the first to examine racial differences in chronic physiologic stress and the 
extent to which sociospatial adversity accounts for these disparities. We employ novel 
measurement approaches - hair for cortisol to better capture chronic physiologic stress and 
youths’ individual activity space to better capture the breadth of their routine sociospatial 
exposures. The findings will elucidate the extent to which racial disparities in chronic physiologic 
stress exist among youth and identify adverse sociospatial exposures that contribute to the 
disparate outcomes.   
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