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A B S T R A C T

Exposure to areas high in violent crime is a potent stressor that influences health outcomes by chronically 
undermining safety and upregulating biological stress responses. We tested the hypothesis that the association 
between cortisol, as measured in head hair, and inflammation, as measured by C-Reactive Protein (CRP) in 
capillary blood, is dependent on the degree of violent crime within adolescents’ everyday activity spaces. 
Because structural inequities cause Black adolescents to spend more time in areas with higher rates of violent 
crime, we tested this hypothesis in Black and White youth separately. 137 adolescents (Mage = 15.55, 57 % 
female, 52 % Black, 48 % White) participated in the study. We obtained continuous GPS-tracked data for one 
week to assess the average violent crime rate across the areas where participants spent time; biosamples were 
collected at the end of the week. Among Black adolescents, there was an interaction such that higher GPS-tracked 
activity space violent crime levels were associated with a positive and significant association between CRP and 
cortisol, consistent with models suggesting that stress can dysregulate immune-endocrine functioning. 
Conversely, for Black adolescents with low rates of exposure, cortisol had a negative association with CRP, 
consistent with a normative effect of glucocorticoid inhibition of inflammation. For White adolescents, cortisol 
and violence levels were significantly lower than for Black adolescents, and in this context, there was a weak 
main effect of violence exposure on CRP but no significant interaction. Results suggest the association between 
cortisol and inflammation varies across violent crime levels within the areas adolescents spend time and 
emphasize the importance of studying how an adolescent’s environment shapes biological responses to chronic 
stressors.

1. Introduction

Community violence is a pervasive stressor that harms mental and 
physical health (Boynton-Jarrett et al., 2008; Fowler et al., 2009) even if 
it is not experienced or seen directly (Sharkey, 2018). Indeed, the psy
chological and biological effects of violence in the community can 
extend well beyond those who experience or witness an act of violence. 
Spending time at or near locations that have a high probability of violent 
crime can undermine perceived safety (Browning et al., 2024) and lead 
to hypervigilance (Smith et al., 2019). With respect to mental and 

physical health outcomes, living in neighborhoods with higher violent 
crime rates is associated with higher rates of perceived distress and 
depression (Baranyi et al., 2021), substance use (Reboussin et al., 2015), 
elevated blood pressure (Tung et al., 2019), and heightened mortality 
(Wilkinson et al., 1998) relative to neighborhoods with lower violent 
crime. Violence is far-reaching, and higher exposure to violent areas is a 
stressor that warrants closer investigation, particularly with respect to 
the biological mechanisms through which exposure to such violence 
impacts health.

Inflammation has been suggested as a potential mechanism through 
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which violence exposure during adolescence influences long-term 
health outcomes (Finegood and Miller, 2021). In youth and adult sam
ples, rates of violent crime based on home address have been directly 
associated with a biomarker of inflammation, C-Reactive Protein (CRP) 
(Browning et al., 2012; Broyles et al., 2012), as well as an index of in
flammatory markers that included CRP (Finegood et al., 2020). 
Neighborhood-level violent crime rates remained a robust predictor of 
inflammatory activation after controlling for experiencing or witnessing 
violence (Miller et al., 2022), supporting the importance of studying 
area-level violent crime as a distinct stressor beyond experiences of 
violence.

Another biological pathway theorized to be a critical mediator of 
stress effects on health is the hypothalamic-pituitary-adrenal axis (HPA), 
which elicits hormonal responses to stressors. While HPA activation is 
adaptive in the short-term, chronic HPA axis activation can lead to 
negative health outcomes (McEwen, 1998a). One measure of cumulative 
output of the HPA axis over several months is the level of cortisol in head 
hair (Short et al., 2016; Singh Solorzano et al., 2023; Sugaya et al., 
2020). Using this methodology, higher levels of exposure to stressors 
have been associated with higher cortisol in both children (Li et al., 
2023) and adults (Stalder et al., 2017). Accordingly, when participants 
reported momentary perceptions of safety during their day-to-day rou
tines, higher perceived unsafety was associated with higher levels of 
cortisol in Black adolescents (Browning et al., 2023). Similarly, Latine 
youth who scored higher on a questionnaire assessing perceptions of 
lack of safety in their neighborhood had higher hair cortisol levels 
(Hollenbach et al., 2019). In a longitudinal sample of youth in Quebec, 
greater perceived neighborhood dangerousness as rated by the mother 
at eight time points between age 5 months and 15 years was associated 
with higher levels of hair cortisol concentration relative to those who 
grew up in neighborhoods with moderate levels of dangerousness 
(Ouellet-Morin et al., 2021). Because higher head hair cortisol is a risk 
factor for future health outcomes like cardiovascular disease (Iob and 
Steptoe, 2019), HPA axis overactivation as suggested by elevated hair 
cortisol is important to consider as a mechanism through which expo
sure to areas high in violence increases risk for poor health outcomes. 
Because inflammation and cortisol are both elevated by violent crime 
exposure, we sought to extend prior work by examining their association 
as a function of activity space violent crime exposure.

In classical work from the 1940’s that led to widespread clinical use 
of glucocorticoids, cortisol had inhibitory effects on inflammation (Cain 
and Cidlowski, 2017). Conversely, cytokines that are released during an 
inflammatory response can activate the HPA axis and increase cortisol 
levels (Besedovsky et al., 1986). This crosstalk between the HPA axis and 
the immune system appears to be dysregulated in the context of living in 
a location with high levels of violent crime. In one study over a two-year 
period, adolescents residing in higher violent crime neighborhoods 
showed a decrease in the expression of genes within circulating pe
ripheral immune cells (monocytes) that had response elements for the 
glucocorticoid receptor (Miller et al., 2022). Because the glucocorticoid 
receptor transduces the downstream effects of cortisol (Cain and 
Cidlowski, 2017), including the anti-inflammatory effects, this suggests 
that living in a high violence location may be associated with a 
less-responsive glucocorticoid signaling pathway. The association be
tween the glucocorticoid and inflammatory signaling pathways was not 
directly assessed in this prior work. Here we investigate the impact of 
violence exposure on this immune-endocrine relation by examining the 
association between levels of cortisol and levels of CRP, a biomarker of 
inflammation, across different levels of violence exposure.

Stress and persistent elevated activity of the HPA axis can alter the 
association that cortisol has with inflammation. Although the associa
tion between glucocorticoids and inflammation is nuanced and likely 
bidirectional (Amasi-Hartoonian et al., 2022; Pariante et al., 1999), 
persistent activation of the HPA axis is thought to precede disruptions in 
immune-endocrine functioning that can lead to a positive feedback loop 
between cortisol and inflammation (Silverman and Sternberg, 2012b). 

Black youths and adolescents exhibit evidence of chronic HPA activation 
as indicated by elevated head hair cortisol in earlier waves of the study 
presented here (Ford et al., 2021). Thus, in examining the effects of 
activity space violent crime on the association between cortisol and CRP, 
we focus on CRP as the dependent measure.

Understanding the risk factors that might influence the association 
between cortisol and inflammation is critical because of the associated 
health risks posed by dysregulation of these systems. Black adolescents 
are particularly at risk due to disparities in exposure to violent crime and 
access to resources within the areas where they live and spend time, 
which is rooted in structural inequity and can result in health disparities 
even at an early age (Yusuf et al., 2022). Recommendations have been 
made to examine within-group differences, rather than solely relying on 
between-group differences, based on the varying environments and life 
experiences of different groups (Whitfield et al., 2008). This is particu
larly relevant to the present work given that Black adolescents with 
“low” violent area exposure relative to other Black adolescents still have 
higher exposure levels relative to White adolescents, and Black adoles
cents with high exposure to violent areas may experience a threshold of 
exposure that chronically undermines safety (Browning et al., 2024; 
Pinchak et al., 2022). In addition to experiencing higher levels of 
violence exposure, Black adolescents in prior waves of this sample also 
exhibit higher hair cortisol levels (Ford et al., 2021). Thus, it is possible 
that both the magnitude of stress exposure and the magnitude of bio
logical stress responses alter the association between inflammation and 
cortisol. Yet, no prior work has investigated how the impact of violence 
exposure on the interplay between the immune and endocrine systems 
might be different across groups with starkly different levels of exposure 
and chronic activation of biological stress pathways.

Furthermore, the relatively small number of studies examining the 
effects of community violence on inflammatory activation and cortisol 
have generally measured violent crime rates of participants’ residential 
neighborhood based on their home address. Yet, adolescents’ activity 
spaces, or the comprehensive network of areas where they spend time, 
have been found to be heterogeneous, with adolescents spending more 
than 30 % of their time on average outside of the home neighborhood 
(Browning et al., 2021). To fully understand the effects of violent crime 
on biological and psychological stress outcomes, calls have been made 
for studies obtaining continuous, GPS-tracked data to obtain incidences 
of violent crime comprehensively within the full spectrum of the areas 
where individuals spend time (Sharkey, 2018), which we utilize in the 
present research.

The aims of the present research are thus a) to investigate the impact 
of activity space violent crime levels on immune-endocrine functioning 
by examining the moderating effect of activity space violence on the 
association between head hair cortisol and CRP b) to address this aim 
through a structural lens by examining this interaction separately for 
Black and White adolescents due to the fundamentally different nature 
of the environments they grow up in and c) to extend past work assessing 
violence exposure through self-report measures or crime rates measured 
at the home, school, or neighborhood-level to determine if activity space 
violent crime, a chronic and consistently safety-threatening stressor, 
influences the association between inflammation and cortisol.

2. Material and method

2.1. Procedure

This study draws from one time point of data (Wave 3) from The 
Adolescent Health and Development in Context (AHDC) study, a longi
tudinal cohort study investigating the role of social and spatial envi
ronments in shaping health outcomes of youth aged 12–20 in Columbus, 
OH and collected during 2018–2020. For more information on the 
AHDC study design and procedures, see Browning et al., (2021). In brief, 
the AHDC study was designed to improve understanding of how the 
contexts of adolescent development – including schools, residential 

K.L. Wilson et al.                                                                                                                                                                                                                               Psychoneuroendocrinology 185 (2026) 107722 

2 



areas, activity spaces, and social network ties- contribute to risk 
behavior and mental health. Recruitment information was mailed to 
households within the Columbus, OH Interstate 270 beltway that were 
likely to have an adolescent based on vendor provided lists as well as 
data from public school districts. This yielded 1405 adolescents in the 
first wave of the study, which was conducted between the spring of 2014 
and the summer of 2016. The sample matched the income and racial 
demographics of the city of Columbus with the exception of a slightly 
higher proportion of Black adolescents in the original wave of the 
sample (Boettner et al., 2019). Wave 2 was fielded between January and 
December 2016. The sample was restricted to respondents who were 
under age 18 and due to funding constraints was limited to those for 
whom Wave 1 participation had occurred at least 9 months prior. Wave 
3 commenced in July of 2018 and ended with the COVID-related 
research shutdown in March of 2020. In addition to participants 
recruited from the original sample, 117 youth in Wave 3 were newly 
recruited using the same methods from low-income census tracts as well 
as tabling at schools in these tracts. Wave 3 was the first wave of this 
study in which samples were collected to assess C-reactive protein due to 
additional grant funding and research questions that were added to the 
study related to inflammation. Ethics approval was obtained by the 
Social and Behavioral Sciences and the Biomedical Sciences Institutional 
Review Boards at Ohio State University. All participants gave informed 
consent or assent; a guardian provided permission for participants under 
18 in accordance with the guidelines set by the Office of Responsible 
Research Practices at The Ohio State University.

The AHDC study design included an entrance survey where we ob
tained demographic, socioeconomic, and self-reported health data. 
Then, youth participants completed a seven-day smartphone-based 
geographically explicit ecological momentary assessment period. Par
ticipants were provided with phones by the project and were instructed 
to carry the phones with them. During this time, we obtained contin
uous, GPS-tracked location from the participants’ phone. After the 
seven-day smartphone period, participants took part in a laboratory 
session at the Ohio State University. During this session, if participants 
consented to providing biological samples, we collected hair and finger 
prick blood samples for cortisol and C-reactive protein, respectively.

2.2. Participants

The present analyses consist of 137 youths and adolescents from the 
greater area of Columbus, OH (Mage = 15.55, SDage = 2.09, 57 % female, 
52 % Black/ African American, 48 % White/ Caucasian, see Table 1 for 
more detailed sample characteristics). 59 participants in this analysis 
were participating in this study for the first time through the recruitment 
methods outlined above, while 78 participants had participated in prior 
waves. The analyses presented here are limited to Black and White 
participants due to both the nature of our research question and an 
insufficient sample size of other racial/ethnic groups to examine our 
variables of interest (13 Hispanic/Latin American, 2 Asian/ Pacific 
Islander, 20 Multiracial, and 1 First Nations/ Native American youth). 
Participants were included in the analyses if they identified as Black/ 
African American or White/Caucasian and if they had complete data for 
cortisol, C-Reactive Protein (CRP), and GPS-tracked, activity space vi
olent crime levels.

2.3. Measures

2.3.1. C-reactive protein
CRP was assayed in duplicate from dried blood spots following an 

established protocol from prior work (McDade, 2014). Finger-prick 
blood samples were collected on a 903 Protein Saver Card (Whatman) 
and kept for 24 h to dry at room temperature. Next, we punched the 
samples with a 3-mm punch and stored them in microcentrifuge tubes at 
–80 ◦C. To assay for CRP, we thawed a single 3-mm punch and added 
200 µL of buffer (phosphate buffered saline with 0.1 % Tween 20; 

ThermoFisher Scientific) overnight incubation at 4 ◦C while shaking at 
60 rpm. We diluted this eluate 1:10 and assayed CRP the following 
morning using Vplex Plus kits (K151STG; Meso Scale Delivery). All 
samples were successfully measured (i.e., within the linear range of the 
standard curve). The intraassay coefficient of variation was 2.8 %, while 
the interassay coefficient of variation was 11.8 %.

2.3.2. Hair cortisol concentration
Research staff were instructed to obtain a hair sample if youth had at 

least 1 cm of hair (or enough hair to cut with thinning shears). We 
included all samples that exceeded 0.5 cm in the analysis as those with 
shorter hair lengths were disproportionately Black. As recommended, 
longer hair samples were cut in the laboratory to 3 cm from the root 
(Meyer et al., 2014) capturing the accumulation of cortisol for a roughly 
three-month period prior to measurement (Stalder et al., 2016).

The hair samples were prepared using an adapted protocol (Meyer 
et al., 2014) that has been described in previous research (Ford et al., 
2019, 2021). We used the Salimetrics® high sensitivity enzyme immu
noassay cortisol kit to assay the hair samples (in duplicate). Inter- and 
intra-assay coefficients of variation were 9.1 % and 6.7 %, respectively. 
We followed Salimetrics® protocol and used the My Assay® analytic 
software program to calculate cortisol concentrations in µg/dL. The limit 
of detection for Salimetrics Cortisol ELISA is 0.012 μg/dL. A total of 17 
youth had non-detectable values and they were excluded from analysis. 
We used the formula provided by Meyer et al. (2014) to convert the hair 
cortisol concentration to pg/mg.

2.3.3. Activity space violent crime levels
Activity space violent crime is based on reported violent crime in

cidents in the Ohio Incident-Based Reporting System between 2014 and 
2016. Incidents are geocoded to Census block groups, which are 
geographic units with roughly 1000 residents on average that are used 
for providing summary statistical data. The violent crime rate for each 
block group is calculated as the count of homicide, robbery, aggravated 
assault, and rape incidents per 1000 residents. Participants’ GPS-derived 
locations are linked to the block groups and mean exposure to violent 

Table 1 
Characteristics of the sample.

Variable Mean(SD) or N(%)

​ White Participants 
(N = 66)

Black Participants 
(N = 71)

C-Reactive Protein (mg/L) 1.20 (2.06) .60 (.99)
Mean Activity Space Violent Crime 

Rate (2014–2016)
4.50 (4.45) 10.93 (7.72)

Hair Cortisol Concentration (pg/mg) 28.52 (101.04) 38.42 (93.69)
Sex= Female 39 (59.1 %) 39 (54.9 %)
Age 16.20 (2.14) 14.96 (1.86)
Household Income Under 30,000 6 (9.1 %) 37 (52.1 %)
Household Income 30,000–60,000 21 (31.8 %) 18 (25.4 %)
Household Income 60,000–150,000 24 (36.4 %) 12 (16.9 %)
Household income Over 150,000 10 (15.2 %) 0 (0 %)
Caregiver Education Level: Less than 

High School
2 (3.0 %) 9 (12.7 %)

Caregiver Education Level: High 
School or GED

13 (19.7 %) 15 (21.1 %)

Caregiver Education Level: Some 
College

14 (21.2 %) 34 (47.9 %)

Caregiver Education Level: 
Bachelor’s Degree

22 (33.3 %) 8 (11.3 %)

Caregiver Education Level: Graduate 
Degree

13 (19.7 %) 3 (4.2 %)

Using Birth Control 13 (19.7 %) 8 (11.3 %)
BMI Percentile .75 (.25) .80 (.25)
Using Steroids 7 (10.6 %) 9 (12.7 %)
Cigarette Use in Past 30 Days 3 (4.5 %) 2 (2.8 %)
Alcohol Use in Past 30 Days 16 (24.2 %) 5 (7.0 %)
Exercised Day of Lab Session 4 (6.1 %) 4 (5.6 %)
Hair Weight 39.79 (19.54) 28.84 (15.05)
Hair Length 12.33 (12.01) 7.78 (5.78)
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crime rates during the 7-day GPS data collection is weighted by the 
proportion of time a participant spent in each block group during 
waking hours. For greater detail regarding the collection and cleaning of 
continuous GPS data, as well as the calculation of violent crime rates per 
block group, see (Browning et al., 2017).

2.3.4. Demographic and health-related covariates
We adjusted for a number of covariates that could influence our 

variables of interest. Age and sex were self-reported, and we coded sex as 
0 =female (reference group) and 1 =male. Caregivers reported their 
household income and level of education. Household income was a four- 
category measure: $30,000 or less, $30,001–60,000, $60,001–150,000, 
and over $150,000. Caregiver education was a five-category measure: 
less than a high school degree, high school degree, some college, college 
degree, or a graduate/professional degree. Hair weight (mg) and hair 
length (cm) were provided at the time the hair samples were assessed for 
cortisol concentration. Youth participants self-reported birth control 
use, steroid use, alcohol and cigarette use over the prior 30 days, and 
whether they had exercised that day, all of which were dichotomous 
measures where 0 =no and 1 =yes. Participants were weighed and their 
height was measured during the home visit and Body Mass Index (BMI) 
scores were calculated as weight (kg) / height (m)2 using the Centers for 
Disease Control and Prevention’s recommendations (Cole et al., 2000; 
Kuczmarski, 2002). Given that our sample consists of youth and ado
lescents, we adjusted for BMI percentile scores to account for the fact 
that participants are still growing, thus BMI is expressed as relative to 
others of their same age and sex. To calculate BMI percentiles, we used 
the Analyses of Growth Data (AGD) package (van Buuren, 2018).

2.4. Analytic strategy

We conducted a series of multiple regression analyses with C-reac
tive protein as the outcome variable. These analyses were done for each 
racial group separately according to Whitfield (2008) and prior work in 
this sample (e.g. Browning et al., 2021). Our analyses consisted of four 
models which sequentially controlled for an increasing number of 
covariates (e.g. Model 4 contains hair sample covariates in addition to 
all the covariates in Models 1–3): Model 1 (no covariates), Model 2 
(sociodemographic covariates), Model 3 (health covariates), and Model 
4 (hair sample covariates). We also report models in the supplementary 
material adjusting for a variety of measures assessing more direct and 
acute violence exposures, demonstrating our results are driven by 
area-level and not direct violence exposure. After establishing that the 
interaction term between cortisol and activity space violent crime 
remained a significant predictor of C-reactive protein (CRP) above and 
beyond any potentially confounding variables, we conducted modera
tion analyses using Model 1 of the PROCESS program (Hayes, 2017) to 
examine simple slopes of the association of cortisol on CRP at low 
(-1SD), mean, and high (+1 SD) levels of activity space violent crime. 
CRP and cortisol were natural log transformed, and we standardized our 
key variables (cortisol, activity space violent crime, and CRP). While one 
Black participant had a CRP value above 4 SD from the mean, this case 
was not influential on the results of the interaction, thus we did not 
exclude any participants with complete values from the analyses. For 
our regression tables, we calculated the interaction term as the product 
of cortisol and activity space violent crime after standardizing these 
variables. Given the starkly higher levels of violent area exposure and 
hair cortisol concentration amongst Black participants, we standardized 
our variables separately for Black and White participants to interpret the 
interactions in the context of these different mean levels. Thus, when we 
examine and interpret “low” and “high” values of activity space violence 
exposure, we interpret these slopes separately based on the mean for 
Black participants and the mean for White participants. To illustrate 
why within-group standardization is most appropriate for this sample, a 
Black participant with “low” exposure relative to other Black partici
pants have exposure that is about sixty times higher than a White 

participant with “low” exposure relative to other White participants. 
Pooled standardization would not account for these environmental dif
ferences. Thus, we standardize separately in line with prior work in this 
sample (e.g. Browning et al., 2021) and with past work arguing the 
importance of considering within-group heterogeneity as opposed to 
solely relying on simple between-group comparisons (Whitfield, 2008).

3. Results

3.1. Descriptives

Replicating findings from past work in prior waves of this sample 
(Ford et al., 2021), Black participants had significantly higher hair 
cortisol concentration (MBlack Participants = 38.42, MWhite Participants =

28.52, t(135) = -3.28, p < .001) and significantly higher exposure to 
violent areas (MBlack Participants = 10.93, MWhite Participants = 4.50, t 
(135) = -6.03, p < .001), as was seen in prior waves (Pinchak et al., 
2022). Black participants exhibited lower C-reactive protein (MBlack 

Participants =.60, MWhite Participants = 1.20, t(135) = 2.13, p = .035) than 
White participantssteroid. For a list of correlations amongst all study 
variables, please see Tables 1–2 in the supplementary material.

3.2. Do activity space violent crime levels moderate the association 
between hair cortisol and C-reactive protein?

For Black participants, there was a significant interaction between 
cortisol and violent crime rates within participants’ GPS-tracked activity 
spaces on C-reactive protein (β=.50, p = .002**, 95 %CI [.158,.861; 
Fig. 1]. This interaction held after adjusting for a variety of covariates 
(Table 2). BMI was the only covariate significantly associated with C- 
reactive protein across models, thus we adjusted for BMI in final ana
lyses (N = 70) to assess simple slopes at low (+1 SD), mean, and high 
(+1 SD) levels of violent crime rates within activity spaces. At low vi
olent crime rates, higher cortisol was significantly associated with lower 
inflammation (β = − .34 p = .023, 95 %CI [-.63, − .05]). At mean violent 
crime rates, cortisol was not significantly associated with C-reactive 
protein (β =.05, p = .66, 95 % CI [-.16,.26]). At high violent crime rates, 
higher cortisol was significantly associated with higher C-reactive pro
tein (β =.43, p = .017, 95 %CI [.08,.79]).

For White participants, there was no significant interaction between 
cortisol and violent crime rates of participants’ GPS-tracked activity 
spaces on C-reactive protein (β= − .16, p = .27, 95 % CI [-.45,.13]; 
Fig. 1) across models (Table 3). Thus, the violent crime rate of partici
pants’ activity spaces did not appear to influence the relationship be
tween cortisol and inflammation. However, for White participants, 
higher violent crime rate within their activity spaces did significantly 
predict higher inflammation in Model 1 (β =.27, p = .029, 95 %CI 
[.03,.05] and Model 4 (β =.33, p = .049, 95 %CI [.002,.64], but was 
only marginal in Model 2 and was not significant in Model 3.

4. Discussion

Among Black adolescents, we found that a measure of recent, cu
mulative cortisol exposure showed different associations with a 
biomarker of inflammation (CRP), depending on the level of violent 
crime within youths’ activity spaces. Additional analyses confirm that 
these effects held after adjusting for direct measures of both experi
encing and witnessing violence (see supplementary material), under
scoring the importance of studying indirect and continuous measures of 
violence exposure (Sharkey et al., 2018). Objective, GPS-tracked activity 
space violent crime exposure appears to have a distinct and robust as
sociation with immune-endocrine functioning, as indicated by the as
sociation between cortisol and inflammation.

Structural racism leads to predominantly Black communities and 
areas having higher rates of violent crime, higher levels of poverty, and 
fewer resources. This inequity can generate the experience of chronic 
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stress rooted in the physical spaces where Black adolescents spend time, 
which the present work demonstrates can manifest into disrupted stress 
biology, even at a young age. Adolescence is a sensitive period during 
which stressors, such as exposure to violent areas, can influence long- 
term health and stress trajectories (Eiland and Romeo, 2013; Ford 
et al., 2021; Heinze et al., 2017). The HPA-axis and immune system have 
both been suggested to be key pathways through which stress can lead to 
disease (Cohen et al., 2016; McEwen, 1998b), underscoring the impor
tance of studying the interplay between these systems in the context of 
chronic stressors.

For Black adolescents with low violence exposure, cortisol had a 
significant negative association with inflammation as would be expected 
under normative conditions. It is important to note that Black adoles
cents with low levels of violence exposure relative to other Black par
ticipants still experienced levels of exposure that were about sixty times 
higher compared to White adolescents with low exposure relative to 
other White adolescents. Thus, low exposure for Black and White par
ticipants represents drastically different levels of exposure. Relatively 
low exposure for a Black adolescent may still represent a level of 
exposure high enough to be a stressor. The negative association between 
cortisol and inflammation for Black adolescents with relatively low 
exposure may be consistent with “suppressive” effects, where stressor 
exposure and cortisol levels become high enough to inhibit inflamma
tory activation but are not indicative of endocrine-immune dysregula
tion (Sapolsky, 2015). In line with the framework of suppressive effects, 
Black participants with low violence exposure but high cortisol exhibi
ted the lowest average levels of inflammation observed in the sample 
(see Fig. 1).

High violence exposure was associated with a significant positive 
association between cortisol and inflammation for Black adolescents. 
This association is consistent with multiple mechanistic accounts. For 
example, in the glucocorticoid resistance model, persistent exposure to 
glucocorticoids can lead to multiple downstream adaptations in gluco
corticoid signaling pathways that culminate in reduced inhibition of 
inflammatory synthesis pathways (Avitsur et al., 2001; Miller et al., 
2002). Other models suggest that cortisol does not fail to inhibit 
inflammation under chronic stress but rather upregulates inflammation 
to prime the immune system for future stressors. For example, the 
pro-inflammatory cortisol model suggests cortisol may be triggering the 
increases in inflammation (do Prado et al., 2017; Horowitz et al., 2020; 
Nikkheslat et al., 2020; Raison and Miller, 2003). Similarly, cortisol has 
been theorized to have “stimulating” effects on other biological systems, 
including the immune system, in response to chronic and unpredictable 
stressors (Sapolsky, 2015). Regardless of the actual mechanism(s) un
derlying this association, a positive association between cortisol and 
inflammation may indicate risks to mental and physical health for these 

adolescents.
Over time, HPA axis overactivation and a lack of inhibitory associ

ation between glucocorticoids and inflammation are thought to 
contribute to the pattern of hypercortisolism and elevated inflammation 
observed in illnesses related to chronic stress (Perrin et al., 2019; Sil
verman and Sternberg, 2012; Amasi-Hartoonian et al., 2022; Miller and 
Raison, 2016; Raison and Miller, 2003). In addition to observing a sig
nificant and positive association between cortisol and inflammation for 
Black adolescents with high violence exposure, the highest average 
levels of inflammation observed in the sample occurred for Black ado
lescents with high violence exposure and high cortisol (Fig. 1). Thus, 
over time, a positive association between cortisol and inflammation 
could lead to chronic hypercortisolism and elevated inflammation.

With respect to White adolescents, there was a different pattern of 
associations between exposure to neighborhood violence and the bio
markers. Notably, there was no interaction between measures for White 
adolescents. Thus, we did not find evidence that differences in rates of 
activity space violent crime levels were associated with differential re
lationships between cortisol and CRP. However, consistent with past 
work suggesting that community violence is associated with elevated 
inflammation (Browning et al., 2012; Broyles et al., 2012; Finegood 
et al., 2020), White adolescents did exhibit a positive association be
tween violence exposure and inflammation, although the effect was not 
consistently significant across all models. This main effect should be 
interpreted in the context of White adolescents’ activity spaces being 
approximately one third lower in violent crime on average than the 
activity spaces of Black adolescents, and that mean levels of cortisol 
were also significantly lower amongst White adolescents than Black 
adolescents.

The stress of exposure to violence amongst White adolescents, albeit 
comparatively lower than that of the Black adolescents, would appear to 
be consistent with “permissive” effects that are theorized to occur at 
basal levels of glucocorticoids (Munck and Náray-Fejes-Tóth, 1992; 
Sapolsky et al., 2000). At low levels of glucocorticoids, inflammation 
triggered by other pathways such as the sympathetic nervous system 
(Way and Uchino, 2025) is not inhibited. Within this framework, 
permissive effects are consistent with the weak main effect of violence 
exposure on elevated inflammation that we observed for White partic
ipants as well as White participants having lower cortisol levels on 
average. Although violence exposure is a stressor for White participants, 
they experienced significantly lower levels of exposure and exhibited 
lower levels of cortisol. Relatively lower stressor exposure may not 
generate a cortisol response sufficient to inhibit inflammation, permit
ting low levels of elevated inflammation. This framework may also 
contextualize why higher average CRP levels were observed for White 
participants and why cortisol did not have a significant negative 

Table 2 
Coefficients from linear models predicting C-reactive protein for black participants.

Model 1 (No Covariates) Model 2 (Demographic Covariates) Model 3 (Health Covariates) Model 4 (Hair Covariates)

​ Black Participants (N = 71) Black Participants (N = 65) Black Participants (N = 55) Black Participants (N = 55)
Predictor b(p) 95 % CI b(p) 95 % CI b(p) 95 % CI b(p) 95 % CI
Cortisol .18 (.130) [-.05,.41] .21 (.094) [-.04,.46] .21 (.146) [-.08,.50] .25 (.098) [-.05,.55]
Area-Level Violence .12 (.424) [-.18,.42] .13 (.476) [-.23,.48] .21 (.355) [-.24,.66] .22 (.335) [-.24,.68]
Interaction Term .51 (.005**) [.16,.86] .50 (.013*) [.11,.89] .49 (.018*) [.09,.89] .47 (.024*) [.07,.88]
Sex ​ ​ .02 (.853) [-.48,.58] -.01 (.941) [-.67,.62] .06 (.734) [-.60,.84]
Age ​ ​ .12 (.369) [-.08,.21] .07 (.645) [-.13,.21] .03(.851) [-.16,.19]
Household Income ​ ​ -.13 (.333) [-.51,.17] -.03 (.801) [-.41,.32] -.06 (.671) [-.45,.29]
Caregiver Education ​ ​ .14 (.306) [-.13,.40] .15 (.272) [-.13,.44] .16 (.234) [-.12,.47]
Birth Control ​ ​ ​ ​ -.01 (.977) [-.95,.92] .05 (.756) [-.83, 1.14]
BMI Percentile ​ ​ ​ ​ .35 (.016*) [.27, 2.54] .33 (.028*) [.15, 2.47]
Steroid Use ​ ​ ​ ​ .25 (.052) [-.01, 1.59] .27 (.042*) [.034, 1.66]
Cigarette Use ​ ​ ​ ​ -.05 (.752) [2.90, 2.11] -.01 (.969) [-2.66, 2.56]
Alcohol Use ​ ​ ​ ​ .09 (.608) [-1.05, 1.78] .05 (.809) [-1.31, 1.67]
Exercise ​ ​ ​ ​ .13 (.322) [-.55, 1.62] .15 (.272) [-.494, 1.71]
Hair Weight ​ ​ ​ ​ ​ ​ .11 (.471) [-.01,.03]
Hair Length ​ ​ ​ ​ ​ ​ .10 (.563) [-.04,.08]
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Fig. 1. Predicted C-reactive protein (CRP) values as a function of hair cortisol concentration (HCC) and GPS-tracked, activity space violent crime levels for Black and 
White participants.

Table 3 
Coefficients from linear models predicting C-reactive protein for White participants.

White Participants (N = 66) White Participants (N = 59) White Participants (N = 53) White Participants(N = 52)

Predictor b(p) 95 % CI b(p) 95 % CI b(p) 95 % CI b(p) 95 % CI
Cortisol .07 (.604) [-.19,.32] -.01 (.927) [-.29,.27] .031 (.034*) [-.30,.36] .09 (.594) [-.24,.41]
Area-Level Violence .27 (.029*) [.03,.05] .27 (.083) [-.04,.57] .27 (.113) [-.07,.60] .33 (.049*) [.002,.64)
Interaction Term -.16 (.304) [-.47,.15] -.04 (.782) [-.35,.26] .016 (.939) [-.40,.44] -.03 (.873) [-.44,.37]
Sex ​ ​ -.19 (.145) [-.88,.13] -.21 (.193) [-1.03,.21] -.23 (.171) [-1.08,.20]
Age ​ ​ .24 (.070) [-.01,.23] .25 (.155) [-.04,.26] .29 (.092) [-.02,.27]
Household Income ​ ​ -.34 (.083) [-.81,.05] -.25(.246) [-.75,.20] -.18 (.416) [-.68,.29]
Caregiver Education ​ ​ .44 (.007**) [.11,.66] .36 (.041*) [.01,.60] .40 (.019*) [.06,.62]
Birth Control ​ ​ ​ ​ .20 (.233) [-.30, 1.17] .18 (.250) [-.31, 1.16]
BMI Percentile ​ ​ ​ ​ .30 (.035*) [.08, 2.16] .33 (.019*) [.06,.62]
Steroid Use ​ ​ ​ ​ -.04 (.770) [-.99,.74] -.08 (.564) [-1.07,.60]
Cigarette Use ​ ​ ​ ​ -.16 (.258) [-2.16,.60] -.08 (.545) [-1.76,.94]
Alcohol Use ​ ​ ​ ​ .07 (.610) [-.46,.77] -.002 (.987) [-.61,.60]
Exercise ​ ​ ​ ​ -.09 (.540) [-1.34,.71] -.07 (.629) [-1.25,.76]
Hair Weight ​ ​ ​ ​ ​ ​ .39 (.034*) [.001,.04]
Hair Length ​ ​ ​ ​ ​ ​ -.38 (.038*) [-.06, − .002]
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association with CRP for White participants across any regression 
models. If conditions for most White participants were consistent with 
permissive effects (i.e. lower cortisol and relatively lower violence 
exposure), we would expect to see a lack of negative association between 
cortisol and inflammation, and in turn, slightly elevated inflammation 
on average.

The results highlight that understanding how the magnitude of 
stressor exposure influences the association between cortisol and CRP 
requires consideration of the environments where adolescents spend 
time. Here, “low” and “high” exposure was shown to be starkly different 
for Black and White adolescents, and the effects of low and high expo
sure on the association between cortisol and CRP were best understood 
within the context of the differing environments where Black and White 
adolescents spend time.

4.1. Limitations and future directions

One limitation of the current study is the cross-sectional nature of the 
data. We cannot establish causality between activity space violent crime 
levels and the association between cortisol and inflammation. Thus, it 
cannot be established whether cortisol is inhibiting or escalating 
inflammation (or vice versa). Clarifying directionality would require a 
longitudinal study with multiple measurements of violence exposure 
and levels of cortisol and inflammation, as well as a more direct mea
surement of immune-endocrine functioning such as ex vivo blood 
stimulation. Such a design would clarify whether violence exposure and 
elevated cortisol levels precede disruptions to immune-endocrine func
tioning and variation in inflammatory activation. Implementing a multi- 
wave design in a young sample with a broader age range of both children 
and adolescents could also provide insight into the age or developmental 
stage at which violence has more pronounced effects on cortisol, 
inflammation, and their interactive influences.

Second, there were differing time frames amongst our study mea
sures and potential confounding measures not adjusted for in the present 
study. The GPS tracking week was designed to capture an average week 
in the participants’ lives. Thus, if participants’ GPS-tracked data sug
gested high violence exposure, it is likely, though not certain, that this is 
a stressor they encounter chronically and not only characteristic of the 
week when data was collected. Similarly, our hair cortisol measure 
assessed cortisol concentration over about a three-month period, sug
gesting a more chronic measure of biological stress (Russell et al., 2012) 
but we are still limited by only one time point of cortisol levels in the 
present study. CRP typically changes in the order of days to weeks 
(Mehta et al., 2010; Paine et al., 2013), though there are reports of 
stability over longer periods (Hardikar et al., 2014; Navarro et al., 
2012). Our measurement of cortisol and GPS-tracked activity space vi
olent crime levels suggest that these measures have some temporal 
precedence to our outcome measure, CRP. However, we cannot defini
tively establish temporal precedence amongst study measures. The 
conclusions are also limited by potentially confounding variables not 
adjusted for in the present study. Due to an administrative error, we did 
not collect information about hair products or hair treatments from all 
participants. Additionally, although we adjusted for steroid use, we did 
not adjust for all medications used by participants.

Finally, although a strength of using GPS-tracked exposure is that it is 
objective, it is solely a measure of stressor exposure and does not capture 
appraisals or psychological responses to stressors associated with bio
logical changes. Future research can seek to understand the psycho
logical factors (e.g. predictability, controllability, upregulation of 
vigilance) that make this such a powerful stressor.

4.2. Conclusions and implications

Our results suggest that environmental exposures can lead to 
different patterns of associations between outputs of the HPA axis and 
the immune system. Furthermore, results suggest a novel biological link 

through which heightened exposure to activity space violent crime 
levels, rooted in structural inequity, might contribute to poorer health 
outcomes. If replicated, the results suggest the association between 
glucocorticoids and inflammation may be an important avenue for 
intervention in ameliorating the effects of heightened exposure to 
violence on mental and physical health outcomes.

Observing these effects in a relatively young and healthy sample 
underscores the need for interventions aimed at reducing area-level 
inequity and chronic stressor exposure, especially during key develop
mental periods where chronic stress can create lasting harm on mental 
and physical health into adulthood. The most impactful way to prevent 
these harmful outcomes is to address the root of inequity, which stems 
from longstanding policies and practices that marginalize and divert 
resources away from predominantly Black communities. Poverty, poor 
housing conditions, and a lack of resources to care for community spaces 
have been associated with higher rates of violent crime (For a review, 
see MacDonald et al., 2024), thus investing in communities to improve 
these factors may in turn reduce the inequity driving higher exposure to 
chronic, area-level stressors in adolescence.

At the individual level, future work should examine the features of 
communities and areas that positively influence adolescent health and 
might buffer against the effects observed in this study. Establishing safe 
social networks, as well as financial and residential stability, is critical in 
the face of chronic stress due to inequity. Prior work highlights the 
factors at various levels (e.g. family, neighborhood, policies and laws) 
that can help an individual establish feelings of security, safety, and 
connection (Diamond and Alley, 2022; Hurd et al., 2013).

CRediT authorship contribution statement

Christopher R. Browning: Writing – review & editing, Supervision, 
Project administration, Methodology, Funding acquisition, Conceptu
alization. Bethany L. Boettner: Writing – review & editing, Supervi
sion, Project administration, Methodology, Funding acquisition, Data 
curation, Conceptualization. Wilson Kendra: Writing – original draft, 
Visualization, Project administration, Investigation, Formal analysis, 
Data curation, Conceptualization. Baldwin M. Way: Writing – review & 
editing, Writing – original draft, Supervision, Project administration, 
Methodology, Investigation, Funding acquisition, Conceptualization. 
Jodi L. Ford: Writing – review & editing, Supervision, Project admin
istration, Methodology, Funding acquisition, Conceptualization.

Declaration of Competing Interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
Baldwin Way, Christopher Browning reports financial support was 
provided by National Institute on Drug Abuse. Baldwin Way reports 
financial support was provided by John Templeton Foundation. Cath
erine Calder, Christopher Browning reports financial support was pro
vided by National Institute of Child Health and Human Development. If 
there are other authors, they declare that they have no known 
competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

Acknowledgements

The authors gratefully acknowledge the contributions of Ping Bai for 
her dedicated efforts in data collection and data curation. Her meticu
lous attention to detail and commitment to maintaining data quality 
were instrumental to this study and manuscript. This research was 
supported by funding from the National Institute on Drug Abuse 
(R01DA042080, Way PI; R01DA032371, Browning PI), the John Tem
pleton Foundation (Project 61803; Way PI) and the Eunice Kennedy 
Shriver National Institute on Child Health and Human Development 
(R01HD088545, Calder PI; OSU P2CHD058484).

K.L. Wilson et al.                                                                                                                                                                                                                               Psychoneuroendocrinology 185 (2026) 107722 

7 



Appendix A. Supporting information

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.psyneuen.2025.107722.

References

Amasi-Hartoonian, N., Sforzini, L., Cattaneo, A., Pariante, C.M., 2022. Cause or 
consequence? Understanding the role of cortisol in the increased inflammation 
observed in depression. Curr. Opin. Endocr. Metab. Res. 24, 100356. https://doi. 
org/10.1016/j.coemr.2022.100356.

Avitsur, R., Stark, J.L., Sheridan, J.F., 2001. Social stress induces glucocorticoid 
resistance in subordinate animals. Horm. Behav. 39 (4), 247–257.

Baranyi, G., Di Marco, M.H., Russ, T.C., Dibben, C., Pearce, J., 2021. The impact of 
neighbourhood crime on mental health: a systematic review and meta-analysis. Soc. 
Sci. Med. 282, 114106. https://doi.org/10.1016/j.socscimed.2021.114106.

Besedovsky, H., Del Rey, A., Sorkin, E., Dinarello, C.A., 1986. Immunoregulatory 
feedback between interleukin-1 and glucocorticoid hormones. Science 233 (4764), 
652–654.

Boettner, B., Browning, C.R., Calder, C.A., 2019. Feasibility and Validity of 
Geographically Explicit Ecological Momentary Assessment with Recall-Aided Space- 
Time Budgets. J. Res. Adolesc. 29 (3), 627–645. https://doi.org/10.1111/ 
jora.12474.

Boynton-Jarrett, R., Ryan, L.M., Berkman, L.F., Wright, R.J., 2008. Cumulative violence 
exposure and self-rated health: longitudinal study of adolescents in the United 
States. Pediatrics 122 (5), 961–970. https://doi.org/10.1542/peds.2007-3063.

Browning, C.R., Cagney, K.A., Iveniuk, J., 2012. Neighborhood stressors and 
cardiovascular health: Crime and C-reactive protein in Dallas, USA. Soc. Sci. Med. 75 
(7), 1271–1279. https://doi.org/10.1016/j.socscimed.2012.03.027.

Browning, C.R., Calder, C.A., Boettner, B., Tarrence, J., Khan, K., Soller, B., Ford, J.L., 
2021. Neighborhoods, activity spaces, and the span of adolescent exposures. Am. 
Sociol. Rev. 86 (2), 201–233. https://doi.org/10.1177/0003122421994219.

Browning, C.R., Calder, C.A., Ford, J.L., Boettner, B., Smith, A.L., Haynie, D., 2017. 
Understanding racial differences in exposure to violent areas: Integrating survey, 
smartphone, and administrative data resources. Ann. Am. Acad. Political Soc. Sci. 
669 (1), 41–62.

Browning, C.R., Ford, J.L., Tarrence, J., Kertes, D.A., Pickler, R.H., Way, B.M., Calder, C. 
A., 2023. Everyday perceptions of safety and racial disparities in hair cortisol 
concentration. Psychoneuroendocrinology 153, 106088. https://doi.org/10.1016/j. 
psyneuen.2023.106088.

Browning, C.R., Pinchak, N.P., Calder, C.A., Boettner, B., 2024. Racial differences in 
activity space exposures and everyday perceptions of safety among urban youth. 
J. Adolesc. Health 74 (6), 1156–1163. https://doi.org/10.1016/j. 
jadohealth.2024.01.022.

Browning, C.R., Tarrence, J., LaPlant, E., Boettner, B., Schmeer, K.K., Calder, C.A., 
Way, B.M., Ford, J.L., 2021. Exposure to police-related deaths and physiological 
stress among urban black youth. Psychoneuroendocrinology 125, 104884. https:// 
doi.org/10.1016/j.psyneuen.2020.104884.

Broyles, S.T., Staiano, A.E., Drazba, K.T., Gupta, A.K., Sothern, M., Katzmarzyk, P.T., 
2012. Elevated C-reactive protein in children from risky neighborhoods: evidence for 
a stress pathway linking neighborhoods and inflammation in children. PLOS ONE 7 
(9), e45419. https://doi.org/10.1371/journal.pone.0045419.

Cain, D.W., Cidlowski, J.A., 2017. Immune regulation by glucocorticoids. Nat. Rev. 
Immunol. 17 (4), 233–247.

Cohen, S., Gianaros, P.J., Manuck, S.B., 2016. A stage model of stress and disease. 
Perspectives Psychological Science A Journal Association Psychological Science 11 
(4), 456–463. https://doi.org/10.1177/1745691616646305.

Cole, T.J., Bellizzi, M.C., Flegal, K.M., Dietz, W.H., 2000. Establishing a standard 
definition for child overweight and obesity worldwide: International survey. BMJ 
320 (7244), 1240. https://doi.org/10.1136/bmj.320.7244.1240.

Diamond, L.M., Alley, J., 2022. Rethinking minority stress: a social safety perspective on 
the health effects of stigma in sexually-diverse and gender-diverse populations. 
Neurosci. Biobehav. Rev. 138, 104720. https://doi.org/10.1016/j. 
neubiorev.2022.104720.

do Prado, C.H., Grassi-Oliveira, R., Daruy-Filho, L., Wieck, A., Bauer, M.E., 2017. 
Evidence for immune activation and resistance to glucocorticoids following 
childhood maltreatment in adolescents without psychopathology. 
Neuropsychopharmacology 42 (11), 2272–2282. https://doi.org/10.1038/ 
npp.2017.137.

Eiland, L., Romeo, R.D., 2013. Stress and the developing adolescent brain. Neuroscience 
249, 162–171. https://doi.org/10.1016/j.neuroscience.2012.10.048.

Finegood, E.D., Chen, E., Kish, J., Vause, K., Leigh, A.K.K., Hoffer, L., Miller, G.E., 2020. 
Community violence and cellular and cytokine indicators of inflammation in 
adolescents. Psychoneuroendocrinology 115, 104628. https://doi.org/10.1016/j. 
psyneuen.2020.104628.

Finegood, E.D., Miller, G.E., 2021. Childhood Violence Exposure, Inflammation, and 
Cardiometabolic Health. Neuroscience of Social Stress. Springer, Cham, 
pp. 439–459. https://doi.org/10.1007/7854_2021_283.

Ford, J.L., Boch, S.J., Browning, C.R., 2019. Hair cortisol and depressive symptoms in 
youth: An investigation of curvilinear relationships. Psychoneuroendocrinology 109, 
104376. https://doi.org/10.1016/j.psyneuen.2019.104376.

Ford, J.L., Browning, C.R., Boch, S.J., Kertes, D.A., Tarrence, J., Way, B.M., Schmeer, K. 
K., 2021. Racial and economic adversity differences in stress markers and immune 

function among urban adolescents. Nurs. Res. 70 (5S 1), S31–S42. https://doi.org/ 
10.1097/NNR.0000000000000527.

Fowler, P.J., Tompsett, C.J., Braciszewski, J.M., Jacques-Tiura, A.J., Baltes, B.B., 2009. 
Community violence: a meta-analysis on the effect of exposure and mental health 
outcomes of children and adolescents. Dev. Psychopathol. 21 (1), 227–259. https:// 
doi.org/10.1017/S0954579409000145.

Hardikar, S., Song, X., Kratz, M., Anderson, G.L., Blount, P.L., Reid, B.J., Vaughan, T.L., 
White, E., 2014. Intraindividual variability over time in plasma biomarkers of 
inflammation and effects of long-term storage. Cancer Causes Control 25 (8), 
969–976. https://doi.org/10.1007/s10552-014-0396-0.

Hayes, A.F., 2017. Introduction to Mediation, Moderation, and Conditional Process 
Analysis, Second Edition: A Regression-Based Approach. Guilford Publications.

Heinze, J.E., Stoddard, S.A., Aiyer, S.M., Eisman, A.B., Zimmerman, M.A., 2017. 
Exposure to violence during adolescence as a predictor of perceived stress 
trajectories in emerging adulthood. J. Appl. Dev. Psychol. 49, 31–38. https://doi. 
org/10.1017/j.appdev.2017.01.005. Mar-Apr. 

Hollenbach, J.P., Kuo, C.-L., Mu, J., Gerrard, M., Gherlone, N., Sylvester, F., Ojukwu, M., 
Cloutier, M.M., 2019. Hair cortisol, perceived stress, and social support in 
mother–child dyads living in an urban neighborhood. Stress 22 (6), 632–639.

Horowitz, M.A., Cattaneo, A., Cattane, N., Lopizzo, N., Tojo, L., Bakunina, N., 
Musaelyan, K., Borsini, A., Zunszain, P.A., Pariante, C.M., 2020. Glucocorticoids 
prime the inflammatory response of human hippocampal cells through up-regulation 
of inflammatory pathways. Brain Behav. Immun. 87, 777–794. https://doi.org/ 
10.1016/j.bbi.2020.03.012.

Hurd, N.M., Stoddard, S.A., Zimmerman, M.A., 2013. Neighborhoods, social support, and 
african american adolescents’ mental health outcomes: a multilevel path analysis. 
Child Dev. 84 (3), 858–874. https://doi.org/10.1111/cdev.12018.

Iob, E., Steptoe, A., 2019. Cardiovascular disease and hair cortisol: a novel biomarker of 
chronic stress. Curr. Cardiol. Rep. 21 (10), 116. https://doi.org/10.1007/s11886- 
019-1208-7.

Kuczmarski, R.J. ,2002. 2000 CDC Growth Charts for the United States: Methods and 
development (Issue 246). Department of Health and Human Services, Centers for 
Disease Control and ….

Li, Y., Jia, W., Yan, N., Hua, Y., Han, T., Yang, J., Ma, L., Ma, L., 2023. Associations 
between chronic stress and hair cortisol in children: A systematic review and meta- 
analysis. J. Affect. Disord. 329, 438–447. https://doi.org/10.1016/j. 
jad.2023.02.123.

MacDonald, J.M., Knorre, A., Mitre-Becerril, D., Chalfin, A., 2024. Place-based 
approaches to reducing violent crime hot spots: a review of the evidence on public 
health approaches. Aggress. Violent Behav. 78, 101984. https://doi.org/10.1016/j. 
avb.2024.101984.

McDade, T.W., 2014. Development and validation of assay protocols for use with dried 
blood spot samples. Am. J. Hum. Biol. 26 (1), 1–9.

McEwen, B.S., 1998a. Protective and damaging effects of stress mediators. N. Engl. J. 
Med. 338 (3), 171–179. https://doi.org/10.1056/NEJM199801153380307.

McEwen, B.S., 1998b. Stress, adaptation, and disease. Allostasis and allostatic load. Ann. 
N. Y. Acad. Sci. 840, 33–44. https://doi.org/10.1111/j.1749-6632.1998.tb09546.x.

Mehta, N.N., McGillicuddy, F.C., Anderson, P.D., Hinkle, C.C., Shah, R., Pruscino, L., 
Tabita-Martinez, J., Sellers, K.F., Rickels, M.R., Reilly, M.P., 2010. Experimental 
endotoxemia induces adipose inflammation and insulin resistance in humans. 
Diabetes 59 (1), 172–181.

Meyer, J., Novak, M., Hamel, A., Rosenberg, K., 2014. Extraction and analysis of cortisol 
from human and monkey hair. J. Vis. Exp. JoVE (83), 50882. https://doi.org/ 
10.3791/50882.

Miller, G.E., Chen, E., Finegood, E., Shimbo, D., Cole, S.W., 2022. Prospective 
associations between neighborhood violence and monocyte pro-inflammatory 
transcriptional activity in children. Brain Behav. Immun. 100, 1–7. https://doi.org/ 
10.1016/j.bbi.2021.11.003.

Miller, G.E., Cohen, S., Ritchey, A.K., 2002. Chronic psychological stress and the 
regulation of pro-inflammatory cytokines: a glucocorticoid-resistance model. Health 
Psychol. 21 (6), 531–541. https://doi.org/10.1037/0278-6133.21.6.531.

Miller, A.H., Raison, C.L., 2016. The role of inflammation in depression: from 
evolutionary imperative to modern treatment target. Nat. Rev. Immunol. 16 (1), 
22–34. https://doi.org/10.1038/nri.2015.5.
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