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Lower socioeconomic status (SES) is associated with higher levels of life stress, which in
turn affect stress physiology. SES is related to basal cortisol and diurnal change, but it is
not clear if SES is associated with cortisol reactivity to stress. To address this question,
we examined the relationship between two indices of SES, parental education and
concentrated neighborhood disadvantage, and the cortisol reactivity of African—American
adolescents to a modified version of the Trier Social Stress Test (TSST). We found that
concentrated disadvantage was associated with cortisol reactivity and this relationship
was moderated by gender, such that higher concentrated disadvantage predicted higher
cortisol reactivity and steeper recovery in boys but not in girls. Parental education,
alone or as moderated by gender, did not predict reactivity or recovery, while neither
education nor concentrated disadvantage predicted estimates of baseline cortisol. This
finding is consistent with animal literature showing differential vulnerability, by gender, to
the effects of adverse early experience on stress regulation and the differential effects
of neighborhood disadvantage in adolescent males and females. This suggests that the
mechanisms underlying SES differences in brain development and particularly reactivity to
environmental stressors may vary across genders.
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HPA axis

Socioeconomic status (SES), particularly childhood SES, is con-
sistently associated with disparities in disease morbidity and
mortality as well as cognitive performance, academic achieve-
ment, depression, anxiety, and behavior problems (Adler et al.,
1994; Brooks-Gunn and Duncan, 1997; McLoyd, 1998; Bradley
and Corwyn, 2002; Chen et al., 2002; Costello et al., 2003;
Wadsworth and Achenbach, 2005). Children and adolescents of
lower SES report higher levels stress and are routinely exposed to
increased family turmoil and more dangerous, crowded and pol-
luted neighborhoods (Brady and Matthews, 2002; Evans, 2004;
Goodman et al., 2005). Such chronic stress generates adaptations
in the underlying psychological and biological systems that reg-
ulate responses to environmental stressors, leading to increased
vulnerability to disease and disorder (Adler et al., 1994; Gallo
and Matthews, 2003; Shonkoff et al., 2009; Hackman et al., 2010;
McEwen and Gianaros, 2010; Miller et al., 2011).

One stress response system, the hypothalamic-pituitary-
adrenal (HPA) axis, ultimately produces cortisol in response to
physical or psychological threats to well-being. As the function of
this system is associated with social factors and is implicated in
health and well-being (Gunnar and Quevedo, 2007), it is a plausi-
ble mechanism underlying the emergence of disparities. Multiple
indices of SES, typically income, education, occupation, or some
combination thereof, have been shown to predict differences in
baseline measures of cortisol, the diurnal slope of cortisol, total
cortisol exposure throughout the day, and the cortisol awakening

response in adults (Kristenson et al., 2001; Steptoe et al., 2003;
Cohen et al., 2006a,b; Gustafsson et al., 2010, 2011; Hajat et al,,
2010; Dowd et al., 2011). In children, family SES has also been
shown to predict total overnight cortisol concentration, diur-
nal slopes, and baseline measures of cortisol in children as well,
though the direction of findings has not always been consistent
and it is unclear if these relationships extend into adolescence
(Lupien et al., 2000, 2001; Evans and English, 2002; Chen and
Paterson, 2006; Gustafsson et al., 2006; Evans and Kim, 2007;
Chen et al., 2010; Zalewski et al., 2012).

Although response to acute threat is the primary function of
the stress system, few studies have investigated the relationship
between SES and cortisol reactivity to stress. In adults, educa-
tion has been both positively (Neupert et al., 2006) and negatively
(Fiocco et al., 2007) related to cortisol reactivity, while multiple
studies have found no differences in reactivity by SES (Kapuku
et al., 2002; Steptoe et al., 2005; Kraft and Luecken, 2009). Even
when observed, the causal direction of such effects is difficult
to ascertain, as it stands to reason that those who can more
successfully manage and respond to performance-based, socially
evaluative stressors are more likely to exhibit greater educational
achievement in adulthood. In children and adolescents, however,
such individual-level social selection is unlikely. In 5-year olds,
Blair et al. (2005) found that lower income-to-needs, in a low-
SES sample, predicted increased cortisol reactivity. A similar effect
was found in children 9.5 years old from a sample with a broader
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income range (Gump et al., 2009). However, a quasi-experimental
intervention designed to relieve extreme poverty through cash
payments along with health and educational programs had no
effect on cortisol reactivity in children ages 2—6 (Fernald and
Gunnar, 2009). In addition, few such studies employ reactivity
protocols that enhanced the aspects of social evaluative threat
and uncontrollability involved in eliciting a stress response with
a standardized protocol (Dickerson and Kemeny, 2004; Gunnar
et al., 2009).

To date, studies of cortisol reactivity and SES have also
largely omitted investigation of neighborhood components of
disadvantage. Neighborhood differences represent a separate and
meaningful aspect of SES that is distinct from family based mea-
sures of income or education (Krieger et al., 1997; Duncan and
Magnuson, 2003; Braveman et al., 2005). Neighborhood disad-
vantage has been implicated as a predictor of disease morbid-
ity and mortality (Kawachi and Berkman, 2003), lower scores
on tasks of verbal ability (Sampson et al., 2008), and reduced
serotonergic responsivity to challenge (Manuck et al., 2005).
Moreover, experimental data from the Moving to Opportunities
(MTO) study have primarily found that moving to more affluent
neighborhoods resulted in considerable changes in socioemo-
tional functioning for both adolescents and adults (Sanbonmatsu
et al., 2006; Kling et al., 2007). With respect to HPA axis func-
tion, lower neighborhood SES predicts lower morning cortisol
in adults (Dulin-Keita et al., 2012) and, independently of family
SES, lower afternoon cortisol in adolescents (Chen and Paterson,
2006). Only one study has investigated its relationship to reactiv-
ity: Kapuku et al. (2002) found no relationship between neigh-
borhood SES and cortisol reactivity in a small sample of 16- to
25-year old males.

Experimental and quasi-experimental research with animals
and humans suggests that the relationship between cortisol reac-
tivity and SES, particularly neighborhood disadvantage, may
be moderated by gender. Research with animal models indi-
cates that the effect of stressors on HPA axis function and
on the development of stress-related brain regions is moder-
ated by gender (McCormick and Mathews, 2007; Weinstock,
2007; Lin et al., 2009). The MTO intervention found that
the effects of moving to more affluent neighborhoods varied
by gender, with positive effects on mental health and prob-
lem behaviors for girls and negative effects for boys (Kling
et al., 2007). Moreover, non-experimental changes in neighbor-
hood disadvantage predict changes in boys, internalizing and
externalizing problems, with far smaller associations in girls
(Leventhal and Brooks-Gunn, 2011). Consequently, the lim-
ited or mixed findings concerning SES and cortisol reactivity
in the literature may be due to omission of neighborhood SES
as well as incomplete consideration of the moderating effects
of gender.

The current analysis was designed to address these limitations
by examining the relationship between cortisol reactivity
and both neighborhood disadvantage and parental education,
as moderated by gender, in African—American adolescents.
Adolescent participants were exposed to a mild social stres-
sor, a modified version of the Trier Social Stress Test (TSST)
(Kirschbaum et al., 1993; Childs et al., 2006; von Dawans

et al., 2011). Consequently, this study is uniquely positioned to
determine if parental education and neighborhood disadvantage,
as moderated by gender, are associated with cortisol reactivity to
stress.

MATERIALS AND METHODS

PARTICIPANTS

Participants were 79 African—American adolescents drawn from
the control group of a larger longitudinal study of prenatal
cocaine exposure (n = 55) and a cohort of adolescents, also not
exposed to cocaine prenatally, recruited for an earlier study of
SES and neurocognitive development (n = 24) (Hurt et al., 1995;
Farah et al., 2006). Detailed descriptions of participant charac-
teristics were reported previously (Farah et al., 2006; Hurt et al.,
2009). One participant did not sleep the night before the stressor
protocol and was thus excluded from the analysis, while another
was excluded because cortisol values were greater than 3 SD above
the mean of the other participants on seven of nine samples.
These two samples were combined, and thus analyses included
a total of 77 participants (37 female, 48.1%) between the ages of
13 and 18 (M = 16.4, SD = 1.2). Consent was obtained from par-
ticipants aged 18 and older. For participants younger than age 18
both parental or guardian consent and child assent were obtained.
The project was approved by the Institutional Review Boards of
the University of Pennsylvania and The Children’s Hospital of
Philadelphia.

INDICATORS OF SOCIOECONOMIC STATUS

We employed a measure of concentrated neighborhood disad-
vantage based on the 2000 United States (U.S.) census tract for
the participant’s home address when the stress reactivity protocol
was completed (Sampson et al., 1997, 2008). The 77 partici-
pants lived in 59 census tracts. Six measures were employed:
percentage of individuals below the poverty line, unemployed,
and receiving public assistance, as well as the density of African—
Americans, children under the age of 18, and female-headed
households. Principal components analysis confirmed a sin-
gle factor of concentrated disadvantage which accounted for
71.4% of the total variance in the six variables. Factor load-
ings are presented in Table 1, which were used to create a
continuous, regression-weighted factor score for concentrated
disadvantage. Distribution of this factor was within limits for
normality.

Parental education was scored as the following for the par-
ticipant’s primary caregiver: raw number of years for those who
did not complete high school (score up to 11); 12 for those who
completed high school or the General Educational Development
(GED) test; 14 for those who completed an Associates degree,
some college, or vocational school; 16 for those who completed
a Bachelor’s degree; 18 for those who competed a Master’s degree
or some graduate work; 19 for those who completed a Law degree;
and 21 for those who completed a Doctoral-level degree (i.e.,
EdD, MD, PhD, etc.).

STRESSOR PROTOCOL AND PROCEDURE
Participants completed the Trier Social Stress Test for Groups
(TSST-G) (von Dawans et al., 2011) a modified version of the
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Table 1| Neighborhood characteristics and concentrated disadvantage factor loading (n = 77).

Neighborhood measure* M (SD) Range (min-max) Inter-quartile range Above US average (%)** Factor loading
Below poverty 23.0 (14.7) 0.0-59.0 12.1-31.7 71.4 0.90
Unemployed 12.56(6.7) 0.0-27.9 8.0-16.5 85.7 0.92
Public assistance 10.3 (7.2) 0.0-28.2 4.7-14.6 81.8 0.94
African—-American 63.8 (36.9) 1.3-974 26.0-95.4 87.0 0.60
Under 18 28.3(56.1) 14.4-43.7 25.0-31.6 71.4 0.71
Female-only household 28.0 (10.4) 4.9-43.4 19.2-36.3 87.0 0.94

*Expressed as the percentage of families in the census tract.
**Percentage of census tracts above US Average.

Table 2 | Parental education, years (n = 77).

Parental education

SUMMARY MEASURES

Mean (SD) 13.5 (3.0)
Range (min-max) 6-21
Interquartile range 12-15
DISTRIBUTION [NUMBER (%]]

Less than 12 years 8(10.4)
12 years 40 (51.9)
Associates degree or some college 10 (13.0)
Bachelor's degree 7 (9.1)
Graduate degree 12 (15.6)

TSST that induces a moderate level of stress (Kirschbaum et al.,
1993; Dickerson and Kemeny, 2004). In order to increase social
evaluation (Dickerson and Kemeny, 2004) participants under-
went the protocol in groups of 2(n = 27, 35.1%) or 3(n = 50,
64.9%) (Childs et al., 2006; von Dawans et al., 2011), matched
for gender.

Participants were contacted the evening before their session
and instructed to refrain from consuming a major meal 60 min
before their session, drinking milk or eating other dairy prod-
ucts 30 min before the appointment, eating acidic or high sugar
foods 20 min before the appointment, brushing teeth within 1h
before their session, and consuming alcohol in the 12h prior
to the session (Salimetrics, LLC, State College, PA). All sessions
began between 11:30 am and 3:30 pm to control for the diurnal

pattern of cortisol, with 84.4% of appointments at 1:00 pm or
1:30 pm.

Figure 1 outlines the protocol for the stress induction proce-
dure. Upon arrival, participants were greeted by the experimenter
and directed to sit in a semi-private room where they were able
to interact with an experimenter but not with other partici-
pants. After completion of the consent process, experimenters
conducted a short interview to assess participant compliance with
pre-appointment instructions and to survey use of prescribed
and non-prescribed medications. To establish a baseline prior to
stress induction, participants watched a video with minimally
arousing content for 25 min. Participants then performed stres-
sor tasks in a testing room with other group members and an
unfamiliar experimenter dressed in a lab coat acting as a judge
and directing the testing room activities. To enhance the social
evaluative component of the stressor (Dickerson and Kemeny,
2004) participants were told their performance was being video-
taped and scored. They were given 6 min to prepare a 3-min
speech promoting their candidacy for a summer job, and they
each gave their speech facing the video camera, the other par-
ticipants, and the judge. Subsequently they were instructed to
perform serial subtraction by eights, aloud, for 3 min, in front
of the same audience. Individuals were given unique four-digit
numbers as starting points. If subtraction mistakes were made
they were told to re-start from the beginning. Participants were
randomly assigned to perform each task first, second, or third.
After all participants completed the stressor task they returned to
the semi-private room for a 75 min recovery period during which
they continued watching the video shown during baseline.

Questionnaires

FIGURE 1 | Timeline of procedures.
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MEASURES OF THE STRESS RESPONSE

Salivary cortisol was the primary outcome of interest, and saliva
samples were collected at nine different times: at baseline, after
speech preparation, at the end of the stressor tasks, and 10, 20, 30,
45, 60, and 75 min after the stressor (see Figure 1). Saliva sam-
ples were collected using the passive drool technique to avoid
the potential interference introduced when using oral stimu-
lants to assist in generating saliva (Schwartz et al., 1998; Talge
et al.,, 2005). Samples were frozen immediately at —70°C and
transported on dry ice to Salimetrics, LLC (State College, PA)
for analysis using enzyme immunoassay techniques. Assays were
conducted in duplicate and average cortisol concentrations were
used. The test uses 25 ] of saliva per determination has a lower
limit of sensitivity of 0.003 jug/dl and standard curve range from
0.012 to 3.0 pg/dl Intra- and inter-assay coefficients of variation
were 3.5 and 5.1% respectively. Due to skewed distributions, the
natural log of the average cortisol concentration was the primary
dependent measure.

Subjective responses to the protocol were collected during the
procedure as well as retrospectively. Participants rated their anx-
iety level concurrent with the collection of saliva samples using a
seven-point Likert-type scale (1 = very calm and relaxed; 3 = feel-
ing pretty calm and relaxed; 5 = a little bit nervous, but not too
bad; 7 = very nervous or stressed). After completion of the stres-
sor, at the start of the recovery period, participants were asked
how stressful and challenging they found the speech and math
tasks, with response choices structured along a seven-point Likert
type scale (1 = not at all challenging or stressful, 7 = extremely
challenging or stressful).

COVARIATES

Multiple potential confounds were measured and included in
analyses in order to rule out effects due to methodological
factors and additional participant behaviors that may affect
stress responses. Participants’ use of prescription and over-the-
counter medications, as well as oral contraceptives, was assessed
(Kirschbaum et al., 1999; Hibel et al., 2006). Of all classes of med-
ications, only oral contraceptives (n = 6), non-steroidal asthma
medication (n =5), ibuprofen (n =5), and acetaminophen
(n = 8) were used by more than three participants and
thus included in analyses. Five participants currently smoked
cigarettes (6.5%) (Rohleder and Kirschbaum, 2006). Mean hours
of sleep the night before was 7.8 (SD = 2.1) while the average
time participants had been awake at the beginning of the protocol
was 5.7 h (SD = 2.0) (Leproult et al., 1997; Spiegel et al., 1999).

DATA ANALYSIS

Piecewise hierarchical linear modeling (HLM) was the primary
analysis strategy !. Piecewise HLM is a strategy based on lon-
gitudinal growth modeling that allows distinct modeling of the
different phases of change over time, permits the separate mod-
eling of reactivity and recovery phases following administration
of a stressor, and offers advantages over the use of ANOVA or
change scores (Llabre et al., 2001; Hruschka et al., 2005; Bernard

I'Subsample analyses found that a piecewise model was a better fit for the data
than a quadratic model of change (data not shown).

and Dozier, 2010). A Level-1 model was estimated that represents
the individual change in the natural log of salivary cortisol across
the protocol and included both fixed components and random
components (intercept and slopes) that were permitted to vary
across individuals. Time was recoded into two separate compo-
nents, to create a two-piece linear model. The first component
represents time linearly from baseline through the measures of
cortisol taken 10 min after the completion of the stressor (minute
45), capturing the episode of reactivity to the stressor. Saliva col-
lection times (see Figure 1) for the reactivity episode were thus
coded, in minutes, as 0, 10, 35, 45, 45, 45, 45, 45, and 45. The sec-
ond linear component represents the episode of recovery from the
stressor, the time from 10 min after the completion of the stressor
through the end of the protocol. Saliva collection times for the
recovery episode were thus coded as 0, 0, 0, 0, 10, 20, 35, 50, and
65. This results in the following Level-1 model:

In(cort); = mo; + 71i(Reactivity episode)y;

+ 15;(Recovery episode); + & (1)

In this model, the natural log of salivary cortisol is predicted by
T00;> the intercept, 7y;, the linear rate of change during reactivity
and 1y;, the linear rate of change during recovery. Given the cod-
ing of time employed for reactivity and recovery, the intercept,
To;> is an estimate of the natural log of cortisol concentration
at baseline before administration of the stressor. Level-2 equa-
tions were also estimated in which the variance in the intercept
and slope parameters at Level-1 were predicted by parental edu-
cation and neighborhood disadvantage, as continuous variables,
and their interaction with gender. Analyses were conducted in
HLMS6 (Raudenbush et al., 2004) using full maximum likelihood
estimation. All variables included in analyses were grand-mean
centered. Descriptive data were analyzed using SPSS 20.0 (IBM:
New York, NY).

First an unconditional linear piecewise growth model was cre-
ated, and then separate models were created for neighborhood
disadvantage and parental education as independent variables
at Level-2. Each model included gender and the interaction of
either education or disadvantage with gender. For example, for
neighborhood disadvantage, the basic Level-2 equations were as
follows:

Toi = Boo + Po1 (Disadvantage); 4 o2 (Gender);
+ Bo3(Disadvantage x Gender); + Co; 2)

11; = Bro + P11 (Disadvantage); 4 B12(Gender);
+ P13 (Disadvantage x Gender); + Cy; (3)

5 = Bao + P21 (Disadvantage); + B2z (Gender);
+ P23 (Disadvantage x Gender); + Cy; (4)
We then included potential control variables individually and
noted each variable which was significant at a level of p < 0.10
and for which the fit of the prediction model was improved

(Singer and Willett, 2003). These variables were gender, age,
group size, current cigarette smoking, hours of sleep the night
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before, hours since awakening, and the use of oral con-
traceptives, non-steroidal asthma medication, ibuprofen, and
acetaminophen. Next, we created a basic prediction model
including all variables identified in the previous step and then
removed non-significant (p > 0.05) control variables sequentially
starting with the highest p-value, until only significant con-
trol variables remained. Significant interaction effects were then
examined by re-centering gender in two models, with males and
females coded as 0 and 1 in one model, and 1 and 0 in the sec-
ond model. Consequently, the slope coefficient of concentrated
disadvantage in each model is that for the gender coded as 0;
by re-centering in this manner, estimates of the effect of con-
centrated disadvantage for each gender are obtained. Finally, we
examined if findings from this complete prediction model were
explained by differences in subjective appraisals of and responses
to the stressor.

RESULTS

SAMPLE CHARACTERISTICS: SOCIOECONOMIC STATUS
Characteristics of the 59 unique census tracts participants lived
in are delineated in Table 1. Across these 59 tracts, on aver-
age, 23.0% (SD = 14.7) of individuals were below the poverty
line, with percentages below the poverty line ranging from 0
to 59.0%. Neighborhood unemployment averaged 12.5% (SD =
6.7), while 10.3% (SD = 7.2) of neighborhood residents were
receiving public assistance. These levels are above the United
States average, and range from neighborhoods with the near
absence of disadvantage to neighborhoods with highly concen-
trated disadvantage. Descriptive statistics for parental education
are presented in Table 2. Average parental education for fami-
lies was 13.5 (SD = 3.0), and ranged from 6 to 21 years. Eight
participants (10.4%) had a primary caregiver with less than a
high school education while 40 participants (51.9%) had a pri-
mary caregiver with a high school education. Parental education
and concentrated disadvantage were correlated (r = —0.55, p <
0.001), such that lower parental education was related to higher
levels of neighborhood disadvantage.

SUBJECTIVE APPRAISAL OF THE STRESSOR

Peak anxiety ratings during the stressor were in the moderate
range (M = 4.5, SD = 1.5), while the average change in rating
from baseline to peak was 2.4 (SD = 1.7) on the seven-point
Likert scale. After stressor administration, both the math (M =
4.4, SD = 1.8) and speech (M = 4.5, SD = 1.7) tasks were rated
as moderately challenging on a seven-point scale, while the overall
protocol was rated as moderately stressful (M = 4.0, SD = 1.9).

PREDICTING BASELINE CORTISOL, REACTIVITY, AND RECOVERY:
INTERACTION BETWEEN GENDER AND CONCENTRATED
DISADVANTAGE

Seventy-four participants (96.1%) had complete data for salivary
cortisol at Level 1, while three participants each were miss-
ing one data point, for a total of 690 Level 1 observations.
The unconditional piecewise growth model for cortisol level
over time across the protocol yielded a non-significant, posi-
tive fixed effect for the reactivity episode (B = 0.007, p = 0.64)
and a significant fixed effect for the recovery episode, in the

negative direction (B = —0.007, p < 0.001). However, the ran-
dom effects for the intercept (6§ = 0.22, p < 0.001) estimating
baseline cortisol before the stressor, the slope of the reactivity
episode (07 = 0.0015, p < 0.001), and the slope of the recovery
episode (05 = 0.0004, p < 0.001) were all significant. This indi-
cates that, on average, the stress manipulation did not generate
an increase in cortisol above baseline. However, there are signifi-
cant individual differences in intercept as well as the slope during
reactivity and recovery, such that some participants exhibited
increases in cortisol while others did not, and consequently there
is sufficient variance to predict systematically with indicators of
SES and gender.

As illustrated in Table 3, Model A, the main effect of con-
centrated disadvantage on reactivity was borderline significant
(B =0.003, p = 0.052, reffect = 0.23). However, the interaction
between gender and concentrated disadvantage was significant for
both reactivity (B = —0.006, p = 0.03, 7¢frect = 0.25) and recov-
ery (B=0.004, p = 0.009, reffect = 0.30). Neither concentrated
disadvantage (B = —0.07,p = 0.19, reffect = 0.15) nor its interac-
tion with gender (B = —0.03, p = 0.81, reffect = 0.03) predicted
the intercept, or baseline prior to the stressor. This effect was
specific to the neighborhood measure of SES; as described in
Table 3, Model B, there were no significant effects on the inter-
cept, reactivity, or recovery of parental education (all p > 0.12)
or its interaction with gender (all p > 0.10)2

To further specify the nature of the interaction between con-
centrated disadvantage and gender, Model A was run twice with
gender re-centered, one model with males and females coded as
0 and 1, respectively, and one with males and females were coded
as 1 and 0. Consequently, the slope coefficient of concentrated
disadvantage in each model is for that gender coded as 0. With
male coded as 0, and coefficients for disadvantage thus reflecting
the effect for males, higher concentrated disadvantage predicted
increased cortisol reactivity (B = 0.006, p = 0.004, reffect = 0.33)
and a steeper decline during recovery (B = —0.003, p = 0.003,
Teffect = 0.34). No effects were observed for the intercept (B =
—0.06, p = 0.43, reffect = 0.09). With females coded as 0, and
coefficients for disadvantage thus reflecting the effect for females,
the effect of concentrated disadvantage was not significant for
the intercept (B = —0.09, p = 0.29, reffect = 0.13), reactivity
(B =0.0004, p = 0.85, 7effect = 0.02) or recovery (B = 0.001,
p = 0.40, refrece = 0.10).

Following Aiken and West (1991), we selected values of
concentrated disadvantage that are 1.5 SD’s above and below
the grand mean to illustrate the interaction effect in Figure 2.
Notably, the intraclass correlation coefficient (ICC) for cortisol
in males was 0.65, while the ICC for females was 0.52. This is
indicative of considerable between-subject variability in both gen-
ders, suggesting the interaction is not explained by the absence
of variability between subjects in females, but nevertheless more
variability in cortisol is explained by between subjects factors
in males than in females. In addition, it is unlikely that these
results are explained by maturational differences, as age is neither

2Subsample analyses found similar effects employing alternative analysis
approaches, including a mixed model ANOVA and area under the curve as
compared to baseline, a summary measure of reactivity (data not shown).
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Table 3 | Linear piecewise model of salivary cortisol.

Parameter Model A: Concentrated Disadvantage Model B: Parental Education
B Teffect B Teffect
FIXED EFFECTS
Initial status, mo;
Intercept —2.00%** 0.98 —1.99%** 0.97
Concentrated disadvantage -0.07 0.15
Parental education 0.02 0.13
Gender 0.27* 0.28 0.29** 0.30
Disadvantage x Gender —0.03 0.03
Education x Gender 0.03 0.09
Sleep —0.05* 0.26 —0.05* 0.25
Episode 1, reactivity, mq;
Intercept 0.001 0.07 0.001 0.10
Concentrated disadvantage 0.003" 0.23
Parental education 0.000 0.08
Gender —0.006* 0.27 —0.0007* 0.26
Disadvantage x Gender —0.006* 0.25
Education x Gender 0.002 0.18
Asthma med (non-steroidal) 0.011* 0.28 0.01** 0.31
Episode 2, recovery, my;
Intercept —0.007%** 0.74 —0.007%** 0.73
Concentrated disadvantage —0.001 0.18
Parental education 0.000 0.18
Gender —0.001 0.09 —0.001 0.06
Disadvantage x Gender 0.004** 0.30
Education x Gender —0.001" 0.19
Estimate SE Estimate SE
RANDOM EFFECTS
Level 1
Within-person, o? 0.042 0.0027 0.042 0.0027
Level 2
Initial status, cg 0.194 0.035 0.194 0.036
Episode 1, reactivity, c? 0.0001 0.00002 0.0001 0.0000
Episode 2, recovery, c% 0.00003 0.00001 0.0000 0.0000
Covariance, 02, —0.0017 0.0007 0.0019 0.0007
Covariance, 0% —0.0007 0.0004 —0.0006 0.0004
Covariance, cr% —0.00002 0.00001 0.0000 0.0000
R? 0.67 0.67
RZ 0.15 0.14
R? 0.20 0.13
R2 0.25 0.00

Ap <0.10; *p < 0.05; **p < 0.01; ***p < 0.001.

correlated with disadvantage (r = 0.11, p = 0.37) nor gender
(t = —0.46, p = 0.64).

INDEPENDENCE FROM SUBJECTIVE RESPONSE

Do the differences observed in cortisol response, with high
reactivity among low SES boys, reflect differences in physio-
logical response to subjectively appraised stressors of a given
intensity, or differences in the subjective appraisals themselves?
A series of models was run to determine if any such factors

explained the observed interaction in Model A. Self-rated anx-
iety at Level 1, measured concurrently with salivary cortisol
and added to Model A, did not predict salivary cortisol (B =
—0.008, p =0.33, reffect = 0.04). Next, a set of models were
run in which measures of subjective appraisal and response
to the stressor as well their interaction with gender were
added to Model A at Level 2. In these models neither anxi-
ety reactivity (peak minus baseline) (B = —0.00006, p = 0.94,
Teffect = 0.01), the appraisal of the stressor (B = —0.0002, p =
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FIGURE 2 | Predicted cortisol reactivity by gender and level of asthma medication (non-steroidal). For illustrative purposes we selected two
concentrated disadvantage. Model-based graphs of cortisol concentration values representing high and low disadvantage, 1.5 SD above and below
during the reactivity and recovery periods protocol by gender and level of the mean (following Aiken and West, 1991). Error bars represent standard
concentrated disadvantage. This model controls for the effects of sleep and error.

0.78, Teffect = 0.03), math difficulty ratings (B = —0.0004, p =
0.61, Teffect = 0.06), or speech difficulty ratings (B = 0.001, p =
0.07, Teffect = 0.22) predicted reactivity. In addition, none of
the interactions between these indices of subjective appraisal
and gender were significant predictors of reactivity (all p >
0.27). With respect to recovery, neither anxiety reactivity (B =
0.0001, p = 0.80, reffect = 0.03), the appraisal of the stressor
(B = —0.00005, p = 0.91, reffect = 0.01), math difficulty ratings
(B =10.0003, p =0.50, reffect = 0.08), or speech difficulty rat-
ings (B = —0.00004, p = 0.94, reffect = 0.01) were significant
predictors. As with reactivity, none of the interactions between
these indices of subjective appraisal and gender were significant
predictors of recovery reactivity (all p > 0.19). In all models
the interaction between gender and disadvantage remained a
significant predictor of reactivity (all p < 0.047) and recovery
(all p < 0.009).

DISCUSSION

In this analysis we found that concentrated neighborhood disad-
vantage, but not parental education, was associated with cortisol
reactivity and recovery. However, this relationship was moder-
ated by gender, such that higher concentrated disadvantage was
associated with higher cortisol reactivity and steeper recovery in
boys alone. This association was not explained by differences in
subjective reactivity to the stressor. This highlights the particular
importance of neighborhood effects and that SES differences in

brain development and particularly reactivity to environmental
stressors may vary across genders.

The direction of this association is consistent with prior studies
in children and adolescents indicating that lower SES, particularly
low income, predicts greater stress reactivity (Blair et al., 2005;
Gump et al.,, 2009). In addition, it may help to reconcile prior
reports with the null findings on stress reactivity of a quasi-
experimental intervention composed of cash payments as well as
health and educational programs (Fernald and Gunnar, 2009).
In particular, analyses of income effects that do not measure
and include neighborhood disadvantage may find income effects
that are a proxy for neighborhood effects, given their correla-
tion; if this were the case, an intervention targeting income would
be expected to produce null results. However, it remains pos-
sible that this intervention did not predict reactivity because it
was a more rigorous design that better accounted for additional
unobserved variables, and a direct test of the relative associations
of income and neighborhood disadvantage remains to completed.
Somewhat surprising was the absence of a relationship between
SES indicators and baseline cortisol prior to the stressor, though
this is likely explained by the fact that most SES effects are
found on broader measures of diurnal function and that null
results have been found previously in adolescents (Lupien et al.,
2000, 2001; Evans and English, 2002; Chen and Paterson, 2006;
Gustafsson et al., 2006; Evans and Kim, 2007; Zalewski et al,,
2012).
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The positive relationship between neighborhood disadvantage
and stress reactivity is consistent with the Biological Sensitivity
to Context and Adaptive Calibration models of stress reactivity
(Del Giudice et al.,, 2011; Ellis and Boyce, 2008), which predict
higher levels of responsivity in more stressful, dangerous envi-
ronments, as well as possible gender differences which emerge
across development. These models may also help integrate these
findings within the broader adversity literature, particularly that
concerning abuse, which has often been found to be predict
decreased cortisol reactivity (Carpenter et al., 2007, 2009; Elzinga
et al.,, 2008), though this is not always the case (Heim et al,
2000). In particular, the adaptive calibration model distinguishes
between the stressful, unpredictable conditions associated with
lower SES and neighborhood disadvantage, which are predicted
to promote increased reactivity to stress, consistent with the cur-
rent findings and in contrast with more severe or traumatic
stress that promotes an unresponsive pattern (Del Giudice et al.,
2011).

In addition, increased reactivity in boys from neighborhoods
with high levels of disadvantage may increase their vulnerabil-
ity to environmental effects (Ellis and Boyce, 2008; Belsky and
Pluess, 2009), thereby increasing the likelihood of future prob-
lems given the stressful and unpredictable neighborhoods they
are exposed to. Moreover, in a meta-analysis, Chida and Hamer
(2008) found that reduced HPA-axis reactivity was a predic-
tor of positive psychological traits and states. However, studies
have found that increased reactivity is predictive of better exec-
utive function and mood (Blair et al., 2005; Burke et al., 2005).
Much remains to be understood about the role of stress reactivity
in important life outcomes, but it seems likely that the func-
tional importance of such increased reactivity may depend on
the outcome domain and the future environments adolescents are
exposed to.

The specificity of the association between neighborhood dis-
advantage and reactivity suggests that the family resources asso-
ciated with education do not underlie differences in reactivity.
It remains to be determined what mechanism is driving these
effects in boys. It has been suggested that boys are more vul-
nerable to neighborhood disadvantage due to differences in the
amount of unsupervised free time allowed by parents (Hilbrecht
et al.,, 2008; Leventhal and Brooks-Gunn, 2011). Peer effects
are another candidate mediator, as social status among peers,
moderated by gender, is a better predictor of morning cortisol
than family SES (West et al., 2010). In addition, any poten-
tially causal effects of neighborhood disadvantage may be medi-
ated by parenting practices (Repetti et al., 2002; Luecken and
Lemery, 2004; Hackman et al., 2010) or the manner in which
stressors are cognitively framed (Chen et al., 2012). Through
any such mechanism, it is likely that effects are transmitted at
least in part through changes in gene expression for the glu-
cocorticoid receptor leading to heightened responses to stress
(Miller et al., 2009).

One potential limitation to interpretation of the interaction
between gender and neighborhood disadvantage is the associa-
tion of gender and reactivity, in which adolescent females exhib-
ited smaller responses to the stressor overall. This is consistent

with prior findings that females exhibit smaller responses to
such performance based stress protocols, rather than social
rejection-based protocols (Kirschbaum et al., 1999; Stroud et al.,
2002; Dedovic et al., 2009). As such, it could be argued that
the interaction is primarily due to the lack of response among
females and that only a main effect of disadvantage would be
observed with a different stressor protocol. However, despite the
overall main effect of gender, the intraclass correlation within
females indicates that nearly half of the variability of cortisol
across time is between subjects, suggesting considerable variabil-
ity exists to predict systematic differences. Concentrated disad-
vantage, however, does not significantly predict such differences
in females. Moreover, moderation of neighborhood effects by
gender is consistent with quasi-experimental and observational
studies of neighborhood effects on children and adolescents
(Kling et al., 2007; Leventhal and Brooks-Gunn, 2011) as well as
experimental literature in animals indicating that the impact of
environmental stressors on the HPA axis is moderated by gen-
der (McCormick and Mathews, 2007; Weinstock, 2007; Lin et al.,
2009). Nevertheless, the stability of this interaction across stressor
types bears empirical investigation.

As with all observational studies on SES, it is impossible to
firmly establish the direction of causality, as similar heritable
factors may influence both socioeconomic position and stress
reactivity. However, multiple lines of evidence suggest this effect
is likely to be due to social causation, at least in part. First,
animal literature experimentally demonstrates the effect of envi-
ronment on stress reactivity (Zhang et al., 2006). In addition,
twin studies suggest that environmental factors are the primary
determinants of the stress response during the first exposure to a
stressor, especially for those raised under conditions of adversity
(Federenko et al., 2004; Ouellet-Morin et al., 2008; Steptoe et al.,
2009).

Despite the specificity of the relationships demonstrated here
between neighborhood disadvantage and cortisol reactivity and
recovery, we recognize that such claims warrant caution. In
particular, although we employed a measure of neighborhood
concentrated disadvantage based on the child’s census tract of res-
idence, the number of participants in each tract was too small to
treat individuals as nested within the neighborhood as a higher
level of organization (Subramanian et al., 2003). Consequently,
this analysis is not able to model the inherently multilevel nature
of neighborhood effects.

In summary, SES as indexed by concentrated neighborhood
disadvantage is associated with cortisol reactivity and recovery in
boys, but not in girls. These findings suggest that the mechanisms
underlying SES differences in the neural systems underlying stress
regulation vary across genders.

ACKNOWLEDGMENTS

This research was supported by the following grants: RO1-
DA14129,R01-HD043078, R01-HD055689, and ULI-RR-024134.
We wish to thank Kathleen Dooley, Joan Giannetta, and Kathleen
McKenna for their assistance in data collection and processing.
Finally, we thank the adolescents and families in this study for
their research participation.

Frontiers in Human Neuroscience

www.frontiersin.org

October 2012 | Volume 6 | Article 277 | 8


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Hackman et al.

Neighborhood disadvantage and stress reactivity

REFERENCES

Adler, N. E., Boyce, T., Chesney, M.
A., Cohen, S., Folkman, S., Kahn,
R. L, et al. (1994). Socioeconomic
status and health: the challenge
of the gradient. Am. Psychol. 49,
15-24.

Aiken, L. S., and West, S. G. (1991).
Multiple Regression: Testing and
Interpreting Interactions. Newbury
Park, CA: Sage Publications, Inc.

Belsky, J., and Pluess, M. (2009).
Beyond diathesis stress: differen-
tial susceptibility to environmen-
tal influences. Psychol. Bull. 135,
885-908.

Bernard, K., and Dozier, M. (2010).
Examining infants’ cortisol
responses to laboratory tasks among
children varying in attachment dis-
organization: stress reactivity or
return to baseline? Dev. Psychol. 46,
1771-1778.

Blair, C., Granger, D., and Razza, R.
P. (2005). Cortisol reactivity is pos-
itively related to executive func-
tion in preschool children attending
head start. Child Dev. 76, 554-567.

Bradley, R. H., and Corwyn, R. E
(2002). Socioeconomic status and
child development. Rev.
Psychol. 53, 371-399.

Brady, S. S., and Matthews, K. A.
(2002). The influence of socioe-
conomic status and ethnicity on
adolescents’ exposure to stressful
life events. J. Pediatr. Psychol. 27,
575-583.

Braveman, P. A., Cubbin, C., Egerter, S.,
Chideya, S., Marchi, K. S., Metzler,
M., et al. (2005). Socioeconomic
status in health research: one
size does not fit all. JAMA 294,
2879-2888.

Brooks-Gunn, J., and Duncan, G. J.
(1997). The effects of poverty on
children. Future Child. 7, 55-71.

Burke, H. M., Davis, M. C,, Otte, C.,
and Mohr, D. C. (2005). Depression
and cortisol responses to psy-
chological stress: a meta-analysis.
Psychoneuroendocrinology 30,
846-856.

Carpenter, L. L., Carvalho, J. P., Tyrka,
A., Wier, L. M., Mello, A. E,, Mello,
M. E, et al. (2007). Decreased
adrenocorticotropic hormone
and cortisol responses to stress in
healthy adults reporting significant
childhood  maltreatment.  Biol.
Psychiatry 62, 1080-1087.

Carpenter, L. L., Tyrka, A. R., Ross, N.
S., Khoury, L., Anderson, G. M., and
Price, L. H. (2009). Effect of child-
hood emotional abuse and age on
cortisol responsivity in adulthood.
Biol Psychiatry 66, 69-75.

Chen, E., Cohen, S., and Miller, G.
E. (2010). How low socioeconomic

Annu.

status affects 2-year hormonal tra-
jectories in children. Psychol. Sci. 21,
31-37.

Chen, E., Matthews, K. A., and Boyce,
W. T. (2002). Socioeconomic dif-
ferences in children’s health: how
and why do these relationships
change with age? Psychol. Bull. 128,
295-329.

Chen, E., Miller, G. E., Lachman, M.
E., Gruenewald, T. L., and Seeman,
T. E. (2012). Protective factors for
adults from low-childhood socioe-
conomic circumstances: the ben-
efits of shift-and-persist for allo-
static load. Psychosom. Med. 74,
178-186.

Chen, E., and Paterson, L. Q. (2006).
Neighborhood, family, and subjec-
tive socioeconomic status: how do
they relate to adolescent health?
Health Psychol. 25, 704-714.

Chida, Y., and Hamer, M. (2008).
Chronic psychosocial factors and
acute physiological responses to
laboratory-induced stress in healthy
populations: a quantitative review
of 30 years of investigations. Psychol.
Bull. 134, 829-885.

Childs, E., Vicini, L. M., and De
Wit, H. (2006). Responses to the
Trier Social Stress Test (TSST) in
single versus grouped participants.
Psychophysiology 43, 366-371.

Cohen, S., Doyle, W. J., and Baum,
A. (2006a). Socioeconomic status
is associated with stress hormones.
Psychosom. Med. 68, 414—420.

Cohen, S., Schwartz, J. E., Epel, E,,
Kirschbaum, C., Sidney, S., and
Seeman, T. (2006b). Socioeconomic
status, race,
decline in the Coronary Artery
Risk Development in Young Adults
(CARDIA) study. Psychosom. Med.
68, 41-50.

Costello, E. J, Compton, S. N,
Keeler, G., and Angold, A. (2003).
Relationships ~ between  poverty
and psychopathology: a natural
experiment. JAMA 290, 2023-2029.

Dedovic, K., Wadiwalla, M., Engert, V.,
and Pruessner, J. C. (2009). The
role of sex and gender socialization
in stress reactivity. Dev. Psychol. 45,
45-55.

Del Giudice, M., Ellis, B. J., and
Shirtcliff, E. A. (2011). The Adaptive
Calibration Model of stress respon-
sivity. Neurosci. Biobehav. Rev. 35,
1562-1592.

Dickerson, S. S., and Kemeny, M. E.
(2004). Acute stressors and cortisol
responses: a theoretical integration
and synthesis of laboratory research.
Psychol. Bull. 130, 355-391.

Dowd, J. B., Ranjit, N., Do, D. P,, Young,
E. A, House, J. S., and Kaplan,
G. A. (2011). Education and levels

and diurnal cortisol

of salivary cortisol over the day in
US adults. Ann. Behav. Med. 41,
13-20.

Dulin-Keita, A,  Casazza, K,
Fernandez, J. R., Goran, M. I,
and Gower, B. (2012). Do neigh-
bourhoods matter? Neighbourhood
disorder and long-term trends in
serum cortisol levels. J. Epidemiol.
Community Health 66, 24-29.

Duncan, G. J., and Magnuson, K. A.
(2003). “Off with Hollingshead:
socioeconomic resources, parent-
ing, and child development,” in
Socioeconomic ~ Status, Parenting,
and Child Development, eds M.
H. Bornstein and R. H. Bradley

(Mahwah, NJ, US: Lawrence
Erlbaum Associates Publishers),
83-106.

Ellis, B. J., and Boyce, W. T. (2008).
Biological sensitivity to context.
Curr. Dir. Psychol. Sci. 17, 183-187.

Elzinga, B. M., Roelofs, K., Tollenaar,

M. S., Bakvis, P, van Pelt, ],
and  Spinhoven, P.  (2008).
Diminished  cortisol  responses

to psychosocial stress associated
with lifetime adverse events a
study among healthy young sub-
jects. Psychoneuroendocrinology 33,
227-237.

Evans, G. W. (2004). The environment
of childhood poverty. Am. Psychol.
59, 77-92.

Evans, G. W., and English, K. (2002).

The environment of poverty:
multiple stressor exposure,
psychophysiological ~ stress, and

socioemotional adjustment. Child
Dev. 73, 1238-1248.

Evans, G. W., and Kim, P. (2007).
Childhood poverty and health:
cumulative risk exposure and stress
dysregulation.  Psychol.  Sci. 18,
953-957.

Farah, M. J., Shera, D. M., Savage,
J. H., Betancourt, L., Giannetta, J.
M., Brodsky, N. L., et al. (2006).
Childhood poverty: specific associ-
ations with neurocognitive develop-
ment. Brain Res. 1110, 166—-174.

Federenko, I. S., Nagamine, M.,
Hellhammer, D. H., Wadhwa, P.
D., and Wust, S. (2004). The heri-
tability of hypothalamus pituitary
adrenal axis responses to psychoso-
cial stress is context dependent.
J. Clin. Endocrinol. Metab. 89,
6244-6250.

Fernald, L. C. H., and Gunnar, M. R.
(2009). Poverty-alleviation program
participation and salivary cortisol in
very low-income children. Soc. Sci.
Med. 68, 2180-2189.

Fiocco, A. J., Joober, R., and Lupien,
S. J. (2007). Education modulates
cortisol reactivity to the Trier
Social Stress Test in middle-aged

adults.  Psychoneuroendocrinology
32,1158-1163.

Gallo, L. C., and Matthews, K. A.
(2003). Understanding the associ-
ation between socioeconomic sta-
tus and physical health: do negative
emotions play a role? Psychol. Bull.
129, 10-51.

Goodman, E., McEwen, B. S., Dolan, L.
M., Schafer-Kalkhoff, T., and Adler,
N. E. (2005). Social disadvantage
and adolescent stress. J. Adolesc.
Health 37, 484-492.

Gump, B. B, Reihman, J., Stewart,
P, Lonky, E., Granger, D. A., and
Matthews, K. A. (2009). Blood lead
(Pb) levels: further evidence for an
environmental mechanism explain-
ing the association between socioe-
conomic status and psychophysi-
ological dysregulation in children.
Health Psychol. 28, 614-620.

Gunnar, M. R, and Quevedo, K.
(2007). The neurobiology of stress
and development. Ann. Rev. Psychol.
58, 145-173.

Gunnar, M. R, Talge, N. M., and
Herrera, A. (2009).
paradigms in developmental stud-
ies: what does and does not work to
produce mean increases in salivary
cortisol. Psychoneuroendocrinology
34, 954-967.

Gustafsson, P. E., Gustafsson, P. A., and
Nelson, N. (2006). Cortisol levels
and psychosocial factors in pread-
olescent children. Stress Health 22,
3-9.

Gustafsson, P. E., Janlert, U., Theorell,
T., and Hammarstrom, A.
(2010).  Life-course  socioeco-
nomic trajectories and diurnal
cortisol regulation in adulthood.

Stressor

Psychoneuroendocrinology 35,
613-623.

Gustafsson, P. E., Janlert, U,
Theorell, T., Westerlund, H.,

and Hammarstrom, A. (2011).
Socioeconomic status over the life
course and allostatic load in adult-
hood: results from the Northern
Swedish  Cohort. J.  Epidemiol.
Community Health 65, 986-992.

Hackman, D. A., Farah, M. ],
and Meaney, M. J. (2010).
Socioeconomic status and the

brain: mechanistic insights from
human and animal research. Nat.
Rev. Neurosci. 11, 651-659.

Hajat, A., Diez-Roux, A., Franklin, T.
G., Seeman, T. E., Shrager, S., Ranjit,
N., et al. (2010). Socioeconomic
and race/ethnic
daily salivary cortisol profiles: the
multi-ethnic study of atherosclero-
sis. Psychoneuroendocrinology 35,
932-943.

Heim, C., Newport, D. J., Heit, S,
Graham, Y. P, Wilcox, M., Bonsall,

differences in

Frontiers in Human Neuroscience

www.frontiersin.org

October 2012 | Volume 6 | Article 277 | 9


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Hackman et al.

Neighborhood disadvantage and stress reactivity

R., et al. (2000). Pituitary-adrenal
and autonomic responses to stress
in women after sexual and physi-
cal abuse in childhood. JAMA 284,
592-597.

Hibel, L. C., Granger, D. A, Kivlighan,
K. T, and Blair, C. (2006).
Individual sali-
vary cortisol: with

and

differences in

associations

common over-the-counter
prescription medication status in
infants and their mothers. Horm.
Behav. 50, 293-300.

Hilbrecht, M., Zuzanek, J., and
Mannell, R. C. (2008). Time use,
time pressure and gendered behav-
ior in early and late adolescence. Sex
Roles 58, 342-357.

Hruschka, D. ], Kohrt, B. A,
and Worthman, C. M. (2005).
Estimating between- and within-

individual variation in cortisol
levels using multilevel models.
Psychoneuroendocrinology 30,
698-714.

Hurt, H., Betancourt, L. M., Malmud,
E. K., Shera, D. M., Giannetta, J.
M., Brodsky, N. L., et al. (2009).
Children with and without ges-
tational ~ cocaine  exposure: a
neurocognitive systems analysis.
Neurotoxicol. Teratol. 31, 334-341.

Hurt, H., Brodsky, N. L., Betancourt,
L. M., Braitman, L. E., Malmud,
E., and Giannetta, J. (1995).
Cocaine-exposed children: follow-
up through 30 months. J. Dev.
Behav. Pediatr. 16, 29-35.

Kapuku, G. K., Treiber, F. A., and
Davis, H. C. (2002). Relationships
among  socioeconomic  status,
stress induced changes in cortisol,
and blood pressure in African
American males. Ann. Behav. Med.
24, 320-325.

Kawachi, I., and Berkman, L. (2003).
Neighborhoods and Health. Oxford:
Oxford University Press.

Kirschbaum, C., Kudielka, B. M.,
Gaab, J., Schommer, N. C., and
Hellhammer, D. H. (1999). Impact
of gender, menstrual cycle phase,
and oral contraceptives on the
activity of the hypothalamic-
pituitary-adrenal axis. Psychosom.
Med. 61, 154-162.

Kirschbaum, C., Pirke, K.-M., and
Hellhammer, D. H. (1993). The
“Trier Social Stress Test”: a tool for
investigating psychobiological stress
responses in a laboratory setting.
Neuropsychobiology 28, 76-81.

Kling, J. R,, Liebman, J. B., and Katz, L.
E (2007). Experimental analysis of
neighborhood effects. Econometrica
75, 83-119.

Kraft, A., and Luecken, L. J. (2009).
Childhood parental divorce and
cortisol in young adulthood:

evidence for mediation by family
income. Psychoneuroendocrinology
34, 1363-1369.

Krieger, N., Williams, D. R., and Moss,
N. E. (1997). Measuring social class
in U.S. public health research: con-
cepts, methodologies, and guide-
lines. Ann. Rev. Public Health 18,
341-378.

Kristenson, M., Kucinskiene, Z.,
Bergdahl, B., and Orth-Gomer, K.
(2001). Risk factors for coronary
heart disease in different socioe-
conomic groups of Lithuania and
Sweden—the  LiVicordia  Study.
Scand. J. Public Health 29, 140-150.

Leproult, R., Copinschi, G., Buxton, O.,
and Van Cauter, E. (1997). Sleep
loss results in an elevation of corti-
sol levels the next evening. Sleep 20,
865-870.

Leventhal, T.,, and Brooks-Gunn, J.
(2011). Changes in neighborhood
poverty from 1990 to 2000 and
youth’s problem behaviors. Dev.
Psychol. 47, 1680-1698.

Lin, Y., Ter Horst, G. J., Wichmann,
R., Bakker, P, Liu, A., Li, X,, et al.
(2009). Sex differences in the effects
of acute and chronic stress and
recovery after long-term stress on
stress-related brain regions of rats.
Cereb. Cortex 19, 1978—1989.

Llabre, M. M., Spitzer, S. B., Saab, P.
G., and Schneiderman, N. (2001).
Piecewise latent growth curve mod-
eling of systolic blood pressure reac-
tivity and recovery from the cold
pressor test. Psychophysiology 28,
951-960.

Luecken, L. ., and Lemery, K. S. (2004).
Early caregiving and physiological
stress responses. Clin. Psychol. Rev.
24,171-191.

Lupien, S. J., King, S., Meaney, M. J.,
and McEwen, B. S. (2000). Child’s
stress hormone levels correlate with
mother’s socioeconomic status and
depressive state. Biol. Psychiatry 48,
976-980.

Lupien, S. J., King, S., Meaney, M.
J., and McEwen, B. S. (2001). Can
poverty get under your skin? Basal
cortisol levels and cognitive func-
tion in children from low and
high socioeconomic status. Dev.
Psychopathol. 13, 653-676.

Manuck, S. B., Bleil, M. E., Peterson,
K. L., Flory, J. D, Mann, J. J.,
Ferrell, R. E., et al. (2005). The
socio-economic status of communi-
ties predicts variation in brain sero-
tonergic responsivity. Psychol. Med.
35,519-528.

McCormick, C. M., and Mathews, 1.
Z. (2007). HPA function in adoles-
cence: role of sex hormones in its
regulation and the enduring con-
sequences of exposure to stressors.

Pharmacol. Biochem. Behav. 86,
220-233.

McEwen, B. S., and Gianaros, P. J.
(2010). Central role of the brain
in stress and adaptation: links to
socioeconomic status, health, and
disease. Ann. N.Y. Acad. Sci. 1186,
190-222.

McLoyd, V. C. (1998). Socioeconomic
disadvantage and child develop-
ment. Am. Psychol. 53, 185-204.

Miller, G. E., Chen, E., Fok, A. K,
Walker, H., Lim, A., Nicholls, E.,
et al. (2009). Low early-life social
class leaves a biological residue
manifested by decreased glucocor-
ticoid and increased proinflamma-
tory signaling. Proc. Natl. Acad. Sci.
U.S.A. 106, 14716-14721.

Miller, G. E., Chen, E., and Parker,
K. J. (2011). Psychological stress
in  childhood susceptibil-
ity to the chronic diseases of
aging: moving toward a model
of behavioral and biological
mechanisms. Psychol. Bull. 137,
959-997.

Neupert, S. D., Miller, L. M. S,
and Lachman, M. E. (2006).
Physiological reactivity to cognitive
stressors: variations by age and
socioeconomic status. Int. J. Aging
Hum. Dev. 62, 221-235.

Ouellet-Morin, 1., Boivin, M., Dionne,
G., Lupien, S. J., Arsenault, L., Barr,
R. G, et al. (2008). Variations in
heritability of cortisol reactivity to
stress as a function of early famil-
ial adversity among 19-month-old
twins. Arch. Gen. Psychiatry 65,
211-218.

Raudenbush, S. W., Bryk, A. S., and
Congdon, R. T. (2004). HLM 6
for  Windows. Lincolnwood, IL:
Scientific Software International,
Inc.

Repetti, R. L., Taylor, S. E., and Seeman,
T. E. (2002). Risky families: family
social environments and the men-
tal and physical health of offspring.
Psychol. Bull. 128, 330-366.

Rohleder, N., and Kirschbaum,
C. (2006). The hypothalamic-
pituitary-adrenal ~ (HPA)
in  habitual smokers. Int. ]
Psychophysiol. 59, 236-243.

Sampson, R. J., Raudenbush, S. W.,
and Earls, . (1997). Neighborhoods
and violent crime: a multilevel study
of collective efficacy. Science 277,
918-924.

Sampson, R. J., Sharkey, P, and
Raudenbush, S. W. (2008). Durable
effects of concentrated disadvantage
on verbal ability among African-
American children. Proc. Natl. Acad.
Sci. U.S.A. 105, 845-852.

Sanbonmatsu, L., Brooks-Gunn, J.,
Duncan, G. J., and Kling, J. R.

and

axis

(2006). Neighborhoods and aca-
demic achievement: results from the
MTO experiment. J. Hum. Resour.
41, 649-691.

Schwartz, E. P., Granger, D. A., Susman,
E. J., Gunnar, M. R., and Laird, B.
(1998). Assessing salivary cortisol in
studies of child development. Child
Dev. 69, 1503-1513.

Shonkoff, J. P, Boyce, W. T,
and McEwen, B. S. (2009).
Neuroscience, molecular  biol-

ogy, and the childhood roots of
health  disparities. JAMA 301,
2252-2259.

Singer, J. D., and Willett, J. B. (2003).
Applied Longitudinal Data Analysis:
Modeling  Change and  Event
Occurrence. New York, NY: Oxford
University Press.

Spiegel, K., Leproult, R., and Van
Cauter, E. (1999). Impact of sleep
debt on metabolic and endocrine
function. Lancet 354, 1435-1439.

Steptoe, A., Kunz-Ebrecht, S., Owen,
N., Feldman, P. J, Willemsen,
G., Kirschbaum, C., et al. (2003).
Socioeconomic status and stress-
related biological responses over the
working day. Psychosom. Med. 65,
461-470.

Steptoe, A., Kunz-Ebrecht, S. R,
Wright, C., and Feldman, P. J.
(2005).  Socioeconomic  position
and  cardiovascular and
roendocrine responses following
cognitive challenge in old age. Biol.
Psychol. 69, 149-166.

Steptoe, A., van Jaarsveld, C. H. M.,
Semmler, C., Plomin, R., and
Wardle, J. (2009). Heritability
of daytime cortisol levels and

reactivity in  children.
Psychoneuroendocrinology 34,
273-280.

Stroud, L. R., Salovey, P., and Epel, E.
S. (2002). Sex differences in stress
responses: social rejection versus
achievement stress. Biol. Psychiatry
52, 318-327.

Subramanian, S. V., Jones, K., and
Duncan, C. (2003). Multilevel
Methods for Public Health Research.
Neighborhoods and Health. Oxford:
Oxford University Press.

Talge, N. M., Donzella, B., Kryzer, E.
M., Gierens, A., and Gunnar, M. R.
(2005). It’s not that bad: error intro-
duced by oral stimulants in salivary
cortisol research. Dev. Psychobiol.
47, 369-376.

von Dawans, B. Kirschbaum, C,
and Heinrichs, M. (2011). The
Trier Social Stress Test for Groups
(TSST-G): a new research tool
for controlled simultaneous social

neu-

cortisol

stress exposure in a group for-
mat. Psychoneuroendocrinology 36,
514-522.

Frontiers in Human Neuroscience

www.frontiersin.org

October 2012 | Volume 6 | Article 277 | 10


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Hackman et al.

Neighborhood disadvantage and stress reactivity

Wadsworth, M. E., and Achenbach,
T. M. (2005). Explaining the link
between low socioeconomic status
and psychopathology: testing two
mechanisms of the social causation
hypothesis. J. Consult. Clin. Psychol.
73, 1146-1153.

Weinstock, M.  (2007). Gender
differences in the effects of prenatal
stress on brain development and
behaviour. Neurochem. Res. 32,
1730-1740.

West, P., Sweeting, H., Young, R.,
and Kelly, S. (2010). The relative
importance of family socioeco-
nomic status and school-based

peer hierarchies for morning
cortisol in youth: an expora-
tory study. Soc. Sci. Med. 70,
1246-1253.

Zalewski, M., Lengua, L. J., Kiff,
C. J., and Fisher, P. A. (2012).
Understanding the relation of low
income to HPA-axis functioning
in preschool children: cumulative
family risk and parenting as path-
ways to disruptions in cortisol.
Child Psychiatry Hum. Deyv. doi:
10.1007/s10578-012-0304-3. [Epub
ahead of print].

Zhang, T.-Y.,, Bagot, R., Parent, C,
Nesbitt, C., Bredy, T. W,, Caldji,

C., et al. (2006). Maternal pro-
gramming of defensive responses
through  sustained effects on
gene expression. Biol. Psychol. 73,
72-89.

Conflict of Interest Statement: The
authors declare that the
was conducted in the absence of any
commercial or financial relationships

research

that could be construed as a potential
conflict of interest.

Received: 31 May 2012; accepted: 19
September 2012; published online: 12
October 2012.

Citation: Hackman DA, Betancourt LM,
Brodsky NL, Hurt H and Farah M]
(2012) Neighborhood disadvantage and
adolescent stress reactivity. Front. Hum.
Neurosci. 6:277. doi: 10.3389/fnhum.
2012.00277

Copyright ~ © 2012 Hackman,
Betancourt, Brodsky, Hurt and Farah.
This is an open-access article dis-
tributed under the terms of the Creative
Commons Attribution License, which
permits use, distribution and repro-
duction in other forums, provided the
original authors and source are credited
and subject to any copyright notices
concerning any third-party graphics etc.

Frontiers in Human Neuroscience

www.frontiersin.org

October 2012 | Volume 6 | Article 277 | 11


http://dx.doi.org/10.3389/fnhum.2012.00277
http://dx.doi.org/10.3389/fnhum.2012.00277
http://dx.doi.org/10.3389/fnhum.2012.00277
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

	Neighborhood disadvantage and adolescent stress reactivity
	Materials and Methods
	Participants
	Indicators of Socioeconomic Status
	Stressor Protocol and Procedure
	Measures of the Stress Response
	Covariates
	Data Analysis

	Results
	Sample Characteristics: Socioeconomic Status
	Subjective Appraisal of the Stressor
	Predicting Baseline Cortisol, Reactivity, and Recovery: Interaction between Gender and Concentrated Disadvantage
	Independence from Subjective Response

	Discussion
	Acknowledgments
	References


