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Abstract

This study examined the contributions of a polymorphism of the corticotropin-releasing hormone
receptor type | (CRHR1)gene (rs110402) and a history of child maltreatment—alone and in
interaction—to patterns of cortisol reactivity in adolescents. Adolescents between the age of 13
and 17 years with (n = 61) and without (n = 97) a history of child maltreatment were exposed to
the Trier Social Stress Test (TSST). Salivary cortisol was assessed at baseline, and 15 and 30
minutes after the start of the speech portion of the TSST. Saliva samples for genotyping rs110402
also were collected. Adolescents with one or more G alleles of rs110402, relative to A allele
homozygotes, and those exposed to maltreatment, relative to non-exposed adolescents, exhibited
blunted cortisol reactivity to the TSST (although these associations approached, but did not reach,
the level of statistical significance when accounting for underlying population structure in our
racially and ethnically diverse sample). There was also a trend for a stronger child maltreatment
association with cortisol hypo-reactivity among G allele carriers, but this association was not
statistically significant. Findings suggest that CRHRL variation may moderate the downstream
effects of child maltreatment on HPA axis function, and implications for understanding
mechanisms of risk associated with early adversity are discussed.
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1. Introduction

Child maltreatment is associated with risk for numerous negative outcomes, including
mental disorders and adverse physical health outcomes (e.g., Ehlert, 2013). However,
considerable variability exists in whether individuals develop health problems following
child maltreatment exposure (Ehlert, 2013). Identifying risk and protective factors for
negative health sequelae among those exposed to child maltreatment could improve
identification of those at greatest risk for experiencing harmful consequences and facilitate
better targeting of preventive interventions.

Child maltreatment is associated with numerous neurobiological changes, including
hypothalamic-pituitary-adrenal (HPA) axis dysregulation (e.g., Yehuda et al., 2010). The
HPA axis regulates neurobiological responses to stress, particularly social and evaluative
threats (Dickerson and Kemeny, 2004). Release of corticotropin-releasing hormone (CRH)
from the hypothalamus initiates the HPA axis response to stress, which in turn triggers a
coordinated neuroendocrine response culminating in cortisol production (Sapolsky et al.,
2000). Child maltreatment has been associated with blunted cortisol reactivity to
psychosocial stressors (e.g., Carpenter et al., 2007; Fisher et al., 2011; MacMillan et al.,
2009). Although the mechanisms underlying this hypo-responsivity are unknown, they
might reflect down-regulation of CRH receptors in the pituitary due to hypothalamic CRH
hyper-secretion following severe or chronic trauma (Fries et al., 2005; Heim et al., 2001), or
elevated cortisol production following trauma resulting in heightened negative feedback
sensitivity to glucocorticoids, which inhibits hypothalamic CRH production and terminates
the HPA axis response after stress (Sapolsky et al., 2000; Stein et al., 1997). There is
evidence for heritability of these neuroendocrine disturbances (Yehuda et al., 2010), and
regulators of CRH functioning—including genetic influences—may shape the sensitivity of
the HPA axis to child maltreatment.

The CRH type 1 receptor (CRHRL1) gene codes for one of two G-protein coupled CRH
receptors (Bittencourt and Sawchenko, 2000). The protein encoded by CRHR1 is involved in
CRH signal transduction, and variants of the gene bind with differential affinity to CRH
(Sakai et al., 1998). Variation in CRHR1 may be associated with risk for psychopathology
and other adverse outcomes following child maltreatment. Bradley and colleagues (2008)
identified two CRHRL single nucleotide polymorphisms (SNPs; rs110402 and rs7209436)
that interacted with child maltreatment to predict depressive symptoms in adulthood. For
each SNP, maltreatment was associated with higher depressive symptoms among those with
the common allele (G for rs110402 and C for rs7209436), whereas the rare allele (A for
rs110402 and T for rs7209436) was protective in that maltreated homozygotes did not
exhibit elevated depressive symptoms compared to non-maltreated homozygotes. Similar
results emerged based on the common TAT haplotype (formed by rs7209436, rs110402, and
rs242924). The interaction of CRHR1 genotype with child maltreatment in predicting

Psychoneuroendocrinology. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Sumner et al.

Page 3

depression has been replicated in several studies (Heim et al., 2009; Polanczyk et al., 2009).
CRHRL1 variants also have been associated with posttraumatic stress symptoms following
pediatric injury trauma (Amstadter et al., 2011).

Given the critical role of CRH in HPA axis regulation, CRHR1 genotype might moderate the
effects of child maltreatment on HPA axis reactivity. In young rhesus macaques, CRHR1
polymorphisms were related to increased metabolic activity in the amygdala and
hippocampus in response to stress (Rogers et al., 2013). These associations were observed in
“healthy” macaques reared in typical environments, suggesting that particular CRHR1
genotypes may be associated with maladaptive stress responses even in the absence of
environmental adversity or psychopathology. In humans, differences in brain activity during
an emotional word processing task as a function of rs110402 genotype have been observed
(Hsu et al., 2012).

Several studies have examined associations between CRHRL variants and cortisol
regulation, although sample characteristics, specific SNPs, and cortisol metrics vary across
investigations. For example, healthy adults homozygous for the minor alleles of rs7209436,
rs110402, and rs242924 had lower peak cortisol responses to a psychosocial stress task
compared to major allele carriers (Mahon et al., 2013). However, this study did not consider
child maltreatment history. In investigations of adults reporting child maltreatment, cortisol
response to the dexamethasone/CRH test was higher among homozygotes for the major
allele of rs110402 compared to minor allele carriers (Heim et al., 2009; Tyrka et al., 2009),
although this effect was only observed in men in one study (Heim et al., 2009). In a
community sample of preschool-aged children, carriers of the minor (A) allele of
rs17763104 exhibited greater cortisol reactivity to a stress task compared to major (G) allele
homozygotes (Sheikh et al., 2013). CRHRL has also been associated with diurnal cortisol
rhythms. Youths with two copies of the TAT haplotype and a history of maltreatment
exhibited a flatter diurnal cortisol slope than those without maltreatment exposure; no
differences as a function of maltreatment history were observed for those with zero or one
copies of the haplotype (Cicchetti et al., 2011).

Taken together, existing evidence suggests that CRHRL variants influence cortisol responses
to stress. However, the extent to which CRHR1 polymorphisms moderate the effect of child
maltreatment on cortisol reactivity to psychosocial stress is not clear. Furthermore, no
studies have examined whether CRHR1 genotype and child maltreatment contribute jointly
to cortisol reactivity in adolescents. The HPA axis undergoes significant changes from
childhood to adolescence, such that adolescents show increased physiological stress
responses compared to children (Stroud et al., 2009). Adolescence is also associated with
increased incidence of numerous psychiatric disorders (Kessler et al., 2005), and changes in
stress reactivity during adolescence may contribute to vulnerability to psychopathology in
at-risk youth (e.g., Spear, 2009). Examining genetic influences on stress reactivity during
adolescence may aid in identifying those most susceptible to dysregulation during this
developmental stage.

The current study examined associations of a SNP in CRHR1 (rs110402) with cortisol
reactivity to a psychosocial stressor in adolescents alone and in interaction with child
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maltreatment. Based on previous research (e.g., MacMillan et al., 2009; Sheikh et al., 2013),
we anticipated significant main effects of genotype and maltreatment history on cortisol
reactivity. Furthermore, given that child maltreatment has been associated with maladaptive
emotional functioning (e.g., greater depressive symptoms) among carriers of the G allele of
rs110402 (e.g., Bradley et al., 2008), we hypothesized that child maltreatment would be
associated with blunted cortisol reactivity to psychosocial stress as a function of rs110402
genotype (i.e., primarily among G allele carriers).

2.1 Participants

A community-based sample of 168 adolescents aged 13-17 was recruited for participation at
schools, after-school programs, medical clinics, and the general community in Boston and
Cambridge, MA. Recruitment efforts were targeted to obtain a sample with high variability
in exposure to child maltreatment. To do so, we recruited heavily from neighborhoods with
high levels of violence and from clinics that served a predominantly low-SES catchment
area. Adolescents taking medications known to influence cardiovascular functioning were
excluded (n=4). The sample was 56.0% female (n=94) and had a mean age of 14.9 years
(SD=1.4). All females were post-menarchal. Approximately one-third of the sample (38.1%,
n=64) was from single-parent households. Racial/ethnic composition of the analytic sample
was as follows: 41.1% White (n=65), 17.7% Black (n=28), 17.7% Hispanic (n=28), 8.2%
Asian (n=13), and 15.2% Biracial or Other (n=24). A total of 7 participants did not complete
the experimental procedures and were not included in the analytic sample: 2 participants
declined to complete the procedures, and 5 participants began the study procedures but did
not complete all tasks. An additional 3 participants were excluded from analysis due to
presence of a heart murmur (n=1), severe cognitive impairment (n=1), and presence of a
pervasive developmental disorder (n=1). Thus, the final analytic sample included 158
participants.

2.2 Procedure

All participants were run between the hours of 2—7 p.m. because cortisol reaches its diurnal
nadir during this time period. Participants were asked to refrain from activities that could
influence cortisol levels, including brushing their teeth or drinking caffeinated beverages
within 4 hours of their scheduled time and exercising at any point during that day.
Participants first completed a 5-minute baseline period in which they were asked to sit
quietly. Adolescents then completed questionnaire and interview measures. Informed
consent was obtained from the parent/guardian who attended the session, and assent was
provided by adolescents.

Participants completed the Trier Social Stress Test (TSST; Kirschbaum et al., 1993), a
widely-used stress induction procedure that has been used with children and adolescents
(Buske-Kirschbaum et al., 1997; Stroud et al., 2009). The TSST involves three periods.
After being told that they would be delivering a speech in front of trained evaluators who
would judge their performance, participants were given 5 minutes to prepare their speech. In
the current study, participants were asked to talk about the qualities of a good friend and
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which of those characteristics they did and did not possess. Next, participants delivered a 5-
minute speech in front of two evaluators. Evaluators were trained to provide neutral and
mildly negative feedback (e.g., appearing bored) during the speech. Finally, participants
completed a mental subtraction task out loud in front of the evaluators for 5 minutes.
Specifically, participants were asked to count backwards in steps of seven from a three-digit
number and were stopped and asked to start again each time they made a mistake. Following
the TSST, participants engaged in a 5-minute recovery period during which they were asked
to sit quietly. Saliva samples were taken after the initial baseline period, 15 minutes
following the beginning of the speech portion of the TSST (reactivity period), and 15
minutes following completion of the recovery period.

2.3 Child Maltreatment

Child maltreatment was assessed using a self-report questionnaire and an interview. First,
we administered the Childhood Trauma Questionnaire (CTQ); Bernstein et al., 1997). The
CTQ is a 28-item scale that assesses the frequency of maltreatment exposure during
childhood and adolescence. Three types of abuse are assessed: physical, sexual, and
emotional. The CTQ has excellent psychometric properties including internal consistency,
test-retest reliability, and convergent and discriminant validity with interviews and clinician
reports of maltreatment (Bernstein et al., 1997; Bernstein et al., 1994). We created a
maltreatment severity composite by summing items from each of the abuse sub-scales. This
composite demonstrated good reliability in our sample (a = 0.88).

Second, we administered the Childhood Experiences of Care and Abuse (CECA) interview
(Bifulco et al., 1994; Bifulco et al., 1997). The CECA assesses multiple aspects of
caregiving experiences, including physical and sexual abuse. Inter-rater reliability for
maltreatment reports is excellent, and multiple validation studies suggest high agreement
between siblings on reports of caregiver behaviors and maltreatment (Bifulco et al., 1994;
Bifulco et al., 1997).

We used the CECA and the CTQ to create a dichotomous indicator of exposure to child
maltreatment. Participants who reported physical or sexual abuse during the interview or
who had a score on any of the three CTQ abuse sub-scales above a previously-identified
threshold (Walker et al., 1999) were classified as having experienced child maltreatment. No
participant was currently experiencing maltreatment, and the proper authorities were
contacted in cases where we had safety concerns.

2.4 Neuroendocrine Measures

Neuroendocrine samples were obtained with cryovial tubes (Immuno-Biological
Laboratories [IBL]) using the drool method. Participants expectorated approximately 1.5 ml
of saliva into a cryovial with a plastic straw. Saliva samples were stored immediately at
—20°C until they were shipped on dry ice to a laboratory in Boston, Massachusetts. Samples
were assayed for salivary free cortisol using a commercially available luminescence
immunoassay (CLIA; IBL, Hamburg, Germany). Intra-assay and inter-assay coefficients of
variance were acceptable (4.24% and 3.34%, respectively).
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We assessed cortisol reactivity to the TSST in two ways: 1) by examining cortisol
concentrations (nmol/L) across the three assessments, and 2) by examining area under the
curve (AUC) with respect to increase. AUC with respect to increase represents the time-
dependent change in cortisol relative to the baseline resting value (i.e., it ignores the distance
from zero for all measurements; Fekedulegn et al. 2007). It is a measure of total cortisol
output, and it is thought to reflect the sensitivity of the cortisol response.

2.5 DNA Extraction and Genotyping

3. Results

Participants provided saliva samples for DNA collection using Oragene® kits (DNA
Genotek, Ontario, Canada) at the beginning of the study session. Consistent with prior
research (e.g., Heim et al., 2009), we examined the CRHR1 SNP rs110402 given that this
SNP had the strongest signal in previous work on CRHRL variants and child maltreatment
(e.g., Bradley et al., 2008). Furthermore, this SNP has been found to be in high linkage
disequilibrium with other associated SNPs in CRHR1; almost complete overlap has been
found between rs110402 A allele carriers and carriers of the TAT haplotype (Heim et al.,
2009). DNA extraction and SNP genotyping were performed at the Massachusetts General
Hospital Psychiatric and Neurodevelopmental Genetics Unit Core Lab using the Sequenom
iPLEX Gold® application and MassARRAY® system. The major steps in this process
included: 1) primer and multiplex assay design using Sequenom’s MassARRAY® Designer
software, 2) DNA amplification by polymerase chain reaction (PCR), 3) post-PCR
nucleotide deactivation using shrimp alkaline phosphatase (SAP) to remove phosphate
groups from unincorporated dNTPs, 4) single-base extension reaction for allele
differentiation, 5) salt removal using ion-exchange resin, and 6) mass correlated genotype
calling using SpectroCHIP® array and MALDI-TOF mass spectrometry. Quality control to
determine sample and genotyping quality and to potentially remove poor SNPs and/or
samples was performed in PLINK, a whole genome association analysis toolset. The call
rate for rs110402 was 98.8%. Participants were grouped based on CRHR1 rs110402 G allele
carrier status (AA vs. AG+GG). A history of child maltreatment has been associated with
maladaptive emotional functioning (e.g., greater depressive symptoms) among carriers of
the G allele of rs110402 (Bradley et al., 2008; Polanczyk et al., 2009), and we merged
carriers of the G allele into one group to increase power. This approach is common in
genetic analyses with smaller sample sizes (cf. Heim et al., 2009).

3.1 Participant Characteristics

Descriptive statistics as a function of rs110402 G allele carrier status and child maltreatment
history are presented in Table 1. In the full sample, 27.2% of participants were classified as
A allele homozygotes and 72.8% were classified as G allele carriers. Genotype frequencies
did not deviate significantly from Hardy-Weinberg equilibrium, y? (df=1) = 1.62, p = .20.
Just over one third of participants (38.6%, n = 61) were classified as having a history of
child maltreatment, reflecting our efforts to over-represent maltreated youths in our sample.
As shown in Table 1, A allele homozygotes and G allele carriers did not differ significantly
in terms of age, gender, White/Non-White racial/ethnic status, or maltreatment history, all ps
> .16. The mean age of participants reporting a history of child maltreatment (M = 15.3
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years, SD = 1.3) was significantly older than that of participants with no history of
maltreatment (M = 14.7 years, SD = 1.4), t(156) = 2.73, p = .01. In addition, the percentage
of White participants was significantly lower in the group with a history of maltreatment
(39.3%) compared to the group with no maltreatment history (61.9%), ;(Z(dle) =7.62,p=.
01.

3.2 Within-Group Cortisol Change Over Time

We first examined cortisol reactivity to the TSST by analyzing cortisol concentrations (in
nmol/L) at each time point using a 3 (time) x 2 (rs110402 G allele carrier status) x 2 (child
maltreatment) repeated measures Analysis of Covariance (ANCOVA), statistically
controlling for sex, age, and White/Non-White racial/ethnic status.1 There were no
significant main effects or interactions with time for sex, age, or White/Non-White racial/
ethnic status. Greenhouse-Geisser corrected degrees of freedom are presented to control for
the assumption of sphericity. There was a significant 2-way interaction of time by rs110402
genotype, F(1.36, 205.90) = 4.40, p = .03, 772 = .03. As depicted in Figure 1, compared to A
allele homozygotes, G allele carriers had significantly lower cortisol levels at the second
cortisol assessment collected 15 minutes after the start of the TSST speech (i.e., the
reactivity period), t(156) = 2.09, p = .04. However, there were no significant differences
between the cortisol levels of A allele homozygotes and G allele carriers at either baseline or
the third (i.e., the recovery period) cortisol assessment, ps > 13. Thus, adolescents with one
or more G alleles of rs110402 exhibited lower reactivity to the TSST compared to A allele
homozygotes. In other words, possession of the G allele was associated with lower peak
cortisol levels in response to the psychosocial stress task.

In addition, there was a significant Time x Child Maltreatment interaction, F(1.36, 205.90) =
5.05, p=.02, 72 =.03. As shown in Figure 2, adolescents with a history of child
maltreatment exhibited lower cortisol levels at the second [t(156) = 1.83, p = .07] and third
[t(146.23) = 2.69, p = .01] cortisol assessments compared to those without a history of
maltreatment, although the difference between cortisol levels for the two groups at the
second assessment approached, but did not reach, the conventional level of statistical
significance. There was no significant difference between those with and without a history
of child maltreatment in baseline cortisol levels, p > .33. Thus, in this community sample of
adolescents, a history of child maltreatment was associated with blunted cortisol reactivity to
a psychosocial stressor.

Contrary to our hypothesis, the interaction of time by rs110402 genotype by child
maltreatment was not statistically significant, F(1.36, 205.90) = 0.68, p = .45 72 = .004.
However, we were underpowered to detect a significant 3-way interaction in this relatively
small sample (power was estimated to be .14). Given our a priori hypothesis that rs110402
genotype would moderate the association between maltreatment history and cortisol
reactivity to the TSST, we examined the relationship between child maltreatment and
cortisol concentration at the three assessments separately for A allele homozygotes and G
allele carriers. Consistent with our prediction, the interaction of time and maltreatment

1The overall pattern of results remained the same when covarying the number of hours since waking and measures of caffeine intake,
exercise, and drug use.
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history was statistically significant for those with one or more G alleles but not for A allele
homozygotes, F(1.35, 152.88) = 9.16, p = .001, 77 = .08 for G allele carriers, and F(1.35,
55.24) = 0.48, p = .55, 72 = .01 for A allele homozygotes. As shown in Figure 3, a history of
child maltreatment was associated with significantly lower cortisol levels at the third (i.e.,
the recovery period) assessment among G allele carriers, 1(112.65) = 2.28, p = .03.

3.3 Cortisol Area Under the Curve with Respect to Increase

We also examined cortisol reactivity to the TSST by analyzing cortisol AUC with respect to
increase using a 2 (rs110402 G allele carrier status) x 2 (child maltreatment) ANCOVA,
again statistically controlling for age, sex, and White/Non-White racial/ethnic status.2 As
above, none of the covariates was statistically significant. There was a significant main
effect of rs110402 genotype, F(1, 151) = 4.95, p = .03, 77 = .03. Adolescents with one or
two G alleles had a lower AUC with respect to increase than adolescents with two A alleles
(see Figure 4). Furthermore, as shown in Figure 4, a history of child maltreatment was
associated with a lower AUC with respect to increase as well, F(1, 151) = 5.29, p = .02, 72
=.03. In other words, possessing one or more G alleles and reporting a history of child
maltreatment were associated with blunted cortisol reactivity to the TSST.

We were underpowered to detect a significant 2-way interaction of rs110402 genotype by
child maltreatment history (power was estimated to be 0.15), and this interaction term was
not statistically significant, F(1, 151) = 0.81, p = .37, 72 = .005. However, we tested our a
priori hypothesis that rs110402 genotype would moderate the association between a history
of child maltreatment and cortisol reactivity to the TSST by comparing the AUC with
respect to increase for those with and without child maltreatment separately for G allele
carriers and A allele homozygotes. In line with our prediction, among adolescents with one
or two G alleles, those with a history of child maltreatment had a significantly lower AUC
with respect to increase than those without a history of maltreatment, t(113) = 3.20, p=.
002. In contrast, the difference between AUC with respect to increase for the two
maltreatment groups among A allele homozygotes was not statistically significant, t(41) =
0.65, p =.52. In sum, there was evidence that a history of child maltreatment was associated
with diminished cortisol reactivity among adolescents with one or more copies of the
rs110402 G allele.

3.4 Addressing Population Stratification

Given the racial/ethnic diversity of our sample, we inferred the underlying population
structure from 40 ancestry-informative markers in order to address concerns regarding
population stratification (i.e., the presence of systematic differences in allele frequencies as a
function of subpopulations in the sample; e.g., Pritchard and Rosenberg, 1999). We re-ran
analyses covarying the first two principal components from a principal components analysis
of the ancestry-informative markers. Overall, the pattern of findings remained similar. The
Time x rs110402 Genotype and Time x Child Maltreatment interactions were generally
similar in effect size but fell just short of the conventional level of statistical significance,

2Again, the overall pattern of results remained the same when covarying the number of hours since waking and measures of caffeine
intake, exercise, and drug use.
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F(1.37, 208.44) = 3.30, p = .06, 77 = .02 and F(1.37, 208.44) = 3.11, p= .07, 77 = .02,
respectively. In addition, the Time x Maltreatment History interaction was still significant in
G allele carriers, F(1.35, 150.07) = 7.64, p = .003, 77 = .06. In the regression model of AUC
with respect to increase, the main effects of rs110402 genotype and history of child
maltreatment also approached statistical significance but remained relatively similar in
effect size, F(1, 152) = 3.64, p=.06, 77 = .02 and F(1, 152) = 3.30, p = .07, 72 = .02,
respectively. Additionally, the effect of history of child maltreatment on AUC with respect
to increase was still significant in G allele carriers, F(1, 111) = 8.60, p = .004, 72 = .07.
Together, these findings suggested that the associations between rs110402 genotype, history
of child maltreatment, and cortisol reactivity to the TSST were not solely due to
confounding effects of population structure.

4. Discussion

To the best of our knowledge, this is the first study to document the joint associations
between a variant of CRHR1, a history of child maltreatment, and cortisol reactivity to a
psychosocial stress task in adolescents. In our sample, possessing one or more G alleles of
rs110402 and reporting a history of child maltreatment were both associated with blunted
cortisol reactivity to the Trier Social Stress Test (TSST). Furthermore, there was preliminary
evidence that CRHR1 genotype moderates the effects of child maltreatment on cortisol
reactivity. Among carriers of the G allele of rs110402, a history of maltreatment was
associated with cortisol hypo-reactivity to stress. However, no significant association
between maltreatment history and cortisol reactivity emerged in A allele homozygotes.

These results add to the growing literature suggesting that variation in an HPA axis-related
gene and early adversity are associated with differential patterns of physiological responses
to stress. In line with prior research in community samples (Mahon et al., 2013; Sheikh et
al., 2013), we found a main effect of rs110402 genotype on cortisol reactivity to a
psychosocial stress task. However, whereas prior investigations have detected associations
between CRHR1 variants and cortisol reactivity during childhood (Sheikh et al., 2013) and
adulthood (Mahon et al., 2013), we extended this pattern of findings to adolescence—a
period characterized by changes in HPA axis reactivity to stress (Stroud et al., 2009).
Together, these results suggest that variation in CRHR1 may be linked to differences in the
sensitivity of the HPA axis even prior to experiencing adversity or psychopathology. This is
consistent with the conclusions drawn by Rogers and colleagues (2013) after observing
associations between CRHRL variants and increased amygdala and hippocampal activation
in response to a stressor in healthy young macaques. Our finding that adolescents with a
history of maltreatment exhibited blunted cortisol reactivity is in accordance with previous
research (e.g., Carpenter et al., 2007; Fisher et al., 2011; MacMillan et al., 2009).

The only prior study to examine the interaction between CRHRL variants and child
maltreatment in relation to cortisol in youth found that youth with two copies of the TAT
haplotype who had a history of maltreatment exhibited a flatter diurnal cortisol slope than
those without a history of maltreatment (Cicchetti et al., 2011). Building on this initial study,
we found evidence that a history of child maltreatment was associated with blunted cortisol
reactivity primarily for G allele carriers of rs110402 (and not for A allele homozygotes).
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Given methodological differences between our investigation and that of Cicchetti et al.
(2011), direct comparisons of the findings are difficult. For example, Cicchetti et al. (2011)
examined the TAT haplotype in CRHR1, whereas we examined variation in a single SNP
(rs110402). However, almost complete overlap has been found between rs110402 A allele
carriers and carriers of the TAT haplotype (Heim et al., 2009). Additionally, Cicchetti et al.
(2011) assessed diurnal cortisol rhythms, whereas we assessed cortisol reactivity to the
TSST. Divergent patterns of findings have been observed when examining diurnal cortisol
vs. cortisol reactivity to stress; indeed, some groups have been found to exhibit both higher
basal cortisol levels and cortisol hyporeactivity to stress (e.g., Fairchild et al., 2008;
Gustafsson et al., 2008). Further research that measures diurnal cortisol rhythms and cortisol
reactivity within a single investigation is needed to better understand the relationships
between CRHRL1 variation, child maltreatment, and cortisol.

Additional research is also needed to better elucidate the neurobiological consequences of
variation in CRHRL1. The rs110402 SNP is located in intron 2 of the CRHR1 gene. Even
though functional intronic regulatory variants have been observed (e.g., Hubler and
Scammell, 2004), rs110402 is in high linkage disequilibrium with other variants in the gene.
Fine mapping of this region might identify variants with functional consequences and
provide insights into the mechanisms underlying the association between CRHR1 variation
and cortisol reactivity. Furthermore, relatively little is known about the functional
consequences of diminished cortisol reactivity. Some research suggests that, compared to
more robust cortisol response, low cortisol response to stress may be associated with worse
cognitive performance (Carpenter et al., 2007). Additionally, there is some evidence that
lower cortisol levels may be associated with increased risk for PTSD (e.g., Yehuda et al.,
2010). Nevertheless, more work is required to understand the effects of blunted cortisol
reactivity to psychosocial stress on emotional and physical health.

Moreover, our findings need to be interpreted in light of several limitations. First, due to the
small sample size, we were underpowered for some analyses, particularly tests of
interactions. Thus, even though we found support for planned a priori comparisons between
child maltreatment and cortisol reactivity as a function of rs110402 genotype, these results
are preliminary and need to be replicated in a larger sample. Furthermore, the small sample
size precluded an investigation of whether particular types of child maltreatment (e.g.,
sexual abuse, physical abuse) were associated with different patterns of cortisol reactivity.
We also lacked genotypes for the other SNPs that make up the TAT haplotype in CRHR1,
and thus were unable to examine this haplotype. However, as noted above, almost complete
overlap has been found between rs110402 A allele carriers and carriers of the TAT
haplotype (Heim et al., 2009). In addition, as with all studies of genetic variants in racially
and ethnically heterogeneous samples, population stratification is a concern (e.g., Pritchard
and Rosenberg, 1999). However, this concern is partially mitigated by the fact that when we
modeled the underlying population structure using principal components based on ancestry-
informative markers, the overall pattern of results was similar. Nevertheless, the associations
between rs110402 genotype and child maltreatment with cortisol reactivity were marginally
significant in these analyses, and our findings need to be interpreted in light of this
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limitation. More research using larger and more homogeneous samples will better clarify the
nature of these associations.

Despite these limitations, we believe that our findings may begin to illuminate why some
individuals who are maltreated during childhood—and not others—go on to experience poor
emotional and physical health. CRHR1 variation may be one factor that moderates the
downstream effects of child maltreatment, including associations with cortisol reactivity to
psychosocial stressors.
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Figure 1.
Cortisol response to the Trier Social Stress Test (TSST) over time as a function of rs110402

genotype. Error bars represent standard error of the mean.
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Cortisol response to the Trier Social Stress Test (TSST) over time as a function of child

maltreatment history. Error bars represent standard error of the mean.
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Effect of child maltreatment history on cortisol response to the Trier Social Stress Test
(TSST) over time for rs110402 G allele carriers (a) and A allele homozygotes (b). Error bars

represent standard error of the mean.
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Figure 4.
Cortisol area under the curve (AUC) with respect to increase as a function of rs110402

genotype and child maltreatment history. Error bars represent standard error of the mean.
Sample sizes for the subgroups are as follows: G carriers with maltreatment history (n = 48),
A homozygotes with maltreatment history (n = 13), G carriers without maltreatment history
(n=67), A homozygotes without maltreatment history (n = 30).
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Participant characteristics as a function of CRHR1 rs110402 genotype and child maltreatment history.

Table 1

rs110402 Genotype MAF=0.502
AA (n=43) AG+GG (n=115)
Age 15.0 (1.4) 15.0 (1.4) p=.93
Percent female 62.8% 50.4% p=.17
Percent White 48.8% 54.8% p=.51
Percent maltreatment history 30.2% 41.7% p=.19

Age

Percent female

Percent White

Child Maltreatment History

Maltreatment (n = 61) No Maltreatment (n = 97)

153 (1.3) 14.7 (1.4) p=.01
60.7% 49.5% p=.17
39.3% 61.9% p=.01

Note. Age reported in years and standard deviations presented in parentheses. MAF = minor allele frequency.

aGenotype frequencies did not deviate significantly from Hardy-Weinberg equilibrium; )(2 (df=1) = 1.62, p = .20.
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