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Abstract
Background—Adverse childhood experiences (ACEs) increase the risk for adult depression and
substance dependence, possibly mediated by the corticotropin-releasing hormone type 1 receptor
(CRHR1). In some studies, a three-SNP “T-A-T” haplotype in CRHR1, which encodes CRHR1,
exerted a protective moderating effect on risk of depression in adults with ACEs. Other studies
have shown a main or moderating effect of SNPs in CRHR1 on alcohol consumption.

Methods—We tested the moderating effects of the three-SNP haplotype on lifetime risk of a
major depressive episode (MDE) and alcohol dependence (AD) in 1,211 European Americans
(EAs) and 1,869 African Americans (AAs), most of whom had a lifetime substance use disorder.

Results—There were no significant main or interaction effects of the TAT haplotype on AD.
There was a significant interaction of ACE by TAT on risk of depression only in AA women
(p=0.005); each copy of the TAT haplotype reduced the odds of MDE by almost 40% (OR =
0.63). In AA women without an ACE and two TAT haplotypes, the risk of MDE was increased
(OR=1.51).

Conclusion—Our findings in relation to the TAT haplotype of CRHR1 extend those obtained in
other populations to a largely substance-dependent one. The complex structure of CRHR1 may
help to explain why some variants in the gene moderate the effects of an ACE only on depression
risk while others moderate the effect of an ACE only on AD risk.
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INTRODUCTION
There is a strong association between negative childhood experiences, such as sexual and
physical abuse, and adult psychiatric illness, particularly depression and post-traumatic
stress disorder [Chapman et al., 2004; Molnar et al. 2001; Penza et al. 2003; Widom et al.
2007, Xie et al. 2009]. Early childhood abuse is also an important risk factor for alcohol use
disorders in adults [Dube et al., 2003; Kendler et al., 2000; Nelson et al., 2002]. Such
adverse childhood experiences (ACEs) appear to modify the stress response [Carpenter et al.
2007, 2009, 2011; Tryka et al. 2009], imparting a greater susceptibility to psychiatric and
substance use disorders in adulthood [Nemeroff 2004].

Corticotropin releasing hormone (CRH) stimulates the stress response by activation of the
corticotropin-releasing hormone type 1 receptor (CRHR1) [Bale and Vale 2004]. CRHR1 is
a G-protein coupled receptor that binds neuropeptides of the CRH family, which are major
regulators of the hypothalamic-pituitary-adrenal (HPA) axis. CRH also has neural effects
mediated by CRHR1 that are independent of the HPA axis. These effects appear relevant
both to alcohol dependence (AD) [Heilig et al. 2010] and to depression [Kling et al. 2009],
particularly that which is elicited by chronic stress [Wang et al. 2010].

CRHR1 is encoded by CRHR1, which maps to 17q21.31. The gene is approximately 51.55
kb in length (http://www.genecards.org/cgi-bin/carddisp.pl?gene=CRHR1&search=crhr1;
accessed Aug. 8, 2011) and is one of several genes contained within a 900-kb inversion
polymorphism (Stefansson et al. 2005) resulting in H1 or H2 haplotypes. These represent
two distinct genetic lineages that appear to have diverged some 3 million years ago. Due to
the nature of the large inversion, markers in the region do not recombine across the H1 and
H2 haplotypes. Markers in this inversion region have been associated with several
neuropsychiatric disorders including Parkinson disease [Oliveira et al. 2004] and Alzheimer
disease [Laws et al 2007]. Although individuals of African ancestry are largely homozygous
for the non-inversion H1 haplotype, the frequency of the H2 haplotype is approximately
20% in individuals of European ancestry [Stefansson et al. 2005].

Bradley et al. [2008] genotyped 15 single-nucleotide polymorphisms (SNPs) spanning 57 kb
of CRHR1. In a predominantly African-American (AA) and largely female adult sample,
these investigators found that specific SNPs moderated the effects of child abuse on risk of
depressive symptoms. The most robust effect was exerted by a protective three-SNP
haplotype (comprised of alleles of rs7209436, rs110402, and rs242924). The SNPs
comprising the haplotype are in high linkage disequilibrium (LD), and thus they must be
contained within a single, high-LD block. Notably, these SNPs are monomorphic in the H2
haplotype in which the high-LD block is absent. Bradley et al. [2008] validated the
moderating effect of the TAT haplotype on risk of depressive symptoms associated with
ACEs in an independent sample that was predominantly European American (EA) and all
women. Heim et al. [2009] re-analyzed the predominantly AA sample from the Bradley et
al. study after more than doubling it in size, to examine the sex-specificity of the moderation
of phenotype. These investigators examined only one CRHR1 SNP (rs110402), which
“tagged” the haplotype. They found a moderating effect of the SNP only among men, with
the A allele being protective against depressive symptoms among individuals who had
experienced childhood trauma. The weight of the interaction effect was carried by the
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physical abuse subtype of childhood trauma. In an independent sample, Heim et al. [2009]
found that male carriers of the A allele at rs110402 who had experienced childhood trauma
showed a significantly lower cortisol response to the dexamethasone/CRH test than men
without exposure to childhood trauma or women (irrespective of their trauma exposure); this
suggested a biological mechanism for the observed effect on diagnosis phenotype.

Polanczyk et al. [2009] sought to replicate the findings of Bradley et al. [2008] in two
prospective longitudinal cohort samples by examining the moderating effect of the TAT
haplotype. In only one of the samples, the TAT haplotype protected against the development
of major depressive disorder among adults exposed to childhood maltreatment. The authors
attributed the inconsistent findings to the different methods used to assess childhood trauma.

Grabe et al. [2010] examined 28 SNPs in CRHR1 in a large German population sample.
Included among the SNPs were the three representing the high LD block of interest in the
studies by Bradley et al. [2008] and Polanczyk et al. [2009], though the majority of SNPs
examined had minor alleles that tagged the H2 haplotype. Grabe et al. [2010] observed a
significant moderator effect of the TAT haplotype on the risk of adult depression symptoms.
However, rather than being protective, the haplotype was associated with greater depressive
symptoms only among individuals who experienced moderate-to-severe physical neglect.
Another SNP (rs17689882), which tags the H2 inversion haplotype and had not been
examined specifically in previous studies, was the most robust moderator of the effects of
physical neglect on depressive symptoms. The minor (A) allele of this SNP was protective
against depressive symptoms in the overall sample, with significant effects only among men
when the analysis was stratified by sex.

Treutlein et al. [2006] examined the association of two haplotype tagging (ht)SNPs
(rs242938 and rs1876831) in CRHR1 on drinking behavior in a sample of adolescents from
a longitudinal outcome study and a sample of adults with DSM-IV AD. In the adolescent
sample, genotype frequencies differed significantly in relation to ever having drunk alcohol,
ever having drunk heavily, and ever having been intoxicated. Among alcohol-dependent
patients there was an association of CRHR1 with very heavy drinking. Using the same
adolescent study sample, Blomeyer et al. [2008] examined the same two CRHR1 htSNPs as
moderators of the effects of recent (i.e., during the preceding three years) stressful life
events on drinking behavior. They found that SNPs rs1876831 moderated the association of
stressful events with a greater amount of alcohol consumed per occasion and a higher
lifetime rate of heavy drinking. Dahl et al. [2005] examined the association of five tightly
linked CRHR1 SNPs (hCV449763, rs7209436, rs242924, rs1396862, and rs878887) that
were spaced in 10–20 kb intervals across the gene in a small sample (i.e., 120 alcohol-
dependent individuals and 180 screened control subjects). They found no association to
phenotype in this sample.

Nelson et al. [2010] examined 13 SNPs, including those studied by Treutlein et al. [2006],
Blomeyer et al. [2008], and Bradley et al. [2008] and nearby SNPs identified from dbSNP,
in a sample of 1,128 Australians from 476 families. They found that individuals with a
history of childhood sexual abuse reported a significantly higher quantity of alcohol
consumed and greater risk for AD. Further, the H2 haplotype had a protective moderating
effect on the impact of childhood sexual abuse on both alcohol consumption and AD. They
also examined the association of several additional SNPs that are monomorphic in H2
[including rs7209436, rs242924, and rs110402] and found no evidence of significant main
or interaction effects on the alcohol-related phenotypes.

In summary, variation in CRHR1 has been shown to moderate the effects of stressful events
both on risk of depression and on alcohol-related behaviors. However, the variants
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associated with the different phenotypes do not appear to overlap, consistent with the
structure of the gene. Further, some studies have failed to show a moderating effect of
different variants, on one or the other phenotype.

In the present study, we tested the effects of ACEs and moderation of those effects by the 3-
SNP, LD haplotype examined by Bradley et al. [2008], Polanczyk et al. [2009], and Grabe et
al. [2010], comprised of rs7209436, rs110402, and rs242924, on the risk of 1) a lifetime
major depressive episode (MDE) and 2) a lifetime diagnosis of AD in well-characterized
participants in studies of the genetics of substance dependence.

METHODS
Subjects

The study sample consisted of 3,080 subjects [1,211 European Americans (EAs) and 1,869
African Americans (AAs)] selected from among participants in family-based linkage or
association studies of the genetics of substance dependence [Gelernter et al., 2005, 2006a,b].
The family-based study sub-sample was ascertained through two or more siblings affected
with cocaine dependence (CD) and/or opioid dependence (OD). The association study sub-
sample was comprised of unrelated individuals with AD, CD, or OD and healthy controls.
Subjects were recruited at four sites: 1,282 from the University of Connecticut Health
Center (Farmington, CT), 1,238 from Yale University (New Haven, CT), 233 from the
Medical University of South Carolina (Charleston, SC), 308 from University of
Pennsylvania (Philadelphia, PA), and 19 from McLean Hospital (Belmont, MA). The
institutional review board at each participating institution approved the study protocol and
informed consent forms. Subjects provided written informed consent after receiving a
complete description of the study and were paid to participate.

We included subjects for whom there were complete genotype phenotype data [including the
presence or absence of a lifetime diagnosis of a major depressive episode (MDE) and AD, as
well as whether there was a childhood history of having witnessed or experienced violent
crime or been subjected to physical or sexual abuse (i.e., adverse childhood experiences)].
Although multiple members of a family were recruited in the family-based sub-sample,
generally only the proband from each family was included in the analysis. When complete
information was not available for a proband, a family member of the proband with full
information was selected for study inclusion. Because a substantial minority of subjects had
no lifetime substance dependence diagnosis, we conducted a secondary analysis in which we
excluded these non-substance-dependent individuals.

Measures
All participants were interviewed using the Semi-Structured Assessment for Drug
Dependence and Alcoholism (SSADDA) to obtain information on demographics, the
childhood home environment, and Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-IV) diagnoses of substance dependence and major depressive episodes
[American Psychiatric Association 1994]. The instrument and its administration methods
and reliability are described in detail elsewhere [Feinn et al., 2009; Pierucci-Lagha et al.,
2005; Pierucci-Lagha et al., 2007].

The primary dependent variables in the analyses were dichotomous indicators of whether a
subject had experienced an MDE or AD. We focused on the presence of an “independent
MDE” to avoid the confounding effects of AD on ascertainment of a major depression
diagnosis [Schuckit et al. 1997, 2007; Niciu et al. 2009]. In an independent MDE, the
depressive symptoms are reported by respondents to not be associated with substance use, a
general medical condition, or bereavement. As a secondary analysis to determine whether

Kranzler et al. Page 4

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



similar findings obtained using a more inclusive depression diagnosis, we also used “any
lifetime MDE” (which included substance-induced depression and depression due to
bereavement or a medical disorder) as a dependent measure in the analyses.

The SSADDA-derived diagnoses relevant to the present study showed good-to-excellent
inter-rater and test-retest reliabilities [Pierucci-Lagha et al. 2005]. For independent lifetime
MDE, values of κ were 0.68 (95% confidence interval = 0.55, 0.81) and 0.76 (0.62, 0.89),
respectively. The respective inter-rater and test-retest reliabilities for lifetime AD were κ =
0.66 (0.54, 0.78) and 0.87 (0.77, 0.97) [Pierucci-Lagha et al. 2005].

Information on the childhood home environment included three items that reflected ACEs:
1) exposure to a violent crime (“Did you witness or experience a violent crime, like a
shooting or a rape, by age 13?”), 2) sexual abuse (“By the time you were age 13, were you
ever sexually abused?”), and 3) physical abuse (“By the time you were age 13, were you
ever beaten by an adult so badly that you needed medical care, or had marks on your body
that lasted for more than 30 days?”). A positive response to any of the items was coded as
positive for the dichotomous variable ACE. The inter-rater and test-retest reliability for this
variable was κ = 0.88 (0.78, 0.97) and 0.92 (0.80, 1.00), respectively.

Genotyping/Haplotyping Procedures
DNA was extracted from whole blood or immortalized cell lines. We used the Taqman
genotyping technique [Shi et al. 1999] to genotype the 3 SNPs (rs7209436, rs110402, and
rs242924). The PCR reaction used 1X Universal PCR Master Mix, 0.2X BSA, 0.5X 40X
Assay, and 2 ng of genomic DNA. PCR amplification was carried out under the following
conditions: 95° C for 10 min, followed by 15 s at 92° C, and then 60 s at 60° C for 65
cycles. Signals were analyzed with an ABI Prism 7900HT sequence detector using software
version 2.1 from Applied Biosystems (Foster City, CA).

We estimated the haplotype frequencies using PHASEv2 software [Stephens, Smith,
Donnelly 2001], which employs a Bayesian method for haplotype reconstruction [Stephens
& Donnelly 2003]. Each subject has a TAT haplotype value of 0–2.

Analyses
Because allele frequencies differed by population and the prevalence of MDE and AD
differed by sex, all analyses were conducted separately by population and sex. We examined
the main and interaction effects of ACE (present/absent) and TAT haplotype (0, 1, or 2
copies) on the likelihood of a lifetime diagnosis of MDE (present/absent) using logistic
regression and SPSS PASW v17 software [Norusis 2008]. We used a similar analytic
approach to examine the main and interaction effects of ACE and TAT haplotype on risk of
a lifetime diagnosis of AD (coded as present or absent).

Additional logistic analyses were conducted using the bootstrap re-sampling method [Efron
& Tibshirani, 1993] to determine the robustness of the results. The bootstrap involved
generating 1000 samples for each outcome and was conducted in R v2.10 [R Development
Core Team, 2008].

Because the groups differed socioeconomically, we repeated the logistic regression analyses
with age, education level, and income level included as covariates. To examine the
association of the number of TAT haplotypes with the presence or absence of an ACE, we
conducted chi-square analysis of these variables for each of the four groups (AA women,
EA women, AA men, and EA men) separately.
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RESULTS
Sample Characteristics

Demographics—As shown in Table 1, the AA sample consisted of 1,050 men and 819
women with a mean age of nearly 42 years. Most AA participants had completed high
school, with about one-third having attended college. A majority of AAs were unemployed,
with an annual income below $10,000. The EA sample was comprised of 708 men and 503
women, with a mean age of nearly 38 years. Over 40% of the sample had attended college.
As was true of the AA sample, most EAs were unemployed. However, a larger percentage
of EAs than AAs had an annual income above $30,000.

Adverse Childhood Experiences—The distribution of the three types of ACEs is
shown in Table 1. The mean number of ACEs among AAs was 0.48 (SD=0.8); the most
common ACE was having witnessed or experienced a violent crime (24%). Although among
AAs there was no sex difference in the frequency of physical abuse, a significantly higher
proportion of men experienced violent crime (χ2

(1)=6.15, p=0.013), while more women
experienced sexual abuse (χ2

(1)=66.23, p<0.001). Among EAs, the mean number of ACEs
was 0.41 (SD=0.77) and the most common ACE was sexual abuse (17%). EA women were
more likely to have witnessed or experienced violent crime (χ2

(1)=4.23, p=0.039) and to
have experienced sexual abuse (χ2

(1)=53.12, p<0.001) and physical abuse (χ2
(1)=6.05,

p=0.014) than EA men. Overall, AAs and EAs reported comparable rates of sexual and
physical abuse. However, AAs were more likely to have witnessed or experienced violent
crime than EAs [24% versus 13%; χ2

(1)=55.26, p<0.001], an effect that differed by sex
(p=0.002). As shown in Table 1, in AAs, exposure to violent crime was more common
among men, but in EAs, it was more common among women.

The number of TAT haplotypes (on a scale of 0–2) was significantly associated with the
presence or absence of an ACE only among AA women (χ2

(2)=10.83, p=0.004): 54.8% of
AA women who reported no ACE had no TAT haplotypes, 35.5% had one TAT haplotype,
and 9.7% had two TAT haplotypes. Among AA women who had experienced an ACE, the
respective numbers were 48.2%, 46.3%, and 5.5%. However, the percentage of TAT
haplotypes did not differ significantly in the two groups (i.e., 27.4% vs. 28.7%, respectively)
(χ2

(1)=0.28, p=0.60).

Psychiatric Diagnoses—The lifetime prevalence of MDE was significantly higher
among EAs than AAs [18% vs. 11%; χ2

(1)=26.99, p<0.001]. As shown in Table 1, in both
populations, women were at least twice as likely as men to meet criteria for the disorder
[AA: χ2

(1)=30.58, p<0.001, EA: χ2
(1)=44.49, p<0.001]. A comparable majority of subjects in

both populations (85% of AAs and 82% of EAs) met criteria for at least one substance
dependence diagnosis, reflecting the ascertainment scheme (i.e., which was aimed
predominantly at substance-dependent individuals, with a smaller sample of control
subjects).

Haplotype Frequencies
In AAs, the three SNPs were in tight LD (r2>0.8 for all comparisons). In this population
group, the most common haplotype was CGG (67.3%) and the estimated frequency of the
TAT haplotype was 27.9%. Six other haplotypes accounted for the remaining 4.8% of
haplotypes observed. The three SNPs were also in tight LD (r2>0.9 for all comparisons) in
EAs. The CGG haplotype was also the most common (54.3%) in EAs, followed by the TAT
haplotype (41.0%). Six other haplotypes accounted for the remaining 4.7% of haplotypes in
EAs.
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Main and Interaction Effects of ACE and TAT Haplotype on MDE Risk—Table 2
shows the logistic regression results for MDE as a function of ACE and haplotype separately
by population and sex. ACE was a significant predictor of MDE among AA women (p <
0.001), AA men (p = 0.005) and EA women (p < 0.001), but not EA men (p = 0.11). TAT
had a significant main effect on risk of MDE only in AA women (p = 0.035), in whom there
was also a significant interaction of TAT and ACE (B = −0.88, p = 0.005). Neither the main
effect of TAT nor the interaction of ACE by TAT on risk of MDE was significant for the
other three groups (p’s all > 0.30). As shown in Figure 1, in AA women who experienced at
least one ACE, each copy of the TAT haplotype reduced the odds of MDE by 37% (OR =
0.63); in women without an ACE but with two TAT haplotypes, the odds of having a
lifetime MDE was approximately 50% greater (OR=1.51).

Follow-up analyses using the three components of ACE (violent crime, sexual abuse, and
physical abuse) individually in place of a summary measure in the models showed no
significant TAT by adverse event interaction among EAs or AA men. Among AA women,
the interaction of TAT haplotype was significant for exposure to violent crime (p=0.011)
and approached significance when using sexual abuse (p=0.098) and physical abuse
(p=0.060).

Main and Interaction Effects of ACE and TAT Haplotype on AD Risk—As can be
seen in Table 3, there was a significant main effect of ACE on risk of AD only among EA
women (p < 0.001). There was neither a main effect of TAT haplotype nor an interaction
effect of ACE by TAT on AD risk in any of the four subgroups (p’s all > 0.10).

Bootstrap Procedure—All logistic models described above were re-analyzed using the
bootstrap re-sampling method. The results were consistent with what was reported above:
namely, there was a significant ACE by TAT interaction on MDE risk for AA women [B =
−0.88 (95%CI = −1.48 to −0.27)]. The interaction term in all other models was not
significant.

Both the analyses restricted to individuals with substance dependence (n=2,579) and those
using the more inclusive diagnosis of “any lifetime MDE” yielded the same findings as the
main analyses, i.e., there was a significant moderator effect only in AA women.

DISCUSSION
Our finding that the TAT haplotype in CRHR1 reduced the risk of major depression among
AA women who experienced one or more ACEs extends findings from some prior studies in
non-substance-dependent populations to a predominantly substance-dependent one. Our
findings are consistent with those originally reported by Bradley et al. [2008] and may be
limited to AAs by virtue of the different haplotype structure among AAs and EAs. Notably,
not all studies have replicated the effects reported by Bradley et al. [2008], possibly due to
differences in the study populations. The populations studied have been of African or
European ancestry, in varying proportions. Heim et al. [2009], extended the AA sample
initially studied by Bradley et al. and found a moderating effect of a “tag SNP” for the TAT
haplotype (rs110402) only among men. In an initial sample of women of European ancestry,
Polancyzk et al. [2009] found a significant moderating effect of the TAT haplotype, but
failed to replicate the finding in a second sample of European ancestry comprised of both
sexes. Grabe et al. [2010], in a German population sample, found that the presence of the
TAT haplotype increased the risk of depression. After correction for multiple comparisons,
only one SNP (rs17689882) of the 16 examined by Grabe et al. [2010] significantly
moderated the effect of physical neglect on depressive symptoms. This SNP, as well as the
haplotype block in which it was located (i.e., Block 3), were found to be protective. Of note,
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these Block 3 SNPs all effectively tag the H2 haplotype and would be expected to be in
complete LD. It is thus surprising that the level of significance reported for rs17689882
exceeded those found for other H2-tagging SNPs by an order of magnitude. The findings
reported by Grabe et al. [2010], which run counter to those of most other reports, may reflect
in part the confounding effects of different haplotype blocks in CRHR1. Although the Block
3 (H2) haplotype and the TAT haplotype (located in Block 1 and not present in H2) showed
modest linkage disequilibrium (R2=0.21), moderator analyses did not take the relative
contributions of these two haplotypes into account.

Studies in this area have also used different instruments to measure ACEs and have
examined different kinds of ACEs. The Childhood Trauma Questionnaire [Bernstein et al.
1994], a validated measure of ACEs, was used by Bradley et al. [2008], Grabe et al. [2010],
and in one of the two samples studied by Polanczyk et al. [2009]. We used a measure of
self-reported ACEs for which reliability data are available [Douglas et al. 2010], but the
validity is not established. An important limitation of this measure of ACEs is that it does
not assess differences in the timing and severity of the events, which could have important
effects on the risk associated with them. Although Grabe et al. [2008] found that genetic
moderation was limited to physical neglect, our most robust finding was for exposure to
(i.e., having witnessed or experienced) violent crime. We obtained similar effects for both
physical and sexual abuse, although, perhaps due to the fact that these ACEs were not
endorsed as frequently as violent crime, the effects did not reach statistical significance.
Although the four subgroups examined by us differed in the proportion of individuals
endorsing the different kinds of ACEs, these differences do not appear to explain why we
observed genetic moderation of the risk of MDE only among AA women.

Another source of variability in the findings reported in the literature on the moderating
effect of variation in CRHR1 on depression risk is the specific measure of depression used.
We used a dichotomous lifetime MDE as the dependent measure in our analyses, which is
most similar to the measure used by Polanczyk et al. [2009], who defined depression in
terms of a DSM-IV major depressive disorder, assessed over the preceding year. These
dichotomous diagnoses contrast with the studies by Bradley et al. [2008] (and the extension
of that study by Heim et al. [2009] and Ressler et al. [2010]) and Grabe et al. [2010], which
used the Beck Depression Inventory, a dimensional approach, to measure current depressive
symptoms.

Differences in socioeconomic status among the four groups in the present report do not
appear to explain the observed effects on risk of depression, since the inclusion of age,
education level, and income level as covariates in the logistic regression analyses did not
substantially alter the findings. However, because only among AA women was there a
correlation between having experienced an ACE and the number of TAT haplotypes, it is
possible that the observed interaction in this group between the number of TAT haplotypes
and ACE on risk of depression could reflect a statistical, rather than a biological effect.

Findings reported by Tyrka et al. [2009] support a biological basis for the observed
moderating effect of CRHR1 variation on risk of MDE. These investigators found a
moderating effect of the CRHR1 SNPs rs110402 and rs242924, which together with
rs7209436 constitute the 3-SNP Block 1 haplotype, on a history of childhood maltreatment,
using the dexamethasone/corticotropin-releasing hormone (DEX/CRH) test. In this study,
both SNPs (which were in near-complete linkage disequilibrium) moderated the effect of
maltreatment on cortisol response to the DEX/CRH test. The authors suggested that
excessive HPA axis activation could represent a mechanism of interaction of risk genes with
stress in the development of mood disorders. Heim et al. (2009) found that the moderating
effect of rs110402 on the cortisol response to the DEX/CRH test was present only in men,
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consistent with their findings on the risk of depressive symptoms. Recent evidence points to
multiple brain regions being involved in the effects of stress, including not only HPA-
mediated effects, but also CRH neurotransmission in, for example, the amygdala [Gallagher
et al. 2008, Wang et al. 2010]. Further research on the specific mechanisms by which stress
and variation in CRHR1 interact to produce depression could help to refine the
pathophysiology of the disorder.

The findings reported here may also have implications for the treatment of depression. Liu et
al. [2007] examined the moderating effect of three CRHR1 SNPs (rs1876828, rs242939 and
rs242941) on the response to 6 weeks of treatment with fluoxetine in 127 Han Chinese
patients with MDD. Individuals who were homozygous for the G allele at rs242941 and
those with two copies of the GAG haplotype comprised of these three SNPs showed a more
robust fluoxetine therapeutic response, an effect that was limited to individuals with high
levels of anxiety. If replicated, these findings may help to identify individuals for whom
SSRI therapy may be most efficacious.

In summary, we found evidence that the TAT haplotype, variants limited to the H1 inversion
haplotype moderated the risk of MDE in AA women exposed to ACEs and extend the
findings of a protective effect of this haplotype on risk of depression to a largely substance-
dependent population. We found no moderating effects of the TAT haplotype on the risk of
AD. These findings add to a growing, but complex and inconsistent, literature on the
moderating role of this variation in depression and are consistent with prior negative
findings in relation to AD [Treutlein et al. 2006, Blomeyer et al. 2008, Nelson et al. 2010].
Differences in the measurement of adverse childhood experiences and depression, as well
population differences could contribute to the variable results. Nevertheless, taken together,
these findings suggest a differential impact of variation in the two large non-recombinant
haplotypes containing CRHR1 among individuals who have experienced ACEs: namely, that
variation moderating the risk of depression may be localized to the H1 haplotype and the
one moderating risk of AD may be localized to the H2 haplotype. A model of differential
vulnerability associated with the H1 and H2 haplotypes is supported by the lack of
recombination across the two haplotypes (Stefansson et al. 2005). Further, other differential
effects have been seen with the two haplotypes, including ongoing positive selection of the
H2 haplotype (Stefansson et al. 2005) and a propensity for microdeletions, which have been
associated with a risk of developmental delay and learning disability (Shaw-Smith et al.
2006). Further research to test the hypothesis that the H1 and H2 haplotypes are
differentially associated with risk of depression and AD is warranted.
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Figure 1.
MDE Risk by the Number of TAT Haplotypes and Presence or Absence of ACE
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Table 1

Demographic and Clinical Features and Haplotype Distribution of the Study Sample

African-American European-American

Women
(N = 819)

Men
(N = 1,050)

Women
(N = 503)

Men
(N = 708)

Age [Mean yr (± SD)] 40.3 ± 9.3 43.1 ± 9.1 37.3 ± 11.3 38.0 ± 11.7

Education

   < High school 306 (37%) 413 (39%) 141 (28%) 210 (30%)

   High School 233 (28%) 316 (30%) 130 (26%) 211 (30%)

   Some College 221 (27%) 272 (26%) 153 (30%) 193 (27%)

   College Degree 58 (7%) 49 (5%) 79 (16%) 92 (13%)

Employment Status

   Full-time 158 (19%) 192 (18%) 90 (18%) 189 (27%)

   Part-time 122 (15%) 154 (15%) 87 (17%) 82 (12%)

   Not working 538 (66%) 700 (67%) 324 (65%) 432 (61%)

Income Level

   ≤ $10,000 472 (58%) 560 (53%) 224 (45%) 285 (40%)

   $10,000 – $29, 999 206 (25%) 334 (32%) 150 (30%) 204 (29%)

   ≥ $30,000 132 (16%) 147(14%) 121 (24%) 211 (30%)

Substance Dependence1

   None 185 (23%) 93 (9%) 117 (23%) 106 (15%)

   Alcohol 397 (49%) 641 (61%) 232 (46%) 408 (58%)

   Cocaine 560 (68%) 827 (79%) 300 (60%) 451 (64%)

   Opioid 126 (15%) 251 (24%) 248 (49%) 366 (52%)

Adverse Childhood Experiences2

   None 547 (67%) 688 (66%) 329 (65%) 552 (78%)

   Violent Crime 174 (21%) 275 (26%) 78 (16%) 81 (11%)

   Sexual Abuse 188 (23%) 98 (9%) 134 (27%) 75 (11%)

   Physical Abuse 79 (10%) 92 (9%) 68 (14%) 64 (9%)

Major Depressive Episode 130 (16%) 81 (8%) 134 (27%) 83 (12%)

No. of TAT Haplotypes

   0 431 (53%) 543 (52%) 189 (38%) 237 (34%)

   1 320 (39%) 418 (40%) 225 (45%) 341 (48%)

   2 68 (8%) 89 (9%) 89 (18%) 130 (18%)

1
Some subjects had multiple substance dependence diagnoses

2
Some subjects had multiple adverse childhood events

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kranzler et al. Page 15

Ta
bl

e 
2

Lo
gi

st
ic

 R
eg

re
ss

io
n 

R
es

ul
ts

 fo
r R

is
k 

of
 M

aj
or

 D
ep

re
ss

iv
e 

Ep
is

od
e

A
fr

ic
an

-A
m

er
ic

an
E

ur
op

ea
n-

A
m

er
ic

an

C
oe

ffi
ci

en
t

SE
P

C
oe

ffi
ci

en
t

SE
P

W
om

en

   
 A

C
E

1.
62

.2
7

<.
00

1
1.

10
.3

1
<.

00
1

   
 N

um
be

r o
f T

A
T 

H
ap

lo
ty

pe
s

.4
14

.2
0

.0
35

−
.0
21

.1
9

.9
1

   
 In

te
ra

ct
io

n 
of

 T
A

T 
× 

A
C

E
−
.8
75

.3
1

.0
05

−
.1
41

.2
9

.6
3

M
en

   
 A

C
E

0.
82

.2
9

.0
05

0.
67

.4
2

.1
1

   
 N

um
be

r o
f T

A
T 

H
ap

lo
ty

pe
s

−
.2
78

.2
7

.3
0

.1
96

.2
1

.3
5

   
 In

te
ra

ct
io

n 
of

 T
A

T 
× 

A
C

E
−
.3
17

.4
0

.4
3

.2
89

.3
5

.4
1

A
C

E,
 a

dv
er

se
 c

hi
ld

ho
od

 e
ve

nt

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kranzler et al. Page 16

Ta
bl

e 
3

Lo
gi

st
ic

 R
eg

re
ss

io
n 

R
es

ul
ts

 fo
r R

is
k 

of
 A

lc
oh

ol
 D

ep
en

de
nc

e

A
fr

ic
an

-A
m

er
ic

an
E

ur
op

ea
n-

A
m

er
ic

an

C
oe

ffi
ci

en
t

SE
Si

g
C

oe
ffi

ci
en

t
SE

Si
g

W
om

en

   
 A

C
E

.2
76

.2
0

.1
7

1.
00

.2
9

<.
00

1

   
 N

um
be

r o
f T

A
T 

H
ap

lo
ty

pe
s

−
.0
31

.1
3

.8
1

.1
87

.1
6

.2
3

   
 In

te
ra

ct
io

n 
of

 T
A

T 
× 

A
C

E
.3

39
.2

5
.1

7
−
.2
37

.2
7

.3
8

M
en

   
 A

C
E

.1
41

.1
8

.4
3

.0
91

.2
9

.7
5

   
 N

um
be

r o
f T

A
T 

H
ap

lo
ty

pe
s

.0
31

.1
2

.8
0

.0
43

.1
2

.7
2

   
 In

te
ra

ct
io

n 
of

 T
A

T 
× 

A
C

E
.1

63
.2

1
.6

1
.4

14
.2

7
.1

3

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2012 December 1.


