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Abstract
Background—Gene-environment interactions may contribute to bipolar disorder (BD) clinical
course variability. We examined effects of brain-derived neurotrophic factor (BDNF) val66met
genotype and early life stress (ELS) upon illness severity and chronicity in adult BD patients.

Methods—80 patients (43 BD I, 33 BD II, 4 BD not otherwise specified, mean±SD age
46.4±14.0 years, 63.7% female) receiving open evidence-based and measurement-based care in
the Stanford Bipolar Disorders Clinic for at least 12 months underwent BDNF val66met
genotyping and completed the Childhood Trauma Questionnaire. BDNF met allele carrier
genotype and history of childhood sexual and physical abuse were evaluated in relation to mean
prior-year Clinical Global Impressions-Bipolar Version-Overall Severity of Illness (MPY-CGI-
BP-OS) score and clinical and demographic characteristics.
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Results—BDNF met allele carriers (but not non-met allele carriers) with compared to without
childhood sexual abuse had 21% higher MPY-CGI-BP-OS scores (3.5±0.7 versus 2.9±0.7,
respectively, t=−2.4, df=28, p=0.025) and 35% earlier BD onset age (14.6±5.7 versus 22.8±7.9
years, respectively, t=3.0, df=27, p=0.006). Regression analysis, however, was non-significant for
a BDNF-childhood sexual abuse interaction.

Limitations—small sample of predominantly female Caucasian insured outpatients taking
complex medication regimens; only one gene polymorphism considered.

Conclusions—Between group comparisons suggested BDNF met allele carrier genotype might
amplify negative effects of ELS upon BD illness severity/chronicity, although with regression
analysis, there was not a significant gene-environment interaction. Further studies with larger
samples are warranted to assess whether BDNF met allele carriers with ELS are at risk for more
severe/chronic BD illness course.

Keywords
bipolar disorder; brain-derived neurotrophic factor; childhood abuse; early life stress; illness
course; gene-environment interaction

Introduction
Bipolar disorder (BD) is a serious psychiatric illness affecting up to 4% of the population,
characterized by recurrent debilitating episodes of depression and mood elevation
(Merikangas et al., 2007). BD illness severity varies widely across affected individuals,
ranging from relatively milder (fewer lifetime mood episodes with longer periods of
interepisode affective and functional recovery) to more severe (more chronic course with
more frequent severe episodes and at most brief partial interepisode improvement) (Suppes
et al., 2000). Early identification of individuals prone to chronic severe illness trajectories
may permit earlier more robust interventions (such as, perhaps, second-generation
antipsychotics) for such individuals to minimize the longer-term neurobiological and
functional sequelae of recurrent mood episodes (Post, 1992).

Unfortunately, to date, tools for predicting outcome in BD patients have been limited
(Treuer et al., 2010), highlighting the need for further research to identify biomarkers and
integrate them with clinical indicators to predict illness severity and chronicity. Both
biological (e.g. genes) and environmental (e.g. early life stress, ELS) factors may contribute
to bipolar illness severity and chronicity. For instance, familial clustering of aspects of
bipolar illness course (e.g. age at onset, episode frequency, and suicidality) suggest a
heritable component to more severe and chronic course (Craddock et al., 2009). Similarly,
ELS (i.e. childhood physical and sexual abuse) has been associated with earlier BD onset
age, higher cycling frequency, suicidality (Garno et al., 2005; Leverich et al., 2002), and
greater prospective percent time ill (Leverich et al., 2002).

While both genes and environment thus appear to influence the course of BD, emerging
evidence suggests that they act synergistically, with specific genetic factors rendering
individuals more or less vulnerable to environmental stress (Caspi et al., 2010). To date,
however, effects of gene-environment (G × E) interactions on BD outcomes have been
relatively unexplored. Elucidating such interaction effects could facilitate early
identification of individuals most at risk for severe, chronic bipolar illness course, and who
are thus important candidates for earlier and more robust interventions to reduce episode
recurrence and enhance functioning and quality of life.
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A genetic factor of particular interest with respect to mood disorders is the functional
polymorphism in the brain-derived neurotrophic factor (BDNF) gene, BDNF val66met,
involving a valine-to-methionine substitution at the 66th codon. BDNF is a nerve growth
factor important for neuronal survival (Ghosh et al., 1994), with evidence supporting its
involvement in hippocampal long-term potentiation (Lu et al., 1999). In vitro expression of
the BDNF met allele in hippocampal neurons results in impaired activity-dependent
secretion of BDNF (Egan et al., 2003). In humans, BDNF met allele carrier genotype has
been associated with hippocampal-dependent memory impairments (Egan et al., 2003;
Hariri et al., 2003) and decreased hippocampal volumes (Bueller et al., 2006; Pezawas et al.,
2004).

Despite its demonstrated associations with impaired neuronal development and functioning,
BDNF met allele carrier genotype alone has not been clearly associated with increased risk
of mood symptoms or syndromal mood disorders (Groves, 2007; Post, 2007); however,
emerging data do support G × E interaction effects such that BDNF met allele carriers, when
exposed to ELS, may experience greater affective disturbance. Specifically, a G × E
interaction between BDNF met allele carrier genotype and ELS has been associated with
violent suicide attempts (Perroud et al., 2008; Pregelj et al., 2011) and predisposes
individuals in non-clinical samples to depressive symptomatology (Aguilera et al., 2009;
Gatt et al., 2009; Juhasz et al., 2011; Wichers et al., 2008) and biomarkers associated with
mood disorders, such as increased salivary cortisol and abnormal hippocampal, amygdala,
and prefrontal cortex volumes (Casey et al., 2009; Gatt et al., 2009; Gerritsen et al., 2012).

We therefore conducted a pilot study examining whether the impact of childhood sexual or
physical abuse on bipolar illness course is moderated by BDNF val66met genotype, such
that BDNF met allele carriers compared to non-met allele carriers are more vulnerable to the
negative affective sequelae of ELS.

Methods
Patients

This study was approved by the Stanford University Administrative Panel on Human
Subjects, and patients provided verbal and written informed consent prior to participation.
80 outpatients 18 years of age and older, meeting Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) (American Psychiatric
Association, 2000) criteria for bipolar I disorder (BD I), bipolar II disorder (BD II), or
bipolar disorder not otherwise specified (BD NOS), who had been followed in the clinic for
at least 12 months were recruited from the Stanford Bipolar Disorders Clinic. Patients were
excluded if they had a current primary Axis I disorder other than BD, or met DSM-IV-TR
criteria for current manic or mixed episodes, or had current psychotic symptoms (delusions
or hallucinations), as such clinical states could impair ability to complete study assessments.

Diagnostic and clinical assessments
Bipolar Disorders Clinic patients were initially assessed with the Systematic Treatment
Enhancement for Bipolar Disorders (STEP-BD) Affective Disorders Evaluation (ADE)
(Sachs et al., 2003) and monitored longitudinally for at least 12 months with the STEP-BD
Clinical Monitoring Form (CMF) (Sachs et al., 2002). The ADE and CMF contain modified
versions of the Structured Clinical Interview for DSM-IV Diagnosis (SCID) (First et al.,
1997) mood disorders module. BD diagnoses ascertained by a Bipolar Disorders Clinic
psychiatrist-administered ADE were confirmed by a Bipolar Disorders Clinic research
coordinator-administered Mini-International Neuropsychiatric Interview-Plus (MINI-PLUS)
(Sheehan et al., 1998). Administration of the ADE also entailed assessment of demographic
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information and clinical characteristics such as lifetime psychiatric comorbidities and
history of psychosis, psychiatric hospitalization, or rapid cycling. For each clinic visit, a
Clinical Global Impressions Bipolar Version-Overall Severity of Illness (CGI-BP-OS)
(Spearing et al., 1997) score was determined based on the number and severity of depressive
and/or mood elevation symptoms, in a standardized fashion. The CGI-BP-OS is an
integrative measure that accounts for not only syndromal but also subsyndromal mood
elevation and depressive symptoms, and ranges from 1 (normal, not at all ill) to 7 (extremely
ill). CGI-BP-OS scores from the 12 months preceding study enrollment were averaged to
yield the mean-prior-year (MPY-CGI-BP-OS) score, the primary metric of bipolar illness
severity and chronicity utilized in the study.

DNA extraction and BDNF val66met genotyping
DNA was obtained from peripheral venous blood or saliva. All genotyping assays were
conducted within the laboratory of Dr. Joachim Hallmayer at Stanford by the same
technician blinded to CTQ, MPY-CGI-BP-OS, and all other clinical data. BDNF val66met
genotyping was conducted as per the laboratory’s standard protocol, utilizing the following
primers for G196A in the BDNF gene: forward 5′-ATC CGA GGA CAA GGT GGC-3′ and
reverse 5′-CCT CAT GGA CAT GTT TGC AG-3′. This generated 300bp of polymerized
chain reaction (PCR) products, subsequently digested by Pml I (New England Biolabs,
Ipswich, MA) to yield either allele A (met; undigested, 300bp) or allele G (val; digested to
180bp + 120bp bands), which were visualized on 7% polyacrylamide gel using a 50bp
marker. Patients were classified as either BDNF met allele carriers (val/met or met/met
genotype, U.S. population combined prevalence approximately 27.1%) or BDNF non-met
allele carriers (val/val genotype, U.S. population prevalence approximately 68.4%), as the
prevalence of BDNF met/met homozygotes in our study was expected to be low (U.S.
population prevalence approximately 4.5%) (Shimizu et al., 2004).

Early life stress assessment
At the time of study enrollment, patients completed the Childhood Trauma Questionnaire
(CTQ), a validated self-report assessment of childhood trauma exposure (Bernstein et al.,
2003). The CTQ contains 28 items and is divided into five subscales: physical abuse,
emotional abuse, physical neglect, emotional neglect, and sexual abuse. CTQ subscales are
scored continuously as well as categorically (“none”, “low”, “moderate”, or “severe” levels
of abuse), with categories based on cutoff scores defined by the CTQ manual. The two
metrics of ELS used in this study were presence or absence of childhood sexual abuse
(CTQ-sexual) and physical abuse (CTQ-physical), based on established data linking these to
adverse outcomes in adult BD patients (Garno et al., 2005; Leverich et al., 2002). CTQ-
sexual/CTQ-physical presence was indicated by subscale scores consistent with at least
“low” abuse levels.

Statistical analyses
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS)
Version 19, Release 19.0.0 (IBM Corporation, Somers, NY) software on an Apple MacBook
Pro Computer (Apple Corporation, Cupertino, CA). Descriptive statistics were compiled for
baseline clinical and demographic characteristics, CTQ-sexual, CTQ-physical, and MPY-
CGI-BP-OS. Analytic statistics included unpaired t-tests for between-group comparisons of
continuous variables, and Chi-Square tests or Fisher’s exact tests as indicated for between-
group comparisons of categorical variables. Corresponding non-parametric tests were used
when indicated. For this pilot study, statistical analyses used two-tailed tests with
significance level set at p < 0.05, not adjusted for multiple comparisons.
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To assess for a G × E interaction, analyses began with between-group comparisons of MPY-
CGI-BP-OS in BDNF met allele carriers versus non-met allele carriers, and in patients with
versus without CTQ-sexual and CTQ-physical, using unpaired t-tests. Preliminary
assessments of G × E included comparing MPY-CGI-BP-OS in patients with versus without
CTQ-sexual and CTQ-physical using unpaired t-tests, stratified by BDNF met allele carrier
status. If preliminary analysis yielded a significant result, a more rigorous assessment of G ×
E was undertaken using multiple regression analysis to model MPY-CGI-BP-OS score as a
function of BDNF met allele carrier genotype, CTQ-sexual/CTQ-physical, and the
interaction between BDNF met allele carrier genotype and CTQ-sexual/CTQ-physical,
including age and gender as covariates.

To evaluate the potential impacts of mood state at enrollment (which could confound ELS
reporting) and race/ethnicity (which could confound BDNF genotype effects) on the G × E
interaction, we performed additional regression analyses controlling for each of these factors
(first separately and then combined) in addition to age and gender. The results of these more
complex regression models were compared to those of the simpler model (that covaried only
for age and gender), assessing for changes in the goodness of fit of the model and in the
overall pattern of findings with respect to the G × E interaction.

Exploratory analyses included between-group comparisons of clinical and demographic
characteristics in BDNF met allele carriers compared to non-met allele carriers, in patients
with compared to without CTQ-sexual/CTQ-physical, and in patients with compared to
without CTQ-sexual/CTQ-physical stratified by BDNF met allele carrier genotype.

Results
Sample Description

80 patients (43 BD I, 33 BD II, 4 BD NOS, mean±SD age 46±14 years, 63.7% female) were
assessed. Demographic and clinical characteristics are shown in Table 1. Patients were seen
in the clinic on average every 58±38 days, were taking 3.7±1.9 prescription psychotropic
medications, and had MPY-CGI-BP-OS score of 3.1±0.9. Although approximately half
(51.2%) of enrolled patients had experienced a syndromal mood episode in the prior year, at
enrollment only 25.0% of patients had current syndromal or subsyndromal mood symptoms,
consistent with efforts to enroll patients when euthymic in order to reduce the likelihood of
mood disturbance confounding recollection of stressful life events.

BDNF val66met genotype
37.5% of patients were BDNF met allele carriers (7.5% met/met, 30.0% val/met), and 62.5%
were non-met allele carriers (val/val). These genotype frequencies were all within 6% of
those reported for the U.S. population (Shimizu et al., 2004), and were in Hardy-Weinberg
equilibrium (Chi-Square=1.56, df=1, p>0.05).

Early life stress
31.3% of patients reported a history of CTQ-sexual, while 28.8% reported a history of CTQ-
physical, and 13.8% reported a history of both types of abuse. Rates of CTQ-sexual and
CTQ-physical were statistically similar in BDNF met allele carriers compared to non-met
allele carriers.

Relationships between BDNF met allele carrier genotype, early life stress, and bipolar
illness severity and chronicity

BDNF met allele carriers (but not non-met allele carriers) with compared to without CTQ-
sexual had 21% higher MPY-CGI-BP-OS scores (Figure 1), whereas BDNF genotype and
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CTQ-sexual status considered individually had no significant effect upon MPY-CGI-BP-OS.
However, a multiple regression model of MPY-CGI-BP-OS as a function of BDNF met
allele carrier genotype, CTQ-sexual, and BDNF met allele carrier genotype × CTQ-sexual,
including age and gender as covariates, yielded a non-significant G × E interaction term
(β=0.69, s.e.=0.42, p=0.110). Nevertheless, in this model the effect of current age on MPY-
CGI-BP-OS score was significant (β=0.02, s.e.=0.01, p=0.029). Analogous between-group
comparisons using CTQ-physical (rather than CTQ-sexual) considered individually and
stratified by BDNF met allele carrier genotype yielded all non-significant results.

Patients with (n=20) compared to without (n=60) syndromal/subsyndromal mood symptoms
at study enrollment (at which time the CTQ was completed) reported statistically similar
rates of CSA (40.0% in symptomatic compared to 28.3% in euthymic patients, p=0.406) and
CPA (35.0% in symptomatic compared to 26.7% in euthymic patients, p=0.570), and had
similar rates of BDNF met allele carrier genotype (40.0% in symptomatic compared to
36.7% in euthymic patients, p=0.796). Including mood state at enrollment (syndromal/
subsyndromal mood symptoms=−0.5, euthymic=0.5) as a covariate in the regression
analysis improved the fit of the overall model (F change=32.30, p<0.001). Mood state was a
significant predictor of MPY-CGI-BP-OS (β=−1.08, s.e.=0.19, p<0.001), while age became
non-significant (p = .087), and BDNF × CSA remained non-significant (p=.129).

Chi-square analysis demonstrated no statistically significant difference in proportion of met
versus non-met allele carriers across racial/ethnic categories (p=0.113). Nevertheless, we
included dummy variables for Asian versus non-Asian, black versus non-black, Hispanic
versus non-Hispanic, and other/unspecified versus non-other/unspecified as covariates in the
regression analysis (with Caucasian race serving as the reference category), which neither
improved the fit of the model (F change=1.47, p=0.222) nor changed the overall pattern of
findings: age remained a significant predictor of MPY-CGI-BP-OS (β=0.017, s.e.=0.007,
p=0.021), and BDNF × CSA remained non-significant (p=0.124). Main effect of black
versus non-black race (black=0.5, non-black=−0.5) was significant (β=1.79, s.e.=0.86,
p=0.041), whereas effects of other racial/ethnic categories were non-significant in the
regression model.

In a more comprehensive regression model evaluating MPY-CGI-BP-OS as a function of
BDNF met allele carrier genotype, CSA, BDNF × CSA, age, gender, mood state at
enrollment, and race/ethnicity, adding mood state at enrollment (F change=32.30, p<0.001)
but not race/ethnicity (F change=0.76, p=0.556) improved the model fit. Mood state at
enrollment was the only significant predictor of MPY-CGI-BP-OS (p<0.001), while all other
terms were non-significant.

Relationships between BDNF met allele carrier genotype, early life stress, and clinical and
demographic characteristics

BDNF met allele carriers (but not BDNF non-met allele carriers) with compared to without
CTQ-sexual had 35% earlier bipolar onset age (Figure 2), and were more likely to have a
personality disorder (27.3% versus 0.0%, Chi-Square=5.5, df=1, p=0.045), whereas
analogous between-group comparisons using CTQ-physical (rather than CTQ-sexual)
yielded non-significant results. Conversely, BDNF non-met allele carriers (but not BDNF
met allele carriers) with compared to without CTQ-sexual had less education (64.3% versus
14.3% had only some college, Chi-square=12.3, df=1, Fisher’s exact p=0.001) and older
current age (51.1±13.6 versus 42.6±11.2 years, t=−2.3, df=48, p=0.028), and with compared
to without CTQ-physical had longer illness duration (30.9±16.0 versus 22.2±10.8 years, t=
−2.3, df=48, p=0.027), higher rate of prior psychiatric hospitalization (88.2% versus 45.5%,
Chi-square=8.6, df=1, Fisher’s exact p=0.005), and less education (52.9% versus 15.6% had
only some college, Chi-square=7.6, df=1, Fisher’s exact p=0.009).
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CTQ-sexual more than CTQ-physical and BDNF genotype status, when considered
individually, was associated with clinical characteristics and demographic features
potentially related to poorer outcomes. Thus, patients with compared to without CTQ-sexual
had a 30% earlier bipolar onset age (15.9±7.8 versus 21.6±9.6 years, t=2.6, df=77, p=0.01),
longer bipolar illness duration (35.9±14.7 versus 22.5±13.3 years, t=−4.0, df=77, p<0.001),
higher rate of personality disorder (12.0% versus 0.0%, Chi-square=6.7, df=1, Fisher’s exact
p=0.03), older current age (51.8±13.5 versus 43.9±13.6 years, t=−2.4, df=78, p=0.02), and
less education (60.0% versus 17.0% had only some college, Chi-square=14.8, df=1, Fisher’s
exact p=0.0002; and 12.0% versus 41.5% had a college degree, Chi-square=6.8, df=1,
Fisher’s exact p=0.01), but were otherwise similar with respect to the clinical and
demographic characteristic parameters in Table 1. Patients with compared to without CTQ-
physical also had longer bipolar illness duration (32.5±16.0 versus 24.5±14.2 years, t=−2.2,
df=77, p=0.03), and less education (54.5% versus 21.4% had only some college, Chi-
square=8.1, df=1, Fisher’s exact p=0.007; and 13.6% versus 39.3% had a graduate degree,
Chi-square=4.8, df=1, Fisher’s exact p=0.03). BDNF met allele carriers compared to non-
met allele carriers had a higher rate of personality disorder (10.3% versus 0.0%, Chi-
Square=5.4, df=1, p<0.05).

Rates of current treatment with mood stabilizers, second-generation antipsychotics, sedative-
hypnotics, antidepressants, or other psychotropic medications (including pramipexole,
modafinil, and anticonvulsants not approved by the United States Food and Drug
Administration for management of BD) were statistically similar in BDNF met allele
carriers compared to non-met allele carriers, and in patients with compared to without CTQ-
sexual/CTQ-physical. Just over half (52.5%) of the patients were not employed (i.e.
unemployed/student/homemaker, disabled, or retired), and this group compared to employed
individuals had a significantly higher MPY-CGI-BP-OS (3.4±0.9 versus 2.9±0.9, t=−2.8,
df=78, p=0.007), but statistically similar rates of ELS and BDNF met allele carrier
genotype.

Discussion
We found that among adult outpatients with BD, BDNF met allele carriers (but not non-met
allele carriers) with history of childhood sexual abuse had greater bipolar illness severity and
chronicity and earlier BD onset age, supporting the possibility that BDNF met allele carrier
genotype might amplify the negative effects of ELS upon BD illness severity. These results
are consistent with emerging literature suggesting that BDNF met allele carrier genotype
moderates the impact of ELS on mood symptomatology (Aguilera et al., 2009; Gatt et al.,
2009; Juhasz et al., 2011; Wichers et al., 2008). While previous studies have examined
effects of BDNF met allele carrier genotype and ELS in non-clinical populations, this study
represents the first to our knowledge to extend such investigation to BD patients.
Nevertheless, our regression analysis yielded a non-significant BDNF-ELS interaction term,
thus indicating that our results, while suggestive, are not robustly indicative of a G × E
interaction and should be interpreted with caution.

Studies of G × E interactions in psychiatry have expanded rapidly in recent years, in part
inspired by the important work of Caspi and associates, who found that a serotonin
transporter gene promoter region (5-HTTLPR) polymorphism moderated the effect of
stressful life events on risk for developing major depressive disorder (Caspi et al., 2003).
While Caspi and associates demonstrated significant G × E interaction effects with both ELS
and more proximal (adult) stress (Caspi et al., 2003), subsequent data suggested that ELS
was the more relevant parameter for a G × E interaction effect on mood disorder risk
(Brown, 2012). Moreover, such putative G × E interactions could differentially influence
risk of more severe compared to less severe mood disorder phenotypes. For example, Uher
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and associates found that the 5-HTTLPR polymorphism amplified the negative effect of
ELS upon risk of developing chronic/recurrent (rather than single-episode) unipolar major
depressive disorder (Uher et al., 2011). Thus, we examined BDNF met allele carrier
genotype and ELS (rather than proximal stress) as potential risk factors not for mood
disorder onset, but rather for greater illness severity and chronicity in individuals already
affected.

In our study, BDNF met allele carrier genotype amplified the negative effect of childhood
sexual (but not physical) abuse upon BD illness severity and chronicity, consistent with
evidence suggesting that childhood sexual abuse may have particularly profound effects on
adult mood disturbance (Chen et al., 2010). Indeed, in adult patients with BD, childhood
sexual abuse compared to other types of early adversity has been associated with increased
rates of comorbid posttraumatic stress disorder (Goldberg et al., 2005) and lifetime suicide
attempts (Garno et al., 2005), as well as lower serum BDNF protein concentrations (Kauer-
Sant’Anna et al., 2007), the latter being a potential marker for acute mood disturbance in BD
(Cunha et al., 2006; Machado-Vieira et al., 2007).

We also found that patients with compared to without childhood sexual (but not physical)
abuse had an earlier BD illness onset age, although prior reports have associated both
childhood sexual and physical abuse (not considering genetics) with earlier BD illness onset
age (Garno et al., 2005; Leverich et al., 2002). Moreover, the overall negative effect of
childhood sexual abuse upon BD illness onset age appeared to be driven by patients with the
BDNF met allele carrier genotype. Given extensive evidence associating earlier BD illness
onset age with worse longitudinal outcomes (Leverich et al., 2007; Perlis et al., 2009; Post et
al., 2010), our finding suggest a potentially more complex mechanism (earlier BD illness
onset triggered by childhood sexual abuse in BDNF met allele carriers) for childhood sexual
abuse yielding greater illness severity and chronicity in BD.

This study had several noteworthy limitations, which indicate that our observations ought to
be considered preliminary. Our small sample size limited power and therefore the likelihood
of detecting a G × E interaction effect, perhaps contributing to the lack of statistical
significance in the regression analysis. The 80.0% Caucasian, relatively affluent, highly
educated, privately insured, low prevalence of alcohol/substance use disorder, tertiary
teaching hospital clinic sample limits the generalizability of our findings to other BD
samples. Not employed compared to employed patients had poorer clinical outcome (worse
MPY-CGI-BP-OS), although these groups had statistically similar rates of ELS and BDNF
met allele carrier genotype, reducing the likelihood that employment status confounded the
observed genetic and environmental effects. Mood state at the time of completing the CTQ
could introduce recall bias with respect to history of childhood trauma and is thus another
potential confounder of the G × E regression analysis results. However, patients with
compared to without mood symptoms at time of study enrollment reported statistically
similar rates of ELS (and of BDNF met allele carrier genotype), consistent with mood state
at enrollment not confounding the observed effects of ELS and BDNF met allele carrier
genotype upon bipolar illness severity. Notably, the BDNF × CSA interaction term was non-
significant with and without covarying for mood state at enrollment. Race/ethnicity could
affect BDNF met allele frequencies, and although met allele carrier genotype frequencies
were statistically similar across racial/ethnic categories in our sample, and including race/
ethnicity as a covariate in our analysis did not change the overall pattern of results, the small
number of non-Caucasian patients in this study limits the generalizability of our findings to
non-Caucasian populations. Furthermore, we assessed effects of only one single nucleotide
polymorphism (BDNF val66met), whereas BD is most likely a polygenic disorder with
multiple genetic factors of relatively small effect sizes contributing to its onset and illness
course.
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Nevertheless, further studies in larger samples are warranted to assess whether BDNF met
allele carriers with ELS are at risk for more severe/chronic BD illness course, and whether
early utilization of more robust interventions can mitigate such risk.
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Figure 1. Childhood Sexual Abuse Associated with Greater Bipolar Illness Severity and
Chronicity in BDNF Met Allele Carriers
MPY-CGI-BP-OS indicates mean prior-year Clinical Global Impressions-Bipolar Version-
Overall Severity of Illness, and results are shown as mean ± standard deviation. BDNF
indicates brain-derived neurotrophic factor. CTQ-sexual indicates childhood sexual abuse
history reported on Childhood Trauma Questionnaire.

Miller et al. Page 12

J Psychiatr Res. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 2. Childhood Sexual Abuse Associated with Earlier Bipolar Onset Age in BDNF Met
Allele Carriers
Onset age is shown as mean ± standard deviation. BDNF indicates brain-derived
neurotrophic factor. CTQ-sexual indicates childhood sexual abuse history reported on
Childhood Trauma Questionnaire.
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Table 1

Sample Description: Overall Group

Mean ± SD or %

Number of patients 80

Age (years) 46.4 ± 14.0a

Gender (% female) 63.7

Race/ethnicity (%)

  Asian 11.3

  Black 1.3

  Hispanic 5.0

  White 80.0

  Other/unspecified 2.5

Marital status (%)

  Single 28.7

  Married 55.0

  Divorced/separated 16.3

Education* (%)

  High school or less 5.1

  Some college 30.8a, b

  College degree 32.1a

  Graduate degree 32.1b

  Employment (%)

  Full-time 40.0

  Part-time 7.5

  Unemployed/student/homemaker 35.0

  Disabled 12.5

  Retired 5.0

Diagnosis (%)

  Bipolar I Disorder 53.8

  Bipolar II Disorder 41.3

  Bipolar Disorder NOS 5.0

Lifetime Comorbidity* (%)

  Any psychiatric disorder 65.8

  Any anxiety disorder 50.6

  Post-traumatic stress disorder ** 11.7

  Alcohol use disorder 19.0

  Substance use disorder 20.3
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Mean ± SD or %

  Personality disorder 3.8a, c

  Eating disorder 17.7

Clinical Characteristics

  Onset age (years) * 19.8 ± 9.4a

  Illness duration (years) * 26.8 ± 15.0a, b

  Psychosis (lifetime)* (%) 46.8

  Psychiatric Hospitalization* (lifetime) (%) 59.0

  Rapid cycling (lifetime)* (%) 46.8

  Rapid cycling (prior year) (%) 2.5

  Visit frequency (prior year) (days) 58 ± 38

  Number of psychotropic medications (prior year) 3.7 ± 1.9

  MPY-CGI-BP-OS score (prior year) 3.1 ± 0.9

  Syndromal mood episode (prior year) (%) 51.2

  Syndromal/subsyndromal mood symptoms (at enrollment) (%) 25.0

*
Data missing for one patient.

**
Data missing for 3 patients.

a
p < 0.05 CTQ-sexual versus no CTQ-sexual;

b
p < 0.05 CTQ-physical versus no CTQ-physical;

c
p < 0.05 BDNF met allele carriers versus non-met allele carriers.
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