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Abstract
Objectives—Both ketamine and ethanol are N-methyl-D-aspartate (NMDA) receptor
antagonists. Ketamine has rapid antidepressant properties in major depressive disorder (MDD) as
well as bipolar depression. In individuals with MDD, a positive family history of alcohol
dependence (FHP) was associated with greater improvement in depressive symptoms after
ketamine administration compared to individuals whose family history of alcohol dependence was
negative (FHN). This study investigated whether FHP influences ketamine’s antidepressant and
perceptual effects in individuals with bipolar depression.

Methods—A post-hoc analysis was conducted on 33 subjects with DSM-IV bipolar disorder
(BD) type I or II depression pooled from two previously published studies. All subjects had
undergone a double-blind, randomized, crossover trial of a single intravenous infusion of ketamine
(0.5 mg/kg) combined with lithium or valproate therapy. Subjects were rated at baseline; at 40, 80,
120, and 230 min; and at Days 1, 2, 3, 7, 10, and 14 post-infusion. The primary outcome measure
was Montgomery-Åsberg Depression Rating Scale (MADRS) scores. Patients were categorized as
FHP when they reported at least one first-degree relative with alcohol dependence. Measures of
psychosis, dissociation, and dysphoria were also collected.

Results—After ketamine infusion, subjects with FHP showed significantly greater improvement
on MADRS scores than FHN subjects. In addition, patients with FHP had attenuated
psychotomimetic and dissociative scores compared to FHN patients.

Conclusions—FHP appears to predict a more sustained antidepressant response to ketamine in
individuals with BD. Family history of alcoholism may be an important consideration in the
development of glutamatergic-based therapies for depression.
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Substance use disorders, particularly alcohol dependence, are highly prevalent in individuals
diagnosed with bipolar disorder (BD) (1). In addition, the presence of substance abuse or
alcoholism significantly affects the course and prognosis of BD (2–6). Recent evidence from
diverse studies suggests that glutamatergic dysfunction may be involved in the
pathophysiology of both BD (7, 8) and alcoholism (9–11), as well as both disorders
concomitantly (12). Furthermore, the glutamatergic system, particularly the N-methyl-D-
aspartate (NMDA) receptor complex, has been investigated as a putative target for the
development of novel treatments for both disorders (7, 13–18).

For mood disorders, much of the recent work in this area has centered on ketamine, an
NMDA receptor antagonist with rapid (within hours) antidepressant effects in both major
depressive disorder (MDD) and bipolar depression. Notably, both ketamine and ethanol are
NMDA receptor antagonists and show dose-related similarities with regard to their
subjective effects in healthy subjects—an effect that appears to be mediated by positive
family history of alcohol dependence (FHP) (19, 20). In healthy subjects undergoing
ketamine infusion, individuals with FHP showed an attenuated response in terms of
perceptual alterations and dysphoric mood compared to those with a negative family history
of alcohol dependence (FHN) (20). Alcohol-dependent patients also appear to have a
blunted behavioral affect in response to ketamine, suggesting cross-tolerance between
alcohol and ketamine (19). Relative to healthy subjects, ketamine administration in
recovering ethanol-dependent patients was associated with reduced psychotomimetic
symptoms and dysphoric mood (11).

A previous study from our laboratory examined whether FHP would mediate the subjective
and behavioral effects of ketamine in individuals with MDD. Indeed, consistent with the
extant literature, we found that treatment-resistant MDD patients with FHP had fewer
dysphoric and psychotomimetic effects in response to ketamine administration than MDD
patients with FHN. In addition, we found that FHP patients had a significantly better initial
antidepressant response to ketamine (21). Thus, in patients with MDD, FHP predicted a
differential response to the perceptual disturbances, dysphoric effects, and antidepressant
effects associated with ketamine.

To date, no studies have investigated the link between FHP and ketamine’s antidepressant
properties in patients with bipolar depression. Nevertheless, identifying predictors of robust
treatment response could improve research efforts to develop glutamatergic modulators for
the treatment of mood disorders. Thus, this study sought to determine whether the
dysphoric, psychotomimetic, and antidepressant effects associated with ketamine are altered
in FHP individuals with bipolar depression; the study combines samples from two recently
published controlled studies investigating the antidepressant properties of ketamine in
individuals with bipolar depression (7, 8). The relationship between personal history of
alcohol dependence and ketamine’s effects was also examined.

Materials and methods
This study was a post-hoc analysis that combined data from two identical but independent
controlled, crossover studies investigating the use of ketamine in bipolar I or II depression
without psychotic features (7, 8); pooled data were available for 33 subjects (18–65 years
old).

Subject population, study design, and main outcome measures
Details regarding the subjects in each study have been previously published (7, 8). Briefly,
at the time of the initial studies, all subjects were inpatients at the National Institute of
Mental Health (NIMH) Mood Disorders Research Unit (Bethesda, MD, USA). Subjects
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were required to have a score of 20 or higher on the Montgomery-Åsberg Depression Rating
Scale (MADRS) at screening and at the start of each ketamine or placebo infusion. Subjects
had no diagnosis of substance abuse or dependence for at least three months, as assessed by
the Structured Clinical Interview for Axis I DSM-IV Disorders (SCID), Patient Version
(22); individuals with a personal history of alcohol dependence before this period of time
were not excluded.

Diagnostic information about participants' relatives was ascertained by a clinician-
administered interview to assess family history of alcohol dependence and mood disorders.
This interview was augmented in most cases by the subject’s medical records and by
interviews with individuals, including family members, who knew the subject well. FHP
was defined as the presence of at least one affected first-degree relative with a history of
alcoholism. Individual history of alcohol abuse or dependence was determined by SCID.

Both studies were identically-designed, double-blind, randomized, crossover, placebo-
controlled studies conducted to assess the efficacy and safety of a single intravenous
infusion of the NMDA antagonist ketamine combined with lithium or valproate
monotherapy in the treatment of bipolar I or II depression. During the entirety of both
studies, patients were required to take either lithium or valproate within a specified
therapeutic range and were not allowed to receive any other psychotropic medications
(including benzodiazepines) or structured psychotherapy. Eligible patients were either
continued on their mood stabilizer (lithium or divalproex sodium), started on, or switched to
one of these for the purpose of the study. If a patient was taking both lithium and divalproex
sodium or had never been treated with a mood stabilizer at the time of the screening,
preference was giving to using lithium during the study. Following non-response to open
treatment with lithium or valproate for a minimum of four weeks at therapeutic levels and a
two-week drug-free period (except for treatment with lithium or valproate), subjects
received intravenous infusions of saline solution and 0.5 mg/kg ketamine hydrochloride two
weeks apart using a randomized, double-blind, crossover design.

Ratings were obtained 60 min prior to the infusion and at 40, 80, 110, and 230 min post-
infusion. Subjects were also rated at Days 1, 2, 3, 7, 10, and 14 post-infusion. The MADRS
was the primary outcome measure; secondary outcome measures included the 17-item
Hamilton Rating Scale for Depression (HDRS) (23), the Brief Psychiatric Rating Scale
(BPRS) (24), and the Clinician Administered Dissociative States Scale (CADSS) (25),
which was used to measure the dissociative symptoms that may occur with ketamine
infusions.

Statistical analysis
A linear mixed model with restricted maximum likelihood estimation and a first order
autoregressive covariance structure was used to examine changes in depression over time in
patients receiving ketamine. All main effects and interactions were included with time, drug,
and family history of drug dependence factors, but the baseline outcome was included as a
covariate as a main effect only. The fixed intercept was included, but no random effects
were included. Bonferroni-adjusted simple effects tests were used to examine significant
omnibus main effects and interactions. Significance was evaluated at p < 0.05, two-tailed.

Results
Ketamine and family history of alcohol dependence

Twelve (36%) of the 33 patients had FHP. FHP and FHN groups did not differ on most
demographic and course of illness characteristics (Table 1); however the FHP group had a
longer duration of illness, greater history of lifetime substance abuse or dependence, and
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more patients taking valproate than the FHN group. No group differences were noted in
plasma ketamine and norketamine levels at 40 min post-infusion. A similar proportion of
patients in the FHP (75%) and FHN (81%) groups completed the studies (χ2 = 0.16, p =
0.69).

For the MADRS, the linear mixed model showed a significant interaction between drug and
FHP [F(1,112) = 4.96, p = 0.03]; the three-way interaction with time was not significant.
While MADRS scores were significantly improved in both groups in response to ketamine
(p’s < 0.001), post-hoc tests indicated that the FHP group had significantly lower scores than
the FHN group [p = 0.03; d = 0.19, 95% confidence interval (CI): 0.02–0.37] (Fig. 1).
Overall, 74% of patients had at least a 50% decrease from baseline MADRS scores, and
55% had a MADRS score below 10 at some point post-infusion.

The linear mixed model for the HDRS showed a significant interaction between drug and
FHP [F(1,163) = 5.17, p = 0.02], but the three-way interaction with time was not significant.
Post-hoc tests indicated that the FHP group had significantly lower scores than the FHN
group (p = 0.01; d = 0.25, 95% CI: 0.05–0.45) (Fig. 2). Analysis of BPRS scores showed a
significant interaction between drug and FHP for Total BPRS score [F(1,186) = 5.25, p =
0.02] and Positive Symptom subscale score [F(1,223) = 8.04, p = 0.005] (Fig. 3), but not for
the Dysphoria or the Negative Symptom subscale scores. The FHP group had significantly
lower total scores in response to ketamine than the FHN group (Total: p = 0.02). For the
Positive Symptom subscale score, the FHP group had significantly lower scores on ketamine
than placebo (p < 0.001), but the FHN group did not. The CADSS analysis found a
significant three-way interaction between drug, FHP, and time [F(9,366) = 2.33, p = 0.01].
Post-hoc tests showed that the FHP group had significantly lower scores in response to
ketamine than the FHN group at 40 min only (p < 0.001) (Fig. 4); comparisons at all other
time points were nonsignificant.

After Bonferroni corrections were applied for all six of the secondary analyses (HDRS,
BPRS Total, BPRS Positive, BPRS Dysphoria, BPRS Negative, and CADSS), only the
results for the BPRS Positive Symptom subscale remained significant.

Ketamine and personal history of alcohol dependence
When personal history of alcohol dependence was substituted for family history with
MADRS as the outcome measure, a significant drug-by-history interaction was observed
[F(1,88) = 4.40, p = 0.04]; no three-way interaction was noted. Those with a personal history
of alcohol dependence had significantly lower scores in response to ketamine than those
with no personal history of alcohol dependence (p = 0.04).

With regard to the secondary analyses, a significant interaction was noted on the BPRS
between personal history of alcohol dependence and drug [F(1,209) = 16.08, p < 0.001]; no
three-way interaction was observed. Those with a positive personal history of alcohol
dependence had a greater post-infusion decrease in BPRS Total score than those without a
personal history (p = 0.001). Results were similar for the BPRS Positive Symptom [history ×
drug: F(1,209) = 5.04, p = 0.03], Dysphoria [history × drug: F(1,155) = 9.17, p = 0.003], and
Negative Symptom subscales [history × drug: F(1,269) = 27.26, p < 0.001]. Patients with a
personal history of alcohol dependence had lower CADSS scores in general; a main effect
for personal history of alcohol dependence was observed [F(1,177) = 7.14, p = 0.008], but
the two- and three-way interactions were not significant. No significant results were found
with the HDRS.

After Bonferroni corrections were applied for all six of the secondary analyses (HDRS,
BPRS Total, BPRS Positive, BPRS Dysphoria, BPRS Negative, and CADSS), results for the
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CADSS as well as BPRS Total, BPRS Dysphoria, and BPRS Negative Symptom subscales
remained significant.

Discussion
The principal finding of this post-hoc analysis was that individuals with treatment-resistant
bipolar depression and FHP showed significantly greater and more durable improvements in
depressive symptoms in response to a single intravenous infusion of an NMDA antagonist
than BD subjects with FHN. These results support our previous open-label study (21), which
found that treatment-resistant patients with MDD and FHP had a better and more rapid
antidepressant response to ketamine than FHN patients. That study only examined
antidepressant effects for 230 min post-infusion; however, the present study observed that
improvement occurred through Day 3 in individuals with bipolar depression. In addition,
personal history of alcohol dependence in these BD patients was associated with greater
improvement in MADRS scores than no personal history of alcohol dependence.

With regard to perceptual disturbances and dysphoric effects, we found a blunting of
perceptual responses to ketamine in those with FHP, as indicated by lower scores on the
CADSS and Positive Symptom subscale of the BPRS. Individuals with a personal history of
alcohol dependence also had lower scores on the CADSS as well as on BPRS Positive
Symptom and Dysphoria subscales than individuals with no personal history of alcohol
dependence. In contrast, our previous study of MDD patients found no decrease in BPRS
Positive Symptom subscale scores in those with FHP (21); CADSS data were not collected.
Compared to the studies by Phelps and colleagues (21) and Petrakis and colleagues (20), the
present study did not find lower dysphoria in FHP individuals. This disparity could be due to
differences in the population studied (BD vs. MDD), the controlled nature of the present
study, or the concomitant use of mood stabilizer, which may have protected against
dysphoria. Another possibility for this disparity is the more stringent FHP requirements of
the present study, which only classified an individual as having FHP if he or she had a first-
degree relative with alcohol dependence; in contrast, our previous study of MDD patients
categorized FHP individuals as those with either a first- or second-degree relative with
alcohol dependence.

Previous studies have shown that glutamatergic system alterations may be involved in the
pathophysiology of alcohol dependence (26), as well as BD concomitant with alcoholism
(12). For example, one magnetic resonance spectroscopy (MRS) study found that BD
patients in long-term remission from alcoholism showed reduced dorsolateral prefrontal
cortex glutamate levels, as well as glutamate plus glutamine levels, compared to BD adults
who never developed alcoholism. The authors suggested that these results were consistent
with a defect in the glutamatergic system that might function as a risk factor for the
development of alcoholism in individuals with BD (12). Schumann and colleagues (26)
investigated the link between alcohol dependence and 21 single nucleotide polymorphisms
(SNPs) from 10 genes involved in glutamatergic pathways and found a significant
association between risky drinking behavior in adolescents and the genes encoding mGluR5
and the NR2A subunit of the NMDA receptor. The authors suggested that a genetic variation
in the NR2A gene that expresses the NMDA receptor could be involved in susceptibility to
alcohol dependence. Because ketamine is a partial NR2A antagonist, it is possible that this
genetic variation may render FHP patients more responsive to the antidepressant effects of
ketamine (26, 27). This suggests that alterations in NMDA receptors in patients with a
genetic heritability to alcoholism could be a distinct neurobiological subtype that leads to
altered response to ketamine, and thus by extension may affect response to other NMDA
antagonists being studied in mood disorders. Future studies will need to explore genetic
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influences on the co-occurrence of alcoholism and BD, as well as treatment response to
ketamine.

The pooled patient group used in this study had several strengths. First, subjects were
hospitalized for an average of seven weeks prior to the first ketamine infusion, permitting
sufficient time to characterize them, establish family history of alcohol dependence, ensure
that no alcohol consumption took place, and document the stability of depressive symptoms
during their current episode. Second, both studies were randomized and controlled. Third,
all subjects had been completely free of psychotropic medications (except for lithium or
valproate) for at least two weeks prior to infusion. However, these findings should also be
interpreted in the context of the following limitations. First, although we did our best to
ensure the validity of family history reports, this method is not as accurate as interviewing
each relative; however, self-report of mood and alcohol use disorders is a well-established
method in family history studies. Second, it is possible that the improved response to
ketamine in FHP patients resulted from the use of lithium or valproate rather than ketamine.
This seems unlikely, however, given that subjects had not responded to prospective trials of
these medications lasting on average six weeks. Third, the differences observed here may
have been due to the demographic differences between the FHP and FHN groups, though it
should be noted that controlling for these factors did not affect study results. Finally, this
study was post-hoc and as such requires confirmation in a prospective controlled study.

Taken together, these findings support the hypothesis that response to the NMDA antagonist
ketamine in patients with bipolar depression is mediated by family history of alcoholism.
This finding warrants the search for SNPs within the glutamatergic system that might affect
response to NMDA antagonists. As an example, such strategies have led to the identification
of successful predictors of response to naltrexone in the treatment of alcohol dependence
(28).
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Fig. 1.
Montgomery-Åsberg Depression Rating Scale (MADRS) scores over two weeks in patients
with bipolar depression with or without family history of alcohol dependence who received
placebo or ketamine (n = 33).
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Fig. 2.
Hamilton Depression Rating Scale (HDRS) scores over two weeks in patients with bipolar
depression with or without family history of alcohol dependence who received placebo or
ketamine (n = 33).
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Fig. 3.
Brief Psychiatric Rating Scale (BPRS) positive scores over two weeks in patients with
bipolar depression with or without family history of alcohol dependence who received
placebo or ketamine (n = 33).
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Fig. 4.
Clinician Administered Dissociative States Scale (CADSS) positive scores over two weeks
in patients with bipolar depression with or without family history of alcohol dependence
who received placebo or ketamine (n = 33). ***p < 0.001.
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Table 1

Demographic and clinical characteristics

Positive family history
(n = 12)

No family history
(n = 21) p-value

Age, years, mean (SD) 50.7 (6.6) 44.7 (12.7) 0.14

Length of illness, years, mean (SD) 34.6 (8.7) 25.9 (10.1) 0.02

Length of current depressive episode, months, mean (SD) 12.2 (9.7) 20.8 (24.7) 0.26

Clinical ratings at baseline, mean (SD)

 MADRS 33.7 (4.3) 33.6 (5.7) 0.98

 HDRS 21.6 (2.9) 22.3 (4.6) 0.64

 CADSS   2.6 (1.5)   4.9 (7.6) 0.32

 BPRS

    Total 36.4 (5.4) 36.7 (5.1) 0.90

    Dysphoric 20.5 (2.8) 20.9 (3.5) 0.74

    Negative   6.5 (3.3)    6.4 (2.8) 0.95

    Positive   9.9 (1.6)    9.6 (1.9) 0.60

Bipolar I disorder, n (%) 7 (58) 13 (62) 0.84

Education (college graduate), n (%) 5 (42) 10 (48) 0.74

Sex, female, n (%) 8 (67) 12 (57) 0.59

Lifetime diagnosis, n (%)

 Anxiety disorder   5 (42) 11 (52) 0.55

 Alcohol dependence   6 (50)   5 (24) 0.13

 Substance abuse or dependence 10 (83)   5 (24) < 0.001

Family history of mood disorder, n (%) 10 (83) 19 (91) 0.55

Lifetime history, n (%)

 Suicide attempt 7 (58) 9 (43) 0.39

 Abuse

    Emotional 3 (25) 6 (29) 0.83

    Physical 2 (17) 4 (19) 0.87

    Sexual 4 (33) 7 (33) 1.00

Mood stabilizer, n (%)       

 Lithium 5 (42) 16 (76) 0.05

 Valproate 7 (58)   5 (24)

SD = standard deviation; MADRS = Montgomery-Åsberg Depression Rating Scale; HDRS = Hamilton Rating Scale for Depression; CADSS =
Clinician Administered Dissociative States Scale; BPRS = Brief Psychiatric Rating Scale.
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