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Abstract

Objective: Ketamine’s effects on different dimensions of depressive symptomatology, including
typical/melancholic and atypical depression, remain largely unknown. This study examined the
effects of a single intravenous dose of ketamine on general depressive symptoms (measured using
the Montgomery—Asberg Depression Rating Scale (MADRS), typical/melancholic symptoms
(measured using the MADRS5), and atypical symptoms (measured using the Scale for Atypical
Symptoms (SAS)).

Methods: Data from 68 participants with treatment-resistant major depressive disorder (MDD)
or bipolar depression were pooled from three separate, double-blind, placebo-controlled, crossover
studies investigating ketamine’s efficacy in depression. MDD participants were unmedicated;
bipolar participants received therapeutic-dose lithium or valproate. Clinical symptoms were
collected preinfusion and up to 14 days postinfusion. Effect sizes were calculated for days 1 and

3 postinfusion. The primary measures of interest for this exploratory analysis were total MADRS,
MADRSS5, and SAS scores. Individual symptoms were also analyzed in an exploratory manner.

Results: Scores improved significantly at Day 1 postinfusion (MADRS: Cohen’s d= 0.64;
MADRSS5: Cohen’s d=0.61; SAS: Cohen’s d=0.41) and continued to be significantly improved
over placebo at Day 3 (MADRS: Cohen’s d= 0.49; MADRS5: Cohen’s d=0.43; SAS: Cohen’s

Lawrence Park, Section on the Neurobiology and Treatment of Mood Disorders, NIMH-NIH, Building 10/CRC, 10 Center Dr.,
Bethesda, MD 20892, USA. lawrence.park@nih.gov.

Conflict of interest

All other authors have no conflict of interest to disclose, financial or otherwise.

Peer Review
The peer review history for this article is available at https://publons.com/publon/10.1111/acps.13216.

Data availability statement
The data that support the findings of this study are available from the corresponding author. The data are not publicly available due to
privacy or ethical restrictions.


https://publons.com/publon/10.1111/acps.13216

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Park et al. Page 2
d=0.39). Effect sizes were greater for typical/melancholic than atypical symptoms at Day 1
postinfusion.

Conclusion: Ketamine appears to effectively treat both the typical/melancholic and atypical

symptoms of depression, but may have early preferential effects for the former.

Keywords
ketamine; atypical depression; melancholic depression; sleep; appetite

Introduction

One of the most common patterns of depressive presentation is that of atypical depression.
Despite its nomenclature, atypical depression may in fact be one of the most common
patterns of depression; one study identified definite atypical subtype in 30% and probable
atypical subtype in 20% of both the MDD and bipolar depression populations (1). Another
study of depressed out-patients presenting to a research program found that a majority
(56%) demonstrated some atypical symptoms, while fewer (26%) had typical or melancholic
symptoms; 14% of this sample (included in the percentages above) demonstrated symptoms
of both, and 32% of the overall sample met criteria for neither (2).

The atypical concept originated in 1959 when West and Dally initially described an atypical
depressive state characterized by comorbid anxiety and mood reactivity distinct from
endogenous depression (3). They noted that this form of depression demonstrated greater
resistance to standard antidepressant treatments, though it responded to the anti-tuberculosis
drug iproniazid (a monoamine oxidase inhibitor (MAOI)) (3). Sargant similarly advocated
for identifying clinical subtypes based on response to certain treatments. He identified

an “atypical’ depression, characterized by ‘hysterical’ features, increased emaotionality and
reactivity, and anxious symptoms that responded to MAOIs when standard treatments,
including electroconvulsive therapy (ECT), were ineffective (4).

Currently, the DSM 5 classifies atypical symptoms as a specifier, denoting that this
symptom constellation is not mutually exclusive to, and may coexist with, other depressive
symptom patterns (5). The atypical specifier is applied when mood reactivity (experiencing
lift in mood in response to positive events) is present as well as at least two of the
following: weight gain or increased appetite, hypersomnia, leaden paralysis, or extreme
sensitivity to perceived interpersonal rejection resulting in social or occupational impairment
(2). However, significant debate exists regarding what to consider the core constitutive
symptoms of atypical depression. Two major symptomatic areas — reverse neurovegetative
symptoms (i.e., hypersomnia and hyperphagia or weight gain) and mood reactivity — have
typically been associated with most definitions of atypical depression (6). Nevertheless,
some authors have questioned the inclusion of mood reactivity as an accurate or useful
criterion for diagnosing atypical depression (7), and others have further argued against the
concept’s ‘hysterical’ roots, suggesting that atypical depression may represent a personality
subtype of ‘interpersonal rejection sensitivity” (8). Other investigators have postulated that
atypical depression may be a variant of bipolar Il disorder, as it co-occurs more frequently
with this diagnosis than with other forms of depression (9).
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Results from the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study
— the largest real-world examination of major depressive disorder (MDD) treatment —found
that atypical depression was more likely to be associated with female gender, earlier age

of symptom onset, greater anxiety comorbidity, and greater symptom severity (10). More
recent studies suggest that the atypical pattern is particularly robust and can primarily

be distinguished from typical/ melancholic depression by sleep and appetite symptoms
(11). A latent class analysis of depressive subtypes found that atypical symptoms were
more strongly associated with women, higher body mass index, greater inflammation, and
greater incidence of metabolic syndrome (12); in contrast, typical/melancholic symptoms
were associated with lower blood pressure and hypothalamic—pituitary—adrenal (HPA) axis
hyperactivity. Compared to melancholic depression, atypical symptoms have also been
associated with decreased corticotropin-releasing hormone function (13, 14), lower plasma
cortisol levels (11), increases in C-reactive protein and the adipokine leptin (15), and

a distinct polygenic signature (16). These findings suggest that atypical depression may
represent a distinct process of inflammatory and immunometabolic dysregulation (16).

While typical and atypical subtypes are often thought of as distinct presentations, a Swiss
study found the co-occurrence of melancholic and atypical symptoms in almost half of

a community sample of individuals experiencing a major depressive episode (17). These
findings underscore the fact that different patterns of depressive symptoms (i.e., typical/
melancholic versus atypical, among others), as well as their underlying biological substrates,
are just as likely to coexist than present as pure form subtypes. This coexistence of different
types of depressive symptoms argues for a dimensional approach to depression that can be
conceptualized as a collection of related overlapping pathophysiologies and presentations
(18).

The way in which different symptom constellations respond to various treatments has been
an issue of long-standing interest in the study of depression. The initial identification of an
atypical subtype was originally based on differential response to an MAOI. A number of
studies have found that ketamine has rapid and robust — though transient — antidepressant
effects in individuals with MDD and bipolar depression (19); in this context, a single
intravenous infusion of subanesthetic-dose ketamine has been found to alleviate depressive
symptoms within minutes, with effects lasting as long as one week. Given the differences in
biological substrates elaborated above, it is therefore possible that individuals with atypical
depression might also exhibit a differential response to ketamine. In a recent analysis, Wang
and colleagues (20) — while not specifically examining atypical depression — demonstrated
relatively greater (or more rapid) response to intravenous ketamine in individuals with
non-melancholic or anxious depression.

Aims of the study

This post hoc exploratory investigation examined the effects of a single intravenous infusion
of sub-anesthetic-dose (0.5 mg/kg) ketamine on atypical and typical/melancholic symptoms
across a sample of individuals with treatment-resistant depression (TRD). Specifically,

the study examined: (i) whether atypical depressive symptoms improved in response to
ketamine; (ii) whether atypical depressive symptoms and typical/melancholic symptoms
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both responded to ketamine; and (iii) how specific individual symptoms — both typical/
melancholic and atypical — responded to ketamine.

Material and methods

Participant selection

Data were collected from 68 in-patients who participated in one of the three independent
ketamine studies conducted at the National Institute of Mental Health (NIMH) that sought
to determine the safety and efficacy of ketamine versus placebo in treatment-resistant MDD
or bipolar I/11 depression without psychotic features; primary outcome results for the three
studies have previously been reported (21-23) (Clinical Trials Identifier: NCT0088699).
Participants between the ages of 18 and 65 years were admitted to the NIMH Mood and
Anxiety Disorders research unit in Bethesda, Maryland, USA. All participants provided
written informed consent as approved by the National Institutes of Health combined Central
Nervous System Institutional Review Board. All neuropsychiatric diagnoses were based

on DSM-IV-TR criteria as confirmed by both clinical interviews performed by a licensed
independent psychiatric practitioner and the Structured Clinical Interview for Axis | DSM-
IV Disorders, Patient Version (SCID-P) (24). All participants met criteria for a major
depressive episode of at least moderate severity, defined as a Montgomery—Asberg Depres-
sion Rating Scale (MADRS) total score 220 or 222 (depending on the inclusion criteria

of each study) at screening and prior to each infusion. All participants were treatment-
resistant, as defined by having failed to respond to at least one previous antidepressant

trial. All participants were in good physical health as determined by medical examination,
medical history, chest X-ray, blood laboratory tests, and urinary analysis. Exclusion criteria
included pregnancy, nursing, serious suicidal ideation, and previous use of or treatment with
ketamine.

Study design

All three studies were single-center, double-blind, placebo-controlled, crossover trials with
order of intervention randomized; all were conducted between October 2006 and June 2015.
After signing protocol-specific consent forms, all MDD participants were tapered off their
current psychotropic medication regimen and remained medication-free for at least two
weeks (five weeks for fluoxetine) prior to infusion. Participants with bipolar I/11 depression
were tapered off all psychotropic medications except lithium or valproate and maintained on
therapeutic levels for at least four weeks as a witnessed prospective trial for improvement

in depression. Participants in all three studies received both a single subanesthetic (0.5
mg/kg) infusion of ketamine hydrochloride over 40 min and an infusion of normal saline
placebo over 40 min, two weeks apart. Independent pharmacists randomized each participant
and dispensed either active or placebo solution in identical packaging. Active or placebo
treatment status was not divulged to investigators, nursing staff, or clinical raters. Rating
scales (see below) were administered at multiple time points, including 60 min preinfusion
(baseline), at 40, 80, 120, and 230 min, and at days 1 and 3 postinfusion.
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Study measures

Overall depressive symptomatology was assessed via the MADRS, a 10-item clinician-
administered scale. Symptoms associated with typical/melancholic depression were assessed
via the MADRS5. The MADRSS includes items 1 (apparent sadness), 3 (inner tension), 7
(lassitude), 8 (inability to feel), and 9 (pessimistic thoughts) from the general MADRS scale,
and has been presented as a more precise measure of typical depressive symptoms (25).

The Structured Interview Guide for the clinician-administered Hamilton Depression Rating
Scale-Seasonal Affective Disorder Version (SIGH-SAD) was used to assess symptoms
associated with atypical depression. In particular, eight of the items of the SIGH-SAD

— referred to as the ‘Scale for Atypical Symptoms’ (SAS) — have been found to have

an 82% sensitivity and 80% specificity for diagnosing atypical depression when using a
cutoff score of 9, even in individuals without seasonal depression (26). The eight symptoms
included in the SAS are social withdrawal, weight gain, increased appetite, increased eating,
carbohydrate craving, hypersomnia, fatiguability (or heavy feeling), and diurnal variation
(afternoon or evening slump). It should be noted that the SAS does not include items for
mood reactivity or rejection sensitivity.

Statistical analysis

Results

Total MADRS, total MADRSS, and total SAS scores were the primary measures of interest.
Individual typical and atypical symptoms (assessed via the MADRS and SAS) were also
examined. Specifically, additional exploratory analyses were conducted on effect sizes for
all MADRS and SAS symptoms on an individual basis. Linear mixed models with restricted
maximum likelihood estimation and compound symmetry covariance structure were used

to examine change in individual symptoms in response to ketamine compared to placebo.
Phase-specific baselines were used as a time-dependent covariate. Effects for time, drug,
and their interaction were included in the model. Bonferroni-corrected simple-effects tests
were used to examine omnibus effects. Cohen’s d'was calculated to reflect the magnitude

of change in symptoms in response to ketamine relative to placebo at days 1 and 3
postinfusion, and means and standard errors are reported. A non-zero baseline score was
required for individual symptoms to be included in the analysis. Positive values in effect size
indicated improvement over placebo. IBM SPSS 23.0 was used for all analyses.

Clinical characteristics for the 68 participants are summarized in Table 1. Baseline SAS
scores indicated that 26 of the 68 participants (38.2%) met criteria for atypical depression
(specifically, SAS score = 9). Statistically significant improvement in MADRS (placebo:
30.9 (1.1), ketamine: 21.7 (1.1); Cohen’s d= 0.64; n=68), MADRSS5 (placebo: 17.2 (0.7),
ketamine: 11.6 (0.7); Cohen’s d=0.61; n=68), and SAS (placebo: 6.7 (0.3), ketamine:
5.0 (0.3); Cohen’s d=0.41; n= 68) total scores was observed at Day 1 postketamine
administration; the effect size was greatest for the MADRS and MADRS5 compared to the
SAS (see Fig. 1). Compared to placebo, the most robust, statistically significant (£< 0.05,
two-tailed, uncorrected for multiplicity) improvements were seen in the following individual
MADRS items: pessimistic thoughts (placebo: 3.6 (0.2), ketamine: 2.2 (0.2); Cohen’s o=
0.60, n=68), reported sadness (placebo: 4.0 (0.2), ketamine: 2.7 (0.2); Cohen’s d= 0.54,
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n=68), and inability to feel (placebo: 3.7 (0.2), ketamine: 2.5 (0.2); Cohen’s d=0.51, n=
68) (Fig. 2a) as well as the following individual SAS items: carbohydrate craving (placebo:
0.9 (0.1), ketamine: 0.3 (0.2); Cohen’s &= 0.41, n= 35), social withdrawal (placebo: 2.4
(0.1), ketamine: 1.7 (0.1); Cohen’s d=0.37, n= 68), and fatiguability (placebo: 3.2 (0.2),
ketamine: 2.4 (0.1); Cohen’s o= 0.37, n=68) (Fig. 2a).

At Day 3 postketamine administration, significant improvements continued to be seen in
MADRS (placebo: 30.5 (1.1), ketamine: 23.3 (1.1); Cohen’s d= 0.49; n= 68), MADRS5
(placebo: 16.8 (0.7), ketamine: 12.8 (0.7); Cohen’s d= 0.043; n= 68), and SAS (placebo:
6.7 (0.3), ketamine: 5.0 (0.3); Cohen’s o= 0.39; n = 68) total scores (see Fig. 1). The

most robust, statistically significant (£ < 0.05) improvements in individual symptoms were
observed for four MADRS items: reported sadness (placebo: 4.0 (0.2), ketamine: 3.0 (0.2);
Cohen’s d=0.42, n= 68), inability to feel (placebo: 3.7 (0.2), ketamine: 2.8 (0.2); Cohen’s
a=0.41, n=68), concentration difficulties (placebo: 3.6 (0.1), ketamine: 2.7 (0.1); Cohen’s
d=0.37, n=67), and apparent sadness (placebo: 3.4 (0.2), ketamine: 2.4 (0.2); Cohen’s d=
0.38, n=68) (Fig. 2b). The statistically significant (P < 0.05) SAS items that remained most
improved were social withdrawal (placebo: 2.4 (0.1), ketamine: 1.7 (0.1); Cohen’s d=0.37,
n=68), carbohydrate craving (placebo: 0.8 (0.1), ketamine: 0.3 (0.2); Cohen’s d=0.38, n
= 35), and fatiguability (placebo: 3.2 (0.2), ketamine: 2.5 (0.1); Cohen’s d=0.32, n=68).
SAS scores from Day 1 to Day 3 were stable, with consistent improvements in the three top
individual symptoms (carbohydrate craving, social withdrawal, and fatiguability). It should
be noted that the SAS items hypersomnia and diurnal variation showed a large effect at both
time points, but because few participants reported these symptoms at baseline, these effects
were not statistically significant.

When analyzed by diagnosis, ketamine had no significantly different effects in individuals
with MDD versus bipolar depression on any of the study measures.

Discussion

Statistically significant rapid improvements in both typical/melancholic and atypical
depressive symptoms were seen in response to a single administration of subanesthetic-dose
intravenous ketamine versus placebo in this group of treatment-resistant participants with
either MDD or bipolar depression. Although ketamine appeared to yield greater effect sizes
for typical/melancholic symptoms at the earlier time point (Day 1), effect sizes for both
typical/melancholic and atypical symptoms were nearly equivalent at Day 3. Furthermore,
the effect size for atypical symptoms appeared stable at both Day 1 and Day 3. In this

way, ketamine appears to be more similar to MAOISs than to other standard antidepressants,
demonstrating effectiveness in treating both typical/melancholic and atypical symptoms. The
results also suggest that typical/ melancholic symptoms may be more readily responsive to
ketamine at the earlier time point (Day 1), with gradual tempering of that response over time
(by Day 3). These differences in response trajectory may indicate a divergent mechanism
underlying response for each symptom dimension. In this context, the inflammatory and
immunometabolic processes that hypothetically underlie the atypical symptom dimension
may be more resistant to ketamine’s rapid effects at Day 1.
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In terms of individual symptoms, the typical symptoms on which ketamine had the greatest
effect were pessimistic thoughts, reported sadness, inability to feel, and lassitude. The three
atypical symptoms on which ketamine had the greatest effect were carbohydrate craving,
fatiguability, and social withdrawal. Interestingly, ketamine demonstrated relatively smaller
effects on sleep and appetite symptoms, though it could be argued that changes in sleep and
appetite may not have manifested over the short time frame of the analysis (three days).

This study is associated with several strengths and limitations. Strengths include the
following: (i) subject-level data were combined from three independent ketamine trials,
resulting in a relatively large sample size; and (ii) all participants were well-characterized
in-patients with high interrater reliability for the studied measures of interest. Potential
limitations include: (i) the secondary/post hoc design; (ii) the pooling of MDD and bipolar
depression participants; (iii) the pooling of unmedicated (MDD) and medicated (lithium

or valproate-maintained bipolar depression) participants; (iv) the absence of patients who
received repeated doses of ketamine (which may affect response differently than the single-
dose administration used in the current study); (v) the fact that the SAS - the tool used

here for atypical depressive symptoms — has limitations for assessing atypical symptoms;
(vi) the limited number of SAS symptoms reported at baseline, which may have suppressed
estimates of effect size for SAS total scores as well as individual symptoms; and (vii) the
relative lack of minorities in the study sample, which limited our ability to generalize the
findings to different ethnic backgrounds.

Future investigations should be conducted to replicate these results in a prospective manner.
Additional studies examining the difference between MDD and bipolar depression as it
relates to typical/melancholic and atypical symptoms would help improve our understanding
of the atypical concept. It would be of particular interest to see whether differences in

the trajectory of response of typical/melancholic versus atypical symptoms hold up in a
larger prospective sample and over repeated ketamine administrations. Finally, it will be
important to continue to elucidate the biological mechanisms underlying the distinction
between typical/melancholic and atypical symptoms, with a particular focus on the HPA
axis, inflammation, and immunometabolic processes.
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Significant outcomes
. The rapid-acting glutamatergic modulator ketamine effectively relieved many
symptoms of depression.
. Ketamine effectively treated both typical/melancholic and atypical depressive

symptoms; however, at Day 1, the effect size was larger for treating typical/
melancholic symptoms.

. Ketamine had the smallest effect on appetite- and sleep-related depressive
symptoms.
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Limitations
. This study was a post hoc secondary analysis of data drawn from previously
conducted studies.
. Participants were pooled across diagnoses (major depressive disorder

(MDD) and bipolar depression) and medication state (MDD patients were
unmedicated; bipolar patients were receiving stable doses of lithium or
valproate).

. The exploratory nature of the analysis requires prospective replication before
firm conclusions can be drawn.
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Effect Size of Ketamine on MADRS, MADRSS5, and SAS
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Fig. 1.
Effect size of ketamine on MADRS, MADRSS5, and SAS total scores. MADRS,

Montgomery—Asberg Depression Rating Scale; SAS, Scale for Atypical Symptoms.
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Fig. 2.
Effect size of ketamine on MADRS and SAS individual items at days 1 and 3. MADRS,

Montgomery—Asberg Depression Rating Scale; SAS, Scale for Atypical Symptoms.
*Indicates £< 0.05, not Bonferroni corrected.
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Demographic and clinical characteristics of participants receiving ketamine

Table 1.

Characteristics

Participants (n = 68) mean (SD)

Age
Body mass index
Age of onset, years
Length of illness, years
Length of current depressive episode, months
Baseline
MADRS
MADRS5
SIGH-SAD, SAS

Gender, female

Race, white

College education

Diagnosis (bipolar depression)

SAS atypical depression (29), baseline

42.0 (11.8)
29.1 (6.5)
17.0 (7.0)
25.1 (12.0)
22.8(35.4)

335 (4.8)
18.8 (2.6)
8.4(3.1)
N (%)
41 (60.3)
61 (89.7)
31 (45.6)
39 (57.4)
26 (38.2)

Page 14

MADRS: Montgomery—Asberg Depression Rating Scale; SIGH-SAD: The Structured Interview Guide for the Hamilton Depression Rating Scale—
Seasonal Affective Disorder Version; SAS: Scale for Atypical Symptoms.
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