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Abstract
Identifying predictors of antidepressant response will facilitate the successful treatment of patients
suffering from depression. Scopolamine produces robust antidepressant responses in unipolar and
bipolar depression. Here we evaluate the potential for baseline self-ratings to predict treatment
response to scopolamine. Fifty-one unipolar and bipolar patients participated in a double-blind,
placebo-controlled crossover trial. Following a single-blind placebo session, participants randomly
received P/S or S/P (P=3 placebo; S=3 scopolamine (4ug/kg) sessions). Mood-state self-ratings
(POMS and VAS) and depression severity (MADRS) were obtained before each infusion. Day 1
(baseline/placebo) self-ratings were used in a discriminant function analysis to identify linear
combinations of individual items that predict response. The discriminant analysis separated
responders from non-responders in both the unipolar (Chi-square=22.6, p=0.002) and bipolar
(Chi-square=11.2, p=0.025) diagnostic subgroups. The discriminant functions accurately classified
over 85% of patients as responders/non-responders. The POMS depression subscale correlated
with clinical response (r=-.47; p<0.001), as did the VAS restlessness (r=-.49; p<0.001), sad (r=-.
49, p<0.0001) and irritated (r=-.40, p=0.004) scales. These results indicate that self-report mood-
ratings obtained prior to treatment can predict response outcome to scopolamine, and suggest that
a constellation of mood-state features may be related to clinical response.
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1. Introduction
Patient response to antidepressant treatment is varied and currently difficult to predict.
While one medication works well for one patient, others will require a different agent or
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multiple agents to achieve the same clinical response (Simon and Perlis, 2010). Often the
first trial is unsuccessful at treating symptoms and as a result, uncovering the correct drug or
the correct combination of drugs commonly requires multiple attempts. Moreover, an
adequate trial traditionally requires a several week period to sufficiently assess the efficacy
of a particular regimen. As a result patients often go many months before experiencing relief
from their symptoms, leading to disruption in personal, social, and occupational aspects of
their life, and possibly could increase risk of suicide (Insel and Wang, 2009).

A focus on improving upon current approaches to the treatment of patients with mood
disorders is critical. In addition to identifying agents that produce faster clinical response
(Machado-Vieira et al., 2009), an essential aspect of the development of better treatment
methods will be determining how to predict treatment response in individual patients to
specific therapeutic agents. The goal would be to determine prior to or early in treatment, if
a particular medication will be effective so that patients can avoid unnecessary drugs and
attain clinical response more quickly.

Efforts have been made to identify biomarkers that can be used to predict antidepressant
treatment response (Leuchter et al., 2010). Measures associated with brain structure
(MacQueen et al., 2008), brain function (Salvadore et al., 2009; Leuchter et al., 2010;
Pizzagalli, 2011), and genetic factors (Laje and McMahon, 2007; Garriock and Hamilton,
2009) have been evaluated as potential markers of treatment response and may prove to be
clinically useful. Evidence suggests that diagnostic subtypes may preferentially respond to
medications with a particular mechanism of action (for review see (Leuchter et al., 2010)).
Generally the effect sizes are quite small and as a result sample sizes have to be relatively
large to achieve significance, and while these findings may reflect significant effects, the
ability of these markers to predict response in individual patients has remained limited. The
identification of predictors of antidepressant response to specific therapeutic agents,
especially predictor tools that are readily available to clinicians, is critical to successful
treatment for individual patients.

Recently, we reported that the anticholinergic agent, scopolamine, produces rapid and robust
antidepressant response in unipolar and bipolar depression (Furey and Drevets, 2006; Furey
et al., 2010). Approximately 50% of patients experienced remission and 65% achieved
response following a short treatment period of scopolamine. The remaining 35% showed
modest or no improvement in symptoms following scopolamine infusions.

The purpose of this study was to determine whether self-report mood ratings predict
antidepressant response in depressed patients treated with scopolamine (Furey and Drevets,
2006; Drevets and Furey, 2009).

2. Methods
2.1. Participants

Fifty-one patients (Female=31, mean age ± SD = 32.5 ± 8.3) who were in a major
depressive episode were enrolled into the study after meeting the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)(Diagnostic and Statistical Manual of
Mental Disorders, IV, 2000) criteria for recurrent major depressive disorder (MDD; n= 37)
or bipolar disorder (BD; n=14), based upon an unstructured interview conducted by a
psychiatrist and the Structured Clinical Interview for DSM-IV (First et al., 2002). Table 1
provides basic demographic information for the patients who participated in the study
separated by diagnosis. Participants were evaluated at the National Institutes of Mental
Health (NIMH) outpatient clinic. Exclusion criteria included exposure to psychotropic or
other medications likely to affect central nervous system or cholinergic function within 3
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weeks (8 weeks for fluoxetine), clinically significant suicidal intent, rapid-cycling bipolar
illness, delusions or hallucinations, lifetime history of substance dependence or substance
abuse within one year, medical or neurological disorders, abnormal electrocardiogram or
blood pressure, narrow angle glaucoma, hypersensitivity to anticholinergic agents, hepatic
dysfunction, electrolyte disturbance, HIV or hepatitis viral infection, nicotine use, or weight
>125 kg. Pregnant or nursing females also were excluded.

The study was approved by the Combined Neuroscience Institutional Review Board (IRB)
of the National Institutes of Health (NIH). All subjects provided written informed consent
before entry into the study.

2.2. Study Treatment Design
During each of seven sessions, subjects received a 15-minute intravenous infusion of either
a placebo (P) saline solution, or 4.0 μg/kg of scopolamine (S). A single-blind, lead-in
session was used in which all subjects received a placebo infusion. The remaining 6 sessions
were separated into two phases. Individuals were randomized into either a P/S or S/P
double-blind, placebo-controlled, cross-over design whereby P constituted a phase with 3
sessions during which participants received placebo and S comprised a phase with 3 sessions
during which participants received scopolamine. Follow-up interviews were obtained 3 to 5
days after the final infusion to provide the final clinical assessment. Sessions were scheduled
3-5 days apart. Non-pregnancy was established prior to each session. Randomization
sequences were determined by the NIH outpatient pharmacy and assigned by subject
number at time of consent. All staff involved in the administration of the infusion and the
session assessments remained blind to allocation during the study.

2.3. Assessment
Self-assessments of acute mood-state were performed with Visual analog scales (VAS) and
the Profile of Mood State (POMS)(McNair, 1971) at baseline and 20, 60, 120 (VAS only)
and 150 minutes relative to infusion start time. The VAS uses a 10-point scale for
participants to indicate the extent to which each of the seven items is consistent with how
they feel in the moment; the items included happy, restless, sad, anxious, angry, drowsy and
alert. The POMS contains 65 adjectives rated by participants on a 5-point scale. Six factors
are derived that include tension, depression, anger, fatigue, vigor and confusion.

Prior to each infusion, psychiatric interviews were completed using the Montgomery -
Asberg Depression Rating Scale (MADRS) (Khan et al., 2002), Hamilton Anxiety Rating
Scale (HAM-A)(Hamilton, 1959), Young Mania Rating Scale (YMRS)(Young et al., 1978),
and Clinical Global Impressions- Improvement (CGI-I)(Khan et al., 2002) scales.

2.4. Outcome measures
Baseline mood-state was evaluated for each of the VAS and POMS measures by averaging
across time points obtained during the single-blind lead-in placebo session. Thus, a single
score reflecting the session mean was calculated for each VAS item and each POMS factor
to be used in all analyses. The antidepressant response to scopolamine was evaluated by
assessing change in MADRS from baseline to study end.

Treatment response magnitude was calculated as a percent change at study end, relative to
baseline measures. Baseline measures included MADRS scores from session 1 (single-blind)
and session 2 (as obtained prior to infusion). Patients also were categorized as achieving: 1)
response (≥ 50% reduction in MADRS score from baseline); or 2) non-response (< 50%
reduction) (Nierenberg and DeCecco, 2001).
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Placebo response was calculated as percent change in MADRS during phase I, from baseline
to the session five assessment, thus placebo response was evaluated based on the phase I of
the study where one group received placebo and one group received scopolamine. Placebo
response was assessed only in those participants who were randomized into P/S and
therefore received four placebo infusions before receiving scopolamine. To compare directly
study phase I placebo response to phase I treatment response, phase I treatment response
also was calculated as percent change in MADRS from baseline to the session five
assessment for patients randomized into S/P and therefore received scopolamine in study
phase I. These two correlations were compared directly using the Fisher R to Z
transformation. All placebo analyses were based on percent change; no categorical
“responders vs non-responders” analysis was conducted as so few participants achieved
response during the placebo period.

2.5 Data Analysis
Session mean POMS factor scores and the seven items included on the 10-point VAS scales
were evaluated as potential predictors of treatment response. Discriminant analyses were
performed to determine if a linear combination of items from pre-infusion rating scales
predicted antidepressant response to scopolamine. Behavioral ratings to be included in the
discriminant analysis were chosen using an automated stepwise process. Initially, no
variable was included in the model. At each step, the Wilks’ Lambda was calculated for the
next variable considered and for each variable already included in the model. The Wilks’
Lambda significance threshold for retention in the model was 0.25, which was derived as a
general recommendation from Monte Carlo simulation studies (Costanza and Afifi, 1979). If
any variable met criteria to enter the model, it was entered, and if any variable in the model
failed to meet the criteria, it was removed. When no more variables could be added to or
removed from the model, the procedure ended. This procedure resulted in the identification
of the variables that had the greatest power to discriminate between responders (50%
reduction in MADRS) and non-responders (less than 50% reduction in MADRS).

A canonical discriminant analysis subsequently was conducted, in which linear
combinations of differentially weighted variables (as identified above) were constructed
which best summarized the differences between responders and non-responders. A cross-
validation also was performed, where the discriminant function was derived leaving out each
observation in turn, and then classifying that observation to determine the accuracy of the
derived discriminant function. Canonical correlations between the discriminant function and
the response status are provided, and the significance of the function is determined using
chi-square tests. Differences in the mean value of the discriminant function for responders
versus non-responders were also evaluated using two-sample t-tests. Discriminant function
analyses were conducted on MDD and BD patient groups separately. All statistical analyses
were conducted using SPSS.

The specificity of the predictive ability of the discriminant function to the scopolamine
response was evaluated by correlating the phase I placebo and treatment response magnitude
with the discriminant function scores. The correlations reflect the extend to which the
change in MADRS in phase I correlates with the calculated discriminant function scores for
the placebo group (the P/S group) and the treatment group (S/P group). Pearson correlations
were conducted for the MDD groups, and no correlations were conducted in the BP phase I
placebo and treatment groups as the sample sizes are small. These correlations then were
compared directly to address the specificity of the discriminant function to predict treatment
response to scopolamine as compared to response in general (i.e. placebo response).
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To evaluate the relation between individual baseline mood-state measures on POMS and
VAS scales and treatment response, univariate Pearson correlation analyses were used.
Statistical significance was taken at 0.004 (p of 0.05/13) to control for multiple comparisons.

3. Results
In the discriminant function analysis with MDD subjects, seven behavioral measures were
identified in the model to best discriminate responders from non-responders including the
depression, anger, vigor and fatigue scales from the POMS, and the alert, drowsy, and happy
scales from the VAS. The canonical correlation between the response groups and the
selected behavioral variables was 0.716, and the derived discriminant function was
significant (Chi-Square = 22.6, df=7, p=0.002). The discriminant function is plotted for each
subject, grouped by response versus non-response, in Figure 1A. Of the non-responders,
85.7 were correctly classified, while 87% of responders were correctly classified. In the
leave-one-out cross-validation, 71.4% of the non-responders and 69.6% of the responders
were correctly classified, well above chance. The mean of the discriminant function was
-1.28 in the non-responders and 0.78 in the responders; this difference was significant (t=
6.06, p<0.001).

In the bipolar subjects, four behavioral measures were chosen as discriminating including
the depression and anger subscales of the POMS and the restless and irritated scales of the
VAS. The canonical correlation between the response groups and the selected behavioral
variables was 0.820, and the derived discriminant function was significant (Chi-Square =
11.2, df=4, p=0.025). The discriminant function is plotted for each subject, grouped by
response, in Figure 1B. Of the non-responders, 88.3% were correctly classified, while 87.5%
of the responders were successfully classified. Results for the leave-one-out cross-validation
were identical. Mean of the discriminant function was 1.53 in the non-responders and -1.15
in the responders; this difference was significant (t=4.96, p<0.001).

In order to address specificity, the magnitude of placebo response was correlated with the
discriminant function scores from the MDD group of patients who received placebo during
the study phase I (n=17). The correlation for the placebo response and the discriminant
function score was not significant (r= .22, p= 0.40), suggesting that the discriminant
function score does not predict the placebo response. The correlation was significant for the
study phase I scopolamine treatment response and the discriminant function score (r= .59,
p= 0.006), and the correlations obtained for placebo and treatment differed significantly (z=
3.02, p= 0.003) suggesting that the predictive value of the discriminant function is specific
to the scopolamine response in the MDD group. Moreover, in the same P/S group of patients
with MDD where no correlation was evident under placebo, there was a significant
correlation between the discriminant function score and the percent change at the end of the
study (r= 0.70, p= 0.002) demonstrating that the correlation developed following response to
scopolamine.

Table 2 provides Pearson correlation coefficients for items in the POMS and VAS as well as
percent change in MADRS score. Significant correlations were observed between percent
change in the MADRS and individual baseline ratings on the depression-scale from the
POMS (r= -.466, p= 0.0006), and the restless (r= -.448, p= 0.001), sad (r= -.493, p= 0.0003),
and irritated (r= -.403, p= 0.0037) scales from the VAS. Scatterplots showing each of the
significant correlations are presented in Figure 2, A through D. Trends were observed in the
confusion (r= -.378, p= 0.007) and tension (r= -.378, p= 0.01) scales from the POMS, and
the drowsy (r= -.371, p= 0.008) scale from the VAS. The correlations indicate that lower
scores on the POMS depression, confusion, and tension scales, and the VAS sad, restless,
irritated, and drowsy scales are associated with larger treatment response. Importantly,
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baseline MADRS (r= -.07, p> 0.05; Figure 2E) and baseline HAM-A (r= -.023, p> 0.05)
scores did not correlate with treatment response to scopolamine.

4. Discussion
The results of this study indicate that baseline self-report mood-ratings obtained prior to
treatment can predict response outcome to scopolamine.

The discriminant analysis identified a combination of the baseline rating scale variables that
together predict response or non-response. The discriminant functions obtained for the
separate diagnostic subgroups accurately classified over 85 percent of all unipolar and
bipolar patients as responders or non-responders. Little overlap in the factor scores exists for
responders and non-responders, especially within the bipolar group. Moreover, in the cross-
validation analysis when each subject was removed individually and subsequently classified
based on the resulting discriminant function, over 70% of unipolar patients and over 85% of
bipolar patients were correctly classified. This result suggests that baseline mood ratings
may successfully predict treatment response to scopolamine in individual patients.

Importantly, the magnitude of response during placebo did not correlate with the
discriminant function scores, suggesting that the predictive value of the discriminant
function is specific to treatment response and does not predict improvement associated with
placebo. In addition, in the MDD group in study phase I where the sample size was
sufficient to estimate the placebo response separately from the treatment response, the
placebo and treatment correlations differed, suggesting that the discriminant function
selectively predicts scopolamine response and not placebo response. In addition, while the
discriminant function did not predict response to placebo in the MDD group receiving
placebo first (P/S), the function did predict subsequent response to scopolamine, providing
further evidence that the predictive ability of the discriminant function is specific to the
treatment response. The sample sizes for the BP group during study phase I became too
small when separating the placebo (n=8) and treatment (n=6) groups and therefore we were
unable to confirm specificity in the bipolar sub-group.

The measures that were selected as discriminating variables for the unipolar and bipolar
patient groups overlapped (both included depression and anger) but unique variables also
were selected in the discriminant analyses for the diagnostic groups. This suggests that
different baseline mood features better discriminate between responders and non-responders
for the MDD and BD subgroups. While the smaller size of the BD group limits the
sensitivity and generalizability of the results in this sample, the results suggest that the mood
features that best discriminate responders from non-responders to scopolamine differ based
on diagnostic subgroup.

The results from the Pearson correlation analyses show that the ability of the discriminant
function to predict treatment response is based on more than simple correlations between
ratings scales and treatment response. The POMS depression subscale score is the only
rating that both correlated with treatment response and contributed to each of the
discriminant function scores. The VAS irritated item also correlated with treatment outcome
and contributed to the BD group discriminant functions. The POMS anger subscale
contributed to both discriminant functions but did not correlate with treatment outcome,
while the VAS sadness scale did correlate with treatment outcome but did not contribute to
either of the discriminant functions. Thus, while some of the individual items did correlate
with treatment response, accounting for 16 to 25 percent of the variance, the predictive
ability of the discriminant functions exceeds these individual items by properly classifying
over 85% of MDD and BD patients as responders or non-responders.
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The relative pattern of scores on these specific mood scales may reflect features of patient
subgroups that preferentially respond to scopolamine. Importantly, there is no relation
between severity of depressive illness (MADRS) or severity of anxiety symptoms (HAM-A)
with response outcome. As a result, the negative correlations that show greater treatment
response is associated with lower baseline values on the POMS depression score and the sad
VAS scale do not suggest that treatment responders tend to be less severely ill patients.
Moreover, the correlations with specific rating scale items were selective to changes in
depression severity following treatment with scopolamine, as no such correlations between
baseline mood-state rating items and changes in illness severity were evident during
placebo.

Researchers have attempted to identify patient sub-groups who preferentially respond to
specific agents or classes of antidepressants as a way to improve upon treatment efficacy.
Researchers have reported differences in response rates based on diagnostic sub-groups,
such as patients with melancholic depression showing better response to TCAs versus SSRIs
(Roose et al., 1986) or patients with atypical depression responding better to MAOIs than to
TCAs (Quitkin et al., 1993). However these findings are generally inconsistent (Peselow et
al., 1992; Nelson et al., 1994) and the effects are small (Fava et al., 1997) indicating that
treatment strategies based on diagnostic subgroups are unlikely to improve treatment
efficacy. These efforts may prove to be more successful if the relative constellation of
symptom features were evaluated as potential predictors of response.

More recently, focus has shifted towards identifying biological markers of treatment
response. Brain imaging methods have been used to identify baseline structural features or
functional brain responses that discriminate patient responders from non-responders
following treatment. For example, hippocampal volumes are smaller in patients with
MDD(Campbell et al., 2004; Videbech and Ravnkilde, 2004), and larger volume correlates
with subsequent treatment response(MacQueen et al., 2008). Higher pre-treatment activity in
the anterior cingulate cortex correlates with antidepressant response to ketamine (Salvadore
et al., 2009; Salvadore et al., 2010) thus identifying pre-treatment, brain-based differences
among patients that predict treatment response. These findings argue that biological
explanations underlie the clinical variability associated with patient response to
antidepressant treatment, providing evidence that a more personalized approach to treatment
for patients with mood disorders is attainable.

Cognitive and neuropsychological approaches have characterized early changes in the
presence of behavioral and neural correlates of emotional processing biases within days of
initiating antidepressant treatment (Harmer et al., 2009; Miskowiak et al., 2009). Patients
with mood disorders experience biases towards processing negatively valenced emotional
stimuli (Bradley et al., 1996; Murphy et al., 1999; Elliott et al., 2000). The shift away from a
negative emotional processing bias appears within 3 days after the onset of treatment of
erythropoietin (a novel antidepressant agent) in patients (Miskowiak et al., 2009, 2010) but
the relation between these changes and subsequent clinical antidepressant responses has not
been determined. Emotional processing biases also were shown to differ between patients
groups three hours after the administration of placebo or reboxetine (Harmer et al., 2009),
but again no assessment to determine if these changes in processing biases predicted
response outcome was reported.

Caution is in order when considering the results observed in the bipolar group. While the
effect size is large, the sample size is relatively small and thus the generalizability of our
findings should be determined following further study.

Furey et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2013 March 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The search for markers that predict treatment response has produced little that translates into
clinically useful pre-treatment assessment tools. The current findings suggest that the POMS
and VAS mood-scales together characterize a behavioral phenotype of depression that
preferentially responds to scopolamine treatment. The potential for acute mood scales such
as the POMS and VAS to discriminate responders from non-responders following other
antidepressant treatments remains empirical, but the ease of administration argues that the
effort is worthwhile. Moreover, the development of additional tools designed specifically to
characterize baseline mood features with the goal of better distinguishing the expression of
relative symptomatology may improve prediction beyond that reported here.
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Figure 1.
Scatterplot of individual subjects discriminant function scores are shown for responders and
non-responders with major depressive disorder (panel A) and with bipolar disorder (panel B)
separately. The bars indicate the group means. In major depressive disorder, the stepwise
analysis identified seven mood-rating variables that best discriminated responders from non-
responders, including depression, anger, fatigue and vigor from the POMS, and altertness,
drowsy, and happy from the VAS. The discriminant function significantly separates
responders from non-responders (X2= 22.6, p= 0.002) and the mean function scores differs
between the two groups (t= 6.1, p<0.001). In bipolar disorder, the stepwise analysis
identified seven mood-rating variables that best discriminated responders from non-
responders, including depression and anger from the POMS, and the restlessness and
irritated scales from the VAS. The discriminant function significantly separates responders
from non-responders (X2= 11.2, p= 0.025) and the mean function scores differs between the
two groups (t= 5.0, p<0.001).
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Figure 2.
Scatterplots reflect correlations between the magnitude of antidepressant response (percent
improvement in MADRS score from baseline to study end) and baseline self-report mood
ratings in a patient group that includes major depressive and bipolar disorder patients. The
magnitude of antidepressant response correlated significantly with the depression subscale
of the POMS (panel A), as well as the restlessness (panel B), sadness (panel C) and irritated
(panel D) scales of the VAS. The correlation value and associated probability value are
presented for each graph. The absence of a correlation between the magnitude of the
antidepressant response and baseline depression severity is reflected in the panel insert
(panel E).
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Table 1

Patient Groups

MDD (N= 37) BD (N= 14)

Mean Age ± SD 33.3 ± 8.2 30.4 ± 8.5

Baseline MADRS ± SD 30.5 ± 4.6 31.5 ± 5.9

Gender (N Female) 22 9

N (%) Treatment Response 22 (60%) 8 (57%)

N (%) Co-morbid Anxiety 13 (35%) 7 (50%)

N (%) Chronic Illness (> 2 yrs) 19 (51%) 9 (64%)
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