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Abstract
Background—There is no established psychometric instrument dedicated to the measurement of
severity in psychotic depression (PD). The aim of this study was to investigate whether a new
composite rating scale, the Psychotic Depression Assessment Scale (PDAS), covering both the
psychotic and the depressive domains of PD, could detect differences in effect between two
psychopharmacological treatment regimens.

Methods—We reanalyzed the data from the Study of Pharmacotherapy of Psychotic Depression
(STOP-PD), which compared the effect of Olanzapine+Sertraline (n=129) versus Olanzapine
+Placebo (n=130). The response to the two regimens was compared using both a mixed effects
model and effect size statistics on the total scores of three rating scales: the 17-item Hamilton
Depression Rating Scale (HAM-D17), its 6-item melancholia subscale (HAM-D6), and the 11-item
PDAS consisting of the HAM-D6 plus five items from the Brief Psychiatric Rating Scale covering
psychotic symptoms.

Results—According to both statistical approaches, the PDAS, the HAM-D17 and the HAM-D6
were all able to detect significant differences in treatment effect between Olanzapine+Sertraline
and Olanzapine+Placebo (Olanzapine+Sertraline being superior). Notably, 45% of the trial
participants were at least “probable psychotic” at their last assessment in the trial.

Limitations—The STOP-PD was not designed specifically to answer the research questions of
the present study.

Conclusions—The Psychotic Depression Assessment Scale (PDAS) is a sensitive measure of
treatment response in PD. The fact that 45% of the patients still experienced psychotic symptoms
at their last trial assessment emphasizes the need to include items pertaining to psychotic
symptoms in rating scales for PD.

Keywords
Affective Disorders; Psychotic; Antidepressive Agents; Antipsychotic Agents; Psychiatric Status
Rating Scales

Introduction
Major depressive disorder (MDD) with psychotic features or “psychotic depression” (PD) is
a severe and debilitating condition, which needs intensive treatment (Ostergaard, et al,
2012a; Ostergaard, et al, 2013; Rothschild, 2009). According to most established guidelines,
PD should be treated either with electroconvulsive therapy (ECT) or a combination of an
antidepressant and an antipsychotic (Farahani and Correll, 2012; Leadholm, et al, 2013).
These recommendations are based on clinical trials indicating superior effect of these
treatment modalities (Birkenhager, et al, 2003; Loo, et al, 2011; Meyers, et al, 2009;
Petrides, et al, 2001; Rothschild, et al, 2004; Spiker, et al, 1985; Wijkstra, et al, 2010). All of
these studies have used various versions of the Hamilton Depression Rating Scale (HAM-D)
as part of the definition of the primary outcome. However, until recently (Ostergaard, et al,
2013), none of the HAM-D scales had ever been subjected to clinical and psychometric
validation in relation to PD. Furthermore, the HAM-D only covers a fraction of the
psychotic symptoms in PD as only delusions and hallucinations with very specific themes
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can be rated (Ostergaard, et al, 2013). Therefore, the HAM-D scales may have limited
content validity for assessing the severity and improvement of PD.

In a recent analysis we have tested the clinical and psychometric validity of the 11-item
Psychotic Depression Assessment Scale (PDAS) covering both depressive and psychotic
symptoms among patients with PD (Ostergaard, et al, 2013). This scale consists of the 6-
item melancholia subscale (HAM-D6) (Bech, et al, 1975), derived from the 17-item
Hamilton depression rating scale (HAM-D17) (Hamilton, 1967), plus five items from the
Brief Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962). The 11 items are:
depressed mood, guilt feelings, work and activities, psychomotor retardation, psychic
anxiety and somatic symptoms (general) from the HAM-D17 and hallucinatory behavior,
unusual thought content, suspiciousness, emotional withdrawal and blunted affect from the
BPRS. In our analysis the PDAS demonstrated clinical validity, unidimensionality, and
responsiveness and therefore seems to offer a promising alternative to pure depression scales
in clinical trials of PD (Ostergaard, et al, 2013). In contrast, the same analysis showed that
the HAM-D17 was not a unidimensional measure of PD, i.e. the sum of the individual item
scores (the total score) is not a psychometrically valid measure for the severity of PD.

In order to further investigate the PDAS, we compared its performance to that of the HAM-
D17 and the HAM-D6, using data from the Study of Pharmacotherapy of Psychotic
Depression (STOP-PD), which tested the effect of Olanzapine+Sertraline versus Olanzapine
+Placebo among patients with PD (Meyers, et al, 2009). More specifically, we addressed the
three following research questions:

1. Are the PDAS, the HAM-D17 and the HAM-D6 sensitive to difference in the
effects of Olanzapine+Sertraline versus Olanzapine+Placebo on the severity of
psychotic depression?

2. Is the measured response to the treatment regimens employed in STOP-PD
captured similarly across the PDAS, the HAM-D17, and the HAM-D6?

3. What proportion of subjects in STOP-PD trial was still psychotic at the end of their
participation in the trial?

Methods
Patient data

This analysis was based on data from the Study of the Pharmacotherapy of Psychotic
Depression (Clinical Trial Registration: NCT00056472). As reported in detail elsewhere,
STOP-PD is a twelve-week, randomized controlled trial (RCT) comparing the remission
rates among PD patients treated with either Olanzapine+Sertraline or Olanzapine+Placebo
(Meyers, et al, 2009). A total of 259 patients who met DSM-IV-TR criteria for MDD with
psychotic features (American Psychiatric Association, 1994) and presented with a minimum
total score of 21 on the GRID-HAMD (a modified version of the HAM-D17) (Williams, et
al, 2008) participated in the study. The inclusion also required presence of a delusion, rated
as ≥2 on at least one of the conviction items of the Delusional Assessment Scale (Meyers, et
al, 2006) and a severity score of ≥3 on the delusion item of the Schedule of Affective
Disorders and Schizophrenia (SADS) (Spitzer and Endicott, 1979). The 259 participants in
the trial were recruited at four psychiatric facilities in Canada and the United States. The
institutional review boards at each of the participating institutions and a data safety
monitoring board at the National Institute of Mental Health approved study consent forms.
Informed consent was obtained from all subjects, either directly or through approved
surrogate consent procedures. The investigators were allowed to withdraw subjects who
demonstrated clinically significant worsening at any time during the trial or who met criteria
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for insufficient clinical improvement after five weeks of randomized treatment. Insufficient
improvement was operationalized as having both a Clinical Global Impressions -
Improvement (CGI-I) score of 3 or more (minimal improvement, no change, or worsening)
and a Clinical Global Impressions – Severity (CGI-S) score of 4 or more (moderately or
more severely ill) (Guy, 1976). The primary outcome in STOP-PD was remission, which
was defined as a HAM-D17 score ≤10 at two consecutive ratings and the absence of
delusions, defined as a score of 1 on the SADS delusion item. The 18-item Brief Psychiatric
Rating Scale (BPRS) (Overall and Gorham, 1962) was used as secondary outcome measure.

Effects size statistics
For each of the three rating scales, the HAM-D17, the HAM-D6 and the PDAS, we
employed effect size statistics to compare the response to Olanzapine+Sertraline versus
Olanzapine+Placebo. This statistical method provides a measure for the difference in
response between two treatments assessed by the same rating scale, in relation to the
standard deviation on the rating scale total scores (Cohen, 1969). Therefore, the resulting
effect sizes are dimensionless and independent of the raw scores, which allows for
comparison of results obtained by different scales (Bech, 2012; Cohen, 1969). The effect
sizes were calculated as follows: Effect size = change in rating scale total score (Olanzapine
+Sertraline) - change in rating scale total score (Olanzapine+Placebo) / standard deviation
on the change in rating scale total score for the entire sample. In order to match the score
range on the HAM-D (0–4), the BPRS scores (1–7) on the five items included in the PDAS
were converted to a score between 0 and 4 according to this formula: (BPRS score − 1) ×
2/3 (Ostergaard, et al, 2013). The “last observation carried forward” (LOCF) approach was
used throughout. In accordance with the recommendations by the Federal Drug
Administration (FDA), we applied the “70% rule” dictating that effect sizes are only valid
when at least 70% of the patients are retained in each treatment group (Angst, et al, 1989;
Bech, 2001). Positive effect sizes, which did not include 0 in the 95% confidence interval,
were considered to document a statistically significant superior effect of Olanzapine
+Sertraline over Olanzapine+Placebo. The analysis was conducted by means of the SAS
statistical package (version 9.00, 2002).

Mixed effect statistics
We also compared the response (defined as a decrease of 50% in ratingscale total score) to
Olanzapine+Sertraline vs Olanzapine+Placebo on the HAM-D17, the HAM-D6 and the
PDAS respectively. Response was chosen as outcome for this analysis because it allows a
direct comparison of the three rating scales due to its definition as a proportional change in
the total score.

The analysis of response to treatment was carried out by means of an intention-to-treat,
mixedeffects logistic regression (Hedeker and Gibbons, 1994) with a random intercept that
included treatment and time (after baseline) as fixed effects and a treatment×time interaction
effect. The analysis was performed with time expressed as both weeks and the square root of
week (√week) respectively. The two different time-units were employed since the logistic
regression analysis depends on a linear relationship between time and outcome and we could
not know a priori whether week or √week would yield the best linear correlation with the
response rates. The degree of linear dependence between the two time units and response
rates was determined by the Pearson productmoment correlation and expressed as the
Pearson’s r coefficient. Potential differences in response rates between the two treatment
regimens were assessed by testing for statistical significance of the treatment×time
interaction at the .05 level. In order to match the score range on the HAM-D (0–4), the
BPRS scores (1–7) on the five items included in the PDAS were converted to a score
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between 0 and 4 according to this formula: (BPRS score − 1) × 2/3 (Ostergaard, et al, 2013).
The analysis was conducted using the SAS statistical package (version 9.00, 2002).

Psychosis-status at the end of trial participation
The status regarding psychotic symptoms was evaluated based on the scores on the SADS
items representing delusions (SADS1) and hallucinations (SADS2) at the end of trial
participation (LOCF). Psychotic symptoms were considered to be present if either the
SADS1 score was ≥2 (delusion(s) suspected or likely) or if the SADS2 score was ≥2
(probable hallucination(s)). Accordingly, psychotic symptoms were considered to be absent
when both the SADS1 and SADS2 scores were 1 (delusions are absent & no
hallucinations).

Results
The mean HAM-D17 total score at baseline was 29.8 (SD=5.3), 36% of the subjects were
males and the mean age was 58.8 years (SD=17.7). The full demographic and clinical
description of the study groups can be found elsewhere (Meyers, et al, 2009). The overall
conclusion of the primary publication of the STOP-PD data was that the combination of
Olanzapine+Sertraline was associated with significantly higher remission rates than
Olanzapine+Placebo among the patients with PD (Meyers, et al, 2009).

Effects size statistics
The effect-size statistics for the comparison of response to Olanzapine+Sertraline versus
Olanzapine+Placebo assessed by the HAM-D17, the HAM-D6 and the PDAS are listed in
table 1.

For all three rating scales, the effect sizes were in favor of the Olanzapine+Sertraline
combination throughout the 12-weeks and the significance level was reached at week 5
(HAM-D17: 0.31, 95%CI: 0.06–0.55. HAM-D6: 0.30, 95%CI: 0.06–0.55. PDAS: 0.30,
95%CI: 0.05–0.54) when there were still more than 70% of the subjects retained in each
treatment group (Olanzapine+Placebo: 71.5%, Olanzapine+Sertraline: 77.5%). There was
relatively little difference in the effect sizes obtained by the HAM-D17, the HAM-D6 and the
PDAS throughout the study.

Mixed effect statistics
The results from the mixed-effects analysis are illustrated in figure 1.

As evident from the scatterplots, the proportion of subjects responding to treatment was
higher in the Olanzapine+Sertraline group than in the Olanzapine+Placebo group according
to all three rating scales. The treatment×time interaction effect was significant for all three
rating scales when time was expressed as √week, but only for HAM-D17 and HAM-D6 when
time was expressed as weeks (PDAS: P=0.057).

Psychosis-status at the end of trial participation
According to the SADS criteria outlined in the method section, 45% of the trial participants
still suffered from at least probable psychotic symptoms at the end of their participation in
STOP-PD. Of the 142 individuals who completed all 12 weeks of the study, 20% presented
psychotic symptoms at their last assessment: 16% of the 61 subjects receiving Olanzapine
+Placebo and 22% of the 81 subjects receiving Olanzapine+Sertraline. The proportion of
patients with persisting psychotic symptoms at week 12 was not significantly different
between groups (Fisher’s exact test, p=0.523).
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Discussion
In this analysis of the data from STOP-PD, the effect of two different
psychopharmacological regimens in patients with psychotic depression were compared by
means of three different rating scales and two different statistical approaches. The answers
to the main research questions were as follows:

1. Are the PDAS, the HAM-D17 and HAM-D6 sensitive to differences in the effects of
Olanzapine+Sertraline versus Olanzapine+Placebo on the severity of psychotic
depression?

Yes, all three scales appear to be able to distinguish between the effects of different
treatments in PD. According to the effect-size statistics and all three rating scales, the effect
of the Olanzapine+Sertraline combination was significantly superior to Olanzapine+Placebo
already from week 5. Due to the considerable attrition in the STOP-PD (only 55% of
participants completed the 12-week trial), the effect-sizes from week 6 and beyond are
difficult to interpret. This is mainly due to the fact, that attrition was not distributed evenly
between the two treatment groups, as reflected by the number of trial completers in the
Olanzapine+Placebo (61 (47%)) and the Olanzapin+Sertraline (81 (63%)) group
respectively. The results of the logistic regression analysis based on the mixed-effects model
pointed in the same direction as the effect size statistics. The treatment×time interaction
effect was significant for five of six tests (figure 1), again indicating that the PDAS, the
HAM-D17 and the HAM-D6 are sensitive to relatively small differences in treatment effects.

2. Is the measured response to the treatment regimens employed in STOP-PD captured
similarly across the PDAS, the HAM-D17, and the HAM-D6?

The effect sizes obtained by the three rating scales were very similar. However, towards the
end of the trial the effect sizes for the PDAS were slightly lower than those for the HAM-D6
and the HAM-D17. A similar pattern was seen when response (50% reduction in rating scale
total score) was used as outcome (Figure 1). This is also reflected by the fact that the
treatment×time interaction effect in the mixed-effects logistic regression analysis was only
statistical significant in one of two analyses when the PDAS was used as outcome measure.
When examining the response curves in detail, it is clear that the discrepancy in the results
obtained by the pure depression scales (HAMD17 and HAM-D6) versus the composite
psychosis-depression scale (PDAS) is mainly explained by the difference in their evaluation
of response in the Olanzapine+Placebo group, which was highest according to the PDAS.
Consequently, it appears that the HAM-D17 and HAM-D6, covering mainly depressive
symptoms, favor the addition of an antidepressant relatively more than does the PDAS. To
test this hypothesis we reanalyzed the data using the five BPRS psychosis items (BPRS5)
from the PDAS as outcome measure. Both the effect size and the mixed effects statistical
approaches were used. Indeed, the effect of Olanzapine+Sertraline was not significantly
different from that of Olanzapine+Placebo on the BPRS5 (effect-size at week 5: 0.22
(−0.02–0.46). P-value for treatment×week interaction: 0.24. P-value for treatment×√week
interaction: 0.17). Consequently, it appears that the effect of adding Sertraline to
Olanzapine, was indeed driven by an antidepressant effect. This also indicates that using a
pure depression scale as outcome measure in PD may result in an overestimation of the
clinical benefit of antidepressants, because the psychotic symptoms, which respond less to
antidepressants, are not taken properly into account. A related reason for preferring a scale
covering both depressive and psychotic symptoms is that it will be more likely to detect
potential worsening in psychotic symptoms during treatment, which has indeed been
reported previously for the selective serotonin reuptake inhibitors in PD (Bourgeois, et al,
1998; Capaldi and Carr, 2010; Narayan, et al, 1995; Popli, et al, 1997). This clinical
phenomenon is unlikely to be captured in full by the HAM-D17 and HAM-D6.
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To determine whether the results obtained with the BPRS5 were psychometrically valid, we
tested the unidimensionality of this subscale. We have recently established that the HAM-D6
and the PDAS, but not the HAM-D17, were unidimensional measures in PD (Ostergaard, et
al, 2013). The analysis of undimensionality was performed according to the method
described by Mokken (Mokken, 1971), a non-parametric item response theory model based
on Loevinger's coefficient of homogeneity (Loevinger, 1957). The Loevinger coefficient of
homogeneity expresses whether the items of a scale are ordered according to their
relationship to the severity of the syndrome they define, such that scorings on lower
prevalence items presuppose scorings on higher prevalence items. When this is the case, the
item scores are additive and the total score is a valid (unidimensional) measure for the
severity of the syndrome (Loevinger, 1957). As suggested by Mokken, a Loevinger
coefficient ≥0.40 is considered a demonstration of unidimensionality (Mokken, 1971). Our
analysis was based on BPRS5 ratings from week 4 in order to have sufficient variance in the
total scores (Ostergaard, et al, 2013). The resulting Loevinger coefficient for the BPRS5 was
0.44, i.e. demonstrating the unidimensionality of the scale. Consequently, we have
established that the PDAS is a unidimensional composite rating scale for PD (Ostergaard, et
al, 2013), consisting of two unidimensional subscales, the HAM-D6 evaluating depressive
symptoms, and the BPRS5 focusing on psychotic symptoms.

3. What proportion of the subjects in the STOP-PD trial were still psychotic at the end of
their participation in the trial?

A considerable proportion (45%) of the patients included in the STOP-PD still experienced
at least probable psychotic symptoms at the end of their participation in the trial. This
finding is partly explained by the fact that the study design led the investigators to withdraw
a number of patients due to lack of clinical improvement or direct worsening of their
psychotic symptoms. However, even among the patients who completed the entire 12-week
trial (n=142), probable psychotic symptoms remained prevalent (20%). From a
psychometric/clinical point of view, this finding underscores the importance of including
items that assess psychotic symptoms in rating scales for PD in order to ensure proper
content validity.

There are some limitations to this analysis, which should be taken into account. First and
foremost, the STOP-PD was not designed specifically to develop and validate the PDAS.
The implications of this limitation are discussed elsewhere (Ostergaard, et al, 2013).
Furthermore, the results are not representative for all patients with DSM-IV psychotic
depression since the presence of at least one delusion was one of the inclusion criteria of
STOP-PD. In contrast, patients can fulfill the DSM-IV (American Psychiatric Association,
1994), DSM-5 (American Psychiatric Association, 2013) and ICD-10 (World Health
Organization, 1993) criteria for PD without being delusional if they suffer from
hallucinations in addition to major depression. Therefore, the results of the present study are
only valid for PD patients with “delusional depression” and a severity of illness that resulted
in contact with an academic psychiatric service in the USA or Canada.

In conclusion, we have demonstrated that the Psychotic Depression Assessment Scale
(PDAS) is sensitive to relatively small differences in treatment effects in psychotic
depression. The fact that almost half of the patients in STOP-PD still experienced at least
probable psychotic symptoms at the end of their participation in the trial also emphasizes the
need to include items pertaining to psychotic symptoms in rating scales for PD (Ostergaard,
et al, 2012b; Ostergaard, et al, 2013). Furthermore, it seems that depression scales such as
the HAM-D17 and HAM-D6 may overestimate the clinical benefit of antidepressants in PD,
because the psychotic symptoms, which respond less to antidepressants, are not measured
properly. Finally, it makes more sense from a mere semantic/intuitive perspective that the
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measurement of severity and treatment response in psychotic depression should take both
psychotic and depressive symptoms into account. The PDAS meets this criterion and
through our studies we have established that this unidimensional rating scale of PD consists
of two unidimensional subscales, the HAM-D6 (depression) (Ostergaard, et al, 2013) and the
BPRS5 (psychosis). Consequently, when using the PDAS as outcome measure in PD, the
overall treatment effect (PDAS) can be stratified on antidepressant (HAM-D6) and
antipsychotic (BPRS5) effects respectively.

Despite the fact that the PDAS seems to perform well in the evaluation of PD, it will require
further study before it can be more widely implemented. Currently, a validation study of the
PDAS among patients with psychotic depression according to ICD-10 criteria (World Health
Organization, 1993) is being carried out in Denmark (ClinicalTrials.gov Identifier:
NCT01518049).
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Figure 1. Proportion of patients responding to Olanzapine+Placebo or Olanzapin+Sertraline
according to the HAM-D17, the HAM-D6 and the PDAS respectively
Potential differences in response (defined as a decrease of 50% in rating-scale total score) to
Olanzapine+Placebo versus Olanzapin+Sertraline was tested using an intention-to-treat,
mixed-effects logistic regression with a random intercept that included treatment and time as
fixed effects and a treatment×time interaction effect. In the three figures to the left, time is
expressed as weeks and in the three figures to the right, time is expressed as the square root
of weeks (√week). The P-values reflect the significance of the treatment×time interaction
effect in the logistic regression.
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Table 1

Effect-size statistics for the comparison of Olanzapine+Sertraline versus Olanzapine+Placebo

HAM-D17 HAM-D6 PDAS % retained

Week 1 0.23 (−0.01 – 0.48) 0.18 (−0.07 – 0.42) 0.19 (−0.05 – 0.43) 96.5

Week 2 0.28 (0.04 – 0.53) 0.22 (−0.02 – 0.47) 0.19 (−0.06 – 0.43) 91.5

Week 3 0.27 (0.03 – 0.52) 0.21 (−0.03 – 0.46) 0.25 (0.01 – 0.50) 85.7

Week 4 0.22 (−0.03 – 0.46) 0.23 (−0.01 – 0.47) 0.23 (−0.02 – 0.47) 81.5

Week 5 0.31 (0.06 – 0.55) 0.30 (0.06 – 0.55) 0.30 (0.05 – 0.54) 74.5

Week 6 0.31 (0.07 – 0.56) 0.35 (0.10 – 0.60) 0.33 (0.09 – 0.58) 67.2

Week 8 0.48 (0.24 – 0.73) 0.52 (0.28 – 0.77) 0.46 (0.22 – 0.71) 62.2

Week 10 0.46 (0.21 – 0.71) 0.48 (0.24 – 0.73) 0.42 (0.17 – 0.67) 58.3

Week 12 0.51 (0.26 – 0.76) 0.49 (0.25 – 0.74) 0.45 (0.21 – 0.70) 54.8

The effect sizes for the comparison of Olanzapine+Sertraline (n=129) versus Olanzapine+Placebo (n=130) for the HAM-D17, the HAM-D6 and

the PDAS respectively. The effect sizes are calculated as follows: Effect size = (change in rating scale total score (Olanzapine+Sertraline) - (change
in rating scale total score (Olanzapine+Placebo) / standard deviation on the change in rating scale total score for the entire sample). The ”Last
observation carried forward” approach was used. The column “% retained” lists the proportion of patients still active in the study at each
assessment.
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