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Abstract

Do the shortened Positive and Negative Syndrome Scale (PANSS) (Kay et al., J Clin Psychiatry 58:538-546, 1987) ver-
sions recently developed from a National Institute of Mental Health (NIMH) pediatric dataset continue to perform well in
a third independent randomized double-blind clinical trial of adolescents with schizophrenia? Secondary analysis of the
double-blind, placebo-controlled aripiprazole pivotal trial data (N =302) found that the 10-item (and 20-item) PANSS ver-
sions on which we have previously reported (Findling et al., J] Am Acad Child Adolesc Psychiatry, https://doi.org/10.1016/j.
jaac.2022.07.864, 2023) continued to provide high reliability, strong convergent correlation with expected measures, and
treatment effects that equaled those found in the 30-item adult PANSS. Our shortened PANSS, derived originally from
the randomized non-placebo controlled NIMH Treatment of Early Onset Schizophrenia Spectrum study (TEOSS) (Sikich
et al., Am J Psychiatry 165(11):1420-1431, 2008), and independently replicated in both the placebo-controlled paliperidone
pivotal trial for adolescents with schizophrenia (Youngstrom et al., PsyArxiv, https://doi.org/10.31234/0sf.i0/zb695, 2023),
and now the placebo-controlled aripiprazole pivotal trial for adolescents with schizophrenia, has again performed as well as
the full 30 item adult-patient derived PANSS. The findings suggest it is possible to reduce the PANSS interview by 2 thirds,
thus reducing burden on families and pediatric patients as well as administration and training costs, while maintaining high
reliability, validity, and sensitivity to treatment equal to that of the 30-item version.
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Introduction

In an effort at optimizing the 30-item PANSS [1] for use
in pediatric trials, our group empirically derived a psycho-
metrically optimized 10-item version, as well as a 20-item
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version, as described at length in Findling et al. [2]. The
work was met with excitement in the field as highlighted
by an accompanying editorial by Benedetto Vitiello in the
influential Journal of the American Academy of Child and
Adolescent Psychiatry entitled, “Can Less Be More When
Measuring Psychotic Symptoms in Youth?” [3].

The 10-item version, as well as a 20-item version, was
generated using treatment data from the NIMH-funded
TEOSS study — a randomized comparison of three (active)
antipsychotic agents in youth with schizophrenia [4]. As the
TEOSS study did not contain a placebo arm it was important
to not only replicate the shortened PANSS findings in an
independent sample but to do so in a pediatric sample that
ideally contained a placebo arm. Further, as noted in the
Vitiello editorial, examining the performance of the short-
ened PANSS in a pediatric sample that had shown a statisti-
cally significant effect of drug vs placebo would allow for
detection of the relative treatment sensitivity of the short-
ened vs the full 30 item versions.
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Toward these goals we have subsequently examined our
10-item and 20-item PANSS versions in a large, independ-
ent, positive, placebo controlled pivotal registration trial of
paliperidone [5] and showed excellent reliability and valid-
ity as well as sensitivity to treatment using the 10-item and
20-item versions in comparison to the 30-item versions.

The present study provides the opportunity to again
examine the shortened PANSS versions via secondary anal-
yses of a second, independent, placebo-controlled positive
phase 3 registration trial in adolescents with schizophrenia:
the Otsuka aripiprazole pivotal trial [6].

Specific aims for the present study include evaluating
the performance of our 10-item and 20-item versions com-
pared to the full-length 30-item version in terms of statistical
model fit, reliability of the subscale scores, content coverage,
and calibration against the full-length version, and compari-
son of convergent validity with secondary outcome meas-
ures of functioning and treatment response. As done in the
paliperidone dataset, we also evaluated the sensitivity of the
scales to time, drug vs placebo treatment, and time by treat-
ment effects, and compared the effect sizes to those gener-
ated by the full-length version. As per our previous analyses,
we hypothesized that once again a five-factor model would
fit best, that the correlation between the short and full-length
versions would be high, and that any score bias would be
small. In addition, we report precision and change bench-
marks that should help facilitate application to individual
clinical cases.

Method

Participant level data from the “Phase 3 Aripiprazole in
Adolescents with Schizophrenia (APEX 239) Study” (Clini-
cal Trial Registry number: NCT00102063) were accessed
through Vivli, Inc., with permission of Otsuka. The clinical
trial study details were reported in Findling et al. [6].

Measures
PANSS

The PANSS is a 30-item interview rating positive (P), nega-
tive (N), and general psychopathology (G) cognitive, and
affective symptoms often associated with schizophrenia
and psychosis using a 1 (absent) to 7 (extreme) scale [1]. It
was developed for adults. In this trial, as usual for pediatric
registration trials, trained raters scored all items by sepa-
rately interviewing both the pediatric patient and the pri-
mary caregiver, focusing on the last week. Conventionally
all 30 items are summed for a total score. There also are 5
subscales based on factor analyses in multiple samples [2,
5, 7-9]. For the analysis, our scale item assignments for the
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10-item and 20-item versions followed the analyses of Fin-
dling et al. [2]. Present analyses used item averages rather
than sums; these produce identical statistical significance
tests, while also scaling consistently (1-7) allowing for com-
parison of agreement and calibration across scores based on
different numbers of items [10]. We refer to the total scores
from each scale as the PANSS10, PANSS20, PANSS30 in
the results and tables.

Criterion validity measures

Study raters also completed the Clinical Global Impressions
of Severity (CGI-S) [11] at each visit.

Statistical analyses

Confirmatory factor analysis (CFA) with ML estimation
evaluated fit of the 10-item and 20-item five factor/sub-
scale models developed in Findling et al. [2], as well as
the 30-item five factor model [6]. Average item correlation
quantified internal consistency independent of number of
scale item, and A [5] and MacDonald’s omega as reliability
estimates appropriate for multi-factor composite scales [10],
and then item response theory (IRT) to estimate marginal
reliability across a range of severity levels, as well as option
characteristics for each item [12], analyzing each factor sep-
arately. Regression analyses and Bland—Altman plots exam-
ined content coverage and calibration [13]. Correlations for
the 30-, 20-, and 10-item scores and the CGI-S, both at
baseline and across all visits, were tested for differences.
GLM tested treatment effects, including partial eta-squared
coefficients for time, treatment arm, and time*treatment
interaction. Analyses used the R packages psych (scoring,
classical test theory reliability estimates), lavaan (CFAs),
and mirt (IRT).

Procedure

JB and EAY prepared a secondary analysis request, which
the other authors reviewed before submission to Vivli and
the University of North Carolina Institutional Review Board.
After approval and completion of requisite agreements,
the analysis team (JAL, EAY) received secure logins and
accessed the data for analysis. Details about the conduct
of the clinical trial itself are reported in Findling et al. [6].
Briefly, this was a multicenter placebo-controlled rand-
omized study of 302 13-17 year olds with DSM-IV diag-
nosed schizophrenia and a required PANSS total score of 70
or greater at baseline. Adolescents were randomized 1:1:1 to
one of three arms: 10 mg/day aripiprazole, 30 mg /day ari-
piprazole, or placebo. The primary outcome was change in
PANSS (30-item) total score from baseline to Day 42 or last
postbaseline assessment if discontinuing earlier. The study
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was positive, with significant separation from placebo for
each of the two active dose arms. Please see Findling et al.
[6] for study details.

Results
Participants

A total of 302 adolescents between the ages of 13 and
17 years (mean age=15.47, SD=1.47 years; 57% male),
from 101 treatment centers in the United States, South
America, Europe, Asia, South Africa, and the Caribbean
were randomized into the 6 week double-blind trial. Base-
line data analyses used N=302, and supplemental psycho-
metric analyses of later data either used all available visits
or last observation carried forward (LOCF).

Confirmatory factor analyses

Table 1 reports fit indices for both one- and five-factor mod-
els with 10, 20, or 30 items. The five factors (Withdrawal/
Apathy, Thought Disturbance, Aggression, Internalizing,
and Delusions/Odd Content) were specified a priori based
on prior results [1, 5, 6] with the specified loadings indicated
in supplemental Tables la—c, available online. Analyses
based on different item sets are not statistically “nested,”
precluding direct comparisons of model fit. CFA model

Table 1 Comparison of fit indices for confirmatory factor analyses of
one and five factor models based on 30, 20, and 10 items (N=302)

Fit Index 30 Items (Marder) 20 Items 10 Items

One factor model

X2 (df) 2236.28 (405) 1293.087 (170) 478.84 (35)

CFI 442 472 .348

TLI 400 410 161

RMSEA 122 .148 205

SRMR 132 147 137

BIC 28,268.12 18,750.09 9597.29
Five factor model

X2 (df) 1254.61 (367) 572.81 (160) 88.79 (27)

CFI 715 .806 909

TLI .685 769 .849

RMSEA .089 .092 .087

SRMR .103 .086 .069

BIC 26,561.40 18,086.915 9252.93

dfdegrees of freedom, CFIComparative Fit Index, TLITucker-
Lewis Index (higher is better fit), RMSEARoot Mean Squared Error
of Approximation, SRMR Standardized Root Mean square Residual
(smaller is better fit), BICBayesian Information Criterion (lower
number indicates the preferable model when comparing two or more)

parameterization was identical to that in Findling et al. [2]
and Youngstrom et al. [5].

In all three item sets (Table 1), the performance of the
five-factor models surpassed that of the single-factor mod-
els. In the 30-item set, the five-factor model exhibited inad-
equate fit according to all indices, and three items demon-
strated only modest loadings (< 0.33) on their respective
factors (G12 Lack of judgment and insight loaded at 0.17,
G1I Somatic concern at 0.25, and N7 Stereotyped thinking
at 0.325). Conversely, the 10 and 20 item five-factor mod-
els displayed satisfactory fit (supplemental Table 1), with
all items showing significant loadings on the appropriate
factors.

Reliability and precision

Table 2 shows the reliability and precision estimates for the
composite scores. The average inter-item correlation was
0.15 for the 10 items and the 30 items, and 0.16 for the
20 items. Omega™® ranged from 0.84 (PANSS10) to 0.90
(PANSS30). Omega™® is conceptually the most appropriate
reliability estimate for a total score on the PANSS, as the
total is creating a composite sum across five different and
only modestly correlated factors [10].

It also is possible to estimate how accurate the total
score is as an overall measure of the items being assessed
(Omegaltierarchicaly "o well as how much the total score con-
veys reliable information about the five underlying spe-
cific factors (Withdrawal/Apathy, Thought Disturbance,
Aggression, Internalizing, and Delusions/Odd Content)
(OmegaSPecificy Table 2 includes these estimates as well. The
Omega'tierarchical eqtimates ranged from 0.69 to 0.73, sug-
gesting that the total score is a mediocre measure of overall
severity.

Item response theory analyses showed that the PANSS10
composite had reliability > 0.80 between theta levels of — 2.0
to+4.4 standard deviations above the average trait level (see
Fig. 1). The 2-item subscales also showed reliability > 0.80
across a broad severity range (see Fig. 2), even better than
found in the original TEOSS sample where we built the 10
and 20 item scales [2]. The PANSS20 form had reliabil-
ity > 0.80 over an even wider severity range, spanning from
— 2.7 to+5.4. For both the 10- and 20-item analyses, option
characteristic curves appeared very good for the subscales.
Detailed item option characteristics are available as supple-
mental tables.

In contrast, IRT analyses of the PANSS30 items found
many items with flat information curves (e.g., G1, G3, G6,
P4, P5, G10) and implausible parameter estimates. All of
these patterns are with the poor loadings in the one-factor
CFA model, and also consistent with prior results from
both our group [2, 5] and others [14]. Further, reliability
for the PANSS30 total was > 0.80 from theta — 3.2 to 6.0.
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Table 2 Reliability, correlation

X Version PANSS10 20-item Full-length
with full-length scale, and
length reduction for composite Mean 323 3.18 3.14
fjggzésfcriidlafolf;‘l‘l :igages’ Standard Deviation (SD) 59 55 53
baseline data from acute phase Range 1.20-5.10 1.40-5.00 1.534.73
(N=302) Omega™ 84 87 90
Omegaltierarchical (higher order factor, Schmid—Leiman) 69 70 73
OmegaSpecific (variance due 105 factors) 31 35 26
Observed Mean inter-item correlation 154 158 153
Observed A’ 197 878 .901
Projected correlation with full .76 .84 -
Observed correlation .87 97 -
Reliability > .8 across range (IRT 6 levels) -20to44 -27t054 -3.1t0>6.0
Discrepancy (Short — Long) in points .09 .04 =
SD of discrepancy 29 13 -
95% limits of agreement
Savings in Length (%) 67% 33% 0%
Standard Error of Measurement 24 .19 17
Standard Error of Difference 34 .28 24
90% Critical Change .56 45 .39
95% Critical Change .67 .54 A7
Minimal Important Difference (MID, d~.5) .30 27 .26

Observed correlations are based on embedded item administration. Standard errors used

IRT Ttem Response Theory

The zone of reliable scores is essentially identical to that
offered with the short versions, and in clinical practice, the
furthest extremes are unlikely to be encountered. Supple-
mental materials contain the supporting results and figures.

Table 2 provides the standard errors of measurement
(SEM) and the difference score (SE“!) for two administra-
tions of the same form, as well as critical values for 90% and
95% confidence differences. These values help determine if
a patient's score at two different time points indicates a "reli-
able change." Furthermore, the table includes a benchmark
for the "minimally important difference (MID)," which has
been posited to estimate the smallest change that is likely to
be considered clinically meaningful [15].

Supplemental analyses checked the reliability coefficients
in all available observations, in addition to the baseline
scores. The reliability estimates all increased considerably
over time, consistent with both theory and prior observations
[5] (see supplemental materials). Treatment often increases
the variability between patients, both because they have var-
ying treatment response, in addition to enrollment criteria
often restricting the range of scores at study entry [16, 17].

Content coverage, accuracy, and assessment of bias
Content coverage was excellent, r=0.87 for the PANSS10

and 0.97 for the PANSS20 with the full-length scale using
the baseline scores, and r=0.94 for the PANSS10 and 0.97
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Total a5 reliability

for the PANSS20 with the full-length scale based on all
observations across all waves (all p <0.00005). All were
larger than the projected correlations estimates based on the
internal consistency and reduced scale length, /' =0.76 for
a PANSS10 version and 0.84 for the 20 items.

We used regression analyses and Bland—Altman plots to
check reproducibility and potential miscalibration or bias
comparing the short forms to the full length. Results indi-
cated a slight tendency for short form scores to trend higher
than the full length as scores increased; however, the average
discrepancy was negligible (i.e., <0.1 points on average),
and only statistically detectable at moderate to high score
levels (e.g., item score averages of 3 or higher). Of note,
the average discrepancies were smallest in the score range
used as an enrollment criterion for the trial (e.g., average
discrepancy of zero at observed scores around an item aver-
age of 2.0, or a PANSS30 total sum score of 60). Figure 3
shows these results for the PANSS10 (for the PANSS20, see
Supplemental Fig. 1). These findings also closely replicate
what we found in prior analyses in the earlier referenced
paliperidone sample. [5].

Convergent correlations with CGI-S ratings
Table 3 reports correlations for the three PANSS ver-

sion totals and the CGI-S, which was the other primary
outcome measure in the clinical trial. The PANSS10 and
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10-ltem Composite

0

Fig. 1 Reliability coverage of composite scores based on graded
response model (N=302)

PANSS20 both correlated 0.55 with the CGI-S at baseline,
versus the PANSS30 showing a 0.59 correlation. Because
of the very high correlations the short forms showed with
the full-length PANSS (0.87 and 0.97), the Steiger test of
the difference between paired correlations was statistically
significant, t=3.60, p =0.0004 for the PANSS20, albeit
being too small to be of practical concern. The PANSS10
did not differ significantly in CGI-S correlation versus the
30-item, t=1.61, p=0.109.

Sensitivity to change during treatment

The PANSS10, PANSS20, and PANSS30 totals produced
essentially identical estimates of treatment effects based
on several analyses. Pre-post effect sizes using last obser-
vation carried forward (LOCF) yielded eta-squared val-
ues for time from 0.22 to 0.23, all p <0.00005, showing
large and essentially identical improvement estimates. The
main effects for treatment and time-by-treatment were all
eta-squared < 0.015 (with all reaching nominal p <0.05
except for time*treatment using the PANSS10, which was
p=0.066, before any post hoc correction versions.

Discussion

The present study serves to replicate and extend initial
findings and confirm the utility of our shortened and “opti-
mized” PANSS versions for use in pediatric trials. The
shortened PANSS versions we derived based on the NIMH
TEOSS pediatric schizophrenia trial dataset [2], which per-
formed as well as the original 30-item PANSS in the TEOSS
trial with respect to psychometric integrity and change over
time, have now been examined and tested in two additional
wholly independent placebo-controlled positive outcome
multicenter pivotal trials by different sponsors with differ-
ent drugs (paliperidone pivotal trial [5] and herein, in this
placebo-controlled multicenter aripiprazole pivotal trial. In
all instances, the 10-item and 20-item PANSS versions dem-
onstrated psychometric properties that equaled those of the
full 30-item version.

Although the benefits of a shorter scale seem obvious
with respect to lower burden to adolescent patients, caregiv-
ers, and the practitioners who administer the scale, the guid-
ing question of most interest is whether the reduction of
items would serve to detract from signal detection. Clearly,
pediatric clinical trials that are not optimized for detecting
signal are in many ways a waste of precious human resources
and a betrayal of the good faith efforts of participants, fami-
lies, sponsors, regulators, and ultimately the field at large.

For both the paliperidone randomized placebo-controlled
trial, and now this aripiprazole randomized placebo con-
trolled trial, we found each shortened version to detect drug
vs placebo treatment effects as well as or better than the full
30-item scale.

Results showed good reliability and high correlation
between the short forms (10- and 20-item) and the standard
30-item version. No clinical bias was detected, and prorated
scores closely matched the full-length form, particularly
within the score range commonly used in clinical trials (e.g.,
total scores of 60—120). Short and full-length form scores
also had similar correlations with CGI-S scores.
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Fig.2 Item Response Theory
(IRT) information and reli-
ability estimates for short forms
(N=302). From https://en.
wikiversity.org/wiki/Evidence_
based_assessment/Instruments/
PANSS, CC-BY 4.0
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Fig.3 Bland-Altman Plots 10-ltem Composite Compared to 30-ltem Composite Score
comparing accuracy of

PANSS10 to the PANSS30
scores, N=2302. Scores are
scaled as item averages, rang-
ing from 1 to 7. Dashed line o
indicates average bias; blue line o e
is regression

1.0 ®

Difference (Short - Long)

05 o o . .

-1.0 °

2 3 4 5
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Table 3 Criterion correlations Baseline Cri- Eta-squared for LOCF Analyses
for full-length, PANSS10 and

. S terion Correla-
20-item pediatric PANSS

short forms (N=302, N=1914 tions -
observations for change from Scale PANSS30 Total CGI-Severity Change Between Change x
baseline eta-squared) f'rom Base- Treatment Treatment
line Arms Arms
PANSS30 1.00 58O HHk 227k .001 .013*
PANSS20 T Rk 545wk 219wk .001 .013*
PANSS10 872k 548w Hwk 217k .005* .011
Two item scores
Aggression A3k 252wk 093 #sksksk L0124k .005
Withdrawal/Apathy ST 335wk 118wk .000 .008
Thought Disturbance 595wk 367wk 103k L0284k .005
Internalizing 336 HH* 41wk 122k L019%#%% .004
Delusions/Odd Content  .511%*%** A28k 11455800 .005* .006

FEEE p<.00005, **#* p<.0005, ** p<.005, *p<.05, two-tailed, unless otherwise indicated; LOCF =1ast
observation carried forward

Results strongly replicated prior work indicating  with all items showing good loadings on the posited fac-
that the PANSS items tap five modestly correlated fac- tor. Whether using 30, 20, or 10 items, the five-factor
tors [7-9, 14, 18, 19]. Confirmatory factor analyses found model fit markedly better than a one factor model. The
that the 10- and 20- item scales developed in Findling  total composite score provided high reliability across
al. [2] retained the consensus five-factor model [7, 14], an extremely wide range of severity levels for all three
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lengths. The lack of judgment and insight item (G12)
showed weak factor loadings and poor item character-
istics, also consistent with prior work in adult as well as
pediatric samples.

In keeping with the PANSS having multiple underlying
factors with low correlations between them, the Guttman
lambda® and Omega ™! reliability estimates were higher
than Cronbach’s alpha. Alpha assumes that all of the
items are related to a single underlying factor [10], which
is well-established not to be the case for the PANSS. The
reliability findings for the five subscales based on both
the 10- and 20- item subsets also were good, and even bet-
ter than we found in prior analyses with the paliperidone
dataset [5].

Psychology and medicine have been facing “replica-
tion crises” [20, 21]. Practice guidelines, the EQUATOR
guidelines, and even the Wikipedia guidelines for articles
on medicine-related topics all stress the importance of
replication, and de-emphasize findings based on a single
study. To address this need for replication before rec-
ommending clinical implementation, we have worked
to obtain access to multiple large, independent data sets
based on registered clinical trials, and we have used con-
sistent statistical methods and an a priori choice of factor
structure and items to retain in all our subsequent replica-
tions and extensions. In addition, replicating with com-
pletely independent samples, the studies used different
patients, different countries, different raters, and differ-
ent pharmacological interventions [22, 23]. Each of these
variations heightens the risk of the effect size shrinking.
Despite this, the short forms have shown high reliability,
convergent validity, and sensitivity to change during treat-
ment that compare favorably to the full-length version.

The current paper has certain limitations, such as being
a secondary analysis of a clinical trial where the PANSS
was administered in its full 30-item format. To ensure
item performance is not affected by contextual factors, it
would be beneficial to examine the reliability and valid-
ity of the shortened version when administered indepen-
dently. This would ensure that item characteristics were
not dependent on the context created by interviewing
about the other (subsequently omitted) items. Because
these items performed poorly — not just in present analy-
ses, but also in other pediatric samples, and indeed, across
adult samples as well (see Santor et al. [14] for review)—
they are unlikely to be contributing crucial context for
responses to the stronger, retained items. Using a short-
ened interview also could reduce the burden and dura-
tion, potentially enhancing rater and participant focus and
consequently improving scale reliability. Further research
is also warranted to explore the reliability and treatment
sensitivity of the five subscales.
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Implications

Our work provides further support and confirmation of
the utility of the shortened PANSS for pediatric trials.
The 10-item and 20-item versions we developed from the
TEOSS dataset have performed equivalently to each other
and equivalently to the 30-item version in their ability to
detect baseline to endpoint treatment change; in addition,
we now have 2 large independent placebo-controlled posi-
tive drug trials replicating the psychometrics and showing
equivalent drug/placebo signal detection for each of the
three versions.

Given the rich body of findings, our recommendation
for clinical and psychopharmacology trial use at present
is that the 10-item version be used. The 10-item version
not only reduces burden but performed as well as the 20-
and 30-item versions across a wide range of adolescent
patients with severity matching that sought in psychophar-
macology registration trials. That said, researchers or drug
developers targeting symptoms not covered on the 10-item
version are always free to use the 20-item or even the full
30-item version if the symptom of interest so requires. We
are providing the psychometric analyses and comparisons
from all 3 versions (10-item, 20-item, and 30-item) as sup-
plementary data to assist others and in the hopes of further
growing the literature on psychometric characteristics of
these PANSS versions in pediatric samples.

Future directions

Efforts to further optimize the PANSS assessment in pedi-
atric trials should continue. To help improve standardiza-
tion, reduce noise, and improve accuracy, our group is
currently developing a pediatric semi-structured interview
for the 10-item version to assist clinicians and researchers
in assessing the 10 targeted items. Surprisingly, although
many of us (JB, DGD, RLF) have long trained investiga-
tors in best practices when interviewing adolescents and
their parents on the PANSS, a structured interview for the
pediatric age group has never been developed. A standard-
ized semi-structured interview should benefit all stake-
holders: it would assist clinicians in better assessing symp-
toms initially and over time, allowing for more informed
clinical management, and it would assist researchers by
reducing interrater and intrarater variance, thus improv-
ing signal detection and allowing for a more robust and
reliable determination of treatment effects for the ultimate
benefit of our patients and their families.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00787-025-02681-1.
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