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Abstract

Background

There  is  no  consensus  on the definition  of  relapse  in  schizophrenia,  and  scale-derived

criteria with unclear clinical meaning are widely used. We therefore developed such criteria

using an evidence-based, data-driven approach.

Methods

We searched the Yale  University  Open Data  Access (YODA) database for  randomized-

controlled trials (RCTs) in stable patients with schizophrenia or schizoaffective disorder and

obtained individual-participant-data of the Positive and Negative Syndrome Scale (PANSS),

Clinical  Global Impression Severity (CGI-S) and functioning scales.  Change scores were

linked using equipercentile linking, and PANSS-derived criteria of relapse were evaluated

with  diagnostic-test-accuracy meta-analysis against a clinically-relevant worsening in CGI-S

(1-point increase and score of 4) and rehospitalization. 

Findings

Based  on  data  from seven  RCTs (n=2352  participants),  an  increase  of   12  points  in

PANSS total had good overall test performance to identify clinically-relevant worsening in

CGI-S (sensitivity=82.1%[77.0%, 86.4%], specificity=86.9%[82.9%, 90.3%]), good sensitivity

but lower specify to identify rehospitalization (sensitivity=81.3%[73.6%, 87.4%], specificity:

69.3%[60.5%,  77.1%]),  and corresponded  to  a  clinically-important  decline  in  functioning.

Criteria requiring  either an increase in PANSS total  or in positive/disorganization symptom

items  of  the  Remission  in  Schizophrenia  Working  Group  criteria  had  an  even  better

performance. In contrast, the interpretation of percentage changes varied importantly across

different baseline scores.

Interpretation

An increase  of  either 12-points  in  the  PANSS total  score,  or a  worsening  of  specific

positive/disorganization  symptom  items  could  be  a  reasonable  data-driven  definition  of

relapse in schizophrenia, potentially linking symptoms used to define remission and relapse.

3



Percentage  changes  should  not  be  used  to  define  relapse  because  their  interpretation

depends on baseline scores. 
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Research in context

Evidence before this study

Relapse is a common occurrence in the course of schizophrenia and can be associated with

negative functional outcomes and a poorer subsequent treatment response. Therefore, the

prevention  of  relapse  is  a  critical  treatment  goal,  and  a  clear  definition  of  relapse  is

paramount.  However,  there  is  currently  no  consensus  on  the  definition  of  relapse  in

schizophrenia,  and  scale-derived  criteria  with  ambiguous  clinical  relevance  are  widely

utilized in both clinical practice and research. On April 3, 2023, we conducted a search on

PubMed to identify relevant studies using the keywords "Recurrence[MeSH Terms]" AND

"schizophrenia[MeSH  Terms]"  AND  ("criteria"  OR  "definition*"  OR  "guideline*"  OR

"consensus")  without  any  restrictions.  Our  search  yielded  282  records,  from  which  we

identified  attempts  to  operationalize  the  definition  of  relapse  in  schizophrenia  based  on

expert  consensus,  qualitative  reviews,  and  earlier  investigations  from the 1980-90s  with

small  sample  sizes.  Additionally,  systematic  reviews,  such  as  Moncrieff  et  al.  (2020)  in

Schizophrenia Research, have highlighted the multitude of ways in which relapse can be

defined  in  clinical  trials,  often  with  unclear  clinical  relevance.  Consequently,  the  current

literature highlights  a pressing need for  an evidence-based and data-driven definition  of

relapse in schizophrenia.

Added value of this study

To address this critical gap, we conducted a pioneering evaluation of the performance and

clinical  relevance of  relapse criteria  in  schizophrenia,  utilizing  the Positive  and Negative

Syndrome Scale (PANSS). Through the development of operationalized criteria based on

PANSS thresholds, we successfully found optimal thresholds that exhibited a remarkable

good sensitivity and specificity in identifying clinically-important deterioration in the clinical

global  impression.  Additionally,  these  thresholds  demonstrated  a  commendable  level  of

sensitivity,  albeit  with  a  slightly  lower  specificity,  in  identifying  cases  necessitating

rehospitalization.  Moreover,  our  findings  revealed  a  significant  challenge  in  interpreting
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percentage changes in PANSS total scores among stable patients with schizophrenia, as the

interpretation  varied  across  different  baseline  scores,  thus  rendering  it  problematic  in

defining relapse. In contrast, absolute changes emerged as a more reliable approach for

defining relapse.

Implications of the available evidence

Our  evidence-based  and  data-driven  PANSS-derived  relapse  criteria  offer  an

operationalized  and  standardized  approach  to  defining  relapse  in  schizophrenia.  The

implementation of these criteria holds important implications for clinical research, particularly

in the design of studies focused on investigating interventions for relapse prevention and

examining the impact of relapse on the course of illness and long-term outcomes. Moreover,

these  criteria  serve  as  a  valuable  tool  for  interpreting  research  findings  and  effectively

translating them into clinical practice. The establishment of such standardized and clinically-

relevant relapse criteria holds immense potential for enhancing patient care and improving

overall outcomes in the management of schizophrenia.
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Introduction

Relapse  is  common in  the course  of  schizophrenia  and may be  associated  with  worse

functional  outcomes  and  poorer  subsequent  treatment  response.1,2 Therefore,  relapse

prevention is a major treatment goal,3 and the definition of relapse is of core importance.

However, in contrast with the consistently well-cited remission criteria of the Remission in

Schizophrenia Working Group (RSWG),4 there is a plethora of different definitions of relapse,

ranging from increased service use (e.g., rehospitalization), need for treatment adjustment

(e.g.,  dose  increase),  increase  in  psychotic  symptoms  (e.g.,  absolute  and/or  relative

increase  in  total  or  subscale  scores,  increase  in  specific  symptoms,  clinical  judgment),

decrease in functioning, violent behavior, suicidality, and very often combinations of various

criteria.5-8 

With the exception of studies of administrative records that use hospitalization alone as a

definition of relapse, changes in the severity of symptoms beyond a specified threshold are

the core domains of the currently used relapse criteria,  assessed with rating instruments

such as the 30-item Positive and Negative Syndrome Scale (PANSS).9 However, thresholds

defining relapse vary substantially between studies (i.e., 10-points or 20-25% increase in

PANSS total scores, or a worsening of selected items addressing positive symptoms), and

have uncertain clinical  relevance.5-8 Data-driven approaches to defining relapse criteria in

schizophrenia have not been reported.

We attempted to fill this gap using three analytic approaches: a) equipercentile linking across

multiple  assessment  instruments,10 b)  single-group  meta-analysis  and  c)  diagnostic-test-

accuracy (DTA) meta-analysis,11 all applied to the individual-participant-data (IPD) of large

scale,  randomized-controlled  antipsychotic  drug  trials  (RCTs)  in  stable  patients  with

schizophrenia. We used these methods to examine the clinical relevance and performance

PANSS-derived criteria, and to contribute to development of evidence-based relapse criteria

for future trials and studies of the implications of relapse for course of illness and long-term

outcome. 
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Methods

We used the Yale Open Data Access (YODA) database,  which enables the access and

analysis of IPD from schizophrenia trials sponsored by Johnson & Johnson.12 The meta-

analysis was part of a broader project13 and reported according to the PRISMA statement

(eAppendix-1).14  Additional methods are presented in eAppendix-2.

Dataset 

Study selection 

We screened the YODA database for RCTs comparing any antipsychotic medication with

another  and/or  placebo  in  adult  symptomatically  stable  (study-defined)  patients  with

schizophrenia  or  schizoaffective  disorder.  We  excluded  trials  in  acutely-ill  patients,

children/adolescents, or targeting another diagnosis, e.g., insomnia.15 All participants of the

included  studies  were  eligible,  but  we  excluded  data  from  a  center  with  data  integrity

problems in one study.16

Outcome measures 

We  analyzed  data  from  the  following  scales:  PANSS  (total,  positive  symptom  original

subscale9 and  Marder  factor,17 specific  item  scores),  Clinical  Global  Impression  change

(CGI-C)  and severity  (CGI-S),18  two social  functioning scales,  i.e.,  Personal  and Social

Performance (PSP)19 and Social and Occupation Functioning Assessment Scale (SOFAS),20

and psychiatric rehospitalization (study-defined). 

IPD dataset 

A dataset was constructed, the integrity of which was evaluated by comparing aggregated

data with those presented in the primary publications. 

Risk of bias

The risk of study bias was evaluated using RoB-2 21 and QUADAS-2.22
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Data analysis

Equipercentile linking

We  investigated  the  relationship  of  change  in  PANSS  total  (absolute  and  percentage

change)  and  PANSS  positive  symptom  subscales  with  change  in  CGI-S,  CGI-C  and

PSP/SOFAS  by  conducting  Spearman’s  correlations  (ρ)  at  last  observation  and

equipercentile linking functions using observed cases from all available timepoints. 

Equipercentile linking is a technique that identifies scores from different scales with the same

percentile rank.10,23 To aid comparisons, PSP/SOFAS scores were minus transformed so that

a higher score corresponded to a poorer clinical outcome, consistent with PANSS and CGI.

We explored potential subgroup differences by calculating equipercentile linking separately

for  each study,  different  timepoints,  treatment  groups,  remission status  at  baseline4 and

baseline severity as measured with PANSS total. 

Multiple anchors were employed: 1) worsening of  1 point in CGI-Severity as a clinically-

important deterioration (=relapse),24 2) decline of 10 points in the PSP and SOFAS, given

that these scales are originally subdivided by intervals of 10 points,25 3) CGI-Change of 6

(“much worse”),24 yet  important  problems occurred with this approach (see eAppendix-2,

results below).

Single-group random effects meta-analysis

In contrast to the above-reported rating scales, rehospitalization is an objective outcome that

is frequently used as a proxy of relapse in both randomized and observational studies.26 As

this binary (‘yes’/‘no’) outcome cannot be addressed by equipercentile linking, we conducted

single-group random-effects meta-analysis to identify the mean change from baseline to the

last observation on the above-mentioned scales.

IPD Diagnostic-test-accuracy meta-analysis

Our  DTA  meta-analysis  examined  the  performance  of  operationalized  PANSS-derived

criteria of relapse as index tests to predict CGI-Severity worsening ≥1 and rehospitalization

as reference standards. However, CGI-Severity increase ≥1 point had to be coupled with a

CGI-Severity score ≥4 (moderate) to avoid increases to 2 (questionable illness) or 3 (mild),
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because patients in these scenarios would still  meet remission criteria and could not be

considered to have relapsed.27

Index-tests

The index tests can be categorized into: a) PANSS total score-derived worsening of overall

symptoms  (primary  index-test),  b)  PANSS positive  subscale  score-derived  worsening  of

positive symptoms, c) worsening of  specific sets of PANSS positive/disorganization items

and d) multifactorial criteria requiring either a) or c). The specific PANSS item sets in b) were

derived from the RSWG remission criteria4 in an attempt to form a continuum from remission

to relapse criteria. The item set from the so-called (modified) Csernansky criteria was also

examined due to its frequent use in previous studies.28,29 We evaluated various thresholds for

these items in terms of severity scores (e.g., ≥4-"moderate", ≥5-"marked") and the numbers

of items that worsened (e.g., ≥1 or ≥2 items). Table-1 provides an outline of the approach.

DTA meta-analysis 

We calculated 2x2 contingency tables for each study and performed a two-stage random-

effects DTA meta-analysis of multiple thresholds30,31 or a bivariate DTA meta-analysis using

generalized  linear  mixed-effects  models  (eApepndix-2).32,33 We  calculated

sensitivity/specificity  and  their  95%  confidence  intervals  (95%CI)  at  each  threshold,

presented also in a summary receiver operating characteristics (sROC) curve. We estimated

optimal  thresholds  with  the  maximization  of  Youden’s  J  index.34 In  order  to  test  the

robustness of the results, we conducted sensitivity analyses using alternative meta-analytic

models, excluding studies without a stabilization phase or from mainland China.35 We also

explored potential subgroup differences based on the remission status at baseline  4.  The

confidence of evidence was assessed with the GRADE approach.36

Effect-sizes for relapse

The  definition  of  relapse  may  have  an  impact  on  the  observed  differences  between

antipsychotics and placebo. Therefore, we conducted random-effects meta-analysis using
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odds ratios (OR),37,38 which were also converted also absolute risks.39 Heterogeneity was

quantified using the I2-statistic. 

Data analysis was conducted in R,40 using diagmeta,31 equate,41 meta,42 and Metatron.32 

Role of the funding source

The funders of the study had no role in the study design, data analysis, data interpretation,

writing of the manuscript, or decision to publish the study findings.
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Results

Description of the studies and participants

After  screening  61  records,  we  included  seven  RCTs  (n=2352  participants)(eAppendix-

3),16,28,29,43-46 which were conducted in multiple centers and countries (mainly Europe and the

USA),  except  for  one  in  mainland  China.44 Of  these,  five  were  double-blind  placebo-

controlled trials, investigating oral or long-acting injectable (LAI) paliperidone,28,29,44-46 while

one was open trial, comparing risperidone LAI, quetiapine and aripiprazole,16 and another

crossover trial comparing paliperidone LAI deltoid-gluteal injections,43 with a duration ranging

from 7 months (in the crossover trial) 43 to 27 months (in the open trial).16

The patients  included  in  the  trials  were  symptomatically  stable  and  had  a  diagnosis  of

schizophrenia  or  schizoaffective  disorder  (57%  male,  mean  age  39.5  years).16,29 A

stabilization  phase  preceded  randomization,  except  for  the  open16 and  crossover  trial.43

Patients were required to have a PANSS total score below a defined threshold (e.g.,  70-

75) at baseline, except for the open trial which included patients with higher baseline scores

(mean 73.0, maximum 149).16 At baseline, the patients were on average mildly-ill (CGI-S:

mean=3.1, SD=1.0;  PANSS total: mean=59.2, SD=17.5), had manifest or mild difficulties in

functioning  (PSP: mean=71.2, SD=10.0) and 65% met criteria for symptomatic remission

according to the RSWG criteria (eAppendix-4).4 The open trial was the only providing data

on CGI-Change and SOFAS,16 while the crossover trial did not report functioning scales and

rehospitalizations.43

The trials had some concerns regarding biases due to potential deviations from the intended

interventions and outcome measurement, except for the crossover trial, which had a high

risk of bias due to missing outcome data (eAppendix-5.1).43 Additionally, there were some

concerns about DTA across all trials (eAppendix-5.2)
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Clinical meaning of symptom worsening

Spearman’s correlations

The change scores of overall and positive symptoms in PANSS demonstrated a medium-to-

large correlation with change in CGI-Severity,  CGI-C, PSP, and SOFAS, as indicated by

Spearman’s |ρ| ranging from 0.58 to 0.78 (p<0.001, eAppendix-6.1).

Equipercentile linking

An  increase  of  1-point  in  CGI-S,  indicating  a  clinically-important  deterioration  of  global

severity of illness, corresponded to an approximately 11-point worsening in PANSS total, 5-

point worsening in PANSS positive subscale (original subscale and Marder factor), 10-point

decline in functioning as measured by PSP and SOFAS, and CGI-C of 5.4 (i.e., midway

between  “minimally”  and  “much  worse”).  A  larger  increase  of  2-points  in  CGI-S

corresponded to an approximately 31-point increase in PANSS total, 11-point increase in

PANSS positive subscale, 21-point decline in PSP/SOFAS, and CGI-C of 6.3 (eAppendix-

6.2.1, Figure-1).

The results were generally robust in subgroup analyses (eAppendix-6.2.2), with one notable

exception  observed  in  the  relationship  between  percentage  changes  and  CGI-S.  For

instance, for baseline PANSS total scores between 30-45, an increase of 1-point in CGI-S

corresponded  to  a  200% change  in  PANSS  total,  whereas  for  baseline  scores  >70,  it

corresponded to only 16% (Figure-2B). However, absolute changes in PANSS total were

relatively  consistent,  with  a  9-point  increase  for  baseline  scores  of  30-45  and  13-point

increase for baseline scores >70 corresponding to a 1-point increase in CGI-S (Figure-2A).

Mean change scores in patients readmitted to hospital

There were 172 patients  readmitted to hospital  (8.2% of  the participants,  95%CI  [7.1%,

9.4%], I2=78.1%). On average, their global severity of illness worsened by 1.5 points ([1.2,

1.8], I2=49.4%) in CGI-S, with CGI-C of 5.7 95%CI[5.4, 5.9], i.e., approaching “much worse”.

The  symptoms increased with a mean of 25.6 points ([20.6, 30.7], I2=68.9%) in PANSS

total,  9.1  points  ([7.8,  10.4],  I2=37%)  in  positive  symptom  subscale,  while  functioning
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declined by a mean of 18.4 points ([14.4, 22.3], I2=33.8%] on PSP and 11.5 points [7.8, 15.0]

on SOFAS (data on SOFAS were reported only from the open trial involving more severely-ill

patients at baseline).16

Test accuracy of PANSS-derived criteria of relapse

The performance of PANSS-derived criteria is presented in Table-2 and eAppendix-7/8.

Criteria based on worsening of overall symptoms (primary index-test) 

The optimal threshold for worsening of overall symptoms was 12-point increase (95%[10,

14]) in PANSS total (sensitivity: 82.1%[77.0%, 86.9%], specificity: 86.9%[82.9%, 90.3%];

J=0.69) (Figure-3A) against a clinically-important deterioration of global severity of illness in

CGI-S (increase  1 point  and a score of  4-“moderately-ill”)  as the primary reference-

standard, 

The results were generally  robust in sensitivity  analyses (eAppendix-7.3),  yet  the overall

performance was somewhat poorer in patients non-remitted (optimal threshold: 10 points,

J=0.61) vs. remitted at baseline (optimal threshold: 12 points, J=0.71) (eAppendix-7.4). 

When  rehospitalization  was  used  as  the  secondary  reference-standard,  the  optimal

threshold  was  15-point  increase  (95%[11.0,  19])  in  PANSS  total  (sensitivity:

75.8%[67.4%, 82.9%], specificity: 75.4%[67.7%, 82.0%]; J=0.51) (Figure-3B). 

The confidence of the evidence at the optimal thresholds was moderate and low for the

primary and secondary reference-standards, respectively (eAppendix-7.2).

Criteria based on worsening of positive symptoms

The optimal  threshold  for  worsening  of  positive  symptoms in  PANSS positive  symptom

subscale was approximately 5-point increase when using CGI-S as the reference standard

(sensitivity=78.1% [73.5%,82.1%],  specificity=86%  [82.8%,88.8%];  J=0.64),  and  6-point

increase when using rehospitalization (sensitivity=74.8% [66.8%,81.6%], specificity=74.8%

[68.6%,80.3%];  J=0.50).  Similar  results  were  found  for  the  positive  Marder  factor

(eAppendix-8.1).
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Criteria based on worsening of specific symptoms

The criterion "1 positive/disorganization RSWG item 1 point worse and with a score 4"

(moderate) had good performance when compared to the primary reference-standard of a

clinically-important worsening in CGI-S, with a Youden-index of J=0.68 and sensitivity and

specificity  being  approximately  the  same  (sensitivity=82.2%[79.0%,84.9%],

specificity=85.8%[82.2%,88.7%]). The overall test performance based on the Youden-index

was similar to that based on worsening of overall or positive symptoms. There were no major

differences  when  all  RSWG  remission  items (not  just  positive/disorganization),  modified

Csernansky criteria items, or PANSS positive symptoms were used. 

When rehospitalization was used as the reference-standard the performance based on the

Youden-index  was  generally  lower.  The  best  definition  was  “1  positive/disorganization

RSWG  item  2  points  worse  and  a  score  4”  (sensitivity=72.1%[58.2%,82.7%],

specificity=79.3[75.0%,83.0%], J=0.51). Again, criteria based on other items yielded similar

results.

Multifactorial criteria based on worsening of either overall or specific symptoms

The performance  of  multifactorial  criteria,  i.e.,  requiring  a  worsening  of  either  overall  or

specific symptoms, was generally better compared to their single components, with Youden-

indices usually higher than 0.7. For instance, the criteria that require a worsening of either

PANSS total  (i.e.,  12-point  increase)  or  RSWG positive/disorganization  items (i.e.,  1

item, 1 point worse, and with a score 4) had a Youden index of J=0.73 when CGI-S was

used  as  the  reference  standard  (sensitivity=91.9%  [88.7%,94.2%],  specificity=80.7%

[77.2%,83.7%]).

Effect-sizes for relapse 

The effect-sizes for relapse between antipsychotics and placebo are presented across the

different criteria in Table-2 and eAppendix-7/8. The optimal cutoffs mentioned earlier showed

clear drug-placebo differences with ORs ranging from 0.25 to 0.4, which were consistent

with those of the reference standards. 
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Discussion

We attempted to derive PANSS-based criteria for relapse in schizophrenia using individual-

participant-data from 7 RCTs and 2352 patients. Our findings indicated that a worsening of

12  points  in  PANSS  total,  and  of  1  point  and  a  score  4  (moderate)  in  1

positive/disorganization item of the RSWG remission criteria, corresponded to a clinically-

important  deterioration  of   1  point  in  CGI-Severity.  Requiring  either  one  of  both

components  further  improved  the  overall  performance.  The  threshold  for  worsening  in

PANSS total  (i.e.,  12-point increase) was further supported by its correspondence to a

decline  in  functioning  by  10  points  in  PSP/SOFAS.  Therefore,  this  level  of  symptom

severity increase in PANSS reflects an exacerbation of illness (“relapse”) associated with a

minimal clinically-important deterioration of global severity and decline in functioning, which

may  require  additional  intervention  and  support.  The  RSWG-based  relapse  criteria

performed at least as well as other previously used criteria (e.g., modified Csernansky),28,29

and  may  enable  researchers  to  establish  a  continuum  from  remission  to  relapse  with

potential implications for interpreting clinical trial results.

The  above  PANSS-derived  criteria  had  also  a  relatively  good  sensitivity  (80-90%)  in

predicting rehospitalization, meaning that they are unlikely to miss relapses requiring this

level of care. However, their specificity was clearly lower (60-70%). Rehospitalization is an

objective and important outcome, but in contrast to PANSS, it is not well operationalized and

it  can  vary  considerably  across  different  healthcare  systems,47,48 which  may  explain  the

relatively lower specificity. We found that the best cutoff for predicting rehospitalization was

15-point increase in PANSS total, but the mean PANSS total at the time of hospitalization

was 24 points. This discrepancy could be explained in part by the fact that a relatively low

increase in PANSS total score could predict rehospitalization earlier than the higher scores

seen at the time of hospitalization. Nevertheless, as rehospitalization indicates severity and

has cost implications,47 it remains an important secondary outcome. The same may hold true

for  other  components  of  previously  used  relapse  criteria  such as  suicidality  and  violent
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behavior. These are “pragmatic” criteria which can be assumed to imply a relapse, but are

relatively rare and not adequately reported to allow analysis with our approach.

Previous studies have often used percentage change PANSS total cutoffs to define relapse,8

perhaps consistent with the response criteria used in acute phase trials.49-51 However, our

analysis showed that such percentage cutoffs are not suitable for defining relapse in patients

who are symptomatically stable at baseline. The interpretation of percentage changes varied

importantly across baseline scores (Figure-2), as percentage changes are less robust when

the denominators are small (i.e., baseline score minus the minimum PANSS total score of

30), which is the case in stable patients with relatively low symptom severity. To address this

issue,  a straightforward approach would be to employ cutoffs of  absolute changes (e.g.,

12-point increase in PANSS total), which have more consistent interpretation regardless of

baseline severity (Figure-2). 

Finally, our study found that using cutoffs of worsening in the positive symptom subscales to

define relapse did not perform better compared to cutoffs of worsening in overall symptoms.

This contradicts the hypothesis that criteria more focused to positive symptoms could be

more precise by excluding non-specific fluctuations of mental state or withdrawal effects.5 On

the  other  hand,  we  found  that  a  clinically-important  deterioration  in  CGI-Severity  had

comparable performance to PANSS-derived criteria in predicting rehospitalizations (Table-

2).  However,  we  did  find  that  a  clinically  significant  worsening  in  the  Clinical  Global

Impressions-Severity (CGI-S) scale had comparable performance to PANSS-derived criteria

in predicting rehospitalizations (Table-2). Therefore, in low-resource settings where PANSS

may not be feasible, CGI-S could be used to define relapse. This finding is further supported

by a recent cohort study that demonstrated the utility of CGI-S as a transdiagnostic predictor

of psychiatric hospitalization.52 

Limitations

This analysis had certain limitations. First, we only data from the YODA database, which is

limited to RCTs sponsored by Johnson & Johnson and focused mainly on risperidone and

paliperidone.  Therefore, we had to downrate the confidence in the evidence (eAppendix-
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7.2), despite the considerable sample size of our analysis. Replications based on data from

other RCTs and real-world settings are needed, including also data from antipsychotics with

different  pharmacological  properties  beyond  strong  postsynaptic  dopamine  2  receptor

antagonism,53 as well as data regarding psychological/psychosocial treatments.54

Second, we employed the Youden index as a measure of the trade-off between sensitivity

and specificity to determine the optimal thresholds. However, as expected, more stringent

cutoffs  were  associated  with  higher  specificity  and  lower  sensitivity,  and  vice  versa.

Nevertheless,  the  relative  effect-sizes  were  consistent  across  different  scale-derived

definitions  of  relapse,  as  previously  demonstrated  in  a  similar  analysis  of  response

definitions.55 Thus,  if  in  a  given situation  more sensitivity  or  specificity  is  needed,  other

cutoffs presented in eAppendix-7/8 may be considered. 

Third, we should note that in our analysis, relapse criteria were considered fulfilled if they

occurred  at  least  once  during  the  trial,  and  no  time  criterion  was  used.  Nevertheless,

relapses in schizophrenia may have an abrupt onset and rapid progression,1,56 and therefore,

it  is  important  to  grasp  such  eventual  relapses.  Indeed,  PANSS  item  scores  seem  to

increase abruptly only about one week before a relapse,56 further highlighting the importance

of identifying early warning signs that can predict timely relapses.57-59 The development of

such sensitive and timely precursors of relapse could also be useful for placebo-controlled

relapse prevention trials,  given the ethical and safety concerns surrounding these trials.60

Yet, further investigation is necessary to better understand the persistence and temporal

changes in symptom worsening in order to exclude potential clinically non-important short-

term fluctuations of the mental state.5 

Fourth,  our  study  had  a  retrospective  design  and  none  of  the  trials  aimed originally  to

investigate  the  performance  of  the  relapse  criteria.  Therefore,  different  relapse  criteria

should also be compared prospectively in terms of their respective impact on drug-placebo

difference, sensitivity/specificity against external gold standards of clinically worsening, and

with regards to their effect on functioning and speed of restabilization in order to determine

the  optimal  level  of  “impending  relapse”  that  can  reliably  identify  a  clinically-relevant
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worsening/relapse without exposing patients to undue short- and long-term biopsychosocial

consequences of more severe relapse. 

Finally, schizophrenia is a complex condition, and the performance of relapse criteria may

differ across patient subgroups beyond the chronically-ill patients in the included studies. For

instance, patients with a good treatment response to a first episode of schizophrenia may be

truly symptom-free, and in such cases, the re-appearance of a delusion or hallucination that

falls short of the level of severity defined here may still  indicate a relapse.61 At the other

extreme, patients with treatment-resistant illness may live in the community with persistent

disabling  delusions,  hallucinations  and/or  thought  disorder  (clearly  not  in  any  state  of

remission), yet still have periodic exacerbations of illness requiring additional interventions

and a higher level of care. Our study found that the performance of relapse criteria was

lower in patients who were partially remitted at baseline (eAppendix-7.4), and none of the

included  studies  focused  on  treatment-resistant  patients.  Moreover,  it  is  important  to

investigate the potential role of other illness domains apart from psychotic symptoms, such

as cognitive impairment, negative symptoms and psychosocial functioning. Nonetheless, any

definition of relapse must include criteria for change in symptom severity, and the definitions

proposed provided a data-driven contribution to developing a comprehensive set of relapse

criteria. 

Conclusions

We found that  either a  12-point increase in PANSS total score or worsening of  1 point

and a score 4 (moderate) in 1 positive/disorganization RSWG item score can serve as an

evidence-based definition of relapse with good test performance in clinically stable patients

with schizophrenia. In addition, these findings may guide the development and selection of

relapse criteria across a range of clinical decision points. Finally, the proposed evidence-

based  relapse  criteria  may  help  differentiate  maintenance  treatment  effects  of  different

interventions in future active- and placebo-controlled RCTs more precisely. 
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Figure Legends

Figure-1: Equipercentile linking

Equipercentile  linking of change scores using change in CGI-S as the clinical  anchor. A

positive score corresponds to a poorer clinical outcome (PSP and SOFAS change scores

were  minus  transformed).  The  equipercentile  linking  between CGI-S and CGI-C can be

found in the eAppendix-6.2.2. CGI-C: Clinical  Global Impression Change; CGI-S: Clinical

Global Impression Severity; PANSS: Positive and Negative Syndrome Scale; PANSS PS-

MF: PANSS positive Marder factor; PANSS PS-S: PANSS positive symptom subscale; PSP:

Personal  and  Social  Performance;  SOFAS:  Social  and  Occupational  Functioning

Assessment Scale. 

Figure-2:  Linking  of  absolute  and  percentage  change  scores  in  PANSS  total  and

baseline severity

Equipercentile linking between absolute change (Figure-2A) and percentage change (Figure-

2B)  in  PANSS  total  using  change  in  CGI-S  as  the  clinical  anchor.  A  positive  score

corresponds to a poorer clinical outcome. There was some variability in the linking functions

of absolute change scores across different baseline severity levels, e.g., an increase of 1-

point in CGI-S corresponded to a range of increase in PANSS total from 9 (baseline PANSS

total of 30-45) to 13 (baseline PANSS total >70), an increase of 2-points in CGI-S to a range

from 25 to 34 and of 3-points to a range from 47 to 55. This variability was substantial and

more pronounced in the linking functions of percentage change scores, e.g., an increase of

1-point in CGI-S corresponded to a range of percentage increase in PANSS total from 16%

(baseline PANSS total >70) to 200% (baseline PANSS total 30-45),  an increase of 2-points

in CGI-S to a range from 50% to 340% and of 3-points to a range from 88% to  >400%. CGI-

S: Clinical Global Impression Severity, PANSS: Positive and Negative Syndrome Scale
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Figure-3: sROC curve for criteria based on worsening of overall symptoms (primary

test index)

Summary receiver operating curves (sROC) curves of the DTA meta-analysis of multiple

thresholds of criteria based on worsening of overall  symptoms as measured with change

PANSS  total  against  two  reference  standards  (A.  CGI-S  criterion  of  relapse,  and  B.

rehospitalization. Each point represents the sensitivity and false positive rate (1-specificity)

for each of the seven studies (shown with a different key color) across different cutoffs of

absolute change in PANSS total. The study of Hough et al 2009 did not provide data for

rehospitalizations.  The  solid  black  line  represents  the  sROC  curve  with  the  95%CI  for

sensitivity  and specificity.  The cross  represents the summary point  given the cutoff  that

maximized the Youden index (about 12, 95%[10, 14] points increase in PANSS total in

A and 15 95%[11, 19] in B) and the ellipse its confidence interval. The crossover study

was excluded from the analysis using rehospitalizations, since they were not systematically

assessed and no relapse criteria were used.43  CGI-S: Clinical Global Impression Severity;

DTA:  Diagnostic  test  accuracy;  PANSS:  Positive  and  Negative  Syndrome scale,  sROC:

summary receiver operating characteristics curve, 95%CI: 95% confidence intervals.
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Tables

Table 1 Operationalized criteria of relapse used in the study 

Domain Definition
Primary index-test Worsening of overall symptoms Increase from 1 to 30 points in

PANSS total score
Secondary index-test Worsening  of  positive

symptoms
a. Increase  from  1  to  15

points  in  PANSS  positive
symptom subscale score

b. Increase  from  1  to  15
points  in  PANSS  positive
Marder factor score 

Worsening  of  specific
symptoms 

a. Increase  1-2  points  and  a
score 4-5 in 1-2 items for
positive  and  disorganization
symptoms  in  the  RSWG
criteria (P1, P2, P3, G5, G9) 

b. Increase of 1-2 points and a
score 4-5 in 1-2 items for
positive,  negative  and
disorganization  symptoms  in
the  RSWG  criteria  (P1,  P2,
P3, N1, N4, N6, G5, G9) 

c. Increase of 1-2 points and a
score  4-5 in  1-2 items in
the  modified  Csernansky
criteria  (P1,  P2,  P3,  P4,  P6,
P7, G8, G14)

d. Increase of 1-2 points and a
score 4-5 in 1-2 items for
positive  symptoms  in  the
original  positive  symptom
subscale (P1, P2, P3, P4, P5,
P6, P7) 

e. Increase of 1-2 points and a
score 4-5 in 1-2 items for
positive  symptoms  in  the
positive  Marder  factor  (P1,
P3, P5, P6, N7, G1, G9, G12) 

Multifactorial criteria Requiring either a) a worsening of
overall  symptoms  as  measured
with  10,  12  or  15  points
increase in PANSS total score  or
b)  a  worsening  of  specific
symptoms (as defined above)

Primary reference-standard Clinically  important  worsening
of the global severity of illness

Increase of  1-point and a score
4 in CGI-S 

Secondary reference-standard Rehospitalization Psychiatric rehospitalization
A patient was classified as relapsed when fulfilled the operationalized criteria at least once during the trial. CGI-S:
Clinical Global Impression Severity scale; PANSS: Positive and Negative Syndrome Scale; PANSS items P1:
Delusions;  P2:  Conceptual  disorganization;  P3:  Hallucinations;  P4:  Excitement,  P5:  Grandiosity;  P6:
Suspiciousness/persecution; P7: Hostility; N1: Blunted affect; N4: Passive/apathetic social withdrawal; N6: Lack
of spontaneity and flow of conversation, N7: Stereotyped thinking, G1: Somatic concern; G5: Mannerisms and
posturing; G8: Uncooperativeness; G9: Unusual thought content; G12: Lack of judgment and insight; G14: Poor
impulse control; RSWG: Remission in Schizophrenia Working Group
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Table 2 Test performance of PANSS-derived criteria of relapse

Index test Reference standard: CGI-S increase of 1
point and 4

Reference  standard:
rehospitalization*

Effect-sizes  for  relapse  between
antipsychotics  and  placebo  (%,
OR)Sensitivity

[95%CI]
Specificity
[95%CI]

J index Sensitivity
[95%CI]

Specificity
[95%CI]

J index

Cutoffs  of
increase
in  PANSS
total

5-point increase in PANSS total 
92.7%
[88.8%,95.5%]

68.6%
[60%,76.4%]

0.61 90.8%
[85%,94.8
%]

53%
[42.3%,63.
4%]

0.44 42% vs. 62%, OR=0.45 [0.36,0.56],
I2=14.3%

10-point increase in PANSS total 85.8%
[81%,89.7%]

82.7%
[77.4%,87.1%]

0.68 84.5%
[77.3%,90
%]

64.8%
[55.5%,73.
4%]

0.49 23% vs. 50%, OR=0.3 [0.23,0.39],
I2=17.2%

12-point increase in PANSS total 82.1%
[77%,86.4%]

86.9%
[82.9%,90.3%]

0.69 81.3%
[73.6%,87.
4%]

69.3%
[60.5%,77.
1%]

0.51 19%  vs.45%,  OR=0.29  [0.2,0.42],
I2=51.5%

15-point increase in PANSS total 75.4%
[70.1%,80.2%]

91.9%
[89.2%,94%]

0.67 75.8%
[67.4%,82.
9%]

75.4%
[67.7%,82
%]

0.51 15% vs. 40%, OR=0.26 [0.17,0.4],
I2=54.6%

20-point increase in PANSS total
62%
[56.3%,67.4%]

96.8%
[95.6%,97.7%]

0.59 65%
[55.6%,73.
5%]

84%
[78%,88.8
%]

0.49 10% vs. 31%, OR=0.25 [0.18,0.34],
I2=12.6%

25-point increase in PANSS total
46.9%
[40.7%,53.1%]

98.9%
[98.4%,99.3%]

0.46 52.7%
[42.7%,62.
6%]

90.4%
[85.8%,93.
7%]

0.43 7% vs. 22%, OR=0.26 [0.18,0.38],
I2=0%

Cutoffs  of
worsening
in specific
items

1-point increase and score of  4
in  1  items  of
positive/disorganization  symptoms
in RSWG (P1, P2, P3, G5, G9)

82.2%
[79%,84.9%]

85.8%
[82.2%,88.7%]

0.68 80.8%
[65.9%,90.
2%]

69.3%
[65.3%,73.
1%]

0.50 24% vs. 43%, OR=0.43 [0.32,0.57],
I2=34%

2-point increase and score of  4
in  1  item  of
positive/disorganization  symptoms
in RSWG (P1, P2, P3, G5, G9)

70.3%
[66.2%,74.1%]

93.7%
[92.1%,95%]

0.64 72.1%
[58.2%,82.
7%]

79.3%
[75%,83%]

0.51 14% vs.35%, OR=0.31 [0.24,0.41],
I2=0%

1-point increase and score of  4
in  1 item of   Csernansky criteria
(P1, P2, P3, P4, P6, P7, G8, G14)

89%
[86.4%,91.2%]

81.9%
[76.9%,86.1%]

0.71 83.5%
[77.2%,88.
4%]

65.4%
[61.3%,69.
2%]

0.49 28% vs. 47%, OR=0.43 [0.32,0.58],
I2=35.5%

2-point increase and score of  4
in  1 item of   Csernansky criteria
(P1, P2, P3, P4, P6, P7, G8, G14)

78.9%
[75.5%,81.9%]

89.9%
[86.3%,92.6%]

0.69 78.1%
[67.7%,85.
9%]

74%
[69.3%,78.
1%]

0.52 18% vs.40%, OR=0.32 [0.25,0.42],
I2=0%

Multifacto
rial
criteria:
cutoffs  of

12-point  increase in PANSS total
or 1-point  increase and  score  of
4  in  1  items  of
positive/disorganization  symptoms

91.9%
[88.7%,94.2%]

80.7%
[77.2%,83.7%]

0.73 90.9%
[75.8%,96.
9%]

62.5%
[56.7%,67.
9%]

0.53 32% vs.53%, OR=0.41 [0.31,0.54],
I2=38.5%
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increase
in  PANSS
total  or
cutoffs  of
worsening
of specific
items

in RSWG (P1, P2, P3, G5, G9)
15-point  increase in PANSS total
or 2-point  increase and  score  of
4  in  1  item  of
positive/disorganization  symptoms
in RSWG (P1, P2, P3, G5, G9)

84.6%
[79.2%,88.7%]

90%
[88.4%,91.4%]

0.75 84.4%
[71.2%,92.
2%]

72%
[65%,78%]

0.56 20% vs.45%, OR=0.31 [0.24,0.39],
I2=0%

12-point  increase in PANSS total
or  1-point  increase and  score  of
4  in  1  item  of   Csernansky
criteria (P1, P2, P3, P4, P6, P7, G8,
G14)

94.1%
[91.3%,96%]

77.4%
[73.6%,80.9%] 0.71

91.1%
[78.3%,96.
7%]

60%
[54.7%,65.
1%] 0.51

33% vs.55%, OR=0.41 [0.33,0.51],
I2=21.3%

15-point  increase in PANSS total
or  2-point  increase and  score  of
4  in  1  item  of   Csernansky
criteria (P1, P2, P3, P4, P6, P7, G8,
G14)

87.3%
[82.9%,90.7%]

87%
[84.2%,89.3%] 0.74

86.8%
[73.1%,94.
1%]

68.9%
[62.5%,74.
6%] 0.56

22%  vs.48%,  OR=0.31  [0.25,0.4],
I2=0%

Clinically-
important
worsening
in  CGI-
Severity

1-point  increase  in  CGI-Severity
and a score of 4

n.a.
79.5%[70.7
%, 86.1%]

75.8%[70.0
%, 80.8%] 0.55

17% vs. 39%, OR=0.33 [0.29, 0.37],
I2=0%

*The crossover study was excluded from the analysis using rehospitalizations, since they were not systematically assessed and no relapse criteria were used 43. The results for
the rest of the cutoffs are presented in the eAppendix-7/8. The effect-sizes for rehospitalizations were 3% vs. 8%, OR=0.35 [0.27, 0.45], I2=0%. CGI-S: Clinical Global
Impression Severity scale; I2=I-squared; OR: Odds ratio; PANSS: Positive and Negative Syndrome Scale; 95%CI: 95% confidence intervals; P1: Delusions; P2: Conceptual
disorganization; P3: Hallucinations; P4: Excitement, P5: Grandiosity; P6: Suspiciousness/persecution, P7: Hostility, N1: Blunted affect; N4: Passive/apathetic social withdrawal;
N6: Lack of spontaneity and flow of conversation, N7: Stereotyped thinking, G1: Somatic concern; G5: Mannerisms and posturing; G8: Uncooperativeness; G9: Unusual
thought content; G12: Lack of judgment and insight; G14: Poor impulse control. RSWG: Remission in Schizophrenia Working Group; n.a.: not applicable.
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