
S

O

A
c

E
N
A
P
D
N
a

b

c

d

e

f

g

h

i

j

k

l

m

A
n

a

A
R
A
A

K
S
N
A
M
B
A
D
P

h
2
u

ARTICLE IN PRESSG Model
JPMH-725; No. of Pages 7

Spanish Journal of Psychiatry and Mental Health xxx (xxxx) xxx–xxx

Available online at www.sciencedirect.com

Spanish Journal of Psychiatry and Mental Health

j o ur nal ho me  page: ht tp : / /h t tp : / /www.e lsev ier .es /s jpmh

riginal

ssessment  of  motivation  in  schizophrenia:  Patient-  and
linician-rated  outcomes

milio  Fernandez-Egeaa,b,∗, Gabriel  Robertc,d,e, Anna  Manek,l, Michel  Sabéf,n,
oemie  Kuenzi f,n,  Mariia  Kaliuzhnaf,n,  Fabien  Carruzzof,n,  Fiona  Diniel c,
nne  Julie  Ricletc,  Laura  Martinez-Sadurnig,l, Elif  Ates  Budakh,  Bruno  Giordanai,
aola  Bucci j,  Giula  Maria  Giordanoj,  Luigi  Giuliani j, Peter  B.  Jonesa,b,
ominque  Drapierc,d,  Silvana  Galderisi j,  Philippe  Robert i, Stefan  Kaiser f,n,
oham  Wolpem,a,  Armida  Mucci j

Department of Psychiatry, University of Cambridge, United Kingdom
Cambridgeshire and Peterborough NHS Foundation Trust, Cambridge, United Kingdom
Pôle Hospitalo-Universitaire de Psychiatrie Adulte (PHUPA), Centre Hospitalier Guillaume Régnier, 108 Boulevard du Général Leclerc, 35000 Rennes, France
CIC U1414 “Neuropsychiatrie du comportement et du développement”, CHU Rennes, France
Empenn U1228 UMR  6074 Institut de Recherche en Informatique et Systéme Aléatoire”, Inria, Campus de Beaulieu, 35042 Rennes Cedex, France
Department of Psychiatry, University Hospitals of Geneva, Geneva, Switzerland
Hospital del Mar  Medical Research Institute, Barcelona, Spain
Department of Psychiatry, Faculty of Medicine, Dicle University, Diyarbakır, Turkey
University Cote d’azur, CoBTek-CreApolis JLN Fondation, France
Department of Mental and Physical Health and Preventive Medicine, University of Campania “Luigi Vanvitelli”, Naples, Italy
Grup MERITT, Institut de Recerca Sant Joan de Déu, Parc Sanitari Sant Joan de Déu, Spain
Centro de Investigación Biomédica en Red (CIBERSAM), Spain
Department of Physical Therapy, The Stanley Steyer School of Health Professions, Gray Faculty of Medical and Health Sciences, Tel Aviv University, Tel

viv  6997801, Israel
Faculty of Medicine, University of Geneva, Geneva, Switzerland

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 7 February 2025
ccepted 22 August 2025
vailable online xxx

eywords:
chizophrenia
egative symptoms
pathy
otivation

NSS

a  b  s  t  r  a  c  t

Introduction:  Negative  symptoms,  such  as  apathy  and  diminished  motivation,  are  critical  for  prognosis
and  treatment  outcomes  in neurological  and  psychiatric  disorders.  However,  constructs  and  assessment
scales  differ  significantly  across  neuropsychiatric  disorders.  This  study examines  the  psychometric  prop-
erties of two  scales  used  to  assess  apathy  – the apathy-motivation  index  (AMI)  and  the  diagnostic  criteria
for apathy  (DCA)  – compared  to  schizophrenia-specific  tools,  namely  the  brief  negative  symptoms  scale
(BNSS)  and  the  positive  and  negative  syndrome  scale  (PANSS).
Methods:  We  conducted  a  cross-sectional,  multicenter  study  with  151  individuals  with  schizophrenia
across  six European  sites.  Participants  were  assessed  using  the  AMI,  DCA,  BNSS,  PANSS,  and  other  clinical
and functional  scales.  BNSS  motivation  and  pleasure  factor  (BNSS  MAP)  assessed  motivation,  and  personal
and social  performance  (PSP)  assessed  functioning.  Convergent  validity  across  these  tools  was  examined
MI
CA
ANSS

through  bivariate  correlations  (Pearson  r)  and  exploratory  factor analysis  for  the  AMI.  Cut-off  points  for
apathy  used  receiver  operating  characteristic  (ROC)  analysis,  with  DCA  as the  reference.
Results:  We found  low  convergence  between  BNSS  MAP  and  AMI (r  =  .31,  p  <  .001)  and  moderate  conver-
gence  between  BNSS  MAP  and  DCA  (r =  .48,  p < .001).  PSP  correlated  with  BNSS  MAP,  PANSS  negative  and
DCA  (r  = −.615,  r = −.446 and  r =  −.430,  respectively,  all p  < 0.001),  but  not  with  AMI  (r  =  −.108;  p =  .218).
ROC analysis  yielded  cut-off  points  of  28.5 (BNSS  total),  16.5  (BNSS  MAP),  14.5  (PANSS  negative),  and

ting  clinical  apathy.
33.5  (AMI  total)  for detec
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Conclusion:  Current  apathy  and  motivation  scales  show  limited  overlap,  reflecting  the complexity  of  mea-
suring  transdiagnostic  constructs.  Combining  clinician-  and  patient-rated  measures  may  provide  a  more
comprehensive  understanding  of  apathy  in schizophrenia  and  other  neuropsychiatric  conditions.
© 2025  The  Author(s).  Published  by  Elsevier  España,  S.L.U.  on  behalf  of Sociedad  Española  de Psiquiatrı́a
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ntroduction

Negative symptoms of schizophrenia are becoming con-
eptualized as a transdiagnostic phenomenon seen in several
europsychiatric disorders.1 However, there has been limited effort
o find common rating scales and terminology that could promote
ransdiagnostic research and interdisciplinary collaborations.2

Negative symptoms are core features of schizophrenia, asso-
iated with poor long-term prognosis and present a major
nmet need for both pharmacological and non-pharmacological

ntervention.3 It is now widely accepted that negative symptoms
nvolve five symptom domains, namely anhedonia (lack of pleasure
xperience), asociality (diminished interest in social interaction),
volition (difficulty in starting and maintaining goal-directed
ctions), blunted affect (diminished emotional expression), and
logia (reduction in word production).4 These five domains are
urther categorized into two dimensions. The motivation-and-
leasure (MAP) or experience dimension includes the anhedonia,
sociality, and avolition domains. The emotional expression (EXP)
imension has been defined as the sum of blunted affect and alogia.
ovel scales, such as the brief negative symptoms scale (BNSS)5 and

he clinical assessment interview for negative symptoms (CAINS),6

ere developed using this framework, aiming to replace the use
f the positive and negative syndrome scale (PANSS)7 to achieve

 more accurate assessment of what is currently considered the
nderlying constructs of the negative symptoms.

In parallel with the development of these novel assessment tools
n the schizophrenia field, there is growing interest in a trans-
iagnostic approach.1 For instance, a lack of interest in social or
oal-directed activities is a key symptom in depression (both bipo-
ar disorder and unipolar depression), neurodegenerative disorders
Alzheimer’s disease, Parkinson’s disease, and others), and even
n the general population, which is emphasized in the dimen-
ional psychiatry approach.8 However, the terminology used and
he clinical rating scales significantly differ between disorders and
isciplines. Apathy, a clinical syndrome characterized by a reduc-
ion in self-initiated, goal-directed activity that is not driven by

 primary motor or sensory impairment,9,10 is a commonly used
erm in depression and dementia but is not mentioned as such in
he BNSS or CAINS.

Two novel tools have been used for measuring apathy and its
omponents in neuropsychiatric disorders. First, a group of experts
pdated the diagnostic criteria of apathy (DCA) in neurodegener-
tive disorders11, which is a clinician-rated categorical scale. The
cale builds on novel approaches to the construct of apathy, not lim-
ted to observed behaviour, and categorizes apathy as the presence
f at least two out of three major components, namely behaviour
nd cognition (‘loss of or diminished goal-directed or cognitive
ctivity’), emotion (‘loss of or diminished emotion’), and social
nteraction (‘loss of or diminished engagement in social interac-
ions’). Second, the apathy-motivation index (AMI)12 is a self-rated
ontinuous scale with 18 items, developed in healthy volunteers
ut potentially usable as a transdiagnostic scale. Moreover, the AMI

as three factors: behavioral activation (‘tendency to self-initiate
oal-directed behaviour’), social motivation (‘level of engagement

2

 an  open  access  article  under  the  CC  BY  license  (http://creativecommons.
org/licenses/by/4.0/).

in social interactions’), and emotional sensitivity (‘feelings of posi-
tive and negative affection’).

In this study, our main aim was  to explore whether non-
schizophrenia scales for quantifying (AMI) and categorizing (DCA)
apathy, measure a similar motivational construct as schizophrenia-
based scales, such as BNSS MAP  or PANSS negative. We  did not
define a gold standard measure; instead, we adopted a theory-
neutral approach, using convergent validity to examine whether
the scales that are theoretically expected to correlate are indeed
related. The study had other secondary aims, including (a) compar-
ing clinician-rated outcome measures (CROM) and patient-rated
outcome measures (PROMs) for the same construct, (b) explor-
ing the factor structure of AMI, which has not been used before in
schizophrenia, and (c) finding cut-off points for clinically significant
apathy in schizophrenia. Currently, PANSS, AMI, and BNSS (total or
MAP) have no cut-off points for pathological apathy. We  used DCA
dichotomous classification to explore these cut-off points.

Material and methods

Design

Cross-sectional multi-site trans-national non-interventional
descriptive study.

Sites and recruitment

Six sites participated in this project: Hospital del Mar  Medi-
cal Research Institute (Barcelona; Spain), University of Cambridge
(United Kingdom), Università della Campania Luigi Vanvitelli
(Italy), University Côte d’Azur (France), Université de Genève
(Switzerland) and University of Rennes (France). All sites obtained
independent local ethical approval for conducting the studies,
with another overarching ethical approval (Cambridge; REC ref-
erence 20/EM/0230) for the coordinating site that analysed the
data. The study was  named CASES, namely Criteria of Apathy in
Schizophrenia – a European Study.

Population

The inclusion criteria were aimed to be representative of people
diagnosed with schizophrenia: (1) MINI criteria for schizophrenia
(ICD-10 F20.XX) for >1 year; (2) age 18–60 years; (3) antipsy-
chotic monotherapy or single antipsychotic augmentation; (4)
outpatient setting; (5) no change in antipsychotic, antidepres-
sant, or mood stabilizer in the previous 4 weeks; (6) no comorbid
neurological or major psychiatric disorders recorded in the clin-
ical notes; (7) no active use of illegal substances or criteria of
abuse/dependence/harmful use of alcohol by clinical interview;
and (8) preserved capacity to consent to participate.
Basic sociodemographic and clinical data were collected using
a common case report form. The specific assessments included:

http://creativecommons.org/licenses/by/4.0/
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. M.I.N.I.: The Mini International Neuropsychiatric Interview13 is
a brief, structured diagnostic tool used to assess and diagnose
psychiatric disorders according to DSM and ICD criteria.

. 2018 DCA: diagnostic criteria for apathy,11 a categorical scale
(yes/no) assessing the presence of apathy in at least two  out of
three major components, namely behavioral and cognition (cri-
teria B1 or DCA B1), emotion (criteria B2 or DCA B2), and social
interaction (criteria B3 or DCA B3).

. AMI: the apathy and motivation index12 is an self-rated 18-item
scale with three factors: behavioral activation (BA), social moti-
vation (SM), and emotional sensitivity (ES).

. PANSS: positive and negative syndrome scale.7 Gold standard
scale for measuring psychopathology in schizophrenia, with
30-items covering positive (7), negative (7) and general psy-
chopathology (16) dimensions. It uses a 7-point scale from 1
(=absence) and 7 (=extreme). PANSS-negative symptoms were
the sum of seven negative items. In supplementary results, we
also used alternative PANSS-derived factors such as Marder.14

. BNSS: brief negative symptoms scale.5 It covers 5 domains and
2 dimensions (MAP and EXP), as described in the “Introduction”
section. For this study on motivation, BNSS MAP  was  considered
as the main BNSS variable.

. BACS: brief assessment of cognition in schizophrenia15 is a
standardized test designed to evaluate cognitive function in indi-
viduals with schizophrenia. It assesses key cognitive domains
such as verbal memory, working memory, motor speed, atten-
tion, and executive function. Gender and age-adjusted z-scores
were obtained.

. CDS: Calgary depression scale.16 A 9-item scale from 0 to 3,
specifically developed for measuring depression in schizophre-
nia and widely used, with a cut-off point for clinical depression
of 6.

. SHRS: St. Hans rating scale for extrapyramidal symptoms.17 A
clinical tool used to assess extrapyramidal symptoms (EPS) in
patients taking antipsychotic drugs. Through a structured rating
system, it evaluates the severity and presence of EPS, such as
parkinsonism, dystonia, dyskinesia, and akathisia.

. PSP: personal and social performance scale.18 It measures the
social functioning of individuals with mental disorders, partic-
ularly schizophrenia. It evaluates four key areas: socially useful
activities, personal and social relationships, self-care, and dis-
turbing and aggressive behaviours. The scores range between 0
and 100 (greater for better functioning).

AMI  was the only self-rated scale (PROM), whereas all others
ere clinician-rated (CROM). Two independent clinicians rated the

cales: one rated PANSS and BNSS, while the other rated DCA. Any
linician could rate the remaining scales, as these did not evaluate
verlapping constructs. Before recruitment started, coordination,
armonisation, and training for using the scales were conducted
nline. Scoring was done as reported in the original publications
or each scale.

tatistical analysis

To measure construct validity, we explored the convergent
alidity as no scale was considered the gold standard. Convergent
alidity was assessed using Pearson correlation, the ‘r’ score of
hich ranges from 0 (complete lack of convergent validity) to 1

perfect convergent validity, showing construct overlap). For DCA,
s a dichotomic variable, we used Spearman ranked correlation.
An alpha of 0.05 was selected for significance.
The statistical approach for convergent validity encompassed

hree steps: first, we explored high-order correlations between
he main constructs: BNSS MAP, PANSS negative, DCA, and AMI.
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Second, we explored the lower-order correlations between BNSS
dimensions (MAP and EE), with DCA’s three criteria (behaviour
and cognition; emotion and social interaction), and AMI’s three
subscales (BA, SM,  and ES). PANSS negative was not included
as it has no subscales. The DCA ‘emotional life factor’ did not
strictly align with any specific BNSS factor, so we decided to use
three different measures: BNSS EE, BNSS EE+BNSS anhedonia, and
BNSS anhedonia.

Third, we used PSP to explore the correlation between motiva-
tion, negative symptoms and the level of function, using Pearson’s
correlation. Finally, we also explored external validation by cor-
relating the PSP score with the total scores and sub scores of the
different measures of apathy.

Exploratory factor analysis (EFA) was  conducted on the AMI.
The analysis used principal axis factoring (PAF) as the extrac-
tion method, which is suitable for non-normally distributed data.
Kaiser–Meyer–Olkin (KMO) and Bartlett’s test of sphericity were
conducted to confirm sampling adequacy. Factors were retained
based on eigenvalues >1 and the inspection of the scree plot. Direct
Oblimin rotation was applied to account for correlations between
factors. The pattern matrix was used to interpret item loadings,
with coefficients ≥0.4 considered significant.

The discriminatory ability of the test variable was evaluated
using receiver operating characteristic (ROC) curve analysis. The
area under the curve (AUC) was  calculated to quantify the overall
performance of the test in distinguishing between the two  out-
come groups (e.g., apathy vs. no apathy). The AUC  ranges from 0.5
(no discrimination, equivalent to chance) up to 1.0 (perfect dis-
crimination), with higher values indicating better test performance.
Sensitivity and specificity values were computed for various cut-off
points, and the optimal threshold was identified by maximising,
which maximizes the sum of sensitivity and specificity (Youden’s
index). The statistical significance of the AUC was  tested to deter-
mine whether the model performed better than random chance.
DCA was  used as a state variable against AMI, PANSS, BNSS total
score, and BNSS MAP.

All analyses used SPSS v29 (IBM, Chicago, 2024). Anonymized
data and SPSS syntax for data analysis can be found at http://
schizophrenias.group/publications/CASES [active after publication
is accepted].

Results

Recruitment took place from October 2020 through July 2023.
A total of 151 volunteers were recruited. Table 1 illustrates
the main sociodemographic and clinical variables commonly
used in schizophrenia research. AMI  was collected in 133 cases.
Supplementary results 1 provides information on the sociodemo-
graphic data per site. Table 2 illustrates the psychometric scores of
the two  novel neuropsychiatric scales for measuring motivation in
schizophrenia, the DCA and the AMI, and its subscores. The number
of cases recruited (n = 151) allowed to detect medium-sized corre-
lations (r ∼ 0.3) with a power >90 and significance of 0.05 for the
main analysis.

Age did not correlate with PANSS negative scores (r = −0.064,
p = .44), BNSS total scores (r = −0.126, p = .123), or BNSS MAP
(r = −0.129, p = .115). It did correlate with AMI  total score
(r = −0.227, p = .009). Mean age differed significantly, though not
clinically meaningfully, between those with apathy (38.1 years, SD,
11.0) and those without (42.4 years, SD, 10.9).
Convergent validity

The correlation between variables is summarized in Table 3a
(for high order) and Table 3b (for lower order). Furthermore, for

http://schizophrenias.group/publications/CASES
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Table  1
Sociodemographics and clinical data of the sample. Number and percentage (in
brackets) and mean and standard deviation (SD).

n = 151

Gender male (n, %) 107 (71%)
Age, in years 39.80 (SD, 11.32; range, 19–60)
Age FEP, in years 23.95 (SD, 6.36; range, 14–42)
Education, in years 13.03 (SD, 3.70; range, 5–22)
Hospitalizations (n) 3.7 (SD, 5.60; range, 0–40)
Smoking habit (yes) 61 (40.4%)
Smoking, in cigarettes/day 7.11 (SD, 10.65; range, 0–40)
Alcohol use (yes) 48 (31.8%)
Alcohol, in units/week 2.11 (SD, 7.01; range, 0–60)
PANSS total 54.38 (SD, 16.60; range, 30–116)
PANSS positive 11.44 (SD, 4.81; range, 7–31)
PANSS negative 15.53 (SD, 6.10; range, 6–34)
PANSS general psychopathology 27.47 (SD, 8.73; range, 16–60)
BNSS total 25.27 (SD, 12.96; range, 0–60)
BNSS MAP  dimension 15.09 (SD, 7.85; range, 0–35)
BNSS anhedonia domain 6.05 (SD, 4.37; range, 0–17)
BNSS asociality domain 4.36 (SD, 2.48; range, 0–12)
BNSS avolition domain 4.67 (SD, 2.60; range, 0–11)
BNSS EE dimension 10.18 (SD, 6.77; range, 0–26)
BNSS blunted affect domain 6.80 (SD, 4.22; range, 0–16)
BNSS alogia domain 3.38 (SD, 3.04; range, 0–10)
Calgary depression scale, total score 3.71 (SD, 4.43; range, 0–20)
Personal social performance, total score 58.44 (SD, 14.55; range, 20–95)
BACS composite, z-score −1.72 (SD, 1.48; range, −5.2 to 2.3)
BACS verbal memory −0.98 (SD, 1.33; range, −3.8 to 2.3)
BACS digit sequencing −1.17 (SD, 1.36; range, −3.9 to 5.0)
BACS token motor task −1.04 (SD, 1.55; range, −5.6 to 2.3)
BACS verbal fluency −1.11 (SD, 1.16; range, −4.2 to 1.6)
BACS symbol coding −1.43 (SD, 1.15; range, −4.3 to 1.8)
BACS tower of london −0.52 (SD, 1.40; range, −6.5 to 1.6)

FEP: index episode of psychosis; PANSS: positive and negative syndrome scale;
BNSS: brief negative symptoms scale; BACS: brief assessment of cognition in
schizophrenia.

Table 2
Novel scales used for measuring motivation. Number and percentage (in brackets)
and  mean and standard deviation (SD).

DCA dichotomic (yes, n, %) 91 (60.3%)
DCA criterion A 95 (62.9%)
DCA B1 behaviour and cognition

Dichotomic 110 (72.8%)
Average (SD) 2.05 (1.74)

DCA B2 emotion
Dichotomic 109 (72.2%)
Average (SD) 2.07 (1.77)

DCA B3 social interaction
Dichotomic 110 (72.8%)
Average (SD) 2.33 (1.83)

DCA criterion B (2 out 3) 103 (68.2%)
Average 6.44 (4.52)

DCA criterion C 99 (65.6%)
DCA criterion D 107 (70.9%)

Apathy-motivation index (AMI) total score 30.58 (SD, 10.2; range, 5–59)
AMI-behavioural activation score 10.60 (SD, 4.90; range, 0–23)
AMI-social motivation score 11.45 (SD, 5.32; range, 0–24)
AMI-emotional sensitivity score 8.53 (SD, 5.18; range, 0–24)

DCA: diagnostic criteria of apathy; AMI: apathy-motivation index.

Table 3a
High order – convergent validity. Using Pearson correlation for continuous variables
and  Spearmen correlation for dichotomic variables (DCA).

PANSS-neg DCA* AMI

BNSS MAP .598∗∗ .481** .310**
PANSS neg .399** .122
DCA .222*

PANSS: positive and negative syndrome scale, negative syndrome; BNSS: brief neg-
ative symptoms scale, motivation and pleasure (MAP); DCA: diagnostic criteria of
apathy; AMI: apathy-motivation index.

* p < 0.05.
** p < 0.005.
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completeness, we correlated the PANSS-negative score with the
BNSS total (r = .792; p < .001) and BNSS EXP score (r = .725; p < .001).
Supplementary results 1 shows the results using the PANSS Marder
factor for negative symptoms, which were higher than with PANSS-
negative scores.

For completeness, high order correlations were performed with
partial correction controlled by gender and age (see supplementary
Table SS3a), with no significant differences with the direct correla-
tion.

External validation

With high-order correlations, PSP was  significantly correlated
with BNSS MAP  (r = −.615, p < .001), PANSS negative (r = −.446;
p < .001) and DCA (r = −.430; p < .001) with no significant correla-
tion with AMI  (r = −.108; p = .218). In the low-order correlations, PSP
significantly correlated with all BNSS and DCA-derived factors but
with none of the AMI-derived factors (see supplementary material).

Exploratory factor analysis of AMI

A Kaiser–Meyer–Olkin (KMO) measure of 0.78 and a significant
Bartlett’s test of sphericity (p < 0.001) confirmed sampling ade-
quacy. Five factors with eigenvalues >1 – including one single-item
factor and another comprising two items – explained 63.1% of the
total variance. The factor loadings preserved the overall structure
of three main dimensions: behavioral, emotional, and social (Fig. 1).

Cut-off points for considering clinically significant apathy

A total of 91 volunteers (60.3%) from our sample were catego-
rized as having clinical apathy, measured with the DCA. Fig. 2 shows
the total area under the curve, overall model quality, and cut-off
points for BNSS total, BNSS MAP, PANSS negative, and AMI  total of
28.5, 16.5, 14.5, and 33.5 points, respectively.

Gender differences

All analyses were re-run separately for male and female patients
(supplementary results 2). The main analysis of convergent validity
(first and second order) showed similar results. However, cut-off
points for clinically significant apathy differed among genders. To
meet the criteria for apathy (DCA criteria), women  showed higher
threshold scores in BNSS total (28.5 vs. 18.0), BNSS MAP  (20.5 vs.
9.5) and AMI  (31.5 vs. 17.5) and similar for PANSS neg (12.5 vs.
14.5).

Discussion

No prior studies have compared BNSS dimensions with other
CROM and PROM scales.2 We  found that different measures of the
same apathy/motivational construct had moderate to low conver-
gent validity in people diagnosed with schizophrenia, suggesting
scales might assess different facets of this construct. The low-
est correlations were found between clinician and patient-rated
outcome measures, whereas the different CROMs had moderate
convergent validity. Our results are in line with previous research
in schizophrenia and other fields, showing that scales had limited
convergent validity,19 which decreased further when comparing
CROM and PROM. The overarching implication is that scale choice
might determine the study’s outcome and success.

Regarding the strengths and limitations of our study, we used

a multicentric, relatively large sample. However, it was culturally
homogenous, as it was  all based in Western Europe, and findings
might need further replication with people outside this geographi-
cal area. While we aimed to recruit patients across all stages of the
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Table  3b
Lower order. Using Pearson correlation for continuous variables and Spearman correlation coefficient for dichotomic variables (DCA).

Social interaction Goal-directed behaviour Emotional life

DCA B3 AMI SM DCA B1 AMI  BA DCA B2 AMI  ES

Social interaction
BNSS Asociality .428∗∗ .315**
DCA B3 .179*

Goal-directed behaviour
BNSS Avolition .411∗∗ .083
DCA B1 .250

Emotional life
BNSS EXP .387** .085
BNSS EXP + Anh .402* .128
BNSS Anh .296** .152
DCA  B2 .011

PANSS: positive and negative syndrome scale, negative syndrome; BNSS: brief negative symptoms scale; EXP: emotional expression; Anh: anhedonia; DCA: diagnostic criteria
of  apathy; AMI: apathy-motivation index.

* p < 0.05.
** p < 0.005.

Fig. 1. Factor structure of the apathy-motivation index (AMI). The figure illustrates the original structure of the AMI  and its factor loadings derived from schizophrenia cases.
Factor  loadings >0.4 are highlighted, indicating significant associations between items and specific factors. BA: behavioral activation; SM:  social motivation; ES: emotional
sensitivity. Positive and negative loadings reflect the direction of the relationship between items and latent constructs.

Fig. 2. Area under the curve (AUC) for predicting apathy using different clinical measures. This figure illustrates the receiver operating characteristic (ROC) curves assessing
the  predictive accuracy of various clinical scales for diagnosing apathy. The analysis includes the diagnostic criteria for apathy (DCA) as the reference standard and evaluates
the  following measures: the brief negative symptom scale (BNSS) total score, the BNSS motivation and pleasure (BNSS MAP) dimension, the positive and negative syndrome
scale  negative subscale (PANSS neg), and the apathy-motivation index (AMI). The area under the curve (AUC), standard error (STD error), 95% confidence intervals (95% CI),
model quality, and corresponding Kolmogorov–Smirnov (K–S) statistics with cut-off points are presented. Significant predictive values are indicated with p < .05 (), p < .01 (),
and  p < .001 ().
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llness, the sample mainly included chronic schizophrenia. Nev-
rtheless, negative symptoms are more prevalent in people with
hronic schizophrenia3, and the goal of the study was  to evaluate
he convergent validity of the different scales. Still, we  highlight
hat the prevalence of negative symptoms severity found is not rep-
esentative of the broader schizophrenia spectrum disorder. The
ample size was adequate to ensure sufficient power for the pri-
ary analysis, although it may  have been limited for secondary

nalyses, such as determining cut-off points and assessing gen-
er differences. The study was not preregistered, which represents
n oversight; however, there were no deviations from the original
tudy objectives.

In our sample, the BNSS total score had a good correlation
ith PANSS negative symptoms (r = .74), similar to the initial

tudy of BNSS psychometric properties (r = .8),5 and further repli-
ations in the Spanish (r = .71)20 and pan-European validation
tudies (r = .77).21 However, the BNSS motivation and emotional
xpression dimensions had a different profile. Compared with
ANSS negative, they correlated worse for BNSS MAP  (r = .598) and
etter for BNSS EE (r = .725). A recent study22 using a much larger

ndependent sample has shown that BNSS dimensions poorly pre-
ict PANSS-derived dimensions, demonstrating a similar pattern of

ower predictive validity for MAP  (r ∼ 0.6) and higher for EE (r ∼ 0.7).
onsidering the growing evidence that motivation and emotional
xpression are two independent dimensions with potentially dis-
inct pathophysiology,23–25 our results add to the call for specific
cales for both dimensions. Marder derived negative symptom fac-
or (supplementary results) provided a slightly higher correlation
e.g., BNSS MAP  from .598 to .622) but still far from an optimal
verlap.

BNSS and DCA also correlated poorly, with a high-order con-
ergent validity <r = .5 and lower order (for individual domains)
anging from r = .38 to .43, suggesting they might measure different
spects of the same construct. DCA was not designed as a severity
cale but to define dichotomously the presence of apathy, which
ight have affected its performance. Indeed, DCA’s overall per-

ormance is better when considering its discriminatory value. As
een in Fig. 2, when DCA was used for dichotomous discrimination,
NSS total and MAP  scores had acceptable discrimination (.7–.8)
bove PANSS negative (.66; poor) and AMI  total (.53, almost no dis-
rimination). This suggests that DCA might have a role in clinical
ettings as a screening tool for the presence of apathy in schizophre-
ia patients. Nevertheless, DCA has not been used in schizophrenia
efore, so the cut-off points found must be replicated in larger
amples. Additionally, the cut-off points might help researchers
ategorise patients into those with and without clinically signif-
cant apathy, albeit this should be limited (and approached with
aution) to those assessed with BNSS, as seen by the overall model
uality scores (Fig. 2).

In our view, a revealing result was the poor correlation (some-
imes non-significant) between the CROMs (BNSS, PANSS, and DCA)
nd the PROM (AMI). Furthermore, AMI  was the only measure
hat did not significantly correlate with the level of functioning

easured by the PSP. It is tempting to suggest that patients had
ess insight into their deficits than experienced researchers and
linicians, perhaps driven by cognitive deficits (mean BACS total
-score = −1.7). However, it is noteworthy that the AMI  mean score
30.58) was much higher than those described in the general pop-
lation, where the cut-off for severe apathy starts in the range of
pproximately 2.5 points,12 suggesting patients were not neglect-
ng but very aware of their deficits. Whether this high AMI  score is
n overestimation or truly reflects the CROMs’ struggle to identify

he severity of symptoms could not be elucidated with our study
esign. However, considering the lack of advancement in treat-

ng these symptoms and their subjectivity, our results add to the
vidence supporting the need to add the patients’ views into the
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outcome measures in research studies,26,27 possibly combined with
CROM to maximize the information about outcome.

In this study, we did not explore the impact of different sources
of negative symptoms, such as depression or psychosis, motor
symptoms, age or the influence of smoking as it was not the main
aim of the project.28 We  aim to explore the role of the different
sources of negative symptoms in further projects. It is possible
that different scales may  be more sensitive to secondary sources,
although this requires further investigation. Similarly, the present
study focused on motivation rather than emotional expression, the
other major dimension of negative symptoms.25 Future advances
will likely incorporate ecological measures for assessing behaviours
or activities in real-world, by using naturalistic settings rather
than in controlled or artificial environments29,30. Such measures
will capture how individuals interact with their surroundings in
their everyday lives, providing a more accurate and contextualized
understanding of activity patterns.

Our AMI  factor analysis slightly differed from the original AMI
scale in healthy volunteers (see Fig. 1). We  found a total of five
factors instead of the three reported by Ang et al.,12 but there are
some considerations that should be taken into consideration. First,
our sample size was considerably smaller than that of the initial
study, which included over a thousand healthy volunteers. Sec-
ond, the impression is that the structure of the factors did not vary
excessively. AMI-ES and our factor two  overlapped in their load-
ing pattern. AMI-SM was the sum of our factors 3 and 4, and a
closer exploration showed that questions in factor 3 were about
passive social interaction and those in factor 4 concerned active
social interaction, which might differ in people with schizophrenia.
Lastly, five out of six items of the AMI-BA also loaded on our factor
1. Considering the AMI  high score and the relatively stable factor
structure, the use of PROMs for measuring apathy (negative symp-
toms) seems a promising avenue, as seen in other PROM measures,
such as self-rated negative symptoms scales.2,3,31

Finally, if confirmed in larger samples, the higher cut-off points
for BNSS and AMI  in women  to be categorized as clinically apathic
might raise important questions about the lack of recognition of
these symptoms in clinical practice. Gender differences in negative
symptoms have not been extensively explored and might repre-
sent a relevant future line of research for its potential impact in
personalization of interventions.

The overarching conclusion is the limited convergent valid-
ity between measures that assess similar constructs. Scales from
similar conceptual approaches (schizophrenia-field derived PANSS
and BNSS) had a higher correlation. The causes of the divergence
are likely multifactorial (e.g., the subjectivity of the phenomena,
emphasis on different aspects across the lifespan, etc.) but insist
on the need for a new consensus on how complex subjective con-
structs are measured.29

Our work has shown the limitations of the current measures
of motivation in schizophrenia. Future work should incorporate
constructs from other research fields (e.g., neurodegeneration,
affective disorders, and ageing, to name a few), as well as patients
and carers. Ideally, the development of new scales should be guided
by advances in the cognitive neuroscience of motivation and by
emerging technologies capable of accurately assessing activity in
real-world settings beyond the clinical environment.
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