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Objective: Ultra-high risk criteria were developed to identify prodromal symptoms of psychosis,
although the transition does not occur in most individuals. This highlights the need to identify transition
markers, such as movement analysis. In the first stage of our study, movement analysis was used to
differentiate controls from ultra-high risk patients, who had reduced movement and increased
erraticism. We aimed to determine whether these variables can predict ultra-high risk outcomes after
follow-up.
Methods: Ultra-high risk individuals were recorded while performing two speech tasks at baseline.
The videos were analyzed using motion energy analysis for head and torso movements (mean
amplitude, frequency, and variability) and were manually coded for gesticulation. During follow-up,
seven participants transitioned to psychosis, 21 to other DSM-5 disorders (called the general disorder
group), and 18 did not transition to psychosis.
Results: The general disorders group showed lower torso frequency and higher variability in both
regions than the psychosis group, as well as greater torso variability than the non-transition group.
No differences were found between the psychosis and non-transition groups. Gesticulation did not
significantly differ between groups.
Conclusions: Baseline movement variability distinguishes ultra-high risk transition outcomes, with
higher variability in those who transitioned to non-psychotic disorders. This demonstrates the
importance of movement analysis as a potential transition marker and suggests that treating ultra-high
risk individuals as a single group may overlook important information.
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Introduction

Ultra-high risk (UHR) for psychosis is one of the most
studied preventive paradigms in psychiatry,1 being used
to identify pre-clinical stages of schizophrenia spectrum
disorders and to promote early intervention. Despite the
growing evidence supporting the validity of the UHR
paradigm, less than one third of these individuals
transition to a psychosis syndrome within 2 years.2

Investigation of the UHR paradigm has indicated, first,
that psychosis has a heterotypic course, and second, that

transition markers should be identified through different
approaches.

Recent studies have discussed the importance of
investigating these criteria not only to predict psychosis
syndrome but to detect early stages of general psychiatric
diagnoses.3 A systematic review found that 28 to 71% of
UHR individuals who did not transition to psychosis (NT)
did not remit from at-risk status and 22 to 82% met the
criteria for at least one non-psychotic clinical diagnosis.4

According to a meta-analysis of 28 studies (mean follow-
up of 30.7 months), although UHR individuals who did not
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transition to psychosis had better clinical outcomes, less
than half actually remitted from at-risk status over this
period.5 A naturalistic study that followed 160 NT indivi-
duals found that 54.5% met the criteria for at least one
Axis-I diagnosis, mainly anxiety and affective disorder.6

Over the years, techniques such as electroencephalo-
graphy,7 gene expression,8 and social/cognitive analy-
sis9,10 have been widely used in the search for
biomarkers, as well as the development of risk calcula-
tors.11,12 However, most of these approaches require
various tests, some of which are invasive.

Predicting psychosis through movement analysis

Movement analysis has been used in the search for
transition markers in UHR individuals. A recent study
employed automated motion energy analysis (MEA)
software13 to capture movement during diagnostic inter-
views, finding greater speed, greater total body move-
ment, and lower movement variation in the UHR group
(54 individuals) than healthy controls (62 individuals).14

Another study assessed movement abnormalities through
videos taken during clinical interviews and a dyskinesia
identification scale, finding that individuals with schizoty-
pal personality disorder had more motor abnormalities in
the face and upper body than psychiatric patients and
healthy controls.15 In adolescents with schizotypal per-
sonality disorder, movement impairments were also found
to increase over time.16 Another study that recorded videos
during clinical diagnosis found higher abnormal involuntary
movement scores in a UHR (45 individuals) and first-
episode psychosis (10 individuals) group than in a non-
psychotic/non-UHR control group (39 individuals).17

Using a force platform, a study observed greater
postural sway in a UHR group (43 individuals) than in
healthy controls (44 individuals), which predicted negative
symptom progression18 and was associated with
decreased beat gestures in these individuals.19 Some
movement impairments found in UHR individuals include
lower overall gesticulation and a higher number of
mismatch gestures (incongruence between the current
gesture and speech content) and retrieval gestures (more
gestures performed during pauses in speech).20,21

A study that assessed 40 UHR adolescents with a
dyskinesia scale over 4 years found that those who
transitioned to a DSM-5 diagnosis of psychosis (10
individuals) had greater movement abnormalities at
baseline than the NT group (30 individuals).22 Another
longitudinal analysis, part of the Enhancing the Prospec-
tive Prediction of Psychosis (PREDICT) study, assessed
148 UHR individuals with the Abnormal Involuntary
Movement Scale, finding that the 28 who transitioned to
a psychotic disorder had greater spontaneous dyskinesia
at baseline.23 Thus, the use of movement analysis in UHR
could be an important ally in the search for psychosis
prediction markers.

The present study

In previously published studies, we attempted to under-
stand how movement could differentiate UHR individuals

from healthy controls in a medication-naı̈ve population
sample. To do this, we recorded videos collected during
free-speech tasks (in an attempt to assess variables more
naturalistically), submitting them to two different types of
analysis: MEA and gesticulation assessment.24,25 Using
MEA to assess the total amount of movement, the UHR
group was observed to have a lower mean amplitude of
head movement and higher head and torso movement
variability than controls.24 Although there were no
significant differences between the groups regarding
gestures, there were negative correlations with prodromal
symptoms and positive correlations with total move-
ment.25 In summary, these cross-sectional analyses
indicated the presence of movement abnormalities in a
population of UHR individuals.

During follow-up of this sample, three groups were
determined according to outcome: those who transitioned
to psychosis (the psychosis group), those who transi-
tioned to a DSM-V non-psychotic syndrome (referred to
as the general disorder [GD] group), and those who did
not transition to a DSM-V diagnosis (the NT group). The
present study investigated whether baseline movement
patterns could predict transition to psychosis or other
outcomes among UHR individuals. To do this, we used
data collected from the baseline videos to determine
whether the MEA and gesture variables differed between
the three outcome groups. We hypothesized that NT,
psychosis, and GD groups (i) differ in relation to MEA
variables, (i.e., mean amplitude, movement frequency,
and coefficient of variability) and (ii) in relation to in
gestures and self-stimulation movements.

Methods

Sample and procedures

The Subclinical Symptoms and Prodromal Psychosis
(SSAPP) Project,26 of which this study is a part, is a
population-based cohort study based on three waves of
general population screenings in São Paulo, Brazil (2016-
2017, 2021, and 2022). Over 6,000 individuals aged
18-35 years were interviewed using the Prodromal
Questionnaire-Brief version and a 9-item scale of percep-
tual and cognitive aberrations developed to assess basic
symptoms, adhering to previously published screening
procedures.25,26 The Prodromal Questionnaire-Brief ver-
sion, a shortened version of the Prodromal Questionnaire,
consists of 16 items on positive psychotic experiences
and is used to screen for UHR.27 The 9-item basic
symptoms scale investigates self-experienced distur-
bances in perception and cognition that manifest in the
early stages of psychosis risk states.28

Individuals with combined scores 4 10 on these tests
were invited to participate in a face-to-face interview at
the Instituto de Psiquiatria, Universidade de São Paulo, in
which they were assessed with the Structured Interview
for Psychosis-Risk Syndromes (SIPS)29 for UHR status,
and with the SCID-5, a semi-structured interview, to
assess DSM-5 disorders (GD).30 SIPS diagnoses three
prodromal syndromes for psychosis: brief intermittent
psychotic symptom syndrome, genetic risk and
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deterioration syndrome, and attenuated psychosis syn-
drome.29 Pursuant to a medication naı̈ve sample, all
participants on medication were excluded from the study.
Our baseline sample consisted of 56 individuals in the
UHR group and 69 controls.25

After a mean of 30 months, the participants were
recalled for a follow-up interview including reapplication of
the SIPS and the SCID-5 to assess transition to a GD. In
the UHR group, eight transitioned to a psychosis
syndrome, 24 transitioned to a GD, and the remaining
20 were not diagnosed with a disorder (NT).

After an outlier analysis, our sample consisted of 18 in
the NT group, seven in the psychosis group, and 21 in the
GD group. The psychosis group included schizophrenia
(n=1), psychotic depression (n=1), substance-induced
psychosis (n=1), and bipolar disorder (n=4). The GD
group included seven with depressive disorders alone
(persistent depressive disorder, major depressive disor-
der, or recurrent depressive disorder), six with anxiety
disorders alone (generalized anxiety disorder, social
anxiety disorder, or post-traumatic stress disorder), four
with both depressive and anxiety disorders (combinations
of major depression, recurrent depression, and social
anxiety with generalized anxiety disorder), three with
substance use disorders alone (alcohol or cannabis
dependence), and one with both substance use and
anxiety disorders (combinations of alcohol dependence
with generalized anxiety disorder).

Elicitation of speech and self-expression

As described in our previous studies,24,25 audiovisual files
of two different protocols were recorded at baseline using
a mobile phone placed on a support in front of each
seated participant. All participants provided consent, and
the study was approved by the Institutional Review Board
of Universidade de São Paulo. The first protocol, which
was performed at the beginning of the interview,
consisted of the SIPS Subject Overview section plus
asking the participants to speak freely about their child-
hood and relationship with their parents. The second
protocol, performed after the SIPS interview, was based
on Mota’s paradigm,31 which included memory reports of
a recent or old dream and short-term memory reports
based on three positive affective pictures (baby, a puppy,
and a dessert). When participants could not remember a
dream, a description of the prior day was solicited. After
the video was recorded, it was immediately stored in a
cloud according to Brazilian data protection compliance
standards (Lei Geral de Proteção de Dados; https://www.
lgpdbrasil.com.br/) and was deleted from the phone.

Motion energy analysis

MEA was performed using an open-source software
program based on frame-differencing methods,13 as
described in a previous study.25 Movement can be
assessed in predefined regions of interest, and we
selected the torso (including upper body, hand, and arm
movements) and the head. The intrinsic limitations of this
method have been discussed by Lopes-Rocha,24 such as

movements requiring transposition of the predefined
regions.

Individual data were recorded to a text file, followed by
preprocessing in R software and filtering with a moving
average filter of 5 seconds, as per previous studies.14 The
variables were defined based on Dean et al.14: the mean
movement amplitude across the entire video and the
coefficient of variability (SD of the movement amplitude
divided by the mean movement amplitude during the
entire video). Although they also analyzed the total
amount of movement, given that our videos were of
different durations, we used movement frequency (the
sum of the frames different from zero divided by the total
number of frames) to control for this issue.24

Gesticulation and self-stimulation movement analysis

The gesture analysis technique, which was based on
Mittal et al.,21 is described in detail in Lopes-Rocha.25 We
manually quantified the frequency of four categories of
gestures (iconic, metaphorical, deictic, and beats) and we
determined the total number of actions divided by speech
time, the total number of actions divided by the number of
self-stimulation movements, and the total number of
actions divided by total video time, since it does not
depend on speech for classification.

Iconic gestures literally represent the semantic content
that is being spoken, while metaphorical gestures
represent an abstraction in relation to the semantic
content. Deictic gestures point to both concrete and
abstract subjects. Beats are rhythmic movements made
during speech that are not fully related to semantic
content. Although not classified as gestures, self-stimula-
tion movements are aimed at the speaker, such as
touching one’s own hair.

Statistical analysis

The statistical tests were performed in SPSS 25 for Mac
and Jamovi 2.4.8 for Windows. Concerning demographics
variables, age was presented as mean (SD), while
categorical variables were expressed as frequency and
percentage. Education was divided into three levels
(incomplete or complete high school, an incomplete or
complete undergraduate degree, and an incomplete or
complete graduate degree). The Shapiro-Wilk test for
normality was used to verify the distribution of each MEA
variable and gesticulation and self-stimulation variables in
both videos (subject overview and memory reports).
Given the non-normal distribution, the Kruskal-Wallis test
was used to verify differences between the psychosis,
GD, and NT groups. The Dwass-Steel-Critchlow-Fligner
test was performed for multiple comparison analysis.

Ethics statement

All participants provided written informed consent for this
study and its data use. The study was approved by the
research ethics committees of the Comissão Nacional
de Ética em Pesquisa (no. 53536816.0.0000.0065) and
the Faculdade de Medicina, Universidade de São Paulo
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(no. 36510820.3.0000.0068). The study design, imple-
mentation, and data ownership processes was developed
by local researchers, and the manuscript was written with
outside collaboration.

Results

Sociodemographic variables were similar in the NT,
psychosis, and GD groups (Table 1). The participants
were aged between 20 and 44 years (mean [SD] = 30.4
[5.23] years) and more than two-thirds were women
(67.4%). Because no variables were normally distributed
(p o 0.05), non-parametric tests were applied.

Regarding our first hypothesis about the mean move-
ment amplitude, no differences were observed between
the NT and transitioned groups. However, the frequency
of torso movement in the subject overview video differed
significantly between groups (w2 = 7.02, p = 0.030, e2 =
0.163). Multiple comparison tests showed a significantly
lower frequency in the GD group than the psychosis
group (W = 3.41, p = 0.042), but not the NT group
(Figure 1). Likewise, there were coefficient of variability
differences in the subject overview video for both the

head (w2 = 10.10, p = 0.006, e2 = 0.235) and torso (w2 =
16.37, p o 0.01, e2 = 0.380) regions, with the GD group
presenting higher scores than both the psychosis (head:
W = -4.09, p = 0.011; torso: W = -4.84, po 0.002) and NT
(torso: W = -3.99, p = 0.013) groups (Figure 1).

Our second hypothesis was refuted, since there were
differences between the groups regarding gestures and
self-stimulation movements (Table 2).

Discussion

Our study found a significant difference in baseline
movement variability among medication-naı̈ve UHR tran-
sition categories. Those who transitioned to GD had
higher variability of movement than the NT group and
the psychosis group. The GD group also had a lower
frequency of movement than the psychosis group.
Considering that the GD group mainly consisted of
individuals diagnosed with anxiety and/or depression
disorders, these results are consistent with the literature.

Trembling, psychomotor slowing, agitation, and move-
ment synchrony impairments are characteristic of depres-
sion and anxiety disorders.32-34 Highly anxious patients

Figure 1 Motion energy analysis for both regions of interest in the SO and MR videos at baseline. A) Mean amplitude: data
expressed as mean movement amplitude across the entire video analysis 6 SD. B) Frequency of movement: data expressed
as the mean of the non-zero sum of frames divided by the total number of frames 6 SD. C) Coefficient of variability: data
expressed as mean movement amplitude divided by the mean movement amplitude during the entire video 6 SD. GD =
general disorder; MR = memory report; NT = non-transition group; SO = subject overview. * p o 0.05: significant in
independent-samples t-tests.

Table 1 Sociodemographic data for each group

NT (n=18) Psychosis (n=7) GD (n=21) Statistic r

Age (years), mean 6 SD 30.165.6 26.965.7 31.964.3 w2 = 4.1 0.1

Sex 0.4
Female 10 (55.6) 5 (71.4) 16 (76.2) w2 = 1.9
Male 8 (44.4) 2 (28.6) 5 (23.8)

Education
Incomplete or complete high school 6 (33.3.) 4 (57.1) 6 (31.6) w2 = 2.7 0.6
Incomplete or complete undergraduate degree 10 (55.6) 2 (28.6) 12 (63.2)
Incomplete or complete graduate degree 2 (11.1) 1 (14.3) 1 (5.3)

Data presented as n (%), unless otherwise specified.
GD = general disorder group; NT = non-transition group.
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present with more twitches, tremors, and rigid torso
positions, as well as less engagement in manual signaling
than less anxious patients.35 Psychomotor abnormalities in
depression range from agitation to retardation (not as
mutually exclusive, but as independent phenomena) accord-
ing to different factors, such as the course of the illness,
medication, sex, age, and time of the day.36 This agrees
with our finding of higher baseline variability in the GD group
(i.e., anxious and depressive patients) than the NT group.

The GD group had a higher variability and lower
frequency of movement than the psychosis group. Few
studies have addressed movement in different diagnostic
groups, considering that the main focus is usually
comparison with nonclinical subjects. Measuring eight
nonverbal behavioral variables, Jones & Pansa37 found
that depressed patients had a higher frequency of large
and small movements of the head and more self-
stimulation movements than schizophrenia patients.
A study comparing nonverbal behavior in schizophrenia,
depression, and mania patients found that the mania
group performed more illustrative gestures than the other
groups, but there were no significant differences between
the schizophrenia and depression groups.38 Using the
Ethological Coding System for Interviews to assess 14
behavioral aspects of interaction with the environment,
researchers found more flight behavior, such as looking
down or away, than those with depression, among
patients with schizophrenia.39 Also using MEA software,
Paulick et al.40 compared nonverbal behavior in patients
with depressive and anxiety disorders, finding less
movement in depressive patients than anxious patients.
The limited number of studies with different outcomes
makes it difficult to compare our results, but our findings
align with the few studies that have found differences
between psychosis and other disorders.

Motor behavior abnormalities have also been widely
observed in psychosis syndromes. Schizophrenia
patients, for example, have motor abnormalities more
erratic and irregular gestures, and reduced head and
body movement during social interaction.41,42 In bipolar
disorder, psychomotor retardation or agitation can be
present,43,44 although motor activity can vary according to
mood episode: during the manic state, greater variability
and complexity are observed in these patients than in NT
patients, while lower mean activity is observed in the
depressive state than the manic state.45 These motor
behavior differences in schizophrenia and bipolar disorder
might explain the lack of difference between our

psychosis and the NT groups, given that transitions to
different syndromes occurred within the psychosis group.

In our previously published data, we observed less
movement and a higher coefficient of variability in youths
classified as UHR than in their healthy peers,24 as well as
a significant correlation with gesture categories,25 show-
ing that movement abnormalities are present prior to the
outcome. These baseline movement variables may help
to predict a transition to non-psychotic disorders, which
supports the idea that considering risk states as a single
homogeneous group can overlook important information.

In fact, the majority of at-risk patients do not transition
to a psychosis syndrome,4 and research that focuses
solely on this transition can neglect other possible
outcomes. After following-up NT participants, a naturalis-
tic study found that more than half still met the criteria for
at least one Axis-I diagnosis.6 A meta-analysis of 28
studies found that more than half of UHR individuals who
do not transition to psychosis also did not remit from at-
risk status.5 Thus, prodromal signs and symptoms used
to diagnose UHR are not only associated with psychotic
disorders, but with several potential outcomes as well.1

A marker of transition to non-psychotic disorders, such as
the one found in the present study, could become an
important feature of outcome assessment and prediction
in UHR individuals.

Regarding study limitations, the first was the low
sample size. The small number of individuals with each
diagnosis did not allow an individualized analysis per
diagnosis, so we had to divide them into three larger
groups, which hinders comparison with previous studies.
However, the higher variability in the GD group is
consistent with findings on anxiety and depressive
disorder. The lack of difference in the psychosis group
might be explained by its heterogeneity, but further
studies are needed to verify this hypothesis. In addition
to the limitations mentioned in the first part of this
study,24,25 such as those intrinsic to the methods and
the fact that it was a non-helping seeking sample, our
sample was greatly reduced by follow-up losses ( 62.05%
attrition rate). This is high compared to other studies, in
which dropouts vary from 25 to 36%,46,47 although the
majority include help-seeking patients, which hinders
comparison with our population-based sample.

Nevertheless, important differences were found
between the groups at baseline, indicating the need for
movement analysis in individuals at risk for non-psychotic
disorders. Further studies should assess the evolution

Table 2 Gesticulation and self-stimulation movements at baseline

Subject overview Memory report

NT Psychosis GD p-value NT Psychosis GD p-value

Iconic 1.462.7 5.868.9 1.663.8 0.4 9.3617.7 4.967.8 7.0615.1 0.9
Metaphoric 11.1614.1 17.1614.6 9.8612.8 0.5 20.1631.8 17.0614.6 19.9626.2 0.9
Beat 203.06176.0 136.06150.0 117.06127.0 0.2 146.06179.0 140.06112.0 146.06163.0 0.9
Deictic 48.4631.3 24.8621.6 60.5659.0 0.3 47.8649.1 19.3644.3 37.8634.6 0.5
Self-stimulation 31.8629.0 22.5621.6 20.7620.5 0.5 25.9623.9 21.5622.1 25.0633.7 0.7

Mean (SD) � 10-3.
p-value obtained through the Kruskal-Wallis test.
GD = general disorder group; NT = non-transition group.
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of these variables over time and, through intra-subject
analysis, verify whether post-outcome analysis results in
improved prediction capability.

Data availability

The video data are not available, since they reveal the
individuals’ faces. However, the motion energy analysis,
gesticulation, self-stimulation, and demographic variables
are available in Excel format by request from AAL,
respecting ethical restrictions.
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A, Schultze-Lutter F, et al. The psychosis high-risk state: a compre-
hensive state-of-the-art review. JAMA Psychiatry. 2013;70:107-20.

2 Kempton MJ, Bonoldi I, Valmaggia L, McGuire P, Fusar-Poli P.
Speed of psychosis progression in people at ultra-high clinical risk:
a complementary meta-analysis. JAMA Psychiatry. 2015;72:622-3.
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Nordgreen T, et al. Complexity and variability analyses of motor
activity distinguish mood states in bipolar disorder. PLoS One.
2022;17:e0262232.

46 Farris MS, Devoe DJ, Addington J. Attrition rates in trials for ado-
lescents and young adults at clinical high-risk for psychosis:
a systematic review and meta-analysis. Early Interv Psychiatry.
2020;14:515-27.

47 Leanza L, Studerus E, Mackintosh AJ, Beck K, Seiler L, Andreou C,
et al. Predictors of study drop-out and service disengagement in
patients at clinical high risk for psychosis. Soc Psychiatry Psychiatr
Epidemiol. 2020;55:539-48.

Braz J Psychiatry. 2025;47:e20243919

Movement analysis predicts non-psychotic transition 7

https://easacommunity.org/wp-content/uploads/2023/09/SIPS_5-5_0325141-correct.pdf
https://easacommunity.org/wp-content/uploads/2023/09/SIPS_5-5_0325141-correct.pdf

	title_link
	Introduction
	Predicting psychosis through movement analysis
	The present study

	Methods
	Sample and procedures
	Elicitation of speech and self-expression
	Motion energy analysis
	Gesticulation and self-stimulation movement analysis
	Statistical analysis
	Ethics statement

	Results
	Discussion
	Figure�1Motion energy analysis for both regions of interest in the SO and MR videos at baseline. A) Mean amplitude: data expressed as mean movement amplitude across the entire video analysis ± SD. B) Frequency of movement: data expressed as the mean of th
	Table t01 Table�1Sociodemographic data for each group
	Table t02 Table�2Gesticulation and self-stimulation movements at baseline
	Data availability
	ACKNOWLEDGMENTS
	Disclosure
	Author contributions

	REFERENCES

