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Disorganized behavior is a key symptom of schizophre-
nia. The objective assessment of disorganized behavior
is particularly challenging. Actigraphy has enabled the
objective assessment of motor behavior in various settings.
Reduced motor activity was associated with negative syn-
drome scores, but simple motor activity analyses were not
informative on other symptom dimensions. The analysis of
movement patterns, however, could be more informative for
assessing schizophrenia symptom dimensions. Here, we use
time series analyses on actigraphic data of 100 schizophre-
nia spectrum disorder patients. Actigraphy recording inter-
vals were set at 2 s. Data from 2 defined 60-min periods were
analyzed, and partial autocorrelations of the actigraphy
time series indicated predictability of movements in each
individual. Increased positive syndrome scores were associ-
ated with reduced predictability of movements but not with
the overall amount of movement. Negative syndrome scores
were associated with low activity levels but unrelated with
predictability of movement. The factors disorganization
and excitement were related to movement predictability
but emotional distress was not. Thus, the predictability of
objectively assessed motor behavior may be a marker of
positive symptoms and disorganized behavior. This behavior
could become relevant for translational research.
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Introduction

Irregular and peculiar movement patterns have been
noted in schizophrenia by Kraepelin!®r*2 as well as in
case notes from the 19th century.? Bleuler described irreg-
ular movement patterns as “ambivalence of will” (ambi-
tendence) or disturbance of behavior, both of which he
considered as resulting from the disturbance of associa-
tion.? Disorganization of behavior is still conceived as one
of the hallmarks of schizophrenia.* The observation of

spontaneous motor behavior remains an important con-
tribution to psychopathological rating scales. In addition
to spontaneous behavior, the behavior of schizophrenia
patients in experimental settings has been found to be less
predictable.’

Motor behavior is altered in schizophrenia, including
specific motor disturbances and general motor activity
levels.®” Indeed, schizophrenia patients engage less fre-
quently in sports,®® but more in sedentary behaviors,’
and have less activity during leisure time than the average
population.!® Activity monitoring using actigraphy allows
an objective assessment of schizophrenia motor behav-
ior.®!" Reduced activity levels were repeatedly reported in
patients using actigraphy.'>'> However, few studies have
aimed at investigating associations of objective motor
behavior and psychopathological phenomena. We have
previously demonstrated a moderate association of acti-
graphically assessed motor activity and the negative syn-
drome as assessed by the positive and negative syndrome
scale (PANSS).!®!7 Higher negative syndrome scores were
associated with reduced motor activity.'>!® However, the
associations between positive symptoms and motor activ-
ity remain inconsistent.!4 1618

Besides the analysis of average motor activity, one
could also investigate the movement patterns over
time, which may provide additional insight into the
structure of behavior. Investigations of large-scale
rhythms such as circadian rhythm disturbances,
however, found no associations with psychopathology
in schizophrenia.'®® Still, detailed analyses of
movement patterns in smaller intervals are more likely
to produce relevant and informative results for objective
assessments of psychopathology. Within shorter time
periods, behavioral patterns of schizophrenia patients
in an experimental setting were associated with
psychopathology.’ Thus, patterns of spontaneous motor
behavior within 1h might be related to the severity of
schizophrenia symptoms.
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In the present study we used time-series analyses of
actigraphic data to evaluate the predictability of move-
ment behavior in “schizophrenia spectrum patients” and
its association with psychopathological phenomena. We
expected that the predictability of motor behavior would
largely vary in a group of 100 schizophrenia spectrum
patients. Furthermore, we hypothesized that the predict-
ability of motor behavior was associated with schizophre-
nia symptom dimensions, most likely with the positive
and negative syndrome scores. Positive symptoms were
expected to lead to more disrupted patterns, and negative
symptoms were expected to lead to more stable patterns
of motor behavior.

Methods
Subjects

Participants were recruited at the inpatient units of the
University Hospital of Psychiatry, Bern, Switzerland.
Inclusion was restricted to patients with schizophrenia,
schizophreniform or schizoaffective disorder according
to DSM-1V. Exclusion criteria involved substance depen-
dence other than nicotine, abuse of illegal substances
within the last week and medical conditions with impaired
motor function, eg weakness or hemiplegia. Diagnoses
were given following clinical psychiatric examination and
chart review. All but 3 patients were on antipsychotic
medication at the time of study. The study sample consists
of data that have been included in previous studies of our
group with different aims and data analyses.!>!62!-23

Procedures

Symptom severity was assessed using the PANSS admin-
istered by a trained psychiatrist (S.W.). Following the
PANSS interview, patients wore an actigraph (Actiwatch,
Cambridge Neurotechnology, UK) at the wrist of the
nondominant arm for 24 consecutive hours. Activity
monitoring at the nondominant arm was found to reflect
whole body activity.* A piezoelectric sensor integrates
accelerations into movement counts that were stored at 2-s
intervals. Thus, we have continuous 2-s-wise data on the
number of movements for each participant (the activity
data over 1h is plotted in figure 1 for 2 subjects). Patients
provided sleep log information, and activity monitoring
was paused for bathing or showering. The study protocol
was approved by the local ethics committee, and all par-
ticipants provided written informed consent.

Data Analysis

Two 60-min periods were chosen for analysis from the
total recording of 24h, 10:00-11:00 am and 3:00-4:00
pMm. Circadian social rhythms are highly normalized in
psychiatric hospitals, eg meals are served at the same
time period. The 2 time periods were chosen for analysis
because the first includes various single or group activities
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before lunchtime and the second supervised group activi-
ties, which are attended by the vast majority of patients.
Patients are asked to choose 1 of the activities of the weekly
schedule but may also withdraw. Morning group activities
are predominantly indoors and include neurocognitive
training, arts, basic occupational therapy, music therapy,
psychoeducation, or sessions with the treating psychiatrist.
The afternoon activities may additionally include outdoor
activities such as shopping, walking, and training of pub-
lic transportation use. The nursing staff is to encourage
participation and to reduce sedentary behaviors. However,
patients are not forced into activities. Therefore, we may
conclude that the social context and rhythm are compa-
rable across 100 participants and thus constitute the most
standardized periods during the day. At other periods of
the day there is less structured guidance and therefore far
more variation in the patients’ activities.

Data were inspected for recording pauses or inconsis-
tencies with the patients’ report. Of the 100 patients’ data
sets, 88 included complete and consistent data between
10:00-11:00 am and 95 between 3:00-4:00 pm. All data
available were entered in the analyses. The mean activity
level (AL) is given as the movement counts per 2 s.

In a first step, we analyzed the 60-min motor activity
data as a time series of movement counts. The aim was
to establish whether the amount of movement at one
time point would be associated with the amount of
movement at subsequent time points. Therefore, the partial
autocorrelation function (PACF) was computed for each
60-min time series with a total of 1800 bins resulting
from the 2-s intervals. The PACF consists of all partial
autocorrelations and indicates how much the time series
is correlated to itself. The partial autocorrelation at lag p
is the correlation of the movement count of a patient with
his or her movement count p lags (ie, 2 p seconds) earlier,
partialling out the effect of the p-1 previous intervals.
Correlation coefficients for 2-s intervals are depicted in
ascending order (see figure 1). Generally, correlations are
predominantly positive and decrease with increasing P; the
predictability of the movement time series tends towards
0 with elapsing time. For each data set we extracted the
longest lag with partial autocorrelation still significant
at P < .05 (with n = 1800, the threshold is approximately
r = .046), indicating the window of predictability of motor
behavior. Higher lag numbers indicate a longer time
period in which movement counts correlate significantly.
Therefore, if 1 subject had a short lag, eg, 1 (see figure 1A),
we suspect less structured behavioral patterns than in a
subject with a longer lag, eg, 7 (see figure 1B). In the first
case movement counts have an autoregressive memory of
only 2 s, in the second case of 14 s. Therefore, predictability
of movement is superior in the second case, as partial
autocorrelations cover a longer time period.

In a second step, we computed a linear regression
model for each PANSS subscale as dependent variable
with the predictors lag and AL, to explore the impact
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Fig. 1. Time series for 2 patients (A, B) with respective autocorrelation plots. Note: PACF, Partial Autocorrelation; Vertical dashed
reference lines in autocorrelation plots: Maximal lag where PACF is above +2 standard errors of an approximate 95% confidence limit.

of partial autocorrelation lags on psychopathological
dimensions. Because recording period (10:00-11:00 am
or 3:00-4:00 pm) did not influence the predictors (cf.
table 2), we used the mean values of lag and AL in the
regression models. Furthermore, the PANSS S5-factor
structure according to van der Gaag et al.”® was tested.
We chose the 5-factor solution that included all 30
PANSS items, as promoted by the authors. We derived
scores for the factors “positive symptoms,” “negative
symptoms,” “disorganization symptoms,” “excitement,”
and “emotional stress.” The factor disorganization
includes the PANSS items “conceptual disorganization,”
“difficulty in abstract thinking,” “stereotyped thinking,”
“mannerisms and posturing,” “unusual thought content,”
“disorientation,” “poor attention,” “lack of judgement and

insight,” “disturbance of volition,” and “preoccupation.”?
Each model’s parameter estimates are reported in terms
of standardized betas (b).

Results

Descriptive and clinical characteristics are given in table 1.
Assessments were conducted in acute and chronic condi-
tions, for most patients within 1-4 weeks following admis-
sion (23% in the first week, 18% in the second, 10% in the
third week, and 13% in the fourth week). A proportion of
36% of the participants were assessed after 2-6 months
post admission. The mean and ranges of autocorrela-
tion lags and AL are given in table 2. Neither cumulative
chlorpromazine equivalents (F[1, 98] = 0.04, P = .850)
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and type of antipsychotic administered (none, first gen-
eration, second generation or both; F[3, 96] = 0.16,
P = .924) nor sedative use (no sedatives vs sedatives;
F[1, 98] = 0.24, P = .625]) had an effect on the number
of lags with significant autocorrelation. No difference in
movement parameters was found for schizophrenia spec-
trum diagnoses in terms of significant autocorrelations
(F[5, 94] = 0.33, P = .893), or in terms of activity levels
(F[5, 94] = 0.46, P = .779)).

Table 1. Demographic and Clinical Information

Age (y) 39.2 (11.1), range 18-65
Male 57%
Duration of illness (y) 10.5 (9.9), range 0-40
Chlorpromazine 585.1 (450.0), range 0-2060
equivalents (mg)
Antipsychotic No antipsychotic (3)
treatment (%) FGA (7)
SGA (72)
Both FGA and SGA (18)
Sedative use (%) None (63)

Zopiclone or zoldipem (8)
Benzodiazepines (29)
None (75)

Mood stabilizer use (25)

Mood stabilizers (%)

Diagnoses (%) Paranoid schizophrenia (58)
Disorganized schizophrenia (12)
Catatonic schizophrenia (10)
Undifferentiated schizophrenia (1)
Schizophreniform disorder (14)
Schizoaffective disorder (5)

PANSS positive (SD) 15.3 (5.7), range 7-32

PANSS negative (SD) 17.5(6.5), range 7-31

PANSS general 33.5(9.4), range 16-58

psychopathology (SD)

PANSS total score (SD) 66.3 (17.8), range 32 — 111

PANSS DIS (SD) 22.7 (6.9), range 1041

PANSS EXC (SD) 15.1 (5.5), range 8-34

PANSS EMO (SD) 18.0 (6.4), range 8-34

Note: FGA, First Generation Antipsychotic; SGA, Second
Generation Antipsychotic; PANSS, Positive and Negative
Syndrome Scale; DIS, Disorganization Factor; EXC, Excitement
Factor; EMO, Emotional Distress Factor.

Table 2. Autocorrelation Values and Motor Activity

Parameter Mean (SD) Range

Number of Lags 3.91(1.82) 1-10
10:00-11:00 am 3.85(1.87) 1-10
3:00-4:00 pm 3.96 (1.79) 1-10

Mean Motor Activity 9.73 (7.88) 0.85-54.01
10:00-11:00 am 10.48 (8.11) 0.86-51.96
3:00-4:00 pm 9.07 (7.65) 0.85-54.01

Note: Mean motor activity given as average 2-s movement counts.
Values for 10:00-11:00 am and 3:00-4:00 pm not statistically
different for mean motor activity (pairwise t[79] = —1.29, P = .20)
and number of lags (pairwise t[79] = 0.69, P = .49).
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Classic PANSS Subscales

PANSS positive syndrome scores were predicted (F[2,
97] = 3.10, P = .049]) by the number of lags (b = —.25,
P = .015) but not by the mean motor activity (b = .02,
P = .834). Thus, reduced number of lags was asso-
ciated with more severe positive symptoms. In con-
trast, PANSS negative syndrome scores were predicted
(F[2, 97] = 3.48, P = .035) by the mean motor activ-
ity (b = —.22, P = .027) but not by the number of lags
(b = —.09, P = .362). Therefore, reduced motor activity
levels were associated with increased negative syndrome
severity. The models for the PANSS general symptom
score and PANSS total score were similar to the PANSS
positive scores. PANSS general psychopathology scores
were predicted (F[2, 97] = 3.19, P = .046]) by the number
of lags (b = —.24, P = .020) but not by the mean motor
activity (b = —.04, P = .671). PANSS total score was pre-
dicted (F[2, 97] = 4.02, P = .021]) by the number of lags
(b = —.24, P = .018) but not by the mean motor activ-
ity (b = —.10, P = .317). When investigating single items
instead of PANSS factors or subscales, we found only
weak correlations with mean motor activity and autocor-
relation lags (see supplementary table 1).

Alternative PANSS Dimensions

When taking into account the PANSS factor solutions
of van der Gaag et al., we found a statistical trend in
the model of DIS, the PANSS disorganization factor
(F[2, 97] = 2.76, P = .069; number of lags b = —.23,
P = .022; mean motor activity b = .02, P = .855). The
emotional distress factor EMO (F[2, 97] = 1.48, P = .233;
number of lags b = —.17, P = .104; mean motor activity
b =—.02, P = .850]) was unrelated to patients’ movement.
Again, van der Gaag’s PANSS positive factor POS and the
negative factor NEG demonstrated significant results as in
the classic PANSS subscales. POS was associated with the
number of lags (F[2, 97] = 3.26, P = .043; number of lags
b =-.25, P=.014; mean motor activity b = .00, P = .979),
and NEG with the mean motor activity (F[2, 97] = 3.17,
P = .046; number of lags b = —.05, P = .603; mean motor
activity b = —.23, P = .023]). Additionally, the excitement
factor EXC (F[2, 97] = 3.28, P = .042; number of lags
b=-.23, P=.027; mean motor activity b= —.07, P =.449])
was statistically linked to movement predictors. Thus, the
predictability of movement patterns is associated with
the positive, disorganization, and excitement syndrome
scores. In contrast, the negative syndrome was predicted
by the mean activity level.

Discussion

The present study investigated the internal structure of
movements over time in relation to severity of psycho-
pathology. The main findings are as follows: Positive
syndrome and general psychopathology severity may be
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predicted by less structured movement patterns irrespec-
tive of the overall level of motor activity. The same find-
ings apply to the PANSS factors excitement and at trend
level to disorganization. In contrast, negative syndrome
severity is predicted by reduced motor activity but not by
the structure of movement patterns.

Disorganized behavior is one of the key symptoms
in schizophrenia.* Self-report and observer ratings are
of limited value for the assessment of behavioral disor-
ganization. Thus, objective assessment methods such as
actigraphy are preferred. At the broadest level of rest-
activity patterns, disrupted circadian rhythms have been
frequently reported in schizophrenia.'®*% Disrupted
circadian rhythms may impair cognitive performance
in schizophrenia but are unrelated to psychopathologi-
cal dimensions.?® A recent actigraphy study investigated
the distribution of rest and activity, ie the persistency
of resting and active periods. The authors reported less
variable behavioral movement patterns in schizophre-
nia patients.”’ This study did not find associations of
behavioral patterns with psychopathology, probably due
to the small sample size and the inclusion of data col-
lected during sleep. In our study, the pattern of locomo-
tor behavior in 100 schizophrenia spectrum patients was
analyzed in 2 60-min periods at very small time scales,
ie 2-s intervals.

Pattern of Motor Activity

The association of the PANSS positive syndrome score
and reduced predictability of spontaneous motor behav-
ior had been hypothesized. Conceptually, one would
expect items such as “conceptual disorganization” and
“excitement” to contribute to patterns of motor behav-
ior. Our findings parallel those of an experimental study
reporting less predictable movement patterns with symp-
toms of excitability and agitation in schizophrenia.’
Interestingly, in our study the activity level was unrelated
to the predictability of movement. Thus, the association
of disrupted movement patterns and positive symptoms
was not solely driven by agitation. Most previous reports
on actigraphic movement assessment and symptom sever-
ity found no clear evidence for an association of motor
activity and positive syndrome scores.'®'®!* One study in
patients of an rehabilitation ward with very low PANSS
scores (mean PANSS total score of 40) found a nega-
tive correlation of PANSS positive syndrome scores and
activity levels, ie lower activity was associated with more
severe positive symptoms.!’ This seems contradictory to
our findings, however, because the majority of patients
had no or only mild symptoms, patients with persistent
symptoms may have had lower motor activity and thus
contributed to the inverse correlation. Taken together,
our findings suggest that positive symptoms are not asso-
ciated with the amount of motor activity but with its tem-
poral organization in windows covering 1015 s.

Patterns of Motor Behavior

The positive syndrome includes symptom domains
of reality distortion (delusions and hallucinations)
and disorganization (conceptual disorganization and
bizarre behavior), the latter being related also to poor
neurocognitive performance.”® Indeed, some authors
have attributed disorganized behavior to conceptual
disorganization.*® One could imagine that concep-
tual disorganization prevents proper action planning,
which in turn leads to less predictable and disorganized
motor behavior. In addition, disorganized behavior
may also be related to symptoms associated with the
motor dimension of schizophrenia, such as stereotypies
or ambitendency.*® This view is supported by 2 large
studies in first episode medication naive patients as well
as admissions with schizophrenia spectrum disorders
demonstrating positive correlations of disorganization
and catatonia symptoms such as echophenomena, ste-
reotypies, mannerisms, and agitation.**?! Likewise, the
PANSS disorganization factor of van der Gaag et al.”®
was associated with less predictable movement patterns.
Irrespective to the overall motor activity level, the same
association was observed for the excitement factor® in
our study.

Finally, positive symptoms were suggested to be associ-
ated with aberrant sense of causality in schizophrenia.®
The study reported the failure to predict the effect of
one’s own actions to be associated with positive symp-
toms.*> In a gestalt perception paradigm, the positive
factor was linked to reduced gestalt perception stability
in schizophrenia.®® In line with that, our findings sug-
gest that positive symptoms reduced the temporal orga-
nization of behavior; in other words, positive symptoms
reduced the timeframe in which actions may be pre-
dicted. We may speculate that the reduced predictability
of movements and the altered sense of agency are both
related to the same deficit of internal action monitoring
in schizophrenia.*

Amount of Motor Activity

Our finding of an association between negative syndrome
severity and reduced motor activity parallels previous
results of actigraphy studies,'>'*!® studies using video-
analyses® or comprehensive motor rating scales.’’3!
Consistently, psychomotor slowing was correlated with
the negative syndrome, particularly with avolition and
emotional withdrawal.®!1%%¢ According to our findings,
negative symptoms are unrelated to the predictability
of movements. One could have hypothesized that
motor slowing and avolition would lead to increased
predictability of movements, ie higher probability of
succeeding resting periods. However, also in our previous
work, negative symptoms were unrelated with the average
duration of immobility.!® Thus, negative symptoms seem
to reduce overall activity but do not affect the pattern of
motor behavior.
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Implications for Translational Research

In subjects with a current schizophrenia episode, posi-
tive symptom severity was not related to static measures
of motor activity'®'®!"” or circadian rhythm distur-
bances.!*?*2 However, in our study and an experimen-
tal study, the aberrant patterns of motor behavior were
linked to positive symptom severity.> The disruption of
behavioral patterns has been suggested to be valuable for
translational research.>?’ Particularly, the spatial distri-
bution of movement was useful to separate hyperactiv-
ity as seen in mania and schizophrenia from exploratory
behavior in mania.’ Indeed, locomotor hyperactivity has
widely been used to model positive symptoms of schizo-
phrenia in rodents because of its association with hyper-
dopaminergic states.’” Our findings and those of Sano
and colleagues?’ call for the exploration of temporal pat-
terns of animal motor behavior, which might become
an interesting model for positive symptoms in schizo-
phrenia. For larger scale rest-activity patterns, this has
been already attempted. Mutants of blind-drunk mice
displayed behavioral alterations similar to schizophre-
nia: reduced overall locomotor activity and disrupted
circadian rhythms. This mouse model links abnormal
neurotransmitter signaling with circadian rhythm distur-
bances in schizophrenia.*®

Strengths and Limitations

The strengths of the current study are the large amount
of objectively assessed continuous motor activity data
and the selection of time periods for the analyses in
which social interaction and social rhythms were well
comparable across the 100 schizophrenia spectrum
patients. Some limitations, however, require discussion.
Actigraphy was used to record motor behavior, but
it has to be kept in mind that the method is neither a
valid assessment of particular movement disorders in
the schizophrenia spectrum nor does it distinguish goal
directed from random motor behavior. But with the
method applied we still derived important information
on the distribution of motor activity. Diagnoses were
given after thorough clinical psychiatric examination
and chart review; however, structured interviews such
as SCID were not applied. All of the patients had been
exposed to antipsychotic medication, and 97% were on
antipsychotics during the recording period. Even though
autocorrelation lags were not correlated with chlorprom-
azine equivalents and did not differ between antipsy-
chotic substance classes, we cannot completely rule out
medication effects. The effect of antipsychotics on motor
behavior in schizophrenia spectrum disorders is a com-
plex problem. Motor abnormalities including psycho-
motor slowing may already be present before the onset
of medication; antipsychotics may ameliorate, deterio-
rate or induce motor abnormalities.®!"** Furthermore,
we did not systematically assess movement disorders in
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this study. Therefore, a proportion of patients may have
experienced specific catatonic behavior. Still, because
the sample size is quite large, we expect that the posi-
tive and negative effects of medication on the actigraphy
data were balanced within the whole group. The PANSS
was assessed only once, assuming symptom stability over
24h. However, in a proportion of participants mod-
est changes of symptom severity may have occurred.
Symptoms of depression may have influenced results
but were not specifically assessed. Still, only 18% of the
patients had a score of 4 or more on the PANSS item
depression (G6), which was also not correlated to motor
behavior data (see supplementary table 1). Another limi-
tation is the selection of the time periods examined. We
could not establish an effect of the time period (morn-
ing vs afternoon) on the autocorrelation lags. However,
it might be possible that this is not true for every hour
of the day. Our study was conducted in a large group of
schizophrenia spectrum patients during inpatient treat-
ment. Therefore, field studies have to determine whether
the findings may also hold true for outpatients. The
methodological problem of the effects of multiple het-
erogeneous external inputs on motor behavior, however,
then needs consideration.

Conclusion

In a large group of inpatients with schizophrenia spec-
trum disorders, positive syndrome severity was related to
disrupted motor behavior patterns. The behavioral pat-
tern observed may represent an expression of concep-
tual disorganization and impaired action monitoring. In
contrast, negative syndrome severity was unrelated to the
pattern of movements but associated with reduced motor
activity levels. Objective assessments of motor behavioral
patterns may become a useful tool for translational stud-
ies of schizophrenia dimensions.

Supplementary Material

Supplementary material is available at http://

schizophreniabulletin.oxfordjournals.org.
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