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Abstract: Objective — The purpose of this study was to investigate the effect of cognitive and exercise rehabilitation training, and non-
invasive brain stimulation on the gait of schizophrenic patients suffering from depression disorder.

Methods — Fifty-five male schizophrenic patients suffering from depression disorder aged 24 to 66 years were assigned to either a control
group (n=10), cognitive rehabilitation group (n=10), exercise rehabilitation training group (n=13), transcranial direct current stimulation
(tDCS) group (n=11) or multimodal intervention group (n=11). Gait was measured using a 10-meter gait speed test under normal, in dual-
task cognitive-gait, and in dual task motor-gait conditions.

Results — Gait speed during the 10-meter walk test under normal conditions was significantly (P<0.05) different from pre- to post-test in
the exercise rehabilitation training, and cognitive rehabilitation multimodal intervention. Gait speed during the dual task motor-gait
condition was significantly different from pre- to post-test in the exercise rehabilitation training, cognitive rehabilitation and, multimodal
intervention groups (P<0.05). Gait speed during the dual task cognitive-gait condition significantly changed from pre- to post-test following
exercise rehabilitation training, cognitive rehabilitation, tDCS and the multimodal intervention group (P<0.05).

Conclusion — This study’s findings demonstrate that exercise rehabilitation training, cognitive rehabilitation, and multimodal interventions
could assist with preventing falls within Schizophrenic patients suffering from depression and thereby improve their functional
independence.
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schizophrenic patient with impaired cognitive and motor
development and reduce their risk of falling.

Introduction

A high prevalence of neurological symptoms and impaired

psychomotor function have been confirmed in clinical studies in Walking requires attention and EF in order to maintain

patients suffering from schizophrenia [1], with depression being
one of the common problems. Depressed patients have also
shown a reduction in gait speed and shorter stride length [2],
which predisposes them to falling and as such hospitalization [3].
Most of these patients have diminished executive functions (EFs),
especially divided attention, which can result in gait disorders.
Neurological patients have difficulties in performing a second task,
and the dual tasking cost is higher in comparison with individuals
who are healthy [4]. A reduction in the connection between the
thalamus and prefrontal cortex has been shown when
schizophrenic patients perform tasks. Gait during dual-task
conditions may be a significant clinical indicator of a cognitive
decline and a risk of falling [5]. Improving the gait while
performing a task can greatly enhance the quality of life of a

awareness, recognition, to respond to visual demands, to prevent
interference, and to allocate cognitive and motor resources while
navigating through one’s environment [6]. Due to brain flexibility,
interventions have targeted training in cognitive areas that are
associated with motor control. Research has shown that exercise
can improve cognitive outcomes and physical outcomes [7, 8].
More so, exercise rehabilitation training has been shown to
effectively improve EFs [7, 9] and increase frontal and parietal
cortical activity. However, limited research has been undertaken
to investigate the impact of the exercise rehabilitation exercise on
the gait.

Transcranial direct current stimulation (tDCS) is a non-invasive
brain stimulation technique that is widely used in clinical and
neuroscience research. It has been repeatedly shown that tDCS
increases the motor function in healthy people, the elderly,
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patients with strokes, and Parkinson's patients [10, 11]. However,
the effect of tDCS on gait remains unknown.

Cognitive training has been found to improve cognitive
function and has an advantageous carryover effect to some facets
of mobility. However, further research is required to determine
the underlying mechanisms. Further, the multimodal combination
of cognitive and motor training can be superior in comparison with
uni-dimensional training in some instances. The goal of this study
was to investigate the effect of computer-based cognitive
rehabilitation, exercise rehabilitation training, and non-invasive
brain stimulation on the gait of schizophrenic patients suffering
from depression disorder.

Material and Methods
Patients

In order to test this novel research hypothesis, a small number
of participants were utilized in this small scale proof-of-concept
investigation pretest-posttest design with three experimental
groups and one control group using an intention-to-treat (ITT)
analysis. This was to determine if an association does indeed exist
between the various interventions and depression in schizophrenic
patients.

Fifty-five male schizophrenic patients suffering from
depression disorder, aged 24 to 66 years were assigned to either a
control group, cognitive rehabilitation group, exercise
rehabilitation training group, transcranial direct current
stimulation (tDCS) group or multimodal intervention group.

All patients had to meet the following inclusion criteria: ability
to understand and speak, score 11 or higher in the Beck
Depression Inventory Short Version (BDI-S), had no cardiovascular,
neuromuscular, and endocrine disease or physical disorders, did
not regularly participate in exercise, no alcohol addiction in the
past three months, no drug addiction, no history of head injury
and previous seizure, no severe symptoms of schizophrenia, and
no history of mental retardation or senile dementia and
hospitalized for more than one year in psychiatric wards.

After acquiring ethical approval from the institutional review
board of University of Tehran in Iran, registering the clinical trial
(IRCT20190908044722N1), obtaining permission from the
rehabilitation facility and informed consent from the patients or
guardian, the trial was carried out under the supervision of a
registered psychiatrist, two registered clinical psychologists, two
nurses and a sports coach. This study was performed in
accordance with the ethical standards as laid down in the 1964
Declaration of Helsinki and its later amendments.

Instruments and procedures

The Beck Depression Inventory Short Version (BDI-S) was
administered by the psychiatrist. Out of the 70 patients
hospitalized at the clinic, 55 patients scored higher than 11 and
was diagnosed with major depression disorder. The cognitive state
of each patient was assessed using the mini-mental state
examination (MMSE) by a clinical psychologist. After these
examinations, the patients were homogeneously assigned to a one
of the following groups; control, cognitive rehabilitation, exercise
rehabilitation training, transcranial direct current stimulation
(tDCS) or multimodal intervention, based on their age, depression
score, and MMSE score. The patients in the intervention groups
participated in their respective programs for 12 weeks while the

control group continued their normal activities without any
intervention. Antipsychotic medication was kept stable for two
weeks before inclusion in the study and during the study period.

The Beck Depression Inventory Short Version (BDI-S) of Dadfar
and Kalibatseva (2016) contained 13 self-report items that
expresses specific symptoms of depression. Each item of this
questionnaire included a four-point Likert-scale that ranged from 0
to 3. The maximum score and minimum score are 39 and zero,
respectively. A reliability of 0.85 has previously been reported [12].

The Mini Mental State Examination (MMSE) consisted of 14
questions that examined the cognitive abilities of the patients. The
maximum score on this examination is 30 and a score below 25
suggested the possible decline in cognition and a score below 20
indicated a definite decline [13].

The 10-metre walk test is a performance measure that was
used to assess gait speed in meters per second. This test was
completed twice, and the average was used in the final analysis
[14]. The patients completed a 10-meter walk test while engaging
in a one-back secondary spatial visual task. Patients were asked to
look at a projected image that was placed on the opposite end,
one meter away from the finish line. A number of visual stimuli
appeared consecutively on the screen. Patients were required to
indicate whether the image was "similar" —if there was a similarity
between the projected image and the preceding one — otherwise
indicate “dissimilar” if the projected image and preceding one was
not alike. This was completed twice, and the average time was
used in the final analysis. The patients were required to complete
a 10-meter walk test while carrying a cup filled with water with
their dominant hand. If any water was spilled, the test was
considered a failure. The test was completed twice, and the
average time was used in the final analysis.

Intervention

The exercise rehabilitation training group participated in a 12-
week exercise rehabilitation training program, three times a week
for 60 minutes. Each session commenced with a 10-minute warm-
up consisting of general calisthenics. This was followed by 45
minutes of treadmill walking and cycling at 60% heart rate
maximum (HRmax) in week one, 65% HRmax in week two, 70%
HRmax in week three and 75% HRmax used in weeks four to 12
and a five-minute cool down [15].

The cognitive rehabilitation group participated in Attentive
Rehabilitation of Attention and Memory (ARAM) sessions for 45 to
60 minutes, three times a week for 12 weeks. The ARAM program
was designed to improve different dimensions of attention and
memory (selective, sustained, shifting, and divided). This package
was designed based on the attention model of the Sohlberg and
Mateer and active working memory model of Baddeley, and
progressive smart exercises were developed based on these
models. Tasks included colored-homes task, faces task, similar
windows task, marked tables task, segmented images task,
acronym making task, last colors task, animal tracking task,
repetitive images task, letter matching task, and delay color
matching task. All tasks had 10 difficulty levels based on the
number of stimulants, speed of presentation, and their complexity
and rules.

The tDCS group underwent brain stimulation using the
Neurostism2™ (Medinateb, Iran) two-channel electrical brain
stimulation device. Once a week, the anode electrode (16cm2) was
placed on M1 of the motor and premotor areas (area 10-20% of Cz
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point in both hemispheres based on the 10-20 system). The demographic characteristics of the intervention and control groups

cathode electrode (24cm?) was placed in the center of the and RM-ANOVA was used for within and between groups

forehead to prevent the direct lateral current. The right comparisons. P-values were considered significant at equal or less

hemisphere was stimulated in the morning and the left than 0.05.

hemisphere in the afternoon. Also, twice weekly, the anode
electrode (16cm?) was placed on the dorsa lateral prefrontal (F3
point based on the 10-20 system), and the cathode electrode
(24cm?) was placed on the contralateral deltoid muscle. The large
size of the cathode electrode made it ineffective in terms of
performance without affecting the anode electrode.

Results

The groups had no significant difference with regard to their
age, depression score, and MMSE score at pre-test (P=0.05)
(Table 1). Gait speed during the 10-meter walk test under normal
conditions was significantly (P<0.05) different from pre- to post-
test in the exercise rehabilitation training, and cognitive
rehabilitation multimodal intervention, but not in the tDCS and
control groups. The results further demonstrated that there was a
significant difference between the exercise rehabilitation training,
cognitive rehabilitation, tDCS, multimodal intervention and control
groups in terms of gait speed under normal conditions (P=0.024)
(Table 2).

Gait speed during the dual task motor-gait condition was
significantly different from pre- to post-test in the exercise
rehabilitation training, cognitive rehabilitation and, multimodal
intervention groups (P<0.05). However, no significant differences
were found in gait speed during dual task motor-gait condition
from pre- to post-test in the tDCS and control groups (P=0.05).
Further, there was a significant difference between the exercise
rehabilitation training, cognitive rehabilitation, tDCS, multimodal
intervention and control groups in terms of gait speed during the
dual task motor-gait condition (P=0.026) (Table 2).

Gait speed during the dual task cognitive-gait condition
significantly changed from pre- to post-test following exercise
rehabilitation training, cognitive rehabilitation, tDCS and the

The multimodal intervention consisted of exercise
rehabilitation training, cognitive rehabilitation, and tDCS. The
multimodal intervention group participated in ARAM cognitive
rehabilitation sessions three times a week for 10 minutes. This
group also completed eight weeks, twice weekly exercise
rehabilitation training for 60 minutes using a similar protocol to
the exercise rehabilitation training group. From weeks nine to 12,
this group underwent brain stimulation. Three times a week on
even days, the anode electrode (16 cm?) was placed on M1 of the
motor and premotor areas (area 10-20% of Cz point in both
hemispheres based on the 10-20 system). The cathode electrode
(24 cm?) was placed in the center of the forehead to prevent the
direct lateral current. The right hemisphere was stimulated in the
morning and the left hemisphere in the afternoon. Also, three
times a week on odd days, the anode electrode (16cm?) was
placed on the dorsa lateral prefrontal (F3 point based on the 10-20
system), and the cathode electrode (24cm?) was placed on the
contralateral deltoid muscle.

Data analysis

The data were analyzed with the statistical analysis program multimodal intervention group (P<0.05), but remained unchanged
Statistical Package for Social Sciences (SPSS) version 20 for in the control group (P>0.05). In addition, gait speed during the
Windows (SPSS Inc., Chicago, IL, USA) which calculated the dual task cognitive-gait condition was found to be significantly
descriptive statistics including the means and standard deviations different between the exercise rehabilitation training, cognitive
of the data collected. Inferential statistics such as Kolmogorov- rehabilitation, tDCS, multimodal intervention and control groups
Smirnov test were used to determine normality of data (P=0.038) (Table 2).

distribution. One-way ANOVA was used for analyses of

Table 1: Analyses of demographic characteristics of the intervention and control groups using One-way ANOVA (N=55)

Exercise Rehabilitation Cognitive Rehabilitation tDCS Multimodal Intervention Control Between
Group (n=13) Group (n=10) Group (n=11) Group (n=11) Group (n=10) group P-value
Age, years 46.4+104 475+8.4 48.0+11.9 43.4+12.7 47.0+145 0.900
Depression Score 183 +5.1 16.7 3.4 199 +6.2 18.7£7.8 231+7.1 0.190
MMSE Score 239+3.3 23145 23545 241 +2.5 21.6+6.1 0.670

Data presented as means + standard deviation. tDCS, transcranial direct current stimulation (tdcs); MMSE, mini-mental state examination.

Table 2: Results of RM-ANOVA for within groups comparisons

Gait Speed under Normal Within groups  Gait Speed in Dual Task ~ Within groups Gait Speed in Dual Task Within groups
Group Conditions comparison . _Motor-Gait Conditions _ comparison ___Cognitive-Gait Conditions __ comparison
Pre-test Post-test (P-value) Pre-test Post-test (P-value) Pre-test Post-test (P-value)

Exerqsg . 10.5+3.8 8.4+2.5* 0.021 12.6+5.4 8.5+2.6* 0.001 25.6%8.7 18.745.8* 0.001
rehabilitation group .
Cogniti

ognl.l.ve . 8.8+1.6 7.8+1.6* 0.041 10.7%2.6 9.0+2.8* 0.022 19.5%6.8 15.747.1%* 0.021
rehabilitation group .
bCSGroup  110¢27 103#35 0061 13.7#¢49 119435 . 0081 345174  292162* 0001 ____
.MUItIquaI 10.7%2.2 8.3+1.5* 0.024 12.6%3.4 8.9+2.4* 0.001 25.4+11.8 16.5¢7.6* 0.001
eyt On BrOUD
Control group 10.3%2.6 10.6+2.6* 0.141 11.1%3.2 11.6%2.5 0.213 32.8+19.0 32.7¢18.5 0.091

Data presented as means * standard deviation. *significant difference from pre- to post-test (p<0.05).

tDCS, transcranial direct current stimulation.

© 2020, LLC Science and Innovations, Saratov, Russia Www.romj.org



ISSN 2304-3415, Russian Open Medical Journal

R @ MJ 2020. Volume 9. Issue 4 (December). Article CID e0409
DOI: 10.15275/rusom;.2020.0409

40f 6

Psychiatry

Discussion

This study found that exercise rehabilitation training, cognitive
rehabilitation, and the multimodal interventions improved the
patients’ gait speed under normal, dual task cognitive-gait, and
dual task motor-gait conditions, while the tDCS group’s gait speed
improved under dual task cognitive-gait conditions. Exercise
rehabilitation training might have been effective in improving gait
speed, since repetitive training as used during the walking and
cycling’s flexion and extensions movements patterns fosters motor
learning because it enables the system to coordinate muscles [16].
Cycling’s bilateral movement of the lower limbs requires muscle
coordination, effectively increasing the ability to walk. Also, cycling
can improve gait speed by stimulating the motor area in the
central nervous system and activating the cerebral cortex. Further,
this study found improvements in gait speed under both dual task
conditions. This was likely as a result of the exercise rehabilitation
training requiring cognitive processes [17]. Higher-order cognitive
functions such as EFs and attention are utilized during walking
[18]. Executive function plays an important role in the ability to
walk and to perform another task simultaneously [19]. Since
several studies have shown the effectiveness of exercise
rehabilitation training on the cognitive function in patients
suffering from schizophrenia [20, 21], the improvement in gait
speed under dual task conditions following exercise rehabilitation
training can be attributed to the improvement of the patients’ EFs.

This study demonstrated the effectiveness of cognitive
rehabilitation in improving gait speed under normal and both dual
task conditions. Patients suffering from gait disorders could have
an atrophied frontal lobe, which is problematic since it contributes
towards EFs [22]. The findings of the present study are in line with
previous studies that have shown the benefits of cognitive
rehabilitation on pre-frontal activity patterns and non-trained
cognitive domains or distal functions like mobility [23,24].
Cognitive rehabilitation with an intense emphasis on executive
control practice likely has a beneficial effect on gait and EFs
through its impact on the frontosubcortical circuit [25]. The
frontosubcortical circuit connects special areas of the frontal
cortex (i.e., pre-frontal cortex) to the basal ganglia (motor control)
[26]. As such, due to its flexibility, the brain is able to constantly
change its response to cognitive, sensory or motor activities.
Optimization of gait performance is associated with less risk of
falling, especially under dual task conditions following cognitive
rehabilitation [27]. Therefore, cognitive rehabilitation could be a
promising approach to prevent falling, especially in participants
who are unwilling to perform physical activity interventions [28].

The tDCS intervention of the present study did not improve
gait speed under normal and dual task motor-gait conditions.
Many motor learning paradigms include relatively simple
movements of the upper limb [29], while walking requires complex
movements of joints and the coordination of various sensory and
motor systems [30]. Also, the lack of improvement in gait speed
following the tDCS intervention might be due this study not
stimulating the pre-motor area in two hemispheres
simultaneously. Previous studies stimulated the cerebellum which
might be more effective at improving gait since the cerebellum
controls essential and multiple gait dimensions [31]. This study
further demonstrated an improvement in gait speed under the
dual task cognitive-gait condition. This was likely as a result of the
tDCS anodal stimulation on the left dorsolateral prefrontal cortex.
As such, cognitive but not motor improvement by stimulation

improves gait speed. This could be attributed to the patients'
capacity for recruiting and allocating available cognitive resources.

The results of this study showed that cognitive rehabilitation
was superior to tDCS in improving gait speed under normal
conditions. Further, this study found that exercise rehabilitation
training, cognitive rehabilitation, and multimodal interventions
were superior compared to tDCS in improving gait speed under
both dual task conditions. In order to combine each protocol
within the multimodal intervention, this study reduced some
elements of the exercise rehabilitation training, cognitive
rehabilitation, and tDCS protocols to accommodate for duration.
Wollesen and Voelcker-Rehage (2013) showed that not only does
the type of exercise, but also the level of exercise affects dual task
outcomes [32]. Therefore, the multimodal intervention may not
have produced sufficient stimulus to induce the requisite changes.
It must be noted that since this study utilized a small scale proof-
of-concept investigation design to determine if an association does
indeed exist between the interventions and depression in
schizophrenic patients, larger confirmatory studies are required to
confirm this association or lack thereof as in the multimodal
intervention.

Conclusion

Many schizophrenic patients suffer from neurological
symptoms and impaired psychomotor function, with depression
being one of the common problems. Depressed patients
frequently have a reduced gait speed predisposing them to falling.
This study’s findings demonstrate that exercise rehabilitation
training, cognitive rehabilitation, and multimodal interventions
could assist with preventing falls within this population and
thereby improve their functional independence.
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