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SUMMARY

Background: The purpose of this study was to examine functional capacity of cardio-respiratory system in patients with
schizophrenia, and to evaluate the effects of 12 weeks prescribed physical activity on aerobic capacity and symptoms of
schizophrenia.

Subjects and methods: Study involved 80 hospitalized patients with any of the subtypes of schizophrenia (42 men, 38 women).
They were divided into two groups: exercise and control group, both with 40 patients. Maximal aerobic capacity (VO2 max) as an
indicator of cardiovascular fitness has been obtained by cardiopulmonary stress test on a treadmill. Twelve weeks program of
prescribed physical activity (45 minutes, four times per week) was made for every patient individually. Patients in exercise group
practiced in training zone between 65 and 75% of their maximum heart rate (HR). Target HR was controlled by Polar F4 monitors.
Symptoms of schizophrenia were measured by using Positive and Negative Symptoms Scale (PANSS).

Results: Before the exercise program was introduced, measured VO2 max was significantly lower in patients with schizophrenia,
than the expected average value in matched healthy subjects (p<0.001). After twelve weeks, patients in exercise group showed a
significant increase of VO2max (p=0.002), and significantly higher level of VO2max compared to the control group (p=0.000).
Significant differences were also observed on PANSS general psychopathology subscale (p=0.007) and on PANSS total score
(p=0.001). The pharmacotherapy and exercise had influence on PANSS general psychopathology (p=0.002) and PANSS total score
(p=0.001).

Conclusions: Individuals with schizophrenia have lower levels of aerobic capacity compared to general population. Prescribed
physical activity significantly improves aerobic capacity in people with schizophrenia and it is effective in amelioration of some
psychiatric symptoms. Prescribed physical activity could be an effective adjunctive treatment for patients with schizophrenia, not

only for prevention and treatment of comorbidities, but also having an impact on symptoms of schizophrenia.

Key words: schizophrenia - physical activity - PANSS

L I R R

INTRODUCTION

Individuals with serious mental illness are more
likely to be sedentary than the general population
(Faulkner et al. 2005). Consequently, they are at high
risk to develop chronic medical conditions associated
with inactivity. Physical inactivity is one of the most
prevalent risk factors for obesity, metabolic syndrome
and cardiovascular disease. High rates of cardiovascular
disease have been observed in the schizophrenia
population, translating into a life expectancy that is
reduced by as much as 20-25% in comparison with
mentally healthy controls (Laursen et al. 2012). The
reasons are complex and include unhealthy lifestyles,
poor diet, little exercise, and cigarette smoking (Brown
et al. 1999, Strassnig et al. 2011), in addition to
treatment with antipsychotic medications (Newcomer &
Hannekens 2007). The most effective medications for
managing schizophrenia are mainly associated with
weight gain, glucose dysregulation and diabetes (Beebe
et al. 2005). The largest studies on population with

schizophrenia confirmed the high prevalence of meta-
bolic syndrome in this population, two times higher than
in general population (McEvoy et al. 2005, Mitchell et
al. 2013), and concluded that adjunct treatments are
needed to mitigate such complications.

There are also indications that patients with schizo-
phrenia have low levels of cardio-respiratory fitness
(Strassnig et al. 2011). Low cardio-respiratory fitness
has been recognized as an independent risk factor for
all-cause mortality in adults (Lee et al. 2010). Strong
evidence supports that increased cardio-respiratory fit-
ness improves several parameters of physical health
including body composition (Rippe & Hess 1998),
glucose control (Boulé et al. 2001), blood pressure
(Kokkinos et al. 2009), and lipid profile (Kelley et al.
2005).

Physical activity is an important factor for the pre-
servation of good general health and disease prevention.
Exercise is inversely correlated with morbidity and
mortality from several chronic diseases, including
cardiovascular diseases (Harrington & Gibson 2009).
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Aerobic exercise training in patients with the metabolic
syndrome can be useful as a treatment strategy and
provides support for a physical activity role in the
prevention of chronic disease (Katzmarzyk et al. 2008).

In accordance with all of the above, physical activity
definitely has a positive impact on the prevention of
comorbidity of somatic diseases in patients with
schizophrenia, as well as on their general health and life
expectancy.

In the last ten years there is a growing recognition
that exercise can enhance mental health. A large body of
evidence indicates that exercise improves symptoms in
depression and anxiety disorders (Dunn et al. 2005,
Herring et al. 2010), but there is limited evidence to
suggest that such benefits are also reported in popu-
lation with schizophrenia. Most of the studies in this
small body of literature have methodological limitations
(notably small sample sizes and lack of randomization).
Nevertheless, these studies consistently found physical
exercise to be associated with reductions in depression
and anxiety, and increased social interaction in persons
with schizophrenia in both, inpatient and outpatient
settings (Chamove 1986, Beebe et al. 2005, Acil et al.
2008).

Psychological changes such as social support, sense
of autonomy, improved perceptions of competence,
enhanced body image and self-efficacy are important
for the improvement of some symptoms in
schizophrenia (Mutrie & Faulkner 2003). Exercise
promotes physical self-worth and other important
physical self-perceptions, such as improved body image.
Physical activity is certainly a process that improves
social relationships, while acting as a healthy way to the
point of social interaction and networking.

Beside psychological changes, a large body of
evidence indicates that locomotor activity can be
beneficial in maintaining and even improving neural
function following insult or disease (Pinilla et al. 2002,
Luo et al. 2007). The most current hypothesis
explaining the symptoms of schizophrenia indicate
disturbed brain development and damaged connections
between neurons. Aerobic exercise reinforces neural
connections by increasing the number of dendrite
connections between neurons, creating a denser
network, which is more able to process and store
information. The mechanisms for how exercise impacts
neural function at the cellular and molecular levels are
largely unexplored. No single mechanism has yet been
found to adequately explain the diverse range of mental
health effects possible through physical activity
participation. Potential mechanisms are biochemical
changes such as increased levels of neurotransmitters in
central nervous system and neuroplasticity and other
structural changes in brain (Achiron et al. 2008, Pajonk
etal. 2010, Tzu & Yu 2013, Falkai et al. 2013, Scheewe
et al. 2013, Kimhy et al. 2015).

All these listed potential changes are interrelated and
intertwined, and the final effect could be complex
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interactions between them. The aim of this study was to
determine the patients” maximal aerobic capacity-
VO2max, and to examine how prescribed physical
activity influence their cardio-respiratory fitness and
symptoms of schizophrenia.

SUBJECTS AND METHODS
Subjects

This randomized control trial was performed in a
Clinic for mental disorders ”"Dr Laza Lazarevic”,
Belgrade, Serbia. All experiments were conducted in
accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the clinic. Written
informed consent was obtained from all participants.

Sampling of the research consisted of 80 patients,
between 25 and 65 years old, who were hospitalized
upon the schizophrenia diagnoses (F20, any subtype)
made according to International Classification of
Diseases - Tenth Revision (ICD-10). Patients are
involved in a program of exercise 10 days after
hospitalization in the clinic.

During 18 months period, 146 potential participants
were identified, 80 agreed to participate, and 66 decli-
ned. The most common reasons given for declining to
participate were unwillingness to make a 12-week time
commitment or physical problems, such as knees or
back pain. The 80 persons agreeing to participate were
randomly assigned to experimental (40 patients) or
control groups (40 patients) by using simple randomi-
zation method. Exclusion criteria were cardiovascular
diseases or acute infectious diseases. Patients had no
primary diagnosis of alcohol or substance abuse. Anti-
psychotic medication was recorded for each patient and
converted into a daily equivalent dosage of chlorpro-
mazine, according to Gardner and colleagues (2010).

Methods

A multidisciplinary approach was applied to the
study, as well as individual approach to each patient.
Subjects underwent a physical examination, baseline
electrocardiogram (ECG) and anthropometric measure-
ments (body height and weight, body fat percentage) in
the premises of Sports Medicine Association of Serbia
(SMAS). Height was measured by Seca stadiometer
222, Hamburg, to the nearest 0.1 cm. A high caliber
scale (Tanita BC-418MA, Tokio), was used to measure
body weight and body fat percentage (FAT%). VO2
max is widely accepted as the single best measure of
cardiovascular fitness and maximal aerobic capacity.

Familiarization to the treadmill, warm-up, and the
VO2 max ramp-procedure have been described in detail
previously to every patient. Subjects were then equipped
with a facemask and ECG device (Quarck T 12x,
Wireless 12-lead ECG) before starting the cardio-
respiratory test on treadmill. Heart rate was monitored
by COSMED Wireless HR Monitor and by ECG.
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Volitional exhaustion, RR over 1.1 or plateau of VO2,
patient request, electrocardiographic or hemodynamic
abnormalities were the reasons for test termination. All
tests were performed by trained sport medicine
specialist of SMAS. Twelve weeks exercise program
(45 minutes, four times per week) was designed for each
patient according to his age and skill level. Prescribed
exercised zone was 65-75% max heart rate, determined
by sport exercise specialists and according to previous
studies (Meyer & Broocks 2000, Gold et al. 2003,
Jerome et al. 2009).

Before starting program, our patients were educated
about the importance of physical activity and its benefits
for health, than about the target heart rate for their age,
muscle-stretching warm-up and cool-down exercises.
The program consisted of five minutes of warm-up
stretches, than experimental participants had a fast walk
or jogging (depending of their heart rate) for 30
minutes. Patients were trained outside in the landscaped
backyard of clinic. During walking and running, they
crossed between 2 and 4 km in one training. At the end
of session they had 10 minutes of stretching. Exercise
therapy was supervised by a fitness trainer. Control
group did not participate in any exercises during this
time period, but they continued treatment with the
standard pharmacological therapy.

Instrument

Symptoms of schizophrenia were measured by using
Positive and Negative Symptoms Scale (PANSS). The
PANSS (Kay et al. 1987) was designed to measure se-
verity of psychopathology in adults with schizophrenia
along positive, negative, and general dimensions. The
PANSS includes 30 items scored on a scale from 1 to 7;
items are summed to determine the subscale and total
scores, with higher scores indicating greater severity of

symptoms. PANSS was done after the patients signed
informative consent. The next day, patients started with
a program of physical activity. The day after completing
the program, PANSS and treadmill test were repeated.
Testing on the treadmill was done by the doctor who
had nothing to do with the treatment of the patients, nor
knew which patients were included in the study. Scoring
at PANSS did psychiatrist who was not treating the
patients included in the study.

Statistical analyses

Statistical analyses were performed with the soft-
ware IBM SPSS, version 20.0. All data were assessed
for normality (one-sample Kolmogorov-Smirnov test).
Descriptive statistics of the groups data are given as
mean + SD. Significant changes between exercise and
control group in VO2max were analyzed by using t-
test. Significant changes within each group during 12
weeks period were analyzed by using t- test for paired
samples. A comparison between the group changes and
influence of pharmacotherapy and exercise effects on
measured parameters of schizophrenia was performed
by general linear model two-way analysis of variance
(ANOVA). A p-value <0.05 was considered statistically
significant.

RESULTS

The gender distribution in the final sample was 42
(52.5%) men and 38 (47.5%) women. The experimental
group consisted of 23 men and 17 women, while in the
control group there were 19 men and 21 women.
Patients were treated with antipsychotics, as shown in
Table 1. They did not receive any antidepressants nor
beta-blockers. Other demographic and clinical characte-
ristics of participants are presented in Table 1.

Table 1. Demographic and clinical characteristics of patients with schizophrenia (N=80)

Exercise group

Control group
P exercise vs

Men Women Total Men Women Total control total
Number of patients 23 17 40 19 21 40
Age (years) 40.04+£9.30  39.82+10.09 39.95£9.51 40.16+£9.07 43.19+9.77 41.75+9.45 0.398
Duration of illness (years) 13.00£7.53  11.44+7.70 12.52+7.62 11.40+7.11 1031£7.32  11.14+7.21 0.227
Antipsychotic medicine
FGA 6 4 10 7 5 12
SGA 11 10 21 8 8 16
Antipsychotic polypharmacy 6 3 9 4 8 12
Antipsychotic dosage (mg*d-1)* 733.5+327.1 628.84345.2 689.0+£310.7 771.6+390.2 637.74287.9 701.3+301.5 0.527
BMI (kg/n’) 25.96+3.10  27.62+£2.53  26.67£2.96 26.24+1.69 26.56+2.66 26.41+2.23 0.662
% fat 23.9143.89  34.52+5.06  28.42+6.87 25.03+3.62  33.944+548  29.71+6.46 0.347
FGA-First generation antipsychotics; SGA-Second generation antipsychotics; BMI-Body Mass Index
“Baseline antipsychotic doses in chlorpromazine equivalent in milligrams per day
Table 2. VO2 max levels before and after twelve weeks program
Baseline Follow-up
VO2 max (ml/kg/min) Men Women Total Men Women Total
Exercise group 21.68+2.53 18.81+1.62 20.52+2.52 24.28+2.47 21.464+2.17 23.0842.71
Control group 22.15+2.08 18.95+1.51 20.47+2.40 22.3142.30 19.15+1.70 20.65+2.55
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Table 3. PANSS scores before and after exercise program

VO2 max (ml/kg/min) . Baseline . Follow-up

Exercise group Control group P Exercise group Control group p
PANSS positive 18.33+6.08 18.83+7.03 0.836 14.13+£3.28 15.70+5.38 0.364
PANSS negative 22.60+7.09 21.2349.10 0.381 16.75+5.51 17.95+6.63 0.407
PANSS general psychopathology 49.60+10.13 51.25+8.61 0.435 44.08+8.75 47.95+7.15 0.007
PANSS Overall 89.75+11.22 92.35+12.48 0.330 74.48+10.86 83.03+10.50 0.001

Table 4. Pharmacotherapy and exercise effects on symptoms of schizophrenia

ANOVA
Pharmacotherapy Exercise Pharmacotherapy*exercise
(time effect) (group effect) (time*group interaction)

p values F values p values F values p values F values
PANSS positive 0.000 38.464 0.951 0.004 0.084 3.063
PANSS negative 0.000 60.358 0.375 0.795 0.258 1.300
PANSS general psychopathology 0.000 30.736 0.064 3.734 0.002 9.276
PANSS Overall 0.000 212.492 0.022 5.491 0.001 12.431

All patients from both groups did cardiopulmonary
stress test on a treadmill before they start exercise.
Mean value of maximal aerobic capacity was
21.7842.34 ml/kg/min for men and 17.89+1.64
ml/kg/min for women. No significant pre-exercise diffe-
rences between exercise and control groups were found
for VO2 max in both genders (men: t-value=-0.493,
df=40; p=0.625; women: t-value=0.275, df=36,
p=0.785). According to World Health Organization
classification of level of aerobic capacity by gender and
age, 97.5 % patients were in the group “very low”, and
only 2 patients (2.5%) had mark “low”. Compared to
average expecting values for general population for the
same age (Zivanic et al. 1999), patients participating in
the study had significant lower level of VO2 max.
Average expected value for the general population of
the same age is 29.97+4.24 ml/kg/min, and VO2 max of
our patients was 20.50+£2.45 (t-value=-26.241, df=79,
p<0.001).

After 12 weeks, patients in exercise group showed
significantly increases of VO2 max (t-value=-3.711,
df=16, p<0.001). In both genders difference was
statistically ~significant: maximal aerobic capacity
increased from 21.68 to 24.28 ml/kg/min among males
(t-value=-7.770, df=22, p<0.001), and in female sample
from 18.81 to 21.46 ml/kg/min among 17 females
(t-value=-3.711, df=16, p=0.002) (Table 2). In control
group, changes in VO2 max before and after 12 weeks
period were minimal and not statistically significant
(t-value=-1.384, df=18, p=0.183 for men, t-value=-1.356,
df=20, p=0.190 for women and t-value=-1.939, df=39,
p=0.060 for all patients in control group). Intergroup
comparison at the end of study showed that VO2 max
values were much higher in exercise group (23.08+2.71
ml/kg/min) then in control group (20.65+2.55
ml/kg/min) (t-value=5.001, df=38, p<0.001).

PANSS Positive, Negative and General Psycho-
pathology subscores and PANSS total score, before and
after exercise, for both groups are shown in Table 3. At
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baseline, before experimental period, no significant dif-
ferences were found on subscales, as well as on PANSS
total score (t-value=0.980, df=78, p=0.330). After exer-
cise period, statistically significant differences between
groups were found on PANSS general psychopathology
subscale (t-value=-2.847, df=78, p=0.007) and PANSS
total (t-value=-3.630, df=78, p=0.001) in terms of lower
values in the group who had physical activity.

Between the group changes and influence of phar-
macotherapy and exercise effects on measured parame-
ters of schizophrenia are shown in Table 4. ANOVA
revealed a significant main effect of pharmacotherapy
(time) on symptoms of schizophrenia (p<0.001 in all
subscores and in PANSS total score). Furthermore,
ANOVA analysis also showed a significant time and
group interaction effect on PANSS general psycho-
pathology (p=0.002) subscale and PANSS total score
(p=0.001). Interaction effect was not statistically signifi-
cant in PANSS positive and PANSS negative subscores.

DISCUSSION

Individuals with schizophrenia have unhealthy
lifestyle with little or no exercise. They score less on
physical activity and fitness measures than persons with
no mental illness and persons with other mental
illnesses (Chamove 1986). Therefore, our results
showing that individuals with schizophrenia had
significantly lower levels of aerobic capacity compared
to general population are in line with expectations. It is
important to note that level of cardio-respiratory fitness
in our patients was between 30-40% lower compared
with average expecting values for general population.
Also 97.5% of them were in ‘low fitness category’. Low
cardio-respiratory fitness and obesity risks associated
with atypical antipsychotic medications led psychiatrists
to a greater awareness of the importance of reducing
risk factors through physical activity in this population
(Heald 2010).
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We showed that prescribed, dosed physical activity
improves aerobic capacity in our patients. These results
are congruent with the findings of Wilmore et al.
(2001), which showed that a previously sedentary
person may experience a highly relevant increase in
VO2 max after 8 weeks of structured training (as much
as a 25%). Low cardio-respiratory fitness is an emi-
nently modifiable risk factor, as it closely correlates
with habitual physical activity. We have shown the
same progress in VO2 max, but in a specific population
of patients with schizophrenia. Exercise is generally a
safe physical intervention and is relatively easy and
inexpensive to implement. The contraindications are
rare and not specific to people with mental disorders.
The American College of Sports Medicine recommends
that most adults engage in a regular exercise regime in
order to maintain health and wellbeing, suggesting that
higher activity levels are associated with greater health
outcomes (American College of Sports Medicine 2007).
When we consider the fact that an increasing number of
patients suffering from schizophrenia use atypical
antipsychotics and that they have a sedentary lifestyle, it
is clear that they are at high risk of metabolic syndrome
and subsequent serious cardiovascular complications.
Physical activity is excellent therapy for both, preven-
ting the onset of metabolic syndrome and cardiovascular
diseases, in situations where the syndrome has already
reported.

Beebe with colleagues (2005) did 6-minute walking
distance test with 10 patients with schizophrenia. They
made treadmill exercise program, three times a week,
for 16 weeks. After conclusion of the exercise program,
PANSS total score for these patients was 12 point lower
compared with control group. In our study, significant
improvement in symptoms was also observed, but in a
larger sample. Acil and colleagues (2008) applied an
aerobic exercise program in the periods of 10 weeks, 3
days in a week. They found decrease in positive symp-
toms and decrease in negative symptoms of the patients
by means of physical exercise. We obtained the same
results in a larger number of patients, but also we had an
individualized approach, dosed physical activity, which
is much more comfortable and easier for the patient and
reduces the risk of adverse events. The motivation and
cooperation are certainly the most important aspect of
any therapy. Faulkner (2005) concludes that exercise
may alleviate symptoms of schizophrenia such as
depression, low self-esteem and social withdrawal. Our
results confirm this claim, which is clearly seen in the
PANSS general psychopathology subscale. Gorczynski
and Faulkner (2010) in Cochrane review conclude that
exercise can have healthful effects on both the physical
and mental health and well-being of individuals with
schizophrenia. They conclude that larger randomized
studies are required before any definitive conclusions
can be drawn. Finally, Soundy and colleagues (2015) in
systematic review conclude that sport participation may

result in reduced psychiatric symptoms in patients with
schizophrenia.

Physical activity cannot replace traditional treat-
ments of serious psychiatric illnesses, but could play an
important part of the treatment process (Kimhy 2014).
We reported reductions in PANSS general psycho-
pathology symptoms post-exercise. Our results of
reductions in psychiatric symptoms as measured by the
PANSS are congruent with the findings of Faulkner
(2005) as well as Pelham and colleagues (1993) that
aerobic exercise significantly reduced depression and
anxiety in persons with schizophrenia. In each subscale
of PANSS we made greater shift in the group that
practiced compared to group with just “traditional”
treatment. The difference was statistically significant in
subscale general psychopathology, but it is undisputed
that there are differences in each subscale. These small
differences, which may not be statistically significant,
can be very important in the clinical sense. Finally, the
difference in PANSS total score between the control and
experimental group was highly statistically significant.

For many people, physical activity and exercise is an
important source of happiness in their lives. Regardless
of its therapeutic properties, there are no reasons for
people with schizophrenia not to take pleasure in the
same type of activities. No doubt, there are many
difficulties of conducting methodologically studies of
exercise as an adjunct treatment for schizophrenia.
Schizophrenia with wide range of symptoms includes
wide variability in baseline functioning, motivation,
pharmacologic treatments, smoking habits, which
makes drawing comparisons across populations
problematic. Responses to exercise and preferred
modalities are highly individualized. Therefore, good
relationship with the patients and motivation are
important factors. We have tried to show the impact of
physical activity on patients with schizophrenia, with
no intention to discuss doses of drugs taken by patients
during treatment. Finally, differences across inpatient
and outpatient; young and older patients hamper
generalization.

Future studies should follow patients over a longer
time period, their quality of life, somatic complications
that they will have, or will be potentially prevent by
physical activity. Additional studies are needed to
systematically examine the interactions of medications
with the effects of exercise, as well as any differences in
outcomes based on type, frequency, and duration of
exercise sessions to examine responses to different
exercise dosages. Further studies are needed to identify
the most effective exercise interventions and the most
feasible delivery modalities for inpatient, outpatient,
younger or older patients. Psychiatrists and general
practitioners need to be consistent and persistent in
encouraging patients to be physically active and
continue to highlight the benefits of exercise to physical
as well as mental health.
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CONCLUSIONS

Physical inactivity is, according to the WHO, the
fourth leading risk factor for global mortality following
hypertension, tobacco use and high blood glucose.
Individuals with schizophrenia have unhealthy lifestyle
with little or no exercise. Consequently, level of their
cardio-respiratory fitness is lower than in general
population. In our patients VO2 max was between 30-
40% lower compared with average expecting values for
general population. The vast majority was in ‘low fit-
ness category’. Low cardio-respiratory fitness and obe-
sity risks associated with atypical antipsychotic medica-
tions, are a great risks for the occurrence of somatic
complications in this group of patients and increased
mortality. Therefore it is crucial to consider reducing
risk factors where possible. Prescribed physical activity
significantly improves aerobic capacity in people with
schizophrenia, and it is a safe intervention and relatively
easy and inexpensive to implement.

Undoubtedly pharmacological treatment (anti-
psychotics) is a basic for patients with schizophrenia,
and physical activity could be adjunct therapy and part
of integrative approach and treatment. In addition to
being undeniably reduces the risk of co morbidity, it is
effective for decreasing some psychiatric symptoms.
Prescribed physical exercise could be an effective
adjunct treatment for patients with schizophrenia, not
only for the prevention and treatment of co morbidities,
but also to reduce and mitigate symptoms of schizo-
phrenia themselves.
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