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Abstract.
Background: Schizophrenia (SCZ) is a severe, chronic illness characterized by psychotic symptoms and impairments in many
cognitive domains. Dysregulation of brain derived neurotrophic factor (BDNF) is associated with the cognitive impairments
seen in patients with SCZ. Given the growing literature supporting a positive effect of aerobic exercise on cognition in other
populations, we hypothesized that a structured aerobic exercise program would improve cognitive and functional outcomes
in subjects with SCZ, potentially mediated by increases in BDNF.
Methods: The study was a small randomized parallel group clinical trial of subjects with SCZ comparing 12 weeks of aerobic
exercise (AE) against control (CON) stretching and balance training. At Baseline, Week 12, and Week 20 we collected serum
samples for analysis of brain derived neurotrophic factor (BDNF), and assessed functional, physical, and cognitive outcomes.
Linear regression models were used to compare change scores between timepoints.
Results: We randomized 21 subjects to AE and 17 to CON; however, only 9 AE and 6 CON completed their programs.
Subjects in both groups were slower at the 400 m walk in Week 12 compared to Baseline, but the AE group had significantly
less slowing than the CON group (B = –28.32, p = 0.011). Between Week 12 and Week 20, the AE group had a significantly
greater change score on the Composite and Visual Learning Domain of the MATRICS Consensus Cognitive Battery (B = 5.11,
p = 0.03; B = 13.96, p = 0.006).
Conclusion: These results indicate that participation in a structured aerobic exercise paradigm may modestly blunt physical
function decline and enhance cognitive function in individuals with SCZ.
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ABBREVIATIONS

AE aerobic exercise
BMI body mass index
BDNF brain-derived neurotrophic factor
HR heart rate
MCCB Measurement and Treatment Research to

Improve Cognition in Schizophrenia
Consensus Cognitive Battery

PANSS positive and negative syndrome scale
SCZ Schizophrenia
SLOF Specific Levels of Functioning
UPSA-2 U. California San Diego Performance-

Based skills assessment

INTRODUCTION

Schizophrenia (SCZ) is a severe, chronic psychotic
illness characterized by negative (anhedonia, flat
affect, poor motivation) and positive symptoms
(hallucinations, delusions, disorganization). It is a
pervasive and persistent disease affecting approxi-
mately 1% of the world’s population, 50–70% of
whom have symptoms throughout the course of their
life [1, 2]. Furthermore, there is a significant cost
associated with SCZ: $62.7 billion in the US in 2002,
that can be attributed to not only the treatment of acute
symptoms, but also the long-term care and assistance
these patients require [3, 4]. Fortunately, some of
these symptoms can be reduced by medication, but
cognitive impairment is resistant to improvement.

Individuals diagnosed with SCZ tend to have
global neurocognitive impairments that impact their
perceptual-motor function, language, learning and
memory, executive function, complex attention, and
social cognition [5]. These neurocognitive impair-
ments are thought to be related to structural and
functional abnormalities within the brain. One
such area that has been extensively investigated is
the hippocampus [6–9]. Patients with SCZ have
reduced volume, disrupted neuronal cytoarchitec-
ture, reduced N-acetyl-aspartate indicating reduced
neuronal integrity and disrupted glutamatergic and
nicotinic neurotransmission in their hippocampus
[10–12]. Furthermore, multiple studies have found
that enlarged ventricles, poor white matter integrity,
abnormal myelination of tracts between different
regions of the brain, smaller thalamus and temporal
lobes, enlarged caudate nucleus, and cerebral asym-

metries all correlated with cognitive impairments in
SCZ [13–17]. One proposed method of improving the
neurocognitive impairments seen in SCZ is through
the upregulation of brain-derived neurotrophic factor
(BDNF).

BDNF is a neurotrophin known to promote neuro-
genesis, synaptogenesis, and brain plasticity through
many different mechanisms [18, 19]. BDNF’s sup-
port of neurogenesis is through the enhancement of
cell survivability in neuronal stem and progenitor
cells [20]. Further, BDNF promotes the maturation
and stabilization of neurotransmitter release which is
necessary for synaptic plasticity [19]. BDNF’s role in
synaptic plasticity allows for long-term potentiation
and long-term depression, the primary mechanism
of learning and memory [21, 22]. One method of
improving neuroplasticity, as previously seen in ani-
mal models, is to endogenously upregulate BDNF
through aerobic exercise (AE) leading to an increase
in BDNF mRNA, new neurons in the hippocam-
pus and an increase in neuronal spinal density
[23–29].

AE in humans has been seen to contribute to an
increase in neurotropic factors, increased hippocam-
pal volume, and increases in VO2 max which highly
correlated with improved memory [30–34]. Another
study also found that the medial temporal lobe func-
tion in young adults was enhanced by AE. Their
finding was attributed to increased concentrations of
BDNF in serum and improved cognitive function on
a face-name matching task [35]. Since a reduction of
BDNF is associated with altered brain development,
failures in neuroplasticity, synaptic dysconnectivity,
and molecular abnormalities in patients with SCZ
[36–38] several investigators have looked at the effect
of AE intervention in participants with SCZ [9, 29,
39–43]. One study with a primary focus on full body
AE found that serum BDNF increased almost six
times as much in the AE intervention group in com-
parison to the control group [44]. Other studies, such
as that by Oertel- Knochel et al. (2014), have analyzed
the effects of AE on neurocognitive functioning in
SCZ using the Measurement and Treatment Research
to Improve Cognition in Schizophrenia (MATRICS)
Consensus Cognitive Battery (MCCB). In their study,
they administered five of the eight domains and found
that a stronger effect occurred in the treatment group,
with a significant improvement in processing speed,
working memory, and visual learning [45]. Moreover,
the meta-analysis conducted by Dauwan et al. (2016)
found that exercise was able to reduce symptoms of



N. Massa et al. / Effect of Aerobic Exercise on Schizophrenia 163

schizophrenia (positive, negative, and general) and
improve quality of life.

The neurocognitive deficits seen in SCZ are
accompanied by a decreased ability to perform
critical everyday functional skills including social
and occupational function, maintaining a residence,
managing medications, and ability to tend to basic
self-care needs [46, 47]. Other symptoms that arise
from these cognitive deficits are problems with plan-
ning, abstract thinking, and problem solving [48, 49].
Since BDNF dysregulation is a potential contribu-
tor to cognitive impairment in patients with SCZ, we
conducted a small trial of AE vs. a control condition
in SCZ and assessed cognitive and physical function
change as well as a change in BDNF.

METHODS

Cohort description

The study was a randomized parallel group clini-
cal trial comparing 12 weeks of AE training against a
control [50] exercise condition which consisted of
stretching and balance training. Retention of pos-
sible physical and cognitive change was assessed
at a 20-week post baseline visit. At completion of
the baseline visit, 38 subjects were randomized. All
subjects were recruited from the Atlanta Veterans
Affairs Medical Center or the surrounding commu-
nity in accord with the Emory University Institutional
Review Board and Atlanta VA Research and Devel-
opment committee guidelines.

Inclusion into the study required that the individ-
ual have a diagnosis of SCZ, be between the ages
of 18 and 70 years old, be on a steady dose of out-
patient psychiatric medication for at least 30 days,
be compliant with out-patient follow-up (at least
75% of outpatient appointments within the last year),
have a stable living arrangement and access to trans-
portation, and live a sedentary lifestyle (less than 20
minutes/day of regular physical activity) for the last
month as measured by the Godin exercise question-
naire [51, 52]. Participants were excluded if they had
an active substance use disorder within the previous
30 days or had more than two psychiatric admissions
within the previous 6 months. Subjects were also
excluded if they had a known HIV infection or AIDS,
history of a traumatic brain injury, seizure disorder,
known history of dementia, clinical history of mild
cognitive impairment, Parkinson’s or other clinically
significant neurological disease, an unstable medical

condition that would interfere with fitness training, or
a significant hearing or visual impairment. Subjects
were randomized using a random number generator
with odd values being controls and even values being
AE. Timeline of study can be seen in Fig. 1.

Exercise paradigms

The AE program consisted of exercise on a sta-
tionary bicycle ergometer 3 times a week. Exercise
intensity began at low levels (50% of maximal
heart rate reserve) calculated utilizing the Karvonen
method [53]. The target exercise heart rate (HR) was
calculated by subtracting the person’s age from 220.
Resting HR was then subtracted from this number.
The result was then multiplied by the target percent
(50% for example) and the product was added back to
resting HR to provide the target exercise session HR
[53]. The Karvonan method has been demonstrated
to correlate with measured maximal heart rate [54].
Intensity of exercise was increased by 5% every week
(as tolerated by the participant) to a maximum of 80%
of maximal heart rate.

Exercise time progressed from an initial 20 min-
utes per session to a maximum of 45 minutes by
increasing 5 minutes each week. To further assess
the quality of the participant’s exercise, we calcu-
lated a percent time in target HR zone. This is the
number of heart-rate acquisitions that were above
the 50% threshold divided by the number of total
acquisitions. This value was then averaged across all
sessions of the individual to find the average amount
of time a participant was spending in a minimum light
aerobic exercise zone [55]. The stretching and bal-
ance training consisted of progressive whole body
stretching and toning exercises performed for the
same amount of time as the AE condition. Both inter-
ventions focused on small group exercise with at most
5 participants at a time. Activities were led by at least
1 qualified instructor with a degree in exercise physi-
ology and/or Personal Training certification through
ACSM. To monitor effort during the training session,
patients were outfitted with a chest strap FT7 heartrate
monitor.

Fig. 1. Timeline of study for a participant. Each visit consisted of:
a blood draw and exercise, cognitive, and functional testing. Each
experimental condition was an exercise class (aerobic exercise or
stretching and balance) 3×/week for approximately an hour.
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Participants could monitor their heart rate at will
through a paired watch and study staff recorded heart
rate every 5 minutes. If heart rate signal was lost
during a session, study staff would manually obtain
a participant’s heart rate using radial pulse for a 15
second duration and multiplying by 4.

To measure the effects of the exercise program on
the individuals, we also had them complete the 400 m
walk test and a test of VO2 max. The 400 m walk is a
measure of physical functional ability and can serve
as a predictor of morbidity and future disability. It has
primarily been used in well-functioning older adults
to estimate cardiorespiratory fitness [56, 57], func-
tional status [58], and general health [59, 60]. The
estimate maximal oxygen uptake (VO2max) prior to
and after interventions was obtained from partici-
pants at baseline, week 12 and week 20. It utilized
the YMCA submaximal fitness test, performed on
a Monark 828e (upright) or RC4 (recumbent) cycle
ergometer (Vansbro, Sweden). The YMCA test uses
an extrapolation method in which heart rate work-
load values are obtained at 2–4 points during stages
of increasing resistance and extrapolated to predict
workload at the estimated maximum heart rate (e.g.,
220-age). VO2 max is then calculated from the pre-
dicted maximum workload. Prior to beginning the
test, the participants completed a 2 min warm-up con-
sisting of pedaling without load so that they could
adapt to the ergometer for the first minute and then
begin the paradigm pedaling with a 0.5 kg.m load dur-
ing the second minute. A progressive load is applied
to the braking of the cycle. If a participant failed to
reach the 9 min mark during the testing session then
the first two data points are used to project the VO2
max [55, 61].

Blood sample collection

At each assessment timepoint (Baseline, Week
12, Week 20) serum samples were collected for
analysis of brain derived neurotropic factor (BDNF)
immediately prior (within 10 minutes) to the exer-
cise testing that would occur during that visit. The
serum samples were collected in SST tubes (BD
367820), inverted 5 times, and allowed to clot for
an hour. They were then spun down for 15 minutes
at 3000 rcf. The collected serum was diluted at a
ratio of 1:150 for quantification of a mature BDNF
concentration (pg/mL) using Biogenesis ELISA kits
(#BEK-2211-2P) per manufacturer’s instructions.
The individual conducting the ELISAs was blinded
to the treatment of the individual.

Cognitive and functional assessments

Cognition and functional abilities were assessed
at each timepoint (Baseline, 12 Weeks, 20 Weeks)
the Measurement and Treatment Research to Improve
Cognition in Schizophrenia Consensus Cognitive
Battery (MCCB), the U. California San Diego
Performance-Based skills assessment (UPSA-2), and
the Specific Levels of Functioning (SLOF) scale.
The MCCB is a consensus battery of neurocognitive
tests assessing seven key cognitive domains rele-
vant to SCZ: processing speed, attention/vigilance,
working memory, verbal learning, visual learning,
reasoning and problem solving, and social cognition
[62]. The UPSA-2 is a measure of functional ability
that can detect immediate improvements in the abil-
ity to carry out functionally meaningful tasks [63].
The SLOF is a rating scale designed to assess every-
day functioning and behaviors of individuals with
SCZ [64]. The positive and negative syndrome scale
(PANSS), a standardized scale for measuring preva-
lence of positive and negative syndromes in SCZ was
also administered at each timepoint to assess SCZ
symptomatology [65]. All cognitive and functional
assessments were completed by an assessor blinded
to the treatment group.

Statistical methods

The analyses were conducted in two phases. The
first phase was conducted on those subjects who
completed baseline assessments and randomization.
Means and standard deviations were determined for
each outcome variable for the two subject groups.
Medication class was recorded; however, chlorpro-
mazine equivalents were not included in analyses
given a lack of information regarding dosage. The two
groups were compared by means of student’s t-tests
or Chi square analyses on continuous or dichoto-
mous variables as appropriate to determine any initial
differences between the treatment groups. Logis-
tic regressions including age, race, sex, group, and
body mass index (BMI) were completed to determine
whether any variables were associated with dropping
out versus completion of the study. In the second
phase of analysis, given the longitudinal nature of
the study, we calculated change scores (Week 12
minus Baseline and Week 20 minus Week 12) to
determine the differences between time points for
those who completed 12 weeks of treatment. Change
scores were then compared in t-tests between groups
to determine any significant differences without
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the addition of covariates. To assess the effect of
covariates on our outcome measures we completed
backward linear regression models with change
scores as the dependent variables and with age, race,
sex, BMI, and treatment group as predictors. In order
to test for associations of BDNF change with change
in other outcome measures, BDNF change scores
were added to the regression models. To ensure that
a difference in baseline was not impacting our results
we added the baseline value of an outcome measure
as a covariate to all significant models as suggested
by Twisk et al. (2018) [66]. Only variables significant
at a p-value less than 0.1 were included in the final
models. Outliers were considered values greater than
2.5 standard deviations from the mean and, if found,
were dropped from the model. Statisticians were not
unblinded due to previous involvement with the study
in an advisory capacity. All statistics were completed
using SAS (Cary, NC).

RESULTS

Baseline cohort results

We initially consented 50 patients with SCZ to par-
ticipate in the study. After those who were excluded
for not meeting inclusion criteria or withdrew prior
to randomization, we concluded with 38 patients who
we randomized into the AE or CON groups (Fig. 2).
Of those 38 patients, 21 were randomized to the AE
group and 17 were randomized to the CON group.

Baseline population demographics, symptoms,
functional assessments, physical function assess-
ments, and cognitive scores for the entire cohort
are presented in Table 1. There was no significant

Fig. 2. Flow chart of subject participation in the study.

difference between groups in baseline demographics
or outcome measures with the exception of a signifi-
cantly higher score in the AE group for the Reasoning
and Problem Solving domain of the MCCB (t = 2.28,
p = 0.029). We also assessed whether there were any
correlations among BDNF and either aerobic, cogni-
tive, or functional outcomes at baseline. There were
no significant associations even when adjusting for
demographics.

There was significant attrition in both groups.
Of those who met primary inclusion criteria, 47,
we found that 17 participants who dropped out of
the study decided to stop showing up for appoint-
ments and were subsequently lost to follow up. There
was also a significant proportion of patients, 9, who
abruptly decided that they no longer wanted to par-
ticipate in the study. Further, there were 3 individuals
who we were forced to terminate their participation in
the study for not complying with study procedures, 2
who withdrew due to transportation issues, and 1 who
withdrew due to significant physical sequelae from
the exercise paradigm (Fig. 2). To determine whether
there were any factors that contributed to dropout,
we conducted a logistic regression on the likelihood
of dropping out during the study. We found that
the likelihood of dropping out was greater for those
with a higher concentration of serum BDNF at base-
line (OR = 1.01 (CI: 1.001,1.02), p = 0.035). We also
found a trend level association such that worse base-
line performance on the SLOF predicted a greater
likelihood of dropping out of the study (OR = 0.94
(CI: 0.89,1.002), p = 0.057). We also found that while
the positive domain of the PANSS was not significant,
the hallucinations item was significantly associated
with dropping out of the study (OR = 2.186 (CI:
1.099,4.349), p = 0.026). The odds ratios and respec-
tive 95% confidence intervals on the likelihood of
dropping out of the study attributed to performance
on a given outcome measure or symptom domain can
be seen in Fig. 3.

Completed cohort results

The final cohort of subjects who completed 12
weeks of treatment included nine in the AE group and
six in the CON group. Demographics and treatment
characteristics for this group are shown in Table 2.
The subjects’ percent compliance in attending treat-
ment sessions was not different between the groups.
As intended, time spent in the target heart rate zone
was significantly greater in the AE than the CON
group (p = 0.008).
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Table 1
Demographics, physical function and cognitive function, all subjects at Baseline

Variables Aerobic Exercise Control Condition

Group N Mean/ Std N Mean/ Std T-test/ p
Count Dev/% Count Dev/% Chi Sq -value

Age 21 52.52 6.66 17 53.18 10.27 –0.24 0.814
BMI 21 31.11 6.87 17 29.31 4.00 0.96 0.344

Sex*

Male 21 16.00 76.20 17 15.00 88.23 0.427
Race*

African American 21 19.00 90.50 17 17.00 100.00 0.492

Medication*

Atypical Antipsychotics 21 14.00 66.67 17 13.00 76.47 0.721
Typical Antipsychotics 21 1.00 4.76 17 2.00 11.76 0.577
Both (Atypical and Typical) 21 2.00 9.52 17 1.00 5.88 1.000
No Antipsychotics 21 4.00 19.05 17 1.00 5.88 0.355
Antidepressants 21 6.00 28.57 17 4.00 23.53 1.000

PANSS

Negative Symptoms 21 18.71 6.50 17 17.00 4.76 0.91 0.371
Positive Symptoms 21 15.29 3.80 17 14.53 2.85 0.68 0.501
Grand Total 21 62.38 12.79 17 59.94 8.99 0.66 0.511

SLOF

Composite 21 176.00 28.30 17 186.00 14.80 –1.31 0.198
UPSA

Composite 21 60.70 15.10 17 61.40 9.86 –0.17 0.862
Exercise

Time 400 m (s) 21 359.00 58.00 16 345.00 57.20 0.71 0.483
VO2 max (mL/kg/min) 17 28.00 10.30 12 30.50 6.69 –0.73 0.473

MATRICS

Composite 21 26.10 12.48 17 25.47 9.87 0.17 0.868

Domains

Attention/Vigilance 21 33.67 11.35 17 34.88 11.86 –0.32 0.750
Reasoning and Problem Solving 21 43.81 8.27 17 38.76 4.25 2.28 0.029
Social Cognition 21 30.81 11.04 17 34.41 14.20 –0.88 0.385
Speed of Processing 21 32.38 13.30 17 34.94 15.80 –0.54 0.591
Visual Learning 21 35.62 12.48 17 30.24 9.72 1.46 0.154
Verbal Learning 21 36.71 5.41 17 36.29 11.16 0.14 0.888
Working Memory 21 34.57 14.67 17 34.94 9.63 –0.09 0.929

BDNF Concentration (pg/mL) 21 208.89 70.07 17 215.91 123.14 –0.22 0.826

*Denotes use of Fisher Exact test given small sample size.

For the second phase of analyses, change scores for
functional assessments, cognitive performance, and
physical function were computed for Week 12 minus
Baseline and for Week 20 minus Week 12. These vari-
ables are shown in Tables 3 and 4 respectively. We
conducted linear regressions on these change scores
that included age, race, sex, BMI, and the baseline
value of the outcome measure as additional variables
in each model. Regarding the 400 m walk, subjects
in both groups were slower at Week 12 than at Base-
line, but the AE group had significantly less slowing
than the CON group (B = –28.32, p = 0.011; Fig. 4).
For other outcome measures there were no significant
differences between change scores at Week 12 for the
two treatment groups.

In similarly structured linear regression models
with change scores for Week 20 minus Week 12 as
the dependent variables, subjects in the AE group
improved in the MCCB Composite score from Week
12 to Week 20 whereas those in the CON group
worsened: this difference was significant (B = 5.11,
p = 0.03; Fig. 5). Similarly, for the Visual Learn-
ing domain of the MCCB, subjects in the AE group
showed significantly greater improvement compared
to CON subjects (B = 13.96, p = 0.006; Fig. 6).
Change scores for other outcome measures did not
differ significantly between the two treatment groups.

In regressions that included change in BDNF as an
additional variable, increase in BDNF concentration
between Baseline and Week 12 was associated with
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Fig. 3. Odds Ratios for likelihood of dropping out of the study
using logistic regression. An OR > 1 indicates greater likelihood of
dropping out. BDNF was significant (OR = 1.01 (CI: 1.001,1.02),
p = 0.035) and SLOF Composite was at a strong trend level
(OR = 0.94 (CI: 0.89,1.002), p = 0.057).

a slower 400 m walk time in both groups (B = 0.093,
p = 0.049). Increase in BDNF from Week 12 to Week
20 was associated with a significant increase in the
Reasoning and Problem Solving module (B = 0.02,
p = 0.008) and a trending increase in functional scores
as measured by the SLOF (B = 0.04, p = 0.069).
Change in BDNF was not significantly associated
with change in other outcome measures in either
group.

DISCUSSION

We report effects on cognitive, functional, and
physical measures following 12 weeks of AE training
compared to a CON condition consisting of balance
and stretching training in patients with SCZ in an
outpatient treatment setting. The results herein give
a preliminary indication of improvement in cogni-
tion and a slowing of mobility disability with AE
compared to the CON condition in SCZ subjects.

To our knowledge this study is one of the first stud-
ies to show an improvement in cognition in SCZ
following completion of a 12-week exercise treat-
ment. Interestingly, during the time after the treatment
period (Week 12 to Week 20), individuals in the
AE group also significantly improved on the MCCB
Composite and on the Visual Learning domain. It is
possible that this post-treatment improvement could
be attributed to improved exercise habits developed
by the AE subjects during the course of the treat-
ment that persisted through the post-treatment period.
However, without objective measures of physical
activity during the post treatment follow up it is diffi-
cult to interpret this finding. This finding also fits with
a study conducted by Oertel-Knöchel et al. (2014)
that found an improvement in the visual learning
and other domains of the MCCB after an exercise
intervention [45].

In terms of positive and negative symptoms, both
treatment groups had a decrease in PANSS scores
over the treatment period, although the decrease was
not significantly different between the groups. This
finding is consistent with prior studies that reported

Table 2
Baseline demographics for subjects who completed 12 weeks of treatment

Variables Aerobic Exercise Control Condition

N Mean/ Std N Mean/ Std T-test/ P-
Count Dev/% Count Dev/% Chi Sq value

Age 9 53.44 7.14 6 52.67 10.07 0.16 0.874
Total Minutes Exercised 9 1241.61 18.19 6 1258.21 59.49 –0.66 0.534
% Time in Target Heart Rate Zone 9 38.56 30.95 6 2.59 2.45 3.47 0.008
% Attendance Compliance 9 90.30 5.52 6 81.29 14.35 1.47 0.192
Sex

Male 9 7.00 77.78 6 5.00 83.33 0.47 1.000
Race

African American 9 8.00 88.89 6 6.00 100.00 0.60 1.000
Medication*

Atypical Antipsychotics 9 7.00 77.78 6 4.00 66.67 1.000
Typical Antipsychotics 9 0.00 0.00 6 1.00 16.67 0.400
Both (Atypical and Typical) 9 1.00 11.11 6 0.00 0.00 1.000
No Antipsychotics 9 1.00 11.11 6 1.00 16.67 1.000
Antidepressants 9 2.00 22.22 6 2.00 33.33 1.000

*Denotes use of Fisher Exact test given small sample size.
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Table 3
Change scores Week 12 minus Baseline

Variables Aerobic Exercise Control Condition

N Mean Std Dev N Mean Std Dev T-test P-value

BMI 9 0.77 1.63 6 0.10 1.80 0.75 0.466
PANSS

Negative Symptoms 9 –6.67 5.05 6 –2.50 2.81 –1.83 0.091
Positive Symptoms 9 –2.78 3.67 6 –4.33 2.50 0.90 0.383
Grand Total 9 –14.44 10.36 6 –10.33 10.75 –0.74 0.471

SLOF Composite 9 3.78 9.23 6 0.00 14.41 0.62 0.544
UPSA Composite 9 3.00 8.92 6 –3.67 8.66 1.43 0.175
Exercise

Timed 400 m Walk (s) 9 13.00 17.31 6 46.17 27.87 –2.86 0.013
VO2 max (mL/kg/min) 6 1.53 7.98 4 –1.26 5.86 0.60 0.567

MATRICS
Composite 9 2.78 6.83 6 1.50 5.68 0.38 0.712
Attention/Vigilance 9 2.89 11.48 6 1.00 5.14 0.43 0.673
Reasoning and 9 –2.56 5.27 6 2.17 2.48 –2.33 0.038
Problem Solving
Social Cognition 9 5.00 17.35 6 –1.00 10.06 0.76 0.461
Speed of Processing 9 0.00 9.27 6 –0.83 7.44 0.18 0.857
Visual Learning 9 4.33 10.10 6 11.17 10.28 –1.27 0.225
Verbal Learning 9 –1.33 5.52 6 –6.17 13.20 0.85 0.428
Working Memory 9 3.67 8.28 6 0.83 6.01 0.72 0.486

BDNF Concentration 9 6.42 67.36 6 44.28 173.11 –0.51 0.628

Table 4
Change scores Week 20 minus Week 12

Variables Aerobic Exercise Control Condition

N Mean Std Dev N Mean Std Dev T-test P-value

BMI 9 0.18 0.97 6 –0.08 0.51 0.60 0.557
PANSS

Negative Symptoms 9 –0.67 4.64 6 0.17 5.34 –0.32 0.753
Positive Symptoms 9 –0.78 2.82 6 –0.17 2.32 –0.44 0.667
Grand Total 9 –1.78 9.82 6 –0.33 10.73 –0.27 0.792

SLOF Composite 9 –2.89 6.39 6 –2.83 8.59 –0.01 0.989
UPSA Composite 9 3.67 7.48 6 3.17 3.97 0.15 0.884
Exercise

Timed 400 m Walk (s) 9 –5.67 33.48 6 4.00 33.63 –0.55 0.594
VO2 max (mL/kg/min) 5 0.97 1.60 4 1.77 3.21 –0.49 0.637

MATRICS
Composite 9 1.78 4.66 6 –3.33 2.50 2.44 0.030
Attention/Vigilance 9 2.44 4.98 6 1.33 5.65 0.40 0.694
Reasoning and 9 0.33 4.09 6 –0.67 4.59 0.44 0.666
Problem Solving
Social Cognition 9 –2.22 13.58 6 –2.67 7.00 0.07 0.943
Speed of Processing 9 0.56 9.49 6 –2.67 5.39 0.75 0.467
Visual Learning 9 6.67 10.54 6 –4.00 4.94 2.63 0.022
Verbal Learning 9 –0.78 5.29 6 –2.00 5.25 0.44 0.667
Working Memory 9 0.89 5.95 6 –4.17 5.81 1.63 0.128

BDNF Concentration
(pg/mL)

9 38.11 47.95 6 –6.09 137.44 0.76 0.478

a decrease in symptoms attributed to participation
and the associated interactions of group exercise
[44, 45, 67].

Contrary to our hypothesis of improved cardio-
vascular fitness following the intervention in the
AE group, VO2 max showed no change. While not

surprising for the CON group, this finding is not
consistent with previous implementation of the pre-
scribed AE intervention [55, 68–70]. Because the
completers in the AE group were compliant with the
treatment (as measured by time in HR zone during
the 12-week intervention) this null finding may be
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Fig. 4. Individually plotted time course of 400 m walk time in sec-
onds. Individuals who were apart of the Aerobic Exercise paradigm
are solid black lines, and those apart of the control paradigm are
hashed grey lines.

Fig. 5. Individually plotted time course of T-Scores from the Com-
posite Score of the MATRICS. Individuals who were apart of the
Aerobic Exercise paradigm are solid black lines, and those apart
of the control paradigm are hashed grey lines.

Fig. 6. Individually plotted time course of T-Scores from the Visual
Learning Domain of the MATRICS. Individuals who were apart
of the Aerobic Exercise paradigm are solid black lines, and those
apart of the control paradigm are hashed grey lines.

due to a blunted cardiovascular response to exercise
in SCZ from the disease process itself and/or a side
effect of medication(s) [71]. However, more research
is needed on this issue. Time to complete a 400m

walk was slower in both groups at Week 12 when
compared to Baseline, but the AE group had statisti-
cally less slowing than the CON group. This modest
but significant benefit of AE over CON condition
may be related to a decreased trajectory towards
mobility dysfunction of the AE group as the 400 m
walk is primarily used to assess mobility [72]. Despite
not “improving” on the 400 m, blunting the decline
with AE is an important finding as walking capacity
and related muscular fitness are indeed impaired in
patients with schizophrenia [71].

It is important to highlight the substantial rate
of dropouts in both groups. This high dropout rate
may be attributed to the symptoms of SCZ which
were quite prominent in both groups and could
have decreased their ability to complete the research
study. In our initial cohort we found a trend level
significance of dropping out associated with worse
performance on the SLOF. This makes sense in that
lower scores on the SLOF indicate lower functional
capabilities such that those subjects would be less
likely to complete an exercise program with con-
siderable demands such as those included in our
protocol. Indeed, a prior study reported that SLOF
scores significantly correlated with increased func-
tional capacity, as indicated by UPSA-B scores, in a
cohort of SCZ subjects [73]. Given our current find-
ings, the SLOF could be used as a clinical tool to
determine whether exercise would be an appropriate
and feasible intervention for an individual patient. A
higher level of baseline functioning would indicate
a greater level of independence and self-sufficiency
that could lend itself to participation and completion
of treatment in this modality.

While many studies do not analyze the rate of
dropout, we considered these data to be relevant to
the feasibility of exercise programs in future research
and as clinical interventions. A recent meta-analysis
conducted by Vancampfort et al. (2016) found that
approximately 74.2% of patients would remain in
a study that was conducted similar to ours (aerobic
exercise group and active control group). Based on
their findings we would expect that having a profes-
sional who was supervising the sessions would help
improve retention; however, it clearly did not have an
effect on our population since our retention rate was
39% [74]. Kimhy et al. (2015) conducted a some-
what similar exercise study in which the retention
rate was 79% [44]. Subjects in their study were con-
siderably younger than ours (approximately 37 ± 10
years old vs. 53 ± 8 years old), which may contribute
to the differential retention. These authors believed
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their retention was due to use of an active-play video
game that provided exercise training in a more inter-
esting and fun manner than the use of traditional
exercise equipment. In consideration of their success
with retention compared to the significant attrition
we experienced, we speculate that greater retention
in exercise training could be achieved through a direct
to consumer approach with technology- based and/or
home-based exercise programs. This would poten-
tially allow for exercise to be more engaging or
completed on an individual’s own timeline in their
home, thereby eliminating problems with travel expe-
rienced by many of our subjects. On the other hand,
such an approach would cut out the human interac-
tion that comes with participation in an exercise class.
Our CON condition and AE condition had identi-
cal contact time with study staff. This human factor
and increased interaction with staff, as well as other
participants, may have contributed to the decrease in
negative symptoms we saw in both treatment groups.
To this point, considerable literature indicates that
structured supervised activity in the form of psy-
chosocial interventions can improve course in general
and negative symptoms particular in SCZ [75, 76]. It
could have been the nonspecific beneficial effects of
regular contact with our research staff that improved
negative symptoms in both of our subject groups.
Even though our study suffered from a poor reten-
tion rate, it does not outweigh the potential benefit
of an exercise program with regular contact with
exercise professionals to patients with schizophre-
nia.

At Week 12 we found that those with a slower
400 m walk time had higher BDNF concentrations
across both treatment groups. This finding is puz-
zling yet is somewhat in accord with a prior study
showing that BDNF was higher in younger subjects
who completed low resistance exercise (similar to
that found in our CON group) when compared to
those completing high resistance training [77, 78].
We also found that there was a significant increase
in the Reasoning and Problem Solving domain asso-
ciated with an increase in BDNF between Week
12 and Week 20. This finding aligns with a pre-
viously conducted meta-analysis by Ahmed et al.
(2015) which found that higher levels of BDNF
expression correlated with improved scores on rea-
soning and problem-solving tasks [79]. Another
interesting association with BDNF was demonstrated
by the finding that a higher BDNF at baseline
resulted in a greater likelihood of dropping out dur-
ing the 12-week intervention. We speculate that

this finding could be attributed to the medication
the subjects were on, since antipsychotic medica-
tions, both first-generation and second-generation,
have effects on peripheral BDNF concentrations [80].
However, medication alone is not a likely explanation
for our findings since there was no significant differ-
ence in medication between those dropping out and
those who completed the study.

There are significant limitations to this study, most
notably the small sample size of completers. The
high rate of attrition could be attributed to the symp-
toms of SCZ such as paranoia and avolition that may
have impacted our subjects’ motivation to complete
the exercise program [81]. Regarding limitations on
our BDNF results, we were unable to measure brain
BDNF directly. Despite the knowledge that cere-
brospinal fluid BDNF is reduced in those with SCZ
and that BDNF crosses the blood brain barrier [50,
82, 83] the correlation between peripheral and central
BDNF levels is still unknown and as such makes it
hard to discern the effect of AE on BDNF concentra-
tions in nervous tissue. Another limitation of the study
is that we did not assess the Val66Met polymorphism
of BDNF. This polymorphism has been implicated
in impaired learning and memory in individuals
both with and without SCZ [84–86]. This polymor-
phism has also been seen to effect BDNF secreted in
response to physical activity, and therefore could be
a significant confounder in this study [84]. Another
limitation is that there are other micromolecules that
have been implicated in the association between exer-
cise and BDNF, such as insulin-like growth factor 1
(IGF-1) and tropomyosin receptor kinase B (TrkB),
which we have not analyzed that could significantly
impact the results [87].

The homogeneity amongst our subjects is both a
limitation and strength of this study. On one hand
it reduces the generalizability of the study. On the
other hand, it highlights the significant differences
found in this small pilot study because they cannot
be attributed to differences in the demographics of
the two treatment groups. A strength of this study
is the use of a positive control intervention consist-
ing of exercise classes of identical time and identical
staff contact as per our previously published meth-
ods [55, 68–70]. This allows us to discern whether
any improvements can be attributed specifically to
the AE or could be more generally attributed to par-
ticipation in a structured program. Another strength
of this study is our use of validated measures of phys-
ical, cognitive, and everyday functioning that would
allow for easy reproducibility.



N. Massa et al. / Effect of Aerobic Exercise on Schizophrenia 171

In summary, these results indicate that
participation in a structured aerobic exercise
paradigm may modestly enhance cognitive function
and blunt physical function decline in individuals
with SCZ. This study provides preliminary evidence
that aerobic exercise can lead to a cognitive and
functional benefit in this population. Future studies
should expand upon ours with a larger sample
size and increased neurotrophic, metabolomic, and
immunologic data to better understand the effects of
exercise in a psychiatrically diverse population.
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