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Cognitive training (CT) and aerobic exercise have 
separately shown promise for improving cognitive defi-
cits in schizophrenia. Aerobic exercise releases brain-
derived neurotrophic factor, which promotes synaptic 
plasticity and neurogenesis. Thus, aerobic exercise 
provides a neurotrophic platform for neuroplasticity-
based CT. The combination of  aerobic exercise and CT 
may yield more robust effects than CT alone, particu-
larly in the initial course of  schizophrenia. In a pilot 
study, 7 patients with a recent onset of  schizophre-
nia were assigned to Cognitive Training & Exercise 
(CT&E) and 9 to CT alone for a 10-week period. Posit 
Science programs were used for CT. Neurocognitive 
training focused on tuning neural circuits related to 
perceptual processing and verbal learning and memory. 
Social cognitive training used the same learning prin-
ciples with social and affective stimuli. Both groups 
participated in these training sessions 2 d/wk, 2 h/d. 
The CT&E group also participated in an aerobic con-
ditioning program for 30 minutes at our clinic 2 d/wk 
and at home 2 d/wk. The effect size for improvement in 
the MATRICS Consensus Cognitive Battery Overall 
Composite score for CT&E patients relative to CT 
patients was large. Functional outcome, particularly 
independent living skills, also tended to improve more 
in the CT&E than in the CT group. Muscular endur-
ance, cardiovascular fitness, and diastolic blood pres-
sure also showed relative improvement in the CT&E 
compared to the CT group. These encouraging pilot 
study findings support the promise of  combining CT 
and aerobic exercise to improve the early course of 
schizophrenia.
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Introduction

Deficits in neurocognition are widely accepted as core 
features of schizophrenia in symptomatic states and in 
remission.1–3 Multiple cognitive domains are impacted, 
such as attention, working memory, and verbal mem-
ory, and overall neurocognitive deficits are typically 
large in magnitude (Cohen’s effect sizes of d  =  0.80 to 
1.40).4–6 The severity of neurocognitive deficits predicts 
functional outcome and often serves as a rate-limiting 
factor for resumption of full work and social function-
ing.7,8 Recent meta-analyses have also documented large 
deficits in social cognition, including facial affect recog-
nition (d  =  −0.71)9 and emotion processing (d  =  −0.91 
and d = −0.85)10 in schizophrenia patients. Impairments 
in social cognitive functioning serve as a major obstacle, 
beyond neurocognitive deficits, to improving psychoso-
cial functioning in patients with schizophrenia11,12 and 
are potential mediators of the relationship between neu-
rocognition and functioning.13 Neurocognitive and social 
cognitive deficits remain largely untreated, which impedes 
functional recovery.

Cognitive Remediation to Improve Cognitive 
Functioning in Schizophrenia

Over the last decade, an increasing number of studies have 
reported that systematic cognitive training (CT) can pro-
duce significant improvements in cognitive functioning in 
schizophrenia patients. Two meta-analyses indicated that 
schizophrenia patients participating in CT experience 
moderate improvements in neurocognition (d  =  0.4114 
to 0.4315). CT has produced improvements within the 
domains of verbal memory, problem solving, attention, 
and cognitive control.16–18 Social cognitive deficits have 
also been moderately amenable to CT (facial recognition 
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d = 0.67, emotion perception d = 0.47, and higher order 
social cognition d  =  0.46).19 These studies indicate that 
CT can have broad effects on neurocognition and social 
cognition in schizophrenia, but the improvements are 
typically moderate in magnitude, while the cognitive defi-
cits in schizophrenia are large.

Providing CT in early phases of schizophrenia might 
be expected to produce even larger cognitive benefits and 
greater transfer to everyday functioning than in people 
with chronic schizophrenia because the cognitive gains 
would occur before any further declines in cognitive 
functioning, before the detrimental impacts of the chro-
nicity of the illness on brain structure and function,20–22 
and before patterns of work disability were established. 
Indeed, Bowie and colleagues23 compared the efficacy 
of cognitive remediation in schizophrenia patients with 
early (first 5  years) vs long-term illness and found that 
improvement in processing speed and executive func-
tions was greater for those patients in the early course of 
psychosis.

The impact of  cognitive remediation in the initial 
years of  schizophrenia has only recently begun to be 
systematically studied but clear benefits for several neu-
rocognitive domains24–27 and social cognitive function-
ing28,29 have been demonstrated. While the duration of 
treatment and type of  cognitive remediation have var-
ied, these studies have shown that a substantial impact 
on cognitive performance and to a lesser extent on func-
tional outcome can be achieved. Yet, despite the prom-
ise of  early CT intervention, current CT approaches, 
even in early course patients, appear to remediate only 
about a third to a half  of  the cognitive deficit. Further 
steps to enhance the impact of  CT would clearly be 
helpful.

Aerobic Exercise to Improve Cognitive Functioning in 
Schizophrenia

A separate literature suggests that physical exercise 
can enhance cognitive functioning. Studies in healthy 
subjects have shown that regular physical exercise can 
improve cognitive functioning, particularly attention, 
processing speed and visuospatial learning and memory 
processes,30–32 similar to the improvements produced by 
CT. These cognitive findings have paralleled regional 
increases in brain volume and functioning, primar-
ily in the prefrontal cortex and hippocampus,33–35 after 
several months of  intensive aerobic exercise. The cogni-
tive deficits in patients with schizophrenia, which affect 
attention, memory, and executive functions, have been 
correlated with physical inactivity,36 suggesting that 
increased physical exercise might impact these defi-
cits. Initial research has begun to evaluate the impact 
of  physical activity on brain morphology and cogni-
tive functioning in patients with chronic schizophrenia. 
Pajonk et al37 found a 12% relative hippocampal volume 

increase in schizophrenia patients after a 12-week aer-
obic exercise intervention, in comparison with a 1% 
decrease in the nonexercising patient group. Increased 
hippocampal volume in the exercise group was corre-
lated with improved short-term memory performance. 
However, this improvement in brain morphology as a 
result of  an exercise intervention has not yet been repli-
cated in subsequent studies in chronic schizophrenia38 or 
first-episode patients.39 Two studies of  an aerobic exer-
cise intervention in first-episode schizophrenia patients 
were able to show feasibility of  a 12-week exercise inter-
vention and also improvements in cardiovascular fitness 
(V02max), but they did not examine cognitive function-
ing outcomes or putative peripheral blood markers that 
may mediate cognitive change.40 Thus, the potential of 
physical exercise to enhance cognitive functioning in 
schizophrenia has yet to be fully realized.

Exercise-induced structural brain changes have 
been linked to increased neural growth factors such 
as brain-derived neurotrophic factor (BDNF), which 
is highly expressed in the hippocampus, and is essen-
tial in facilitating neurogenesis, cell survival, synaptic 
plasticity, memory and learning.41–43 To date, no studies 
have explored BDNF levels in response to an exercise 
intervention in first-episode schizophrenia patients, 
only in chronic schizophrenia patients. Those studies 
have shown that increased serum BDNF levels were 
related to improvements in physical fitness as a result 
of  aerobic exercise intervention.44,45 A  convergence 
of  this potential mediator of  cognitive improvement 
is suggested in the finding that chronic schizophrenia 
patients who engaged in 50 hours of  CT showed sig-
nificant cognitive gains and a significant increase in 
serum BDNF compared with patients who just played 
computer games.46 Parallels between the impact of 
physical exercise and CT raise the possibility that com-
bining these interventions may be a means of  enhanc-
ing the impact of  CT.43

Benefits of Adding Exercise to a CT Program

Given that cognitive deficits in schizophrenia may be 
improved through either CT or physical exercise inter-
ventions but neither alone generally produces large cog-
nitive gains, we have developed an interest in determining 
whether a combination of Cognitive Training & Exercise 
(CT&E) results in larger improvement in cognitive defi-
cits. Animal models have shown that hippocampal neu-
roplasticity occurs in both exercise and environmental 
enrichment (ie, cognitive stimulation) paradigms; how-
ever, these neuroplastic benefits are only apparent when 
learning is simultaneously occurring with physical exer-
cise.47,48 Fabel et al49 found that combined aerobic exercise 
and cognitive enrichment for rodents yielded an approxi-
mately 30% greater increase in new neurons than either 
stimulus alone. They proposed that aerobic exercise can 
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“prime” the neurogenic region of the dentate gyrus for 
increased neurogenesis when the animal is exposed to an 
additional cognitive stimulus. Further, animal research 
suggests that exercise and cognitive stimulation provide 
qualitatively different gains in neuroplasticity. Exercise 
increases the proliferation and division of neuronal pre-
cursor cells in the dentate gyrus of the hippocampus 
(expansion phase), whereas CT promotes the survival of 
these cells, indicating the interdependence of these forms 
of activity.50,51 Indeed, most of the net neurogenic regula-
tion is determined not by the expansion phase but rather 
by survival of the cells.52 In other words, new neurons cre-
ated during the course of participation in physical exercise 
will quickly die off  if  adequate learning opportunities or 
novel experiences do not accompany the increased physi-
cal activity that could be provided via CT.53,54

Two recent studies in chronic schizophrenia patients 
have explored neurocognitive outcomes in a combined 
CT plus exercise intervention.55,56 These studies concluded 
that the combination of aerobic exercise training and CT 
led to neurocognitive gains in the domains of process-
ing speed, working memory, executive functioning and 
verbal and visual memory, compared to a mental relax-
ation or table soccer control condition. This initial evi-
dence suggests that the combining physical exercise and 
CT may potentiate their impact on cognitive functioning. 
Thus, we hypothesized that adding aerobic exercise to CT 
would substantially enhance the impact of CT on cogni-
tive functioning in first-episode schizophrenia patients, 
taking advantage of a period in which large cognitive 
gains may be easier to achieve and have more functional 
impact than later in the course of schizophrenia.

Methods

Participants

The study participants in this initial pilot study were 
enrolled in the UCLA Aftercare Research Program57–59 
from November 2009, through December 2011. This 
research was approved by the UCLA IRB and was consis-
tent with international ethical standards. All participants 
provided written informed consent. Participants were 
recruited from a variety of Los Angeles psychiatric hos-
pitals and clinics. Study inclusion criteria for entry into 
the Aftercare Research Program were: (1) a recent onset 
of psychotic illness, with the beginning of the first major 
psychotic episode within the last 2 years; (2) a diagnosis 
by the DSM-IV of schizophrenia, schizoaffective disor-
der, depressed type, or schizophreniform disorder; (3) 18 
to 45 years of age; (4) sufficient acculturation and fluency 
in the English language to avoid invalidating research 
measures; and (5) residence within commuting distance 
of the UCLA Aftercare Research Program. Study exclu-
sion criteria were: (1) a known neurological disorder; (2) 
significant and habitual drug abuse or alcoholism in the 
6 months prior to hospitalization, or psychosis that was 
accounted for by substance abuse; and (3) premorbid 
mental retardation. Criteria for first episode psychosis 
samples vary in the literature; some may refer to onset 
within 2 years as defining a recent-onset schizophrenia 
sample. The participants had an age, educational level, 
and sex distribution typical of individuals with a first 
episode of psychosis, and a racial and ethnic breakdown 
that was representative of the Greater Los Angeles area 
(table 1). Their total 24-item Expanded Brief  Psychiatric 

Table 1. Sample Characteristics at Study Entry for Recent-Onset Schizophrenia Patients

Cognitive  
Training (n = 9)

Cognitive Training  
& Exercise (n = 7) Combined (n = 16)

Mean age at program entry, years (SD) 23.5 (5.4) 21.8 (3.8) 22.7 (4.7)
Mean education, years (SD) 12.4 (0.7) 12.9 (1.2) 12.6 (0.8)
Mean months from psychosis  
onset to program entry (SD)

11.2 (6.3) 6.7 (6.5) 9.2 (6.6)

Mean months from psychosis  
onset to baseline test (SD)

24.8 (5.4) 21.8 (3.8) 23.5 (4.9)

Mean total 24-item BPRS 44.4 (11.1) 37.0 (8.9) 41.2 (10.6)
Sex 89% Male 57% Male 73% Male
Race Caucasian 33% Caucasian 29% Caucasian 31%

Asian 11% Asian 14% Asian 13%
Pacific Islander 0% Pacific Islander 0% Pacific Islander 0%
Native American 11% Native American 0% Native American 6%
African American 33% African American 14% African American 25%
Mixed 11% Mixed 43% Mixed 25%

Ethnicity 67% Hispanic 57% Hispanic 63% Hispanic
Diagnosis Schizophrenia 56% Schizophrenia 57% Schizophrenia 56%

Schizophreniform 22% Schizophreniform 43% Schizophreniform 31%
Schizoaffective 22% Schizoaffective 0% Schizoaffective 13%

Handedness 89% Right 86% Right 88% Right

Note: BPRS, Brief  Psychiatric Rating Scale.
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Rating Scale (BPRS) scores60 are consistent with a period 
of clinical stability (table 1).

Interventions

All patients received treatment with a second-generation 
antipsychotic medication, regular visits with the treating 
psychiatrist, and individual case management, in addi-
tion to the interventions described below. We compared 
outcomes for a patient group that was provided CT with 
those for a patient group provided CT&E. Participants 
were selected from UCLA Aftercare Research Program 
patients so that the groups would be comparable in their 
demographic and clinical characteristics. Given that this 
initial feasibility pilot study involved only a small num-
ber of participants, this group matching yielded better 
comparability of key background characteristics than 
randomization was likely to achieve. The 2 groups did 
not differ significantly from each other on key demo-
graphic, illness duration, or symptom severity variables, 
as shown in table 1. All of the patients were on second-
generation antipsychotic medication (11 oral risperidone, 
3 long-acting injectable risperidone, 2 aripiprazole, 2 with 
supplemental quetiapine), 5 were on low dosages of anti-
parkinsonian medication, and 3 were on antidepressants, 
with distributions not differing significantly between the 
2 treatment groups.

Cognitive Training

Both the CT and CT&E groups participated in the same 
systematic CT program. We selected Posit Science pro-
grams for CT because they are designed to accentuate the 
human brain’s capacity to establish and maintain new neu-
ral connections as a result of systematic learning exercises 
that capitalize on the brain’s capacity for neuroplasticity.61 
The emphasis on neuroplasticity interfaces well with the 
impact of aerobic exercise on neurogenesis and synaptic 
plasticity. Posit Science programs have been demonstrated 
to improve cognition in schizophrenia27,62 and allow a 
coordinated sequence of neurocognitive and social cog-
nitive exercises designed to enhance basic discrimination 
and processing skills and then generalize to more complex 
stimuli. The advantages of the Posit Science programs 
include: (1) a strong behavioral neuroscience base guiding 
program development,63–65 (2) fully automated functional-
ity that maintains an optimal difficulty level for learning 
(80% correct response level), and (3) Internet-based soft-
ware that enables users to monitor real-time progress and 
daily training through personalized feedback. The CT was 
administered at the clinic, with the first 5 weeks focused on 
neurocognitive training and the second 5 weeks focused 
on social cognitive training. Patients attended the clinic 
twice a week and completed 4 h/wk of computerized CT. 
Thus, each patient was provided 20 hours of neurocogni-
tive training and 20 hours of social cognitive training.

Neurocognitive Training. The components of the Posit 
Science Brain Fitness Program (BFP) selected for this 
study included 6 computerized exercises aimed at improv-
ing the fundamental neurocognitive processes of auditory 
discrimination, speed of processing, working memory, 
verbal memory, and verbal reasoning. The BFP’s audi-
tory exercises start with basic processes involving audi-
tory discrimination and progress to more complex 
processes involving memory processing and reasoning. 
Thus, “Sound Sweeps” involves indicating whether brief  
auditory pitch changes are going up or down. In “Sound 
Replay” participants learn to reconstruct sequences of 
syllables. “Tell Us Apart,” “Match It!,” and “Story Teller” 
are additional exercises of intermediate cognitive com-
plexity. “Listen and Do” is a higher-level auditory task 
in which participants listen to a list of verbal instructions 
and then complete the steps, with the number of critical 
components and complexity level increasing over trials.

Social Cognitive Training. The Posit Science program 
called Targeted Affect Remediation Application (TARA; 
updated later as SocialVille) is a web-based series of 
engaging exercises that use human faces, video presen-
tations, and social games designed to improve cognitive 
processes underlying social and emotional interactions. 
TARA starts with bottom-up exercises that are aimed at 
remediating fundamental impairments in social percep-
tion, processing of emotion, and interpretation of social 
information. The facial recognition and memory exercises 
are designed to improve a patient’s ability to discriminate 
and remember human faces. The “Emotion Perception” 
exercises are designed to improve the discrimination and 
memory of auditory and visual displays of emotions. 
“Social Cue Perception” exercises focus on improving a 
patient’s ability to judge social cues and infer emotions 
and intentions from contextual information and nonver-
bal gestures.

Aerobic Exercise Program

In addition to the CT sessions, the CT&E group partici-
pated in an aerobic exercise program. Our aerobic con-
ditioning program consisted of a series of commercially 
available exercise videos approved by a certified personal 
trainer familiar with the cognitive and physical health 
issues of first-episode schizophrenia patients. We chose 
workout videos which included instructors leading calis-
thenics (eg, lunges, squats, pushups) and simple movement 
sequences at several levels of intensity, without resistance 
training. A different video was used each week. For ease 
of dissemination, we avoided use of specialized exercise 
equipment. Because antipsychotics can disrupt body tem-
perature regulation, exercise was completed in an indoor 
temperature-controlled area when the outdoor tempera-
ture was more than 85°F. The exercise dosage was 150 min/
wk, over 4 days a week, and includes 2 separate exercise 
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sessions at the clinic (45-minute duration) and 2 at home 
(30-minute duration).66 Clinic sessions were in groups led 
by a trained staff member. The intensity during the exer-
cise sessions was individually calibrated at 60 to 80% of 
aerobic capacity using the gold standard heart rate calcu-
lation Karvonen formula [Target Heart Rate = ((max HR 
− resting HR) × %Intensity) + resting HR]. Participants 
wore individually programmed heart rate monitors (Polar 
RS 100) during exercise sessions at the clinic and at home 
to ensure that they exercised at the prescribed intensity. 
Exercise intensity was increased over time as needed to 
maintain intensity within individualized heart rate zones. 
The heart rate monitor recorded the number of minutes 
each person spent in their target heart rate zone.

Each participant earned $5 for every homework ses-
sion completed to address the particular motivational 
issues that can be related to exercising at home. In addi-
tion, an incentive reward program capitalized on in-
clinic peer-to-peer interaction and friendly competition. 
Points were rewarded for staying in the target heart rate 
zone, for perceived effort exerted during the in-clinic 
exercise sessions, for meeting weekly fitness goals, and 
for completing the homework exercise sessions. Every 
other month, the first place point leader received a 
$10 reward and the second place winner received a $5 
reward. When needed, clinic staff  made phone calls to 
patients between clinic sessions to remind them to com-
plete their home exercises.

Bridging Group

The Bridging Group occurred for 1 h/wk, separately 
for the CT and CT&E groups, and provided an oppor-
tunity for patients to learn strategies for directly apply-
ing the CT to their daily lives. Discussions emphasized 
how the computerized training exercises could help them 
achieve work and school goals, as well as improve social 
interactions. For example, computerized training to 
improve one’s ability to recall a sequence of  instructions 
through chunking of  information can help a person bet-
ter remember an employer’s directions and instructions. 
In the CT&E group, there were also discussions about 
the benefits of  aerobic exercise on brain functioning and 
cognition.

Assessments

The assessment batteries were administered at baseline 
and immediately following the completion of the CT or 
CT&E interventions.

Cognition

The MATRICS Consensus Cognitive Battery (MCCB),67 
with its age and gender-corrected T scores for 7 domains 
and an Overall Composite score, was used to assess cog-
nitive functioning.

Functional Outcome

The Role Functioning Scale (RFS)68 was used to mea-
sure functional outcome. It consists of  four 7-point 
rating scales that assess degree of  self-sufficiency in 
managing everyday tasks, work productivity, family 
relationships, and social relationships. Ratings were 
completed by the individual case managers who inter-
acted weekly with patients and regularly with family 
members and participated in weekly quality assurance 
meetings led by J.V.

Body Composition and Fitness Testing

We measured weight and computed Body Mass Index 
and the waist-to-hip ratio as body composition indices. 
We administered the YMCA Fitness Assessment proto-
col69 and used the 3-minute step test, the modified sit-
and-reach test, and the half  sit-up test to operationalize 
cardiorespiratory endurance, flexibility, and muscular 
strength and endurance, respectively.

The 3-minute step test requires a participant to step up 
and down on a 30.5-cm high bench at the rate of 96 beats 
(24 steps) per minute for a total of 3 minutes. The test is 
scored as the recovery heart rate in beats per minute over 
1 minute, taken while seated beginning 5 seconds after 
the participant’s final step, with a lower heart rate repre-
senting better cardiovascular fitness. We used the Acuflex 
I  (Novel Products, Inc) sit-and-reach box to administer 
the modified sit-and-reach test to measure flexibility. The 
half  sit-up test score is the number of properly executed 
repetitions in 1 minute.

Serum BDNF

Assays of a key neurotrophic growth factor, BDNF, were 
included as an exploratory measure to better understand 
a potential biological mechanism by which physical 
exercise and CT improve cognitive functioning. Serum 
processing and assays took place at UCLA Clinical and 
Translational Research Center (CTRC). ELISA immuno-
assay kits were obtained through R&D Systems (http://
www.rndsystems.com/Products/DBD00).

Results

Because the current report is for a small pilot study, we will 
evaluate effect sizes rather than statistical significance, as 
the sample sizes are too small to have adequate power for 
statistical significance for anything smaller than very large 
effects. As recommended by Cohen70 for Group × Time 
interactions, Cohen’s f is used as the index of effect size. 
Compared to the more familiar Cohen’s d values for effect 
size, Cohen’s f values are half as large when there are only 
2 groups (eg, Cohen’s d = 0.80 is comparable to Cohen’s 
f = 0.40).

http://www.rndsystems.com/Products/DBD00
http://www.rndsystems.com/Products/DBD00
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Adherence to Treatment

Attendance at the CT sessions was highly consistent, 
with both groups attending over 90% of these in-clinic 
sessions. For the exercise groups at the clinic, we achieved 
95% attendance. Adherence with the at-home exercise 
component was almost as high (92%).

Cognition

The CPT-IP program did not store results for 2 patients 
in the CT condition, so the Attention/Vigilance domain 
and the Overall Composite score were available for 7 CT 
patients. For the MCCB Overall Composite score, Group 
× Time (pre- vs post-test) interaction results suggest that 
the CT&E patients (n  =  7) improve notably more than 
the CT patients (n = 7; see figure 1). The Cohen’s f for this 
Group × Time interaction is 0.48, a large effect (f = 0.40 
is large70). The individual cognitive domains with largest 
differential gains for CT&E compared to CT alone were 
Social Cognition (f = 0.65), Working Memory (f = 0.50), 
Speed of Processing (f = 0.38), and Attention/Vigilance 
(f = 0.33).

Functional Outcome

The Role Functioning Scale differentiates 4 domains, 
Independent Living, Working Productivity, Family 
Network Relationships, and Immediate Social Network 
Relationships.68 The Group × Time interactions indicate 
that the CT&E group tended to improve more than the 
CT alone group in Independent Living (Cohen’s f = 0.88; 
see figure  2), Family Network Relationships (f  =  0.43), 
and Working Productivity (f = 0.18), but not in Immediate 
Social Network Relationships (f = 0.21 favoring CT).

Body Composition and Fitness Testing

A potential benefit of adding aerobic conditioning to CT 
is that such physical exercise may help counteract some 

physical health risks associated with schizophrenia and 
antipsychotic medication.71 Cardiovascular fitness (mea-
sured by lower recovery heart rate in the 3-min step test) 
tended to improve more in the CT&E group than in the CT 
group (mean change: CT&E: −10.9 bpm, SD = 11.5, CT: 
−1.6 bpm, SD = 9.8; Cohen’s f = 0.47). Muscular endur-
ance (measured by the 1-min half  sit-up YMCA Fitness 
Test) tended to show greater improvement in the CT&E 
group compared to the CT group (mean change: CT&E: 
2.4 reps, SD  =  9.0, CT: −1.6 reps, SD  =  9.4; Cohen’s 
f  =  0.23). In addition, diastolic blood pressure showed 
a tendency toward greater differential improvement in 
the CT&E group (mean change: CT&E: −2.1  mmHG, 
SD = 8.3, CT: +2.0 mmHG, SD = 6.1, Cohen’s f = 0.31).

The amount of exercise used in this pilot study did 
not result in weight loss (mean change: CT&E: 3.0 lbs, 
SD = 7.6; CT: −1.1 lbs, SD = 11.6). Similarly, BMI was 
not reduced (mean change: CT&E: 0.51, SD = 1.31; CT: 
−0.38, SD  =  2.02) and waist-to-hip ratio reduced only 
very slightly in the CT&E group (mean change: CT&E: 
−0.02, SD = 0.09; CT: +0.02, SD = 0.06).

Serum BDNF

In an exploratory analysis, we drew blood samples from 
4 CT&E patients at baseline and again at the follow-up 
time point. Initial analyses suggest that serum BDNF 
concentrations increased from baseline to follow-up in 
the CT&E group (mean change: 4220 pg/mL, SD = 4110).

Discussion

After only 10 weeks of training, the enhancement of cog-
nitive functioning achieved by combining aerobic con-
ditioning and CT, as compared to completing the same 
CT alone, was very encouraging. The improvements cut 
across several cognitive domains. Some of the estimated 
effect sizes for differential gains in CT&E compared to 
CT alone were large. Estimated effect sizes with such a 
small sample per group are of course highly unstable and 

Fig. 1. Cognitive training & exercise (CT&E) might enhance 
impact of cognitive training on global cognition (MCCB overall 
composite score; n = 14).

Fig. 2. Cognitive training & exercise (CT&E) might enhance 
impact of cognitive training on independent living skills (n = 15).
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need to be confirmed with larger samples, but we do find 
these initial tendencies promising.

The lack of cognitive improvement, on average, with 
CT alone was unexpected and reflects diversity in cog-
nitive performance changes in this group. With larger 
samples, we would anticipate that both groups would 
improve but the CT&E group would show larger gains. 
We believe that the Independent Living rating of the Role 
Functioning Scale is sensitive to initial cognitive changes 
because it reflects self-care skills and everyday household 
functioning that occur in the patient’s existing environ-
ment. Working Productivity reflects work/school resump-
tion that is likely to require a longer duration for change, 
as will the establishment of a broader social network out-
side of the family. Our initial feasibility study data are 
consistent with this anticipated sensitivity to immediate 
change.

Exercise adherence in our structured exercise program 
(95% in clinic and 92% at home) was notably higher 
than in published studies that included at-home exercise 
assignments (35%72 and 36.4%73). Thus, our focus on the 
first-episode phase of illness, patient engagement, and our 
incentive systems appeared to result in high adherence 
to these treatments. We observed that our first-episode 
patients typically viewed physical exercise as a normal, 
non-stigmatizing, low-risk activity and were engaged by 
the group format of exercise sessions at the clinic, which 
likely increased adherence.

The exercise intensity and adherence were likely con-
tributors to our encouraging results. Outcomes for exer-
cise programs in multiple populations have generally 
been positive, as long as the exercise intervention was of 
adequate intensity and duration. A recent meta-analysis 
of the effects of physical activity in people with mental 
illness indicated reductions in symptoms of schizophre-
nia and depressive symptoms, and improvements in 
anthropometric measures, aerobic capacity, and quality 
of life.74 Interventions that are purely psychoeducational, 
that do not feature structured group exercise, or that do 
not involve a sufficiently intense exercise regimen have 
been unable to demonstrate significant physical health 
changes in patients.75 Exercise intervention studies dem-
onstrating significantly improved cognitive outcomes in 
older adults typically incorporate sustained aerobic exer-
cise at a minimum duration of 30 min/session and a total 
of about 150 min/wk, using individualized aerobic targets 
set at least 50%–80% of the heart rate reserve.

Combining CT and physical exercise interventions may 
allow the potential positive impact of aerobic exercise to 
be realized and may enhance the pace and magnitude of 
cognitive improvement that has been demonstrated for 
CT alone. As McGurk et al14 and Wykes et al15 have noted, 
combining CT with other rehabilitation efforts often 
enhances the effect of the CT. Physical exercise is likely 
to have an even more specific impact on CT results due 
to its influence on neurogenesis and synaptic plasticity. 

Targeting individuals in the initial phase of schizophrenia 
may also maximize cognitive gains and offer opportuni-
ties for greater transfer to improved functional outcome.

This initial pilot study is limited by its very small sample 
size, its brief  duration of treatment, and the fact that the 
BDNF measures were completed for feasibility purposes 
on only a subsample. This initial report focuses on the 
theoretical conception and demonstrating intervention 
feasibility rather than on anything more than suggestive 
directions in results. A randomized controlled trial with 
a larger sample of first-episode patients and a 6-month 
treatment period is underway at UCLA to further evalu-
ate these effects.
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