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Objective: Cognitive impairment in schizophrenia predicts
functional outcomes and is largely unresponsive to pharma-
cology or psychotherapy; it is thus a critical unmet treat-
ment need. This article presents the impact of remotely
completed, intensive, targeted auditory training (AT) vs
control condition computer games (CG) in a double-blind
randomized trial in young adults with recent-onset schiz-
ophrenia. Method: Participants (N = 147) were assessed
for cognition, symptoms, and functioning at baseline, post-
intervention, and at 6-month follow-up. All participants
were provided with laptop computers and were instructed to
complete 40 hours remotely of training or computer games.
An intent-to-treat analysis (V= 145) was performed using
linear mixed models with time modeled as a continuous var-
iable. Planned contrasts tested the change from baseline
to post-training, baseline to 6-month follow-up, and post-
training to 6-month follow-up. Results: Global Cognition,
which had improved in the AT group relative to the CG group
at post-training, showed durable gains at 6-month follow-up
in an omnibus group-by-time interaction test (F(1,179) =
4.80, P = .030), as did Problem-Solving (F¥(1,179) = 5.13,
P = .025), and Speed of Processing improved at trend level
significance (F(1,170) = 3.80, P = .053). Furthermore, the
AT group showed significantly greater improvement than
the CG group in positive symptoms (F(1,179) = 4.06, P =
.045). Conclusions: These results provide the first evidence
of durable cognitive gains and symptom improvement at
follow-up of cognitive training (CT) in early schizophrenia
completed independently and remotely. While functioning
did not show significant improvement, these findings sug-
gest that intensive targeted CT of auditory processing is a

promising component of early intervention to promote re-
covery from psychosis.
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Introduction

Cognitive deficits associated with schizophrenia are
prominent features of the disorder and are critical treat-
ment targets.! While positive symptoms often respond
to antipsychotic treatment, cognitive deficits do not and
are more closely associated with real-world outcomes.>*
Cognitive impairment is present by the first psychotic ep-
isode and effective treatments for cognition are necessary
to promote full recovery from psychosis.*?

Cognitive training (CT) and remediation strategies
emerged as a promising treatment for schizophrenia,
demonstrating small to moderate effect sizes across cog-
nitive domains in trials with participants with persistent
schizophrenia.® However, only a small number of CT
studies have been conducted in the early phase of schiz-
ophrenia, despite recognition that early intervention is
now the evidence-based treatment of choice.” Further,
only 7 randomized controlled trials of CT in first-episode
and early-onset psychosis included a follow-up assess-
ment.*'* In each of these studies, CT interventions in-
cluded one-to-one delivery by a therapist, trainer, or
teacher, and/or group-based interventions. Five out of the
7 studies showed durable cognitive gains at follow-up;!'* !4
one study did not find durable gains,® and one did not
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assess cognition at follow-up.” The results on symptoms
and functioning at follow-up were mixed. Some studies
showed improvement in symptoms!' or functioning,’
other studies found improvement in both symptoms and
functioning in both the active and control groups,'®!? and
3 studies showed no improvement.!%14

In our previous research on targeted CT of auditory
processing, individuals with persistent schizophrenia
demonstrated gains in global cognition, verbal working
memory, verbal learning, and verbal memory. Cognitive
gains were associated with neural activity improvements
and improved functioning 6 months later.'>'° This training
targets early auditory perceptual processes and more
complex auditory/verbal working memory operations to
improve the temporally detailed resolution of auditory
cortical representations and downstream verbal learning
and memory processes that are known to be impaired in
schizophrenia.'” In our previous report of our first 86 par-
ticipants with recent-onset schizophrenia, we found that
40 hours of remote auditory training induced significant
gains in global cognition, verbal memory, and problem-
solving relative to a computer games control condition.®

It is axiomatic that ultimately—in order to maximize
recovery for young individuals—CT must be delivered as
one component of a comprehensive treatment program.
However, to make meaningful scientific progress, we must es-
tablish the longer-term efficacy of specific forms of training
on specific cognitive domains, independent of the effects of
adjunctive psychosocial treatments. Furthermore, with the
current health crisis, testing the effects of technologies that
allow for remote delivery is more critical now than ever.

In this study, we posed the following questions: Can
a precisely defined course of targeted training of audi-
tory processing and auditory/verbal working memory
generate enduring cognitive improvement when delivered
remotely? What is the pattern of improvement? Are symp-
toms and functioning improved at 6-month follow-up?

We previously reported the results immediately post-
training of our double-blind randomized controlled
trial (RCT) of targeted auditory training (AT) vs con-
trol computer games (CG), completed by 86 individ-
uals with recent-onset schizophrenia remotely on laptop
computers.'*Herein, we report the results in our final
sample (N = 147), and the effects 6 months after the in-
tervention. Our primary hypothesis was that individuals
would demonstrate greater durable improvement in cogni-
tion in the AT vs CG group from baseline to the 6-month
follow-up. Secondary hypotheses tested whether symp-
toms and functioning showed significant group-by-time
interactions from baseline to the 6-month follow-up.

Methods

Participants

Participants (n = 147) were randomized to the study pro-
tocol in our university-based early psychosis research

Remote Auditory Training Follow-up

programs at University of California, San Francisco,
and University of California, Davis (ClinicalTrials.
gov NCT00694889). Of these, 104 completed 8-week
post-training assessments, and 77 completed a 6-month
follow-up assessment. Participants were recruited via
presentations/flyers and clinician referrals, and met the
following inclusion/exclusion criteria: (1) Diagnosis of
schizophrenia, schizophreniform, or schizoaffective dis-
order; (2) Onset of the first psychotic episode within past
5 years; (3) Good general physical health (eg, not acutely
ill or experiencing a severe/chronic illness that would
impede the ability to complete study activities); (4) Age
12-35 years; (5) Fluent in English; (6) IQ > 70; (7) No
neurological disorder; and (8) No substance dependence
in the past year. No participant had inpatient treatment
for at least 3 months and no medication changes for at
least 1 month prior to participation (17 participants did
not take psychiatric medications).

Participants aged 18 and older gave written informed
consent; those younger than age 18 provided assent,
with written parental/legal guardian consent. Baseline
assessments were conducted prior to randomization.
Participants were stratified by 1Q, gender, and symptom
severity, and randomly assigned to AT or CG condi-
tions (CONSORT diagram in figure 1). Participants were
loaned laptop computers that tracked training to com-
plete the intervention remotely, except for one participant
who preferred to train in the laboratory. Participants
were asked to complete 40 hours of training (1 hour/
day, 5 days/week, for 8 weeks), followed by post-training
and 6-month follow-up assessments (ie, approximately 8
months total from baseline).

Participants were contacted 1-2 times per week by phone
to discuss progress. Coaching was provided if a participant
indicated difficulty completing the recommended number
of hours/week (eg, goal-setting, discussion of scheduling,
setting an alarm, and using reminders). At a “check-in”
appointment, after every 10 sessions completed, the same
coaching was provided and participants were paid $5 for
each completed hour, $20 for every 10 sessions, and $30
after 40 hours, as well as $20 per assessment appointment.
Mean training hours for participants who completed post-
training assessments was 35.50 hours (SD = 9.17) across
both groups (table 1). During the training period, if a par-
ticipant dropped out, attempts to reengage him/her were
made through calls and a letter. During the trial, partici-
pants received unrestricted treatment by outside providers
or clinic personnel not involved in the study (eg, case man-
agement, psychotherapy, and adjustments in medications
as clinically indicated). See table 1 for demographic char-
acteristics and table 2 for medications.

CT Program and Computer Games Control Condition

The CT program was provided by Posit Science, Inc and
was described previously.”® It consists of computerized
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Fig. 1. CONSORT diagram of participants with recent-onset schizophrenia who received computerized auditory training (AT) and

participants who played computer games (CG).

Table 1. Baseline Characteristics of Subjects With Recent-Onset Schizophrenia Randomized to Computerized Auditory Training or

Computer Games

Auditory Training Computer Games
(N =80) (N =65)

Mean SD Mean SD tory’ de P
Male/female® 61/19 47/18 0.29 1 .59
Age (range 16-35) 21.69 4.00 20.51 3.48 —-1.87 143 .06
Education 12.74 1.78 12.73 2.13 —-0.010 142 .99
WASI 1Q 103.21 12.20 102.34 14.87 —-0.39 143 .70
PANSS total® 58.28 12.15 61.29 15.44 1.32 143 .19
Strauss carpenter 7.96 2.35 8.09 2.64 0.31 143 .76
Global functioning role 4.74 2.17 4.92 2.11 0.52 143 .61
Global functioning social 5.69 1.25 5.68 1.42 —0.048 143 .96
Hours of training 27.20 14.88 29.94 14.75 1.11 143 27
Training intensity (hours per week) 3.43 1.75 3.57 1.49 0.42 143 .68
Months of psychosis (range 1-60)¢ 21.54 17.02 23.14 17.86 0.55 140 .59

Note: WASI, Wechsler Abbreviated Scale of Intelligence. Bold indicates P value is at trend-level statistical significance.

#Pearson’s Chi-Square test.
Positive and Negative Syndrome Scale.

“Missing data: one participant missing education and 3 missing months of psychosis.

dFrom first psychotic episode to study entry.

exercises designed to improve speed and accuracy of au-
ditory information processing while engaging auditory
and verbal working memory (eg, distinguishing between
frequency modulation “sweeps” of auditory stimuli,
identifying increasingly long arrays of open and closed
syllables in spatial and sequential contexts). The exercises
contain stimulus sets spanning the acoustic organization
of speech. This training approach is based on evidence
that schizophrenia is characterized by widespread dis-
turbances in frontotemporal neural systems subserving
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auditory processing and verbal memory (eg, 2!). Exercises
adaptively adjust difficulty level to maintain an 80%—85%
correct performance rate to engage users in a frequent re-
ward schedule and drive successful learning. Correct trials
are rewarded with points and animations. In each session,
participants work with 4 of the 6 exercises for 15 minutes
per exercise. Adherence is monitored by data upload.
The CG condition allows for maintenance of a
double-blind trial design and controls for effects of
computer exposure, contact with research personnel,



Table 2. Medication Regimens of Study Participants

Remote Auditory Training Follow-up

AT (N = 79) CG (N = 62)*
N (%) N (%) Test Statistic P

Antipsychotic medication®

First generation only (N) 3 (4%) 1 (2%) X%(1) =0.54 .46

Second generation only (N) 58 (73%) 49 (79%) X3(1)=2.79 .095

First and second generations 2 (3%) 5 (8%) XX(1)=2.25 13
(N)

No antipsychotic (N) 16 (20%) 7 (11%) XX(1)=2.04 0.15
Other psychiatric medication

Antidepressants or mood sta- 27 (34%) 23 (37%) X¥(1)=0.13 72
bilizers (N)

Benzodiazepines (N) 12 (15%) 10 (16%) X%(1) =0.023 .88
Other medication measures

Chlorpromazine equivalents® 295.25(290.82) 369.94 (382.13) t(114) =1.194 .24
Changes in medication while in study?

Baseline—Post (N = 103) 28 (52%) 31 (63%) XX(1)=1.37 .24

Post—Follow-up (N = 68) 23 (66%) 21 (64%) X*(1) =0.032 .86

Note: AT, auditory training group; CG, computer games control group.

“Four subjects missing medication data.

First-generation antipsychotic medication = haloperidol, loxapine, perphenazine, thiothixene, and trifluoperazine. Second-generation
antipsychotic medication = asenapine, aripiprazole, clozapine, iloperidone, lurasidone, olanzapine, paliperidone, quetiapine, risperidone,

and ziprasidone.
‘Mean and SD of Chlorpromazine Equivalents."
dChange in medication type, class, or dose.

payments, and nonspecific engagement of attention,
executive functions, and motivation. Control partici-
pants rotated through a series of 16 commercially avail-
able games (supplemental table 1) for the same number
of hours as AT participants, playing 4-5 games per
session.

Randomization and Blinding

Assessment staff were blind to group assignment.
Although participants were initially consented to be
randomized to either AT or CG, they were not informed
of their assignment or that one condition was a con-
trol condition. Investigators treated all participants as
if both conditions were interventional. Randomization
was 2:1 AT:CG at the study start to ensure sufficient
experience with the AT intervention and was then re-
versed to result in roughly equivalent groups by study
end (1.2:1).

Assessment Procedures

Cognitive assessors were trained and monitored across sites
on manualized assessment procedures by the same senior
researcher (M.F.) to ensure cross-site consistency (the meas-
urement and treatment research to improve cognition in
schizophrenia [MATRICS] battery showed an intra-class
correlation of 0.88 in a multi-site RCT).? Clinical assessors
were trained and observed by expert supervisors at each site
(R.L., JD.R., and T.A.N.). Participant eligibility was deter-
mined in regular reliability rounds. Inter-rater reliability was

calculated from staff ratings of training tapes, with an av-
erage intra-class correlation across sites of 0.83 for symptom
ratings and an average kappa value of 0.95 for diagnostic
agreement.

Eligibility diagnoses were determined using the
Structured Clinical Interview for DSM-IV (SCID-IV).
Symptoms and functioning were assessed with the
Positive and Negative Syndrome Scale (PANSS),> Strauss
Carpenter Outcome Scale,* and Global Functioning: Role
and Social Scales.”> An abbreviated battery of MATRICS-
recommended measures was administered (table 3).2The
Tower Test from the Delis-Kaplan Executive Function
System (D-KEFS) was used in place of neuropsycholog-
ical assessment battery (NAB) Mazes.?’In addition to the
immediate recall trials of the Hopkins Verbal Learning
Test-Revised (HVLT-R) and the Brief Visuospatial
Memory Test-Revised (BVMT-R), the delayed recall
trials were also administered, which are not part of the
MATRICS battery. Raw scores were converted to z-scores
using age-appropriate normative data provided in testing
manuals, and age-appropriate, published normative data
for Trails A,? Category Fluency,” and the BVMT-R.% All
primary outcome measures were distinct and independent
from tasks practiced during training. Alternate forms of
the HVLT-R and BVMT-R were administered and coun-
terbalanced at each time point.

Statistical Analyses

Based on previous findings that medication-induced anti-
cholinergic burden adversely affected training response,’!
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we excluded 2 participants (one per condition) who were
prescribed an increased dose of benztropine mesylate
(Cogentin) during the study. Statistical analysis of primary
and secondary outcomes was conducted using linear mixed
models on all remaining randomized participants (N = 145)
(see figure 1). This modeling approach enables estimation
of change in repeated measures over time in the presence of
missing data, without excluding participants with missing
data.” We modeled the effect of treatment condition (AT
or CG) on individual outcomes as a linear function of time,
treatment condition, and treatment by time interaction
as fixed effects, with participant as a random effect. Prior
studies and preliminary visual inspection of our own data
suggest that a higher magnitude of change in the outcome
is achieved in the early phases of training and the rate of
change reduces over time. Therefore, we modeled time as a
continuous variable and transformed to the log scale (nat-
ural log of time in days since baseline +1). For random ef-
fects, we included both random intercept and random slope
terms. As an alternative modeling strategy, we also built
linear mixed models with time treated as a categorical vari-
able (baseline, post-training, and 6-month follow-up), where
time, treatment condition, and treatment by time interaction
are fixed effects, and participant is a random effect (results
presented in supplementary material). Both sets of linear
mixed models were built with and without age as an inde-
pendent variable, since age showed a trend toward a statis-
tically significant difference between groups at baseline. The
loglikelihood ratio test was conducted to test if inclusion
of age improved model fit. Finally, planned contrasts com-
pared between-group change from baseline to post-training,
baseline to 6-month follow-up, and post-training to 6-month
follow-up (time treated as categorical). Given that these ana-
lyses were planned, we did not correct for Type I error.

All variables were screened, outlying values = 2.5 SD
from the mean were Winsorized (<1% of the data), and
PANSS symptom scores were transformed with either a
square root or log base 10. Pearson’s chi-Square was used to
test for group differences in attrition rate. Effect sizes were
computed as the difference between the change (follow-up
vs baseline) in the CG group vs the AT group divided by the
pooled standard deviation at baseline, as recommended in
the study of Morris.** Measures are listed in table 3. Linear
mixed models were conducted using R 3.5.0 and fitted with
the nlme (Linear and Nonlinear Mixed Effects Models)
package. All other analyses were performed in SPSS 23.

Results

Adherence to CT via Laptop

Twenty-four out of the 80 (30%) AT participants with-
drew from the study during training compared with
17 of the 65 (26.2%) CG participants, a nonsignificant
difference, X?> (1, N = 145) = 0.26, P = .61. Another 16
(29%) AT participants failed to return for follow-up

Remote Auditory Training Follow-up

assessments, compared with 11 (23%) of CG partici-
pants, also a nonsignificant difference X?> (1, N = 104) =
0.43, P = .51.

We compared participants across conditions who com-
pleted the intervention to those who withdrew and those
who completed 6-month follow-up assessments to those who
did not (supplemental table 2). All baseline differences were
nonsignificant with the exception of lower PANSS Positive
Symptom ratings in intervention completers (M = 12.33, SD
= 4.30) relative to participants who withdrew during the in-
tervention (M = 15.00, SD = 5.11) (¢ (143) = 3.19, P = .002),
and lower working memory in 6-month completers (M =
—0.65, SD = 1.0) compared with those who withdrew before
final follow-up (M = —0.18, SD = 0.79) (t (143) = 4.7, P =
.002). There were no differences between treatment groups
in baseline demographics, cognition, functioning, or medica-
tion regimens (tables 1 and 2).

Primary Cognitive Outcome Measures

Linear mixed model results showed significant condition-
by-time interactions with greater improvement in the
AT group relative to the CG group in Global Cognition
(F(1,179) = 4.80, P = .03), Problem-Solving (F(1,179) =
5.13, P = .025), and Speed of Processing at trend level
significance (F(1,170) = 3.80, P = .053) (table 3, figure 2,
and supplemental figure 1). Age was excluded from the
final model since the loglikelihood ratio test indicated age
did not improve model fit. With time treated as a cate-
gorical variable, results were the same with AT showing
significant gains relative to CG in Global Cognition and
Problem-Solving (see supplemental Results).

Planned group contrasts of the change from baseline
to post-training showed significantly greater improve-
ment in the AT group relative to the CG group in Global
Cognition (P = .0014), Problem-Solving (P < .001),
Working Memory (P = .006), and Speed of Processing
at trend level significance (P = .09) The contrast from
baseline to 6-month follow-up revealed significantly
more improvement in the AT group than the CG group
on measures of Global Cognition (P < .001), Problem-
Solving (P < .001), and Speed of Processing (P = .02).
Planned group contrasts of the change from post-training
to 6-month follow-up were not significant.

Secondary Hypotheses

Linear mixed model results showed a significant
condition-by-time interaction in Positive Symptoms
(F(1,179) = 4.06, P = .045), with the AT group showing
a greater decrease relative to the CG group. With time
treated as a categorical variable, results were the same
with AT showing significant improvement in Positive
Symptoms relative to CG (see supplemental Results). We
also explored the individual items of the PANSS Positive
Symptom subscale (see supplemental Results).
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Fig. 2. Model predicted baseline, post-training, and follow-up scores® in (a) Global Cognition, (b) Problem-Solving, (c) Speed of
Processing, and (d) PANSS Positive Symptom Ratings. Circle represents the AT group and triangle represents the CG group. Linear
mixed model results of significant condition-by-time interactions. *Model estimated means and standard errors. Note: AT, auditory
training group; CG, computer games control group; PANSS, Positive and Negative Syndrome Scale.

The Positive Symptoms group contrast from baseline
to post-training was not significant (P = 0.51), whereas
the contrast from baseline to follow-up was significant
(P =.0017). Within-group contrasts showed a significant
decrease in positive symptoms in the AT group (baseline
M =12.79, SD = 4.34; follow-up M = 10.35, SD = 3.09)
relative to the CG group (baseline M = 13.45, SD = 5.09;
follow-up M = 12.65, SD = 4.20) (table 3). Planned group
contrasts of change from post-training to 6-month fol-
low-up were not significant. No other cognitive domains,
symptoms, or functional outcomes showed statistically
significant condition-by-time interactions at follow-up.
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Effect Sizes of the Intervention

Effect sizes based on data from baseline to the 6-month fol-
low-up were in the small range for Global Cognition (d =
0.38) and in the medium range for Problem-Solving (d =
0.62), and Speed of Processing (d = 0.55). The effect size on
positive symptoms was in the small range (d = —0.41) with
AT showing a greater decrease relative to the CG group.

Discussion

Intensive Targeted CT Generates Enduring Gains 6
Months Later



This is the first double-blind RCT of CT completed in-
dependently—without one-to-one coaching or group
sessions—to demonstrate durable cognitive gains and
improvement in symptoms after a significant follow-up
period in the recent-onset schizophrenia patients. We pre-
viously demonstrated gains in global cognition, verbal
memory, and problem-solving immediately after inter-
vention in the first 86 individuals with recent-onset schiz-
ophrenia who completed 20-40 hours of targeted CT
of auditory processing compared with individuals who
completed 2040 hours of computer games.'® Herein, in
our final sample of 147 individuals, we demonstrate that
gains in global cognition and problem-solving are main-
tained in the AT group compared with controls, with a
trend toward statistically significant gains in speed of
processing (P = .053).

In planned contrasts from baseline to follow-up, these
findings were also significant. Longer-term impacts of
training on more executive/global functions in this pop-
ulation (as compared to verbal functions) may be due to
reduced statistical power from attrition. It may also indi-
cate that training generalizes more easily to higher-order
prefrontally mediated operations earlier in the course of
schizophrenia (possible neural mechanisms are described
by Dale et al.).*

Our results of durable cognitive gains are consistent
with 5 of the 7 randomized controlled trials of first-
episode and the early-onset psychosis that included a
follow-up assessment.!®!* In each of these studies, CT
interventions included one-to-one delivery by a therapist,
trainer, or teacher, and/or group-based interventions. To
the best of our knowledge, this is the first study to dem-
onstrate durable cognitive gains in the recent-onset psy-
chosis from a computerized CT intervention completed
independently and remotely from home.

The nonsignificant verbal memory decline observed in
the CG group returned close to baseline performance at
the 6-month follow-up. This was also seen in our prior
studies using nearly identical visually intensive CG.?*3
As suggested in those reports, individuals with psychosis
may experience competition for neural resources in a
“limited capacity” verbal memory system when exposed
to many hours of CG which place intensive demands on
visual processing.

Symptom Improvement

Positive symptoms also improved by 6-month follow-up in
the AT group relative to the CG group. This improvement
may represent direct neural system benefits of training, as
the disrupted neural functioning that characterizes schiz-
ophrenia is restored to more adaptive patterns.'>!” We did
not find significant symptom improvement immediately
after the training. It was only at the 6-month follow-up
that decreases in positive symptoms were statistically sig-
nificant in the AT group relative to the CG group.

Remote Auditory Training Follow-up

These results are consistent with Ostergaard who
found improvement in positive symptoms in first-episode
psychosis patients at 8-month follow-up in the CT group
relative to a control group, which was not evident at post-
training.!" Effects on symptoms at follow-up in other
studies of first-episode and early-onset psychosis are
mixed, with some studies showing no improvement,®!>!4
and others showing improvement in both active and con-
trol groups.'®13

Sleeper Effect

Our results suggest a similar “sleeper effect” in that the
group-by-time interactions in our final sample for Speed
of Processing and Positive Symptoms were not statisti-
cally significant from baseline to post-training, but are
significant from baseline to the follow-up. This “sleeper
effect” is also consistent with Best et al** and Bowie et
al’” who found continued improvements after treatment
in 70 individuals with a schizophrenia spectrum disorder.
For example, Best et al* compared 6 weeks of percep-
tual training vs executive training, using a combination
of exercises from Happy Neuron and Posit Science
BrainHQ (some of which were used in the present study).
Immediately after training, the perceptual training group
showed improved EEG mismatch negativity and im-
proved neurocognition; however, these improvements did
not persist at follow-up. In contrast, the effects of execu-
tive training did not emerge until 12 weeks after the end
of treatment, when improvements in neurophysiology,
neurocognition, and functioning were observed. Further,
both groups showed significant improvement in positive
and negative symptoms from baseline to the follow-up.
“Sleeper effects” are defined as a delayed response to
an intervention and have been observed in a number of
prior cognitive remediation studies where participants
have been followed up 3-12 months after treatment
completion (eg, '1163638) Most often, the delayed im-
provements in symptoms, cognition, or functioning are
associated with cognitive and/or neural system changes
observed immediately after the intervention, suggesting
that those individuals who benefit from initial cogni-
tive improvement are in some way able to harness those
neurocognitive improvements to more fully engage with
their environments in the subsequent months,!%16-3
Although the exact mechanisms of action for these
sleeper effects have not yet been studied, this process likely
potentiates the effects of other psychosocial interven-
tions due to an individual’s improved cognitive abilities.?’
It may also facilitate an individual’s ability to engage
with more cognitively and functionally stimulating activ-
ities in their outside lives,* and it may help them to be
able to better focus on and remember their medications.!!
The specific 6-month improvement we observed in posi-
tive symptoms may be due to this latter effect on medica-
tion adherence behavior. It may also be due to salutary
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changes in thalamic volume, cortical thinning, corollary
discharge function, and/or auditory processing efficiency
we have observed after training.** None of these poten-
tial mechanisms are independent of one another and all
are likely to be mutually reinforcing. Clinically, it suggests
that CT, like physical training, can reinforce other health-
promoting behaviors in subsequent months—and clin-
ical programs could make explicit use of this principle.
Whether additional booster training sessions would be
needed after the 6-12 month period is presently unknown.

Our results of improvements in cognition and positive
symptoms 6 months after treatment are consistent with
previous findings and significant given that this is the first
follow-up study of the effects of a cognitive interven-
tion completed independently and remotely by partici-
pants with recent-onset schizophrenia. While functioning
showed no improvement, our findings indicate that CT
provided without the aid of a therapist or group sessions
can improve cognition and positive symptoms, and may
provide a synergistic effect when added to other psycho-
social and vocational interventions.”’

Limitations

A limitation of the present study is a high attrition rate
and lack of follow-up data on all participants. Dropout
was similar across both interventions, suggesting that
software content was roughly acceptable to both groups.
Although we treated both groups as active interventions,
participants may have been able to guess whether they
were in the AT or CG conditions as we did not formally
check the blind. Attrition rates were greater than what
was reported in persistent schizophrenia,? but similar to
studies with clinical-high-risk individuals from our own
group,®® and others*—suggesting that younger individ-
uals are harder to engage in intensive training. Certainly,
to translate these promising findings into real-world
interventions, our field must develop appropriate sup-
ports to help young individuals meet the highly effortful
and time-intensive demands of targeted CT, similar to
approaches designed to promote adherence to other ef-
fortful health-enhancing behaviors such as regular phys-
ical exercise.* While payment was a moderate motivator
for some, it was insufficient as the sole motivator for
most.

Finally, while the results in our final sample are broadly
consistent with our interim report, there are some differ-
ences in the results in 2 of the 15 outcomes: (1) In the
interim analysis of baseline to post-training, Verbal
Memory was statistically significant, and in the final
analysis this contrast was not significant; (2) Working
Memory, which was not significant in the interim anal-
ysis, is statistically significant in our final sample. These
differences are likely due to differences in the sample sizes
and analyses used.
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Conclusions and Future Directions

The results of our current study demonstrate, for the first
time, that CT completed independently and remotely can
induce cognitive gains that endure beyond the training
period in recent-onset schizophrenia, and that training
improves later positive symptoms. Future directions
should address (1) far transfer and generalization—how
do we enhance impact on real-world functioning? (2)
dosage—how much training is needed by first-episode in-
dividuals? (3) durability— how long do changes last? and
would booster sessions increase effects and durability? (4)
mechanisms—what neural changes are associated with
behavioral change? (5) personalization—which training
exercises work best for whom? and (6) what supports are
required for real-world implementation and how does
that impact motivation? Finally, the addition of social
cognition, vocational training, or other psychosocial
interventions may also be required to more directly affect
social and role functioning and enhance the overall effect
sizes.* Given the importance of cognition to later func-
tioning, our results suggest that CT should be included in
first-episode coordinated specialty care to promote full
recovery from psychotic disorders.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin.
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