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Objective: Individuals at clinical high risk (CHR) for
psychosis demonstrate cognitive impairments that pre-
dict later psychotic transition and real-world functioning.
Cognitive training has shown benefits in schizophre-
nia, but has not yet been adequately tested in the CHR
population. Methods: In this double-blind randomized
controlled trial, CHR individuals (V = 83) were given
laptop computers and trained at home on 40 hours of
auditory processing-based exercises designed to target
verbal learning and memory operations, or on computer
games (CG). Participants were assessed with neurocog-
nitive tests based on the Measurement and Treatment
Research to Improve Cognition in Schizophrenia initiative
(MATRICS) battery and rated on symptoms and func-
tioning. Groups were compared before and after training
using a mixed-effects model with restricted maximum
likelihood estimation, given the high study attrition rate
(42%). Results: Participants in the targeted cognitive
training group showed a significant improvement in Verbal
Memory compared to CG participants (effect size = 0.61).
Positive and Total symptoms improved in both groups over
time. Conclusions: CHR individuals showed patterns of
training-induced cognitive improvement in verbal memory
consistent with prior observations in schizophrenia. This
is a particularly vulnerable domain in individuals at-risk
for psychosis that predicts later functioning and psychotic
transition. Ongoing follow-up of this cohort will assess
the durability of training effects in CHR individuals, as
well as the potential impact on symptoms and functioning
over time. Clinical Trials Number: NCT00655239. URL:
https://clinicaltrials.gov/ct2/show/NCT00655239?term=v
inogradov&rank=5.
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Introduction

The cognitive impairments that characterize schizo-
phrenia are present even prior to full psychosis onset,
though to a lesser degree, and appear to have prognos-
tic value.!? In a recent meta-analysis, clinical high-risk
(CHR) individuals showed highly significant impair-
ments in visual and verbal memory as compared to
age-matched healthy subjects, with additional deficits
observed in general intelligence, executive function, ver-
bal fluency, attention and working memory, and social
cognition.? Furthermore, verbal fluency, verbal and
visual memory, and working memory impairments were
more pronounced at baseline in those CHR individu-
als who later transitioned to full psychosis, compared to
those who did not transition.>

The variability in outcomes for CHR patients requires
treatments that offer the prospect of high benefit and
low risk.> Behavioral interventions such as computer-
based cognitive training exercises, if successful, may
help to ameliorate cognitive impairments and improve
outcomes, without carrying the risk of unwanted side
effects such as the metabolic changes seen with antipsy-
chotic medications. A body of evidence has shown that
computerized cognitive training can drive cognitive gains
in both chronic and recent-onset schizophrenia patients,
but much less is known about the use of this interven-
tion in CHR individuals.*'° In our work, we have focused
on targeted training of the auditory system to improve
neural system operations underlying verbal memory,
based on a large literature demonstrating functionally
important abnormalities in schizophrenia in the earliest
stages of auditory processing and throughout the verbal
encoding, working memory, and episodic memory sys-
tem.*>!! Interestingly, abnormalities in the language pro-
cessing network have also been identified in young CHR
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individuals, and predict the transition to psychosis—sug-
gesting that this neural system may be an important treat-
ment target for this population.'>*

To date, there have been 4 published studies of various
forms of cognitive training in the CHR population. The
first compared supportive psychotherapy in an unblinded
trial of an integrated treatment package of family sup-
port, cognitive behavioral therapy, low-dose Risperidone
and computerized training across a range of domains
using CogPack."” After 12 months, the active treatment
group (N = 51) had a lower transition rate to psycho-
sis (3.2%) than the treatment as usual group (16.9%,
N = 57), with continued differences after 24 months.'
While these results were quite promising, effects on cog-
nition were not reported, nor was it possible to assess the
relative impact of the individual treatment components
in the active condition. Two single-sample pilot studies of
cognitive training in CHRs have been conducted. In the
first, Rauchensteiner and colleagues'® had 10 individuals
complete 10 hours of training with the CogPack software
program, training a variety of cognitive domains. The
CHR group showed significant improvement in verbal
learning and memory from pre- to post-training. In the
second study, a combined package of 40 hours of visual
cognitive (Lumosity) and social cognitive (SocialVille;
PositScience) training was given to 14 CHRs, who demon-
strated significant improvement in processing speed and
trend-level improvements in visual learning and memory
and global cognition'”; improvements in processing speed
were associated with gains in role functioning. Finally, a
small double-blind, randomized controlled trial of the
same auditory training program used in the present study
(Positscience), delivered for an average of 20 hours, did
not demonstrate significant effects on cognition between
the active (N = 13) and control (N = 12; standard com-
puter games [CG]) groups.'® However, the very small sam-
ple sizes suggest the study was underpowered statistically,
and it is also possible that the training may have been
“underdosed.” Thus, many open questions remain on the
specific cognitive and clinical effects of well-defined com-
puterized cognitive training programs in CHR individu-
als, when delivered alone as a “neural system treatment”
at a sufficient “dose,” as compared to an active control
condition, in a double-blind, randomized controlled trial.

Pursuant to these considerations, in this study, we posed
the following question: What are the cognitive and clinical
effects, in a sample of adolescent and young adult CHR
participants of 40 hours of computerized auditory sys-
tem training previously studied by us in patients with both
chronic and recent-onset schizophrenia? Our primary
hypothesis was that CHR subjects in the active treatment
group would show greater improvements in verbal memory
outcome measures from pre- to post-training as compared
to a CG control group, based on our studies of the audi-
tory training software in recent onset and chronic schizo-
phrenia that demonstrated the strongest improvements
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in the verbal memory domain.*> Secondary exploratory
analyses addressed potential change in other cognitive
domains, as well as in symptoms and functioning.

Methods

Participants

Study participants consisted of 83 adolescents and young
adults who presented to our prodromal research clinic in
the University of California, San Francisco Psychiatry
Department for evaluation of a potential CHR syn-
drome. CHR subjects were recruited via community cli-
nicians, schools, family members, and self-referred from
seeing information on the Internet. They met criteria
for 1 of 3 syndromes on the Structured Interview for
Prodromal Syndromes (SIPS): (1) Attenuated Positive
Symptom Prodromal Syndrome (APS): attenuated posi-
tive psychotic symptoms present at least once per week,
started or worsened in the past year (unusual thought
content/delusional ideas, suspiciousness/persecutory
ideas, grandiosity, perceptual abnormalities/distortions,
and conceptual disorganization; (2) Brief Intermittent
Psychosis Prodromal Syndrome (BIPS): brief and inter-
mittent fully psychotic symptoms that have started
recently; (3) Genetic Risk and Deterioration Prodromal
Syndrome (GRDS): decline of at least 30% in the past
12 months on the Global Assessment of Function
(GAF) scale PLUS either a family history of a psychotic
disorder in any first-degree relative or meets criteria
for schizotypal personality disorder.' All subjects had
achieved outpatient status for at least 3 months and par-
ticipants taking psychiatric medications (N = 41) were
on a stable dose for at least 1 month prior to partici-
pation. Forty-two CHR participants did not take psy-
chiatric medications. All participants met the following
additional inclusion/exclusion criteria: (1) Good general
physical health; (2) Age 12-30 years; (3) Fluent and pro-
ficient in English; (4) 1Q > 70; (5) No neurological disor-
der; (6) No substance dependence in past year or current
use that would interfere with training.

Procedures

Study procedures were parallel to those used in our cog-
nitive training trial in recent-onset schizophrenia and are
repeated here.’ Participants age 18 and older gave written
informed consent, while those younger than age 18 pro-
vided assent, with written parental/legal guardian consent.
Baseline assessments were conducted prior to randomiza-
tion. CHR subjects were stratified by age, 1Q, symptom
severity and gender and randomly assigned to auditory
training or to the CG control condition (CONSORT dia-
gram in figure 1). Subjects were loaned laptop comput-
ers and participated in the intervention at home. Subjects
were asked to participate for 40 hours (1h/d, 5d/wk, for
8wk), and then returned for post-training assessments.
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Participants were contacted 1-2 times per week by tele-
phone to discuss progress. Phone surveys regarding partic-
ipation were completed (N = 50) after the first 10 hours of
training to assess participants’ experience with the train-
ing and factors that might affect adherence. Coaching was
provided if a participant indicated difficulty in completing
the recommended number of h/wk (eg, goal-setting; dis-
cussion of scheduling; setting an alarm and using remind-
ers). Ata “check-in” in-person 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. Participants were asked to com-
plete 20—40 hours of training; mean intervention time was

Total CHR Enrolled: 104
Withdrew During Baseline Assessment: 21

Total Randomized: 83

AT Group CG Group
Completed training: 31 Completed training: 17
Withdrew during training: 19 Withdrew during training: 16

[ Analyzed N = 50 ] [ Analyzed N = 33 ]

Fig. 1. CONSORT diagram.

Table 1. Baseline Characteristics of the Sample Groups

21.5 hours (SD = 16.3) across both groups (table 1). While
in the trial, participants received treatment by outside pro-
viders or clinic personnel not involved in the study (psy-
choeducation, psychotherapy, medications as clinically
indicated). Demographic characteristics are presented in
table 1.

Cognitive Training Intervention and CG Control
Condition

The targeted auditory training program (AT) was pro-
vided by Posit Science Corporation and has been described
in detail previously.* It consists of computerized exer-
cises designed to improve speed and accuracy of audi-
tory information processing while engaging auditory and
verbal working memory. This training approach is based
on evidence that schizophrenia is characterized by wide-
spread disturbances in fronto-temporal neural systems
subserving auditory processing and verbal memory.2%?!
Exercises continuously adjust difficulty level to maintain
an 80%—85% correct performance rate in order to engage
the user in a dense reward schedule and drive successful
learning. Correct trials are rewarded with points and ani-
mations. In each session, a participant works with 4 of 6
exercises for 15 minutes per exercise. Compliance is moni-
tored by electronic data upload.

The CG control condition allows for maintenance of
a double-blind trial design and controls for the effects
of computer exposure, contact with research person-
nel, monetary payments, and nonspecific engagement of
attention, executive functions, and motivation. Subjects
in this condition rotated through a series of 16 different
commercially available games (supplementary table 1) for

CHR AT CHR CG

(N =50) (N =33) Test Statistic

Mean (SD) Mean (SD) t df P
Male/female? 26 (52%)/ 24 16 (49%)/ 17 0.10° 1 75
Age (range 12-30) 17.76 (3.06) 18.73 (4.60) -1.15 81 .25
Education 11.42 (2.49) 11.55(2.69) -0.22 81 .83
WASI 1Q 107.23 (14.9) 108.94 (15.26) —-0.49 77 .62
SOPS total 38.41 (12.28) 34.70 (11.40) 1.38 80 17
Positive symptoms 10.54 (3.38) 9.36 (4.44) 1.37 81 18
Negative symptoms 13.08 (6.82) 11.67 (6.13) 0.96 80 .34
Disorganized symptoms 6.46 (3.68) 5.61 (3.54) 1.05 81 .30
General symptoms 8.20 (4.20) 8.06 (3.92) 0.15 81 .88
Strauss carpenter 9.52 (2.31) 9.73 (1.77) -0.46 79 .65
GFS: role 5.94 (2.23) 6.12 (1.63) —-0.41 79 .69
GFS: social 6.00 (1.61) 6.15(1.09) —-0.47 79 .64
GAF 47.96 (9.48) 46.61 (9.83) 0.63 81 .53
Hours of training 21.80 (15.68) 21.12 (18.62) 0.17 81 .86

Note: CHR, clinical high risk; AT, auditory training; CG, computer games; WASI, Wechsler Abbreviated Scale of Intelligence; GFS,
Global Functioning Scale; SOPS, Scale of Prodromal Symptoms; GAF, Global Assessment of Function.

*Pearson Chi-square statistic.
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the same number of hours as training subjects, playing
4-5 games on any given day.

Assessment Procedures

All assessment staff were blind to group assignment.
Cognitive assessment staff were trained and monitored
on manualized assessment procedures by one of the
authors (M.F.) to ensure consistency. Clinical assessment
staff were trained and observed by other authors (R.L.,
B.S., D.A.S.). Subject eligibility was determined in regu-
lar reliability rounds. Inter-rater reliability was calculated
from staff ratings of training tapes, with an average intra-
class correlation of 0.83 for symptom ratings and an aver-
age kappa value of 0.95 for diagnostic agreement.
Symptoms were assessed with the Scale of Prodromal
Symptoms (SOPS) and functioning was assessed with
the Global Functioning: Role and Social Scales (each
containing a single clinician-rated item ranging from
1 to 10 developed for the late adolescent/young adult
early psychosis population).?? An abbreviated battery of
MATRICS-recommended measures® was administered
(table 2). The Tower Test from the Delis-Kaplan Executive
Function System (D-KEFS)* was used in place of NAB
Mazes. For participants aged 12-21, raw scores were con-
verted to z-scores using a set of healthy control normative
data (N = 188) collected and stratified by the following
age ranges, with a minimum of 20 participants in each age
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range: 12-13, 14-15, 16-17, 18-19, and 20-21. For par-
ticipants over 21 years of age, raw scores were converted
to z-scores using age-appropriate normative data pro-
vided in testing manuals, and age-appropriate, published
normative data for Trails A% and Category Fluency.” 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 baseline and post-training.

Planned Analyses

We performed an intent-to-treat analysis on all random-
ized subjects (N = 83), regardless of hours of interven-
tion (figure 1). All variables were screened and normally
distributed after Winsorizing of outlying values (£2.5 SD
from the mean).

Pearson’s chi-square was used to test for group differ-
ences in attrition rate and Spearman correlations indexed
the relationship between phone survey items and hours
of training completed. The CHR CG and AT groups
were compared on change in cognitive measures, symp-
toms, and functional outcome ratings using a linear
mixed-effects model with group and time as fixed factors.
Model parameters were estimated using restricted maxi-
mum likelihood. This allowed us to retain all available
data for analysis. Effect sizes (Cohen’s d) were computed
using the mean change scores of the CHR AT and CG

Table 2. Group Comparisons of Cognition, Symptoms and Functioning Before and After Intervention

Condition Condition X Time

CHR AT (N = 50) CHR CG (N =33) Time X Time  Effect Size
Baseline Post Baseline Post
Outcome Measures? Mean (SD) Mean (SD) Mean (SD)  Mean (SD) F P F P d 95% CI
Global cognition —0.44 (0.80) —0.11(0.78) —0.55(0.66) —0.038(0.86) 15.32 <.001* 1.24 .30 0.23 -0.22-0.67
Speed of processing -0.22 (1.10) —0.04 (1.13) -0.42(0.85) -0.30(1.21) 192 .17 0.56 .57 0.06 -0.38-0.50
Working memory —0.46 (0.88) —0.05(0.99) —0.54 (0.90) -0.01(1.03) 29.67 <.001® 0.29 .75 -0.14 -0.57-0.31
Verbal learning -0.39(1.13) —0.29(1.48) —0.79 (1.58) -0.95(1.61) 0.04 .85 1.83 .17 020 -0.25-0.64
Verbal memory -0.54 (1.28) —0.11(1.41) -0.47(1.29) -0.81(1.55) 0.07 .79 341 .04 0.61 0.15-1.05
Visual learning -0.74 (1.22) —-0.25(1.41) -0.62(1.04) 0.08 (1.49) 1227 .001® 0.51 .60 —0.18 —0.62-0.26
Visual memory -1.10(1.66) —0.51(1.91) -—1.11(1.57) -0.93(2.07) 245 .12 046 .63 025 -0.19-0.69
Problem solving 0.03 (0.82) 0.52 (0.99) 0.03 (0.81) 0.22(1.03) 9.09 .004 1.06 .35 0.37 —0.08-0.81
SOPS total 38.24 (12.24) 33.90(16.40) 34.60 (11.71) 25.49(17.23) 13.23  .001® 2.50 .09 0.40 -0.05-0.84
Positive symptoms 10.56 (3.41) 8.75 (5.16) 9.27 (4.47) 6.63 (5.40) 17.12 <.001® 1.72 .19 0.22 -0.23-0.66
Negative symptoms 13.09 (6.82) 11.03(8.13) 11.71(6.21) 9.38(8.50) 5.80 .02 0.57 .57 0.05 -0.39-0.49
Disorganized symptoms 6.46 (3.68) 6.11 (4.45) 5.59 (3.58) 3.38(4.65) 7.84 .007 3.64 .03 0.53 0.08-0.97
General symptoms 8.20 (4.20) 7.83(5.37) 7.98 (3.95) 6.02(5.63) 3.33 .07 1.11 .33 0.39 -0.06-0.83
Global functioning role 5.96 (2.23) 6.06 (2.55) 6.12 (1.63) 6.29 (2.64) 022 .64 0.09 92 -0.02 -0.46-0.42
Global functioning social ~ 6.02 (1.61) 6.51 (1.77) 6.15(1.09) 6.25(1.78) 3.05 .09 0.66 .52 029 -0.16-0.73
GAF 47.96 (9.48) 51.8(12.59) 46.61 (9.83) 51.44 (13.21) 8.56 .005 0.19 .83 -0.10 —0.54-0.34

Note: D-KEFS, Delis-Kaplan Executive Function System.

*Cognitive measures were transformed to z-scores using normative data of healthy samples. Global Cognition (average z-score across
all measures); Speed of Processing (Trail Making Test Part A; Category Fluency Animal Naming; Symbol Coding); Working Memory
(Letter-Number Span; WMS-III Spatial Span); Verbal Learning and Verbal Memory (HVLT-R Immediate and Delayed Recall); Visual
Learning and Visual Memory (BVMT-R Immediate and Delayed Recall); Problem Solving (D-KEFS Tower Test). Symptoms (SOPS)
and functional outcome measures (Global Functioning Role and Social, Global Assessment of Functioning) are clinician ratings.
bStatistically significant after Bonferroni correction for multiple comparisons.
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groups (post-training minus baseline) and the baseline
pooled standard deviations. All measures are listed in
table 2. We applied the conservative Bonferroni correc-
tion for multiple comparisons to our secondary analyses,
given the large number of dependent variables.

Results

Attrition

After randomization, 19 out of 50 (38%) CHR AT sub-
jects withdrew from the study compared to 16 of 33 (49%)
CHR CG subjects, a nonsignificant difference, X* (1,
N =283)=.90, P =.34. There were no significant differences
in demographic variables, cognition, symptom severity, or
functioning between those who completed the study and
those who dropped out (supplementary table 2). These vari-
ables were also unrelated to the number of hours completed.
However, hours of training completed were significantly
predicted by participants’ phone survey ratings of whether
the training was convenient to do at home (r = .53, P <
.001) and easy to do 5 days per week (r = .45, P =.0001), 60
minutes per day (r = .44, P = .001); these correlations were
statistically significant after Bonferroni correction for mul-
tiple comparisons. Hours completed were also predicted by
whether the participants thought they were making progress
(r = .38; P = .008), whether they rated the training as inter-
esting (r = .34, P = .017), fun (r = .28, P = .046), and that
it was a high priority compared to other activities (r = .31,
P = .028), although these correlations did not survive
Bonferroni correction. Hours completed were unrelated to
whether the participant thought the training was easy, the
laptop was easy to use, that the training would improve their
thinking and memory, help them do well at school or work,
or whether someone helped remind them to do the training.

The Effects of Cognitive Training vs CG in CHR
Subjects

At baseline, there were no differences between the CHR
AT and CHR CG groups in cognition, symptom sever-
ity, functioning, medication use or dosage, or in hours of

training completed (table 1 and supplementary table 3).
There were significant main effects of time for global
cognition, working memory, visual learning, and prob-
lem solving (table 2). The main effect of time for problem
solving was no longer statistically significant after correc-
tion for multiple comparisons.

Verbal memory showed a significant condition-by-time
interaction (table 2 and figure 2). Post hoc analyses of
verbal memory revealed significant improvement in the
AT participants (F = 5.46, P = .03), and a nonsignificant
decrease in the CG group (F = 2.36, P = .14). Effect sizes
of the change between groups were in the small range for
global cognition, verbal learning, visual memory, and
problem solving, and in the medium range for verbal
memory, although the 95% confidence interval was out-
side zero only for verbal memory (table 2).

Symptom and Functional Outcome Measures

There was a significant main effect of time on the SOPS
total score and the positive, negative, and disorganized
symptom subscales, with both groups showing improved
symptoms over time (table 2). There was a significant con-
dition by time interaction in the disorganized symptoms
subscale, with the CG group showing a greater decrease
relative to the AT group. There was a significant main
effect of time on the GAF, with both groups showing
improvement in functioning over time (table 2). Only the
main effect of time for SOPS Total and Positive symp-
toms remained statistically significant after correction for
multiple comparisons.

Discussion
Summary of Findings

In a double-blind controlled study aiming to deliver 40
hours of targeted auditory system training vs CG per-
formed on laptops at home in a sample of 83 CHR
individuals, using an intent-to-treat analysis we found a
significant group-by-time effect in verbal memory. This
effect was driven by a significant improvement in verbal

AT (N=50) 0CG (N=33) *<.05
1.00
80 T =
60 T T
) T
2 .40
2 20 - T T T [
(S _l _I
bl
5 .00 A T —— T T T T
Q
@ -20 \—L
N
-.40 l
-.60
-.80
Global Speed of Working Verbal Verbal Visual Visual Problem
Cognition  Processing Memory Learning Memory* Learning Memory Solving

Fig. 2. Cognitive change scores by group.
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memory performance in the active treatment subjects,
similar to the pattern we have reported previously in 2
independent samples of patients with schizophrenia.*?
Also consistent with our prior studies of established psy-
chosis, small positive effect sizes were observed in the
domains of global cognition (d = 0.23) and problem solv-
ing (d = 0.37), although these results did not reach statis-
tical significance. The lack of significance may be due to
the large attrition rate, which may have also contributed
to the lack of significant differences between cognitive
training and control game groups in these domains.
Although the decline in verbal memory performance in
the CG group is not statistically significant in this study,
a significant decline was shown in our studies in recent-
onset and chronic schizophrenia.*> We have previously
suggested that intensive practice with visually-focused
CG may reduce the capacity for verbal processing/verbal
memory in an impaired neural system, a finding that, if
replicated, may have important longer-term functional
consequences for this population.> A WHO survey in
2010 found that 55% of adolescent males and 20% of
females reported computer gaming more than 2 hours
daily; presumably CHR individuals fall within this gen-
eral range.”” The findings on the cognitive effects of casual
video games in healthy young adults are very mixed, and
while some of them do appear to drive gains in visual
processing and visual attentional control, some stud-
ies have shown that they are associated with changes in
cognitive strategies (eg, Baniqued et al*®; see Shams et al®
for a review). Furthermore, surprisingly few studies have
examined the effects of video game exposure on verbal
memory in either healthy or cognitively impaired indi-
viduals. For individuals with impaired or vulnerable neu-
ral systems, the impact of exercising certain networks or
functions (such as those involved in visual perception and
attention, visual working memory, and visuo-motor pro-
cessing) may have compensatory consequences on other
neural systems.*® In other studies of CHRs, diminished
verbal memory performance is related to concurrent
social functioning, and also predicts later role function-
ing and transition to full psychosis.>*' Therefore, a treat-
ment that directly improves this domain and/or that may
pre-empt decline in verbal memory systems is of particu-
lar long-term clinical importance for CHR individuals.

Effects of Cognitive Training on Symptoms and
Functioning

Similar to other CHR studies, and similar to what we
reported in recent-onset schizophrenia participants, posi-
tive and total symptoms improved across both subject
groups over the study duration.>3?** Individuals often
enter research protocols subsequent to their first CHR
diagnosis, and in our study, were not restricted from seek-
ing other psychosocial or pharmacological treatments
(supplementary table 3). In patients with established
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illness, symptom and functional improvement appears to
emerge over the longer-term (eg, 6-month follow-up).*
People with recent-onset schizophrenia who complete
the same auditory processing cognitive training show
improvement in positive symptoms at 6-month follow-
up related to cognitive change during training, suggest-
ing a longer-term clinical salutory effect that occurs in
response to improvement in cognition (Loewy et al, in
preparation). This potential relationship has not yet been
investigated in the CHR population.

Study Limitations

The most significant limitation of this study is the high
attrition rate (42%). This is greater than the dropout rates
in our studies of the same software in chronic and recent-
onset schizophrenia patients (15% and 28%, respec-
tively), suggesting specificity to the younger age group or
individuals in the CHR state. This finding is consistent
with the high attrition rates found in other studies that
involve CHR individuals. For example, drop-out rates of
61% were reported in a pilot study of cognitive training,'®
45% attrition in an antipsychotic trial,* and 42% dropout
in the active treatment arm of a trial using antipsychotic
medications and cognitive behavioral therapy.®’

Although it is unlikely that participants dropped out
of our study at random, attrition was unrelated to any
baseline measures. The high attrition rate may be due to:
(1) CHRs are more active in social, educational and occu-
pational pursuits, with less time available for cognitive
training; (2) CHRs are not as impaired as persons with
established psychosis clinically, functionally and cogni-
tively, therefore reducing their motivation for this inter-
vention; (3) Younger individuals are very familiar with
graphically advanced computer and mobile games, and
may find the study software and control games less appeal-
ing and engaging than entertainment software; and (4)
CHRs show greater impairments in reward anticipation
than individuals with schizophrenia, related to depressed
mood.® Interestingly, the strongest predictors of complet-
ing more hours in our study were focused on being able to
meet the intensity requirements of the training. Much like
other behavioral interventions that require active engage-
ment and participation multiple days per week, such as
physical exercise for obesity, these activities may be dif-
ficult to sustain without a high degree of support. Yet,
effective interventions are critical for this vulnerable pop-
ulation. Therefore, supports similar to those employed in
improving physical exercise participation may be helpful,
such as setting rewards for short-term goals, including
behavioral neuroeconomics approaches,® structured par-
ticipation in groups rather than relying solely on at-home
practice, and adapting effective training approaches to be
more enjoyable for this age group.

Several other factors may have reduced our power
to detect between-group differences in other cognitive
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outcome measures. Our participants represent a wide
age range, covering a period in which cognitive abilities,
particularly executive functioning, are still developing.
Another complicating factor in CHR studies is the high
degree of clinical and cognitive heterogeneity. Only a sub-
set of these individuals are likely to develop nonaffective
psychosis—others will develop affective psychoses, non-
psychotic affective disorders, anxiety disorders and some
will remit entirely.*’ This high variability in baseline neu-
ral system functioning across a sample of CHR subjects
thus will generate a highly variable pattern of response to
cognitive treatments.

Finally, the mean 1Q of our CHR participants was in
the average range, which may limit the generalizability of
our results. CHR samples tend to show a small deficit in
overall IQ compared to their healthy peers.? The higher IQ
of our participants may be due to recruitment at a univer-
sity medical center within San Francisco, which attracted
participants from a relatively high socioeconomic range.
However, despite their average 1Q, our sample dem-
onstrated deficits in the specific and expected cognitive
domains, consistent with what has been reported for
other CHR samples.?

Future Directions

This study adds to a growing body of research litera-
ture on preventive approaches to psychotic illness, with
a focus on identifying effective methods to improve the
cognitive dysfunction that characterizes the CHR state
and that contributes to poor outcomes. Participants
in our study are currently being followed for up to
24 months post-training to evaluate the duration of treat-
ment effects. Based on our current study alone, we can-
not recommend use of the auditory processing software
in regular clinical practice, but hope that additional stud-
ies are able to replicate and expand our results. Future
work should: (1) Use advances in the cognitive neuro-
science of the CHR syndrome to identify whether audi-
tory processing circuits or other neural system treatment
targets are likely to be of the highest benefit in terms of
preventing or mitigating psychosis onset and improving
outcome; (2) Use these neuroscientifically-derived treat-
ment targets to inform the design and implementation of
cognitive training strategies; (3) Tackle the difficulty of
engaging and retaining this clinical population in cogni-
tive training treatments, which may be improved by the
use of more engaging software and/or behavioral neuro-
economics strategies®; (4) Perform dose-response studies
to establish the minimum hours and intensity of training
necessary to generate clinically significant gains in verbal
memory and other key cognitive outcomes; (5) Improve
the prediction of psychosis in order to define a more
homogeneous group at highest risk for psychosis as the
target group for treatment; (6) Embed cognitive training
within evidence-based psychosocial treatments in order
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to ensure maximum generalization and real-world benefit
for patients; (7) Include a control group with no inter-
vention (wait list control) for comparison of cognitive
changes that may occur naturally in CHR individuals
over time; and (8) Perform double blind RCTs with an
adequate sample size that generates sufficient statistical
power to test predictors of treatment response, taking
into account the high attrition rates that characterize this
group of patients. A large-scale trial with an initial sam-
ple size of 126 has recently been proposed.*' A substan-
tial sample size would also allow for testing of response
predictors to inform a precision medicine approach in
which specific training approaches could be selected for
specific patients. This is, of course, the ideal future of
CHR treatment.

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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