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ARTICLE INFO ABSTRACT

Background: Early auditory processing (EAP) has increasingly become a focus of efforts to identify biomarkers of
treatment response in schizophrenia. EAP deficits lead to poor functional outcome via impaired cognition, and
treatments that target EAP may drive downstream cognitive improvements. Assessment of baseline need pro-
vides an opportunity for cognitive remediation (CR) programs that give EAP training to personalize treatment
and optimize its impact. This initial efficacy study examined the differential benefit of EAP training for those
with and without baseline EAP deficits as defined by performance on the Tone Matching Test.

Methods: 103 outpatient adults diagnosed with schizophrenia or schizoaffective disorder were classified as hav-
ing intact (48.5%) or impaired (51.5%) EAP and randomized to a CR program with restorative exercise plans that
either included EAP training (N = 49) or did not (N = 54). Cognitive and functional outcomes were measured
post-treatment and 3 months later.

Results: Only in EAP impaired participants was there a significant benefit from EAP training on verbal learning.
Treatment condition did not significantly impact global cognitive or functional outcomes for either EAP group.
Cognitive gains partially mediated the relationship between gains in EAP and functional capacity.

Conclusion: These findings support the importance of addressing basic auditory deficits when attempting to re-
mediate higher order auditory impairments such as verbal learning. In addition, they highlight the need for rou-
tine assessment of EAP in cognitive remediation participants, as well as the need for more effective programs to
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reverse these impairments.
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1. Introduction

Early auditory processing (EAP) has increasingly become a focus of
efforts to identify biomarkers of clinical disability and treatment re-
sponse in schizophrenia. EAP deficits are a type of lower order cognitive
dysfunction that are commonly found in all phases of schizophrenia,
and have been linked to the widespread disturbances in higher-order
cognition and daily functioning (Javitt and Freedman, 2015; Voss
etal., 2018). EAP deficits in schizophrenia are manifest in impaired abil-
ities to discriminate length (Davalos et al., 2003), intensity (Holcomb
et al,, 1995) and pitch (Strous et al., 1995) of non-verbal sounds, as
well as in segregating sequences of pitches into the different perceptual
categories that form a melodic stream (McLachlan et al., 2013). A large
cross-sectional cohort study demonstrated that EAP deficits lead to
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poor functional outcome via impaired cognition, as measured by deficits
in skills like memory, working memory, attention, and executive func-
tioning (Thomas et al., 2017). This suggests that treatments that target
EAP may drive downstream cognitive and functional improvements.

Cognitive remediation (CR) is the current treatment of choice to im-
prove cognitive processes (EAP, attention, memory, executive function,
social cognition, or metacognition) that impact daily functioning in
schizophrenia (Medalia and Erlich, 2017). Nevertheless, results of CR
studies that target EAP have been mixed (Adcock et al., 2009; Dale
et al.,, 2016; Fisher et al., 2015; Keefe et al., 2012; Murthy et al., 2012;
Rass et al., 2012), possibly because a systematic method of identifying
who needs EAP training was not utilized. While EAP impairment is use-
ful in differentiating healthy controls from schizophrenia, it is not uni-
versally present in those diagnosed with schizophrenia (Rabinowicz
et al., 2000; Thomas et al., 2017). Thus, when everyone in a CR program
receives EAP training, regardless of baseline need, results of the inter-
ventions may become diluted. Identification of prognostic indicators
that predict differential benefit from EAP engagement is one way to per-
sonalize treatment and optimize its impact.
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EAP deficits in schizophrenia typically remain undetected unless
specifically evaluated, yet EAP assessment is rarely performed in clinical
settings. Tests that are biased toward measurement of sensory ability
are not included in standard neurocognitive assessment batteries for
schizophrenia, such as the MATRICS Consensus Cognitive Battery
(Nuechterlein et al., 2008), nor are they included in baseline cognitive
assessments used in clinical practice of CR (Medalia and Bowie, 2016;
Medalia et al., 2017). Mismatch negativity (MMN) is an electrophysio-
logical paradigm used to index function of early auditory regions in cor-
tex, but is impractical for clinic settings where cognitive remediation is
performed. However, pitch discrimination, which is one of the most
documented EAP impairments in schizophrenia, can be measured
with the Tone Matching Test (TMT), a quick, simple, accurate and reli-
able way to assess pitch discrimination performance for non-verbal
sounds (Petkova et al., 2014; Strous et al., 1995). Severely impaired
TMT performance in schizophrenia is independent from psychotic
symptoms, present in about half of those diagnosed, correlates signifi-
cantly with early cortical measures of auditory processing such as
MMN deficits, and contributes directly to impairments in higher cogni-
tive functions such as attention and memory (Donde et al., submitted;
Donde et al., 2017; Javitt, 2009; Javitt and Sweet, 2015; Lee et al.,
2018; Petkova et al., 2014). Further, behavioral improvements on the
TMT during auditory training correlate with changes in MMN (Javitt
et al.,, 2000; Kantrowitz et al., 2016). Taken together, these qualities of
the TMT make it a good candidate for use as a tailoring variable when
assigning clinic-based treatments that involve EAP training.

Many CR programs that use restorative computer-based cognitive
exercises deliver cognitive exercises in a hierarchy, starting with atten-
tion and progressing to processing speed, working memory, verbal
learning and memory, and problem solving. It remains unclear when
it is useful to begin the hierarchy at an earlier level of information pro-
cessing, targeting more basic non-semantic information processing in
the auditory domain along with practice on exercises that incorporate
working memory, verbal learning and memory. Using the TMT as a tai-
loring variable allows for study of the differential benefit of EAP training
for those with and without EAP deficits. Do people with EAP deficits
make greater cognitive improvement when given EAP training? When
people without EAP deficits receive EAP training does it impact their
CR outcomes?

To answer these questions, this initial efficacy study randomized pa-
tients with intact and impaired EAP, as measured by TMT, to two types
of restorative CR exercise plans: one which included EAP training and
one which did not. Because the emphasis of this study was to inform
clinical practice, it was conducted in outpatient treatment (as opposed
to research) settings, using exercises drawn from web-based platforms
available to practitioners in the community. Cognitive and functional
outcomes were measured post-treatment and 3 months later. We
hypothesized that: 1) EAP impaired (EAP—) patients would benefit
more from CR that included EAP training, while EAP intact (EAP+) pa-
tients would not experience greater cognitive and functional advantage
with EAP training, 2) EAP— patients who improved most during EAP
training would show the largest gains in cognition, and 3) cognitive
gains would mediate the relationship between gains in EAP and func-
tional outcome.

2. Methods
2.1. Participants and procedures

This registered clinical trial (NCT01945333) was conducted under
the guidance of the New York State Psychiatric Institute (NYSPI) Institu-
tional Review Board. Participants were outpatients, 18-65 years old,
with a DSM-IV diagnosis of schizophrenia or schizoaffective disorder.
Exclusion criteria were documented auditory disorders or known visual
impairment that precluded completing assessment, intellectual disabil-
ity, presence or history of any neurologic illness that may affect brain

physiology, current substance dependence, participation in cognitive
remediation in the 12 months prior to study entry. Participants contin-
ued to receive their usual mental health services including stable doses
of their psychiatric medications (e.g. typical and atypical antipsy-
chotics). Structured Clinical Interview for DSM-IV Axis I Disorders
(SCID-1V; First et al., 2002) completed at screening by trained MA-
level research assistants was used to confirm the diagnostic inclusion/
exclusion criteria. The Wechsler Test of Adult Reading (WTAR;
Wechsler, 2001) was used to estimate premorbid full scale 1Q (FSIQ).

The study used a repeated-measures, stratified randomized trial de-
sign. Following completion of all baseline assessments, participants
were randomized to receive one of two treatment conditions: “Brain Ba-
sics” or “Brain Training” with randomization stratified by EAP status.
“Brain Basics” trained auditory psychophysical efficiency (Fisher et al.,
2009) in addition to working memory, verbal learning and memory,
attention and processing speed. “Brain Training” trained attention, pro-
cessing speed, working memory, verbal learning and memory, abstract
reasoning and problem solving. The difference in the conditions was
that only participants in Brain Basics trained auditory psychophysical ef-
ficiency and only participants in Brain Training trained abstract reason-
ing and problem solving. Both conditions entailed 30 separate 75-min
group sessions, allotting 60 min for computer exercises, and 15-min
for a group “bridging” discussion consistent with the CR treatment
model used throughout mental health clinics in New York Office of
Mental Health (see Medalia et al., 2018 for a description of the treat-
ment model and treatment fidelity monitors). Cognitive exercise curric-
ula and bridging group content were informed by a preliminary 10-
session open trial and focus group feedback which included 12 outpa-
tients and CR clinicians from one psychiatric rehabilitation program in
New York City. At each of the 7 separate outpatient behavioral health fa-
cilities, 30 sessions of CR were administered 3 times weekly in a group
format. All sessions were led by a MA-level research clinician, blinded
to baseline assessment results, who provided coaching and support.
Treatment fidelity was monitored weekly.

2.2. Assessment

Participants were tested on the following measures at baseline,
within 1-week following end of treatment, and at 3-month follow-up
by an MA-level evaluator who was blind to treatment condition and in-
dependent from those involved in the cognitive remediation. Compen-
sation was provided for completion of assessments.

EAP was assessed with the Tone Matching Test (TMT), consisting of
5 sets of 26 pairs of 100-ms tones in series, with 500-ms inter-tone in-
terval. Within each set, tones (50% each) are either identical or differ
in frequency by a specified amount in each block (2.5%, 5%, 10%, 20%,
or 50%). Subjects indicate whether the pitch is the same or different.
Three base frequencies (500, 1000, and 2000 Hz) are used within each
block to avoid learning effects. The TMT has demonstrated good test-
retest reliability in both schizophrenia (ICC = 0.83) and healthy control
(ICC = 0.821) samples (Petkova et al., 2014). The mean (SD) total per-
cent correct in 10 studies ranges from 65.5% (9.9) to 73.3% (2.2) for 371
schizophrenia patients and 73.8 (2.3) to 92.3 (9.9) for 342 healthy con-
trols, with a large effect size (1.17) difference (Donde et al., 2017).
Within schizophrenia samples two clusters are consistently identified,
with about half of the individuals having total correct scores that are sig-
nificantly lower than those of healthy controls (Donde et al., submitted
manuscript; Donde et al., 2017; Lee et al., 2018; Petkova et al., 2014). A
cut-off score of 70% correct, based on the distribution of performance
deficits, was used to classify participants in this study as EAP impaired
(<70% correct; EAP—) or intact (>70% correct; EAP+) (Donde et al.,
submitted manuscript; Petkova et al., 2014).

The NIMH MATRICS Consensus Cognitive Battery (MCCB;
Nuechterlein et al., 2008) assessed neurocognitive functioning with
measures of: a) working memory; b) attention/vigilance; c) verbal
learning; d) visual learning; e) processing speed; and f) reasoning
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and problem solving. The MCCB neurocognitive composite T-score
was the primary outcome measure.

The functional outcome measure was the Brief UCSD Performance-
Based Skills Assessment (UPSA-B; Mausbach et al., 2007), an assess-
ment of functional capacity that requires participants to complete a se-
ries of role-play tasks that assess everyday life skills. The UPSA-B total
score was the outcome variable.

The Structured Clinical Interview for the Positive and Negative
Syndrome Scale (SCI-PANSS; Kay et al., 1992) was used to assess
symptoms of psychotic disorders including positive, negative and
general psychopathology.

2.3. Statistical analysis

We first checked the balance of participant baseline characteristics
between treatment conditions using 2 sample t-tests for continuous
variables, and Chi-squared tests for categorical variables. The same ap-
proach was used to identify baseline characteristics that affect EAP
status.

To characterize overall response to CR, improvements on the MCCB
neurocognitive composite and UPSA-B were assessed using Cohen's d
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effect size, and tested using paired-sample t-tests, which for the MCCB
compared change to practice effect, i.e., >2 T score points (Keefe et al.,
2011). Number Needed to Treat (NNT) was calculated by defining clin-
ically significant improvement as a gain of 9 points on the MCCB at
follow-up (Harvey and Keefe, 2016), and transition from <60 on the
UPSA-B to 60 or higher at follow-up (Mausbach et al.,, 2007).

Wilcoxon's rank-sum test, a non-parametric test which is more ro-
bust to potential outliers and error variance assumptions as compared
to t-test in relatively small samples, examined the main effect of treat-
ment condition, and the main effect of EAP status on improvement in
MCCB and UPSA-B from baseline to post-treatment and from baseline
to follow-up. Cohen's d effect size was also computed. The same ap-
proach was used to quantify the treatment effect within each EAP sub-
group to address hypothesis 1. In addition, the treatment by EAP
subgroup interaction was tested using ANOVA F-test. Post-hoc, we ex-
amined the treatment effect on verbal learning using the same
approach.

To further examine the role of auditory processing in CR response,
percentage improvement in Auditory Processing Speed (APS) was
quantified for all Brain Basics participants, an index of target engage-
ment during auditory training (Biagianti et al., 2016; Tarasenko et al.,
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Fig. 1. CONSORT flow diagram.
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2016). To test hypothesis 2, Pearson's correlation examined the associ-
ation between APS and MCCB improvement. In addition, we classified
Brain Basics participants as auditory learners or non-learners using a
median split of APS improvement. Auditory learners and non-learners
were compared on average MCCB improvement using Wilcoxon's
rank-sum test, and percentage of participants with MCCB gain of 9 or
more (Harvey and Keefe, 2016) using Fisher's exact test. To further ad-
dress hypothesis 2, these analyses were conducted separately for EAP—
and EAP+ subgroups. The interaction effect between learner status and
baseline EAP status on MCCB was tested using two-way ANOVA.

To address hypothesis 3, Sobel's method of mediation analysis was
used to examine neurocognition (MCCB) as a mechanism through
which EAP (TMT) impacted functioning (UPSA-B) at baseline, as well
as improvement at follow-up. All analyses were carried out in SAS 9.4
software.

3. Results

A total of 103 participants met inclusion criteria, provided informed
consent, completed the baseline assessments, and were randomized to
Brain Basics, which included EAP training (N = 49) or Brain Training
(N = 54), which did not. For the study's CONSORT diagram, see Fig. 1.
Participant characteristics by treatment conditions are summarized in
Table 1. Treatment groups did not differ on demographic, diagnostic,
cognitive, functional capacity, or psychiatric symptom measures at
baseline. EAP— participants were significantly (p = 0.006) older
(mean 4 SD: 46 4 11) than EAP+ participants (39 + 13) and had sig-
nificantly (p = 0.001) lower FSIQ (mean + SD: 83 4+ 8 vs 90 4 11).

Table 1
Demographic, cognitive, and clinical characteristics of the sample.*

Brain Basics Brain Training  Total
(n=49) (n=54) (n=103)

Age

Mean (SD) 42776 (12.79)  42.87(1223) 4282 (12.44)
Sex (male)

N (%) 39 (79.60) 34 (62.96) 73 (70.87)
Race/ethnicity N (%)

White/Caucasian 21 (42.86) 27 (50.00) 48 (46.60)

Black/African American 27 (55.10) 26 (48.15) 53 (51.46)

More than One Race 1(2.04) 1(1.85) 2(1.94)

Hispanic/Latinx 16 (32.65) 20 (37.04) 36 (34.95)
Diagnosis N (%)

Schizophrenia 33 (67.35) 36 (66.67) 69 (67.00)

Schizoaffective 16 (32.65) 18 (33.33) 34 (33.00)
Education (years)

Mean (SD) 11.23 (2.02) 11.74 (2.07) 11.5 (2.05)
FSIQ estimate®

Mean (SD) 85.06 (9.83) 87.94 (1064)  86.59 (10.32)
TMT® percent correct

Mean (SD) 7126 (13.86) 7320 (1444) 7227 (14.13)
MCCB® neurocognitive composite

(T-score)

Mean (SD) 1963 (1092)  20.76 (1251) 2022 (11.74)
UPSA-BY (% correct)

Mean (SD) 5120 (17.49) 5559 (17.37)  53.50 (17.48)
PANSS® Positive

Mean (SD) 12.25 (4.75) 13.17 (4.27) 12.74 (451)
PANSS Negative

Mean (SD) 14.35 (5.07) 14.28 (4.99) 14.31 (5.00)
PANSS General

Mean (SD) 2542 (6.03) 25.61 (6.33) 25.52 (6.16)

2 Derived from the Wechsler Test of Adult Reading.

" Tone Matching Test.

¢ MATRICS Consensus Cognitive Battery.

Brief UCSD Performance-Based Skills Assessment.

Positive and Negative Syndrome Scale.

None of the differences between two treatment groups were significant. Continuous
variables were compared with the use of t-test, and categorical variables were compared
with the use of Chi-squared test.

d
e
*

3.1. Feasibility assessment

Of the 103 subjects who completed baseline assessment 50 (48.5%)
were EAP+ and 53 (51.5%) were EAP—. It is thus feasible to stratify by
baseline EAP as measured by TMT. Of those randomized, 98 participants
initiated the intervention to which they were allocated. Treatment com-
pletion was defined by 30 sessions. Of the 68 treatment completers, av-
erage time to completion was 12.65 weeks, or 2.5 sessions per week,
with no significant differences in treatment intensity between com-
pleters in Brain Basics (n = 33) and Brain Training (n = 35). There
were no effects of site on treatment intensity or structure. Post-
treatment data were collected in 67 participants, and 3-month follow-
up data were collected in 61 participants.

3.2. Response to CR

Across both treatment conditions overall improvements were signif-
icantly >2, the practice effect on the MCCB, from baseline to post-
treatment, t(66) = 4.37, p < 0.001, and from baseline to follow-up, t
(60) = 4.71, p < 0.001. Effect sizes for gains on the MCCB at post-
treatment (d = 0.95) and at follow-up (d = 0.94) were large. NNT
was 3.2 for cognitive gain.

Likewise, across both treatment conditions there were significant
improvements in UPSA-B from baseline to post-treatment, t(66) =
6.14, p < 0.001, and from baseline to follow-up, t(60) = 6.14, p <
0.001. Effect sizes for gains on the UPSA-B at post-treatment (d =
0.75) and at follow-up (d = 0.79) were in the moderate to large
range. NNT was 1.6 for functional gain.

Across the full sample, change in MCCB was significantly correlated
with change in UPSA-B measured from baseline to follow-up (r =
0.55, p < 0.001). Change in TMT performance (Fig. 2) was significantly
correlated with change in MCCB (r = 0.53, p < 0.001) and change in
UPSA-B (r = 0.51, p < 0.001) from baseline to follow-up. Outcomes
did not significantly differ by site.

Results for effects of treatment condition and EAP status on MCCB
and UPSA-B change scores, as well as treatment effects stratified by
EAP status, are summarized in Table 2. There was no significant main ef-
fect of treatment condition on MCCB gain at post-treatment (p = 0.291)
or follow-up (p = 0.496), but a trend level main effect of treatment con-
dition on UPSA-B gain favoring Brain Basics at post-treatment (p =
0.095) and at follow-up (p = 0.073). The main effect of EAP status
was not significant for MCCB gain at post-treatment (p = 0.267) or
follow-up (p = 0.304), or for UPSA-B gain at post-treatment (p =
0.477). The improvement in UPSA-B measured at follow-up was greater
among EAP— participants than those classified as EAP+ (p = 0.003).

To test hypothesis 1, we used Cohen's d to ascertain the impact of
treatment on response within EAP subgroups. Within the EAP— sub-
group, there was a moderate effect of treatment condition on MCCB
gain (d = 0.46) at post-treatment and at follow-up favoring Brain Basics
over Brain Training. In contrast, within the EAP+ subgroup, there was
minimal difference observed between the treatment conditions at
both post-treatment (d = 0.04) and follow-up (d = 0.17). On the
UPSA-B, there was a moderate post-treatment effect of treatment con-
dition within the EAP— subgroup (d = 0.45), and a small effect within
the EAP+ subgroup (d = 0.28). These findings were somewhat re-
versed at follow-up, with a small effect (d = 0.20) in the EAP— and
moderate effect (d = 0.42) in the EAP+ subgroups. All p-values were
>0.05 (see Table 2).

Since the MCCB neurocognitive composite score reflects perfor-
mance on many non-auditory tasks, we examined whether auditory
deficits specifically limit improvement on verbal learning, the MCCB do-
main most dependent on auditory processing. Post-hoc, we examined
the effect of treatment condition within the EAP subgroups on change
in verbal learning. Results are reported within Table 2 and Fig. 4. Only
in the EAP— subgroup at post-treatment was there a significant
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a) Change in Early Auditory Processing and Change in Cognition from Baseline to Follow-up
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Fig. 2.a) Change in early auditory processing and change in cognition from baseline to follow-up. b) Change in early auditory processing and change in functional capacity from baseline to

follow-up.

difference (p = 0.04), which favored Brain Basics over Brain Training.
The effect size was d = 0.73.

3.3. Auditory processing and CR response

Brain Basics participants were dichotomized as APS leaners (n = 17)
or non-learners (N = 16) based on a median percent improvement
(47.46%) on auditory exercises. There was a significant interaction at
follow-up (Eta squared = 0.12, p = 0.048) between EAP status and
APS learner group; only in the EAP— subgroup, APS learners improved
significantly more on neurocognition than APS non-learners (d = 1.7,

p = 0.004), supporting hypothesis 2. In addition, 7 out of 11 APS
learners in the EAP— subgroup gained >9 on the MCCB neurocognitive
composite at follow-up, whereas none of APS non-learners made such a
gain (Cohen's h = 1.85, p = 0.035). Change in APS was positively corre-
lated with change in neurocognition in the EAP— subgroup at post-
treatment (r = 0.35, p = 0.146) which was statistically significant at
follow-up (r = 0.80, p = 0.0001), whereas these relationships were
minimal and in the negative direction in the EAP+ subgroup (r =
—0.18, p = 0.530; r = —0.08, p = 0.795).

Improvement in EAP, as measured by gain on the TMT, was associ-
ated with neurocognitive gain at follow-up for both EAP— (r = 0.48,
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Table 2

Effects of treatment conditions, EAP status, and their interactions on cognitive and functional outcome change scores.

Treatment by
EAP status’

Effect of treatment stratified by EAP status’

Main effect of EAP status’

Main effect of treatment conditions

kk

interaction

Impaired

Intact

eta?

Brain Training d
Mean (SD)

Brain Basics
Mean (SD)

p*

Brain Training d

Mean (SD)

Brain Basics
Mean (SD)

Intact Impaired d p*

p*

Brain Training d

Mean (SD)

Brain Basics
Mean (SD)

Change scores

Mean (SD)

Mean (SD)

n=17
3.9 (5.9)

n=19

n=17
39(4.2)
43 (64)

n=14
4.1 (5.5)

n = 36

n =31

4.0 (4.7)
3.3(5.9)
7.9 (11.5)

34
3.9 (5.0)

n =33
5.3 (4.6)

Pre/post

0.011 0.400

0.294
0.040
0.136

0.46
73

(3.8)
(3.6)

12.1 (12.3)
n=17

6.1

1.000
0.450

0.04
0.38
0.28

0.267

0.21
0.21
0.14

(4.9)
22 (45)

5.1

0.291

0.28
0.11
0.38

MCCB Composite T score
Verbal learning T score

UPSA-B

0.037

0.068

0.

0.6 (4.8)

3.7

2.1 (5.3)

9.7 (10.4)
n=12

5.4 (4.9)

0.461

0.421

24 (5.9)
6.6(11.8)

(4.4)

11.0 (11.4)

3.0

0.716

0.002

0.45

6.8 (11.4)
n=15
4.9 (6.8)

0.340

(12.4)
n=17
4.4 (6.7)
7.1 (7.5)
2.8 (17.5)

6.5

0477

(12.0)
n =32
6.3 (6.1)
46 (4.9)
16.2 (9.6)

9.6

0.095

n=29

n =32
4.6 (6.6)

n=29
6.7 (5.1)

Pre/follow-up

0.570
0.796
0.469

0.005
0.001

0.307

0.46

(53)
54 (4.1)

0.773 7.6

0.17
0.12
0.42

0.304
0.216

0.25
0.45
0.79

(5.9)

7.4(7.8)
57 (16.5)

035 0.496 4.8

0.16
0.39

MCCB Composite T score

0.363

0.37
0.20

3.6 (5.6)

0.790
0.121

8.0 (8.4)

0.496
0.073

5.4 (6.8)
8.6 (15.3)

6.5 (6.3)
14.1 (12.6)

Verbal learning T score

UPSA-B
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0.008

0.472

152 (9.0)

172 (103)

9.8 (14.7)

0.003

MCCB Composite = MATRICS Consensus Cognitive Battery Neurocognitive Composite.

UPSA-B = Brief UCSD Performance-Based Skills Assessment.

* p-Values were calculated using Wilcoxon rank-sum test.

eta? is the proportion of variance in the outcome that can be explained by the interaction; p-values were calculated using ANOVA F-test.

T EAP Status defined by TMT % Correct: Intact > 70%; Impaired < 70%.

*k

p = 0.005) and EAP+ subgroups (r = 0.55, p = 0.002). Using the same
criteria as stated above, the NNT in the Brain Basics condition was 3.2 for
cognition as measured by MCCB and 1.4 for functional outcome as mea-
sured by UPSA-B. Whereas both EAP— and EAP+ subgroups showed
similar NNT for functional outcome (1.3 and 1.5 respectively) the NNT
for cognitive gain on the MCCB was less than half for the EAP— (2.4)
compared to the EAP+ (6.0).

3.4. Mechanism of CR impact

Mediation analyses tested the hypothesis that gain in cognition is
the mechanism through which gain in EAP impacts functional outcome.
Due to baseline differences between EAP subgroups in age and FSIQ,
both unadjusted and adjusted models were tested. Since the results
did not ultimately differ, Fig. 3 shows only the unadjusted models.

At baseline, EAP measured by the TMT correlated significantly with
both functional capacity (3 = 0.680, p < 0.001) and cognition (p =
0.456, p < 0.001). In the multiple regression model, accounting for the
significant effect of cognition (3 = 0.727, p = 0.001) reduced the effect
of EAP on functional capacity (3 = 0.348, p = 0.002); the indirect effect
of EAP was significant (3 = 0.332, p < 0.001).

At follow-up, change in EAP had a significant effect on change in func-
tional outcome (3 = 0.878, p < 0.001) and change in cognition ( =
0.381, p = 0.001). In the multiple regression model, change in cognition
had an effect on change in functional outcome (3 = 0.910, p = 0.003),
and the association between change in EAP and change in functional out-
come was reduced, but still significant (3 = 0.532, p = 0.015). As a re-
sult, change in EAP had a significant indirect effect (3 = 0.347 p =
0.009) on functional outcome change, indicating that change in cogni-
tion partially mediated the effect of change in EAP on change in func-
tional outcome.

4. Discussion

While EAP deficits reliably differentiate people in all phases of
schizophrenia from healthy controls, and are associated with impaired
cognition and poor functional outcome, they are not present in all diag-
nosed patients (Javitt and Freedman, 2015; Voss et al., 2018). Cognitive
treatments that target auditory system dysfunction have the potential
to drive downstream cognitive and functional improvements (Dale
etal., 2016; Thomas et al., 2017), but may not be necessary for those pa-
tients without EAP impairment. To our knowledge, this is the first study
to test use of pre-training EAP as a tailoring variable to personalize the
treatment plan used in cognitive remediation. The need for clear guide
posts for clinicians to make treatment decisions and the properties of
the Tone Matching Test together informed the decision to dichotomize
EAP performance. Study data supported the feasibility of stratification
based on Tone Matching performance. We then compared the efficacy
of two types of restorative CR exercise plans: one which included audi-
tory processing training and one which did not. The hypotheses were
that (1) people with baseline EAP impairment would benefit from re-
storative training exercises that target auditory processing, while
those without impairment would not, (2) EAP— participants who en-
gage best with auditory training exercises would show the largest treat-
ment gain, and (3) cognitive gains would mediate the relationship
between gains in EAP and functional outcome. Results provided partial
support for our first hypothesis and full support for the second and
third.

The goal of personalizing cognitive treatment is best conducted in
the context of an efficacious CR approach. In this study, both conditions
were structured like the CR programs used in outpatient clinics in the
NY State Office of Mental Health system of care (Medalia et al., 2017).
We found that the CR approach was efficacious. Across both conditions
cognitive change significantly exceeded practice effects, and the effect
sizes were large post-treatment and three months later. The NNT of
3.21 indicated that about 3 people had to be treated with CR for one
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Mediating role of cognition on the effect of EAP on functional outcome

a) Baseline

B=0.680 (p<0.001)

EAP

Functional

P Capacity

Cognition

B=0.456 (p<0.001)

B=0.727 (p<0.001)

> Functional

EAP

B=0.348 (p=0.002)

Capacity

Indirect effect: 3= 0.332 (p<0.001)

b) Baseline - Follow up Change

B=0.878 (p<0.001)

Functional

EAP Change

v

Capacity Change

Cognition Change

=0.381 (p<0.001)

=0.910 (p=0.003)

Functional

EAP Change

B=0.532 (p=0.015)

Capacity Change

Indirect effect: f= 0.347 (p=0.009)

EAP = Early Auditory Processing, measured by Tone Matching Test; Cognition measured by MATRICS
Consensus Cognitive Battery; Functional Capacity measured by Brief UCSD Performance-Based Skills

Assessment

Fig. 3. Mediating role of cognition on the effect of EAP on functional outcome.

to make a clinically significant cognitive gain that was unlikely to have
occurred by chance. Functional change was also significant across treat-
ment conditions, with moderately large effect sizes at both endpoints.
The NNT of 1.625 indicated that <2 people needed to be treated for
one to make clinically significant functional gain. Even in the absence
of a non-cognitive control condition, these data indicate that the treat-
ment approach provided an excellent foundation for this study of
using EAP status to personalize CR.

Results provided some support for using baseline EAP as a tailoring
variable to personalize CR. Only in the EAP— subgroup did the
auditory-dependent domain of verbal learning respond significantly
better to CR that included EAP training. Global neurocognition was not
significantly more improved when EAP— participants received EAP
training, but moderate treatment effect sizes for cognitive outcomes fa-
vored provision of EAP training for the EAP— subgroup. As predicted,

the EAP+ subgroup showed no advantage with EAP training and treat-
ment effect sizes comparing impact of the CR approaches for cognitive
outcomes were negligible. Effect sizes for comparative impact of the
two types of CR on functional outcome were small to moderate for
both EAP+ and EAP— subgroups.

Training data also supported tailoring treatment by baseline EAP sta-
tus. Only in the EAP impaired group was improvement on the task that
targets Auditory Processing Speed (APS) significantly associated with
cognitive gain. Further, the NNT analysis speaks to a difference in how
baseline EAP status impacts response to CR with auditory training.
Whereas only 1 in 6 EAP+ patients exposed to EAP training made clin-
ically significant improvement in cognition (9+ T points), 1 in 2.43
EAP— patients exposed to EAP training had clinically significant im-
provement in cognition. Interestingly, the NNT of 2.43 for cognition in
EAP— patients compares favorably to the predicted NNT of 2.36
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Cognitive Change After 30
Sessions of CR

® Brain Basics*

[JBrain Training**
4.5

35

25 p=0.30

15
p<0.04

0.5
0

EAP-Impaired

Verbal Learning Gain (T Score Points)

EAP-Intact

CR conditions differed in that only *Brain Basics trained in EAP
and only **Brain Training trained in reasoning.

Fig. 4. Change in verbal learning when CR is tailored to EAP status.

provided in the Thomas et al. (2017) study which was based on cross-
sectional data from 1415 patients who underwent EAP, cognition and
functional assessments.

Several factors may have influenced why there were not signifi-
cantly better global cognition and functional outcomes for the EAP—
subgroup exposed to EAP training. The benefit of auditory processing
training may only be evident on auditory-based cognitive domains, as
we found. Also, small subgroup sample sizes and the EAP training ap-
proach used may require adjustment. Tone Matching performance did
selectively improve with use of the commercially available EAP training
program, but the change was not large relative to the magnitude of the
background deficit. EAP— patients in particular, may need to spend
more time on EAP exercises, or the exercises may need to better target
earlier phases of auditory processing. The data suggests that all these
possibilities are worthy of further investigation.

Consistent with prior research (Best and Bowie, 2017), we found
that the mechanism of functional change in cognitive remediation is
linked to cognitive change. Across the full sample, improvement in
MCCB was significantly correlated with improvement in UPSA-B mea-
sured from baseline to follow-up. Furthermore, mediation analyses at
baseline supported prior research reported by Thomas et al. (2017); in
this study, cognition partially mediated the effect of baseline EAP on
functioning. This present study is, however, relatively unique in its ap-
proach to understanding the role of EAP in change in functional out-
come following CR. Across treatment conditions for the full sample,
improvement in our measure of EAP had a significant effect on change
in functional outcome, where change in cognition partially mediated
this relationship. These data highlight the role of EAP in driving cogni-
tive and functional change and underscore the role of cognitive gain in
improving functional outcome.

It is important that feasibility guides research on methods to imple-
ment personalized CR. Unlike the Thomas et al. (2017) study which
used neurophysiological measures including MMN, P3a, and reorienting
negativity to measure EAP, our measure of EAP was the Tone Matching
Test, chosen both for its merits as a measure of EAP and its ease of use in
clinic settings. It is unlikely that clinic-based CR programs would have
access to electrophysiological measures, thus it is important that we
found similar results using a simple behavioral EAP assessment tool. Fu-
ture research using all these EAP measures will have value in confirming

the results of our study, keeping in mind the necessity for measures that
are feasible to implement.

In conclusion, the present findings support the role of EAP in devel-
oping assessment and treatment approaches for schizophrenia.
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