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Abstract

Background—Sensory processing abnormalities are common in schizophrenia (SZ) and impact
everyday functions, such as speech perception in noisy environments. Auditory-based targeted
cognitive training (TCT) is a “bottom up” cognitive remediation intervention designed to enhance
the speed and accuracy of low-level auditory information processing. However, the effects of TCT
on behavioral measures of central auditory processing (CAP) and the role of CAP function on
verbal learning outcomes in SZ are unknown.

Methods—SZ (n=42) and healthy subjects (CTL; n=18) underwent comprehensive clinical,
neurocognitive, and auditory assessments, including tests of hearing sensitivity and speech
recognition (Words-in-Noise (WIN), Quick Speech-in-Noise (SIN)). SZ patients were randomized
to receive either treatment-as-usual (TAU); or 30-h of TCT + TAU using a stratified, parallel
design. SZ patients repeated assessments ~10-12 weeks later.

Results—Patients exhibited CAP deficits in WIN (p<0.05, ¢=0.50) and SIN (0<0.01, ¢=0.63). A
treatment x time interaction on WIN (p<0.05, @=0.74), but not SIN discriminability, was seen in
the TCT group relative to TAU. Specific enhancements in the 4-dB over background range drove
gains in WIN performance. Baseline CAP deficits were associated with gains in verbal learning
after 30-h of TCT (p<0.01, ¢=1.28).

Conclusion—Findings demonstrate that intensive auditory training enhances the fidelity of
auditory processing and perception, such that specific CAP deficits were ‘normalized’. Moreover,
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CAP deficits were robustly associated with verbal learning gains. It is conceivable that patients
with deficiencies in CAP measures may benefit most from TCT and other interventions targeting
auditory dysfunction in SZ.

Keywords

Schizophrenia; cognitive training; central auditory processing; speech perception; speech-in-noise;
neurocognition

1. INTRODUCTION

Sensory and perceptual processing deficits in schizophrenia (SZ) are fundamental
contributors to the disabling clinical, cognitive and psychosocial features of the illness
(Javitt, 2009; Javitt and Freedman, 2015; Uhlhaas and Mishara, 2007). The most compelling
evidence of sensory dysfunction in SZ comes from neurophysiologic studies of the central
auditory system (Javitt, 2009; Light et al., 2015, 2007; Light and Braff, 2005), where
deficits in early information processing are linked to aberrant neurodevelopmental processes,
psychosis risk, and worse cognitive and psychosocial outcomes (Braeutigam et al., 2018;
Bruggemann et al., 2013; Koshiyama et al., 2020b; Oades et al., 2006; Thomas et al., 2017).
Hence, dysfunction of the central auditory system is increasingly viewed as a viable target
for the development of novel therapeutics for SZ and other neuropsychiatric disorders.

SZ patients demonstrate a broad range of central auditory processing (CAP) deficits,
including impairment in auditory discrimination (e.g., speech perception and recognition),
sound localization and lateralization, and auditory temporal processing (lliadou et al.,
2013; Martin et al., 2018; Perrin et al., 2010; Wexler et al., 1998). This constellation

of abnormalities in behavioral and electrophysiological tests of auditory function has led
clinical investigators to suspect the presence of a comorbid Central Auditory Processing
Disorder in certain SZ patients (lliadou et al., 2013; McKay et al., 2000). Indeed,
impairment in auditory attention, working memory and processing speed are commonly
experienced and contribute to functional impairment in both disorders. A cardinal feature
of central auditory processing disorders is impaired speech-in-noise perception. In both
conditions, difficulty discriminating spoken language in noisy backgrounds arises despite
‘normal’ hearing sensitivity to pure-tone stimuli (Pienkowski, 2017; Viertio et al., 2014).

Understanding speech in noisy backgrounds requires that intact CAP systems extract
meaningful ‘signals’ while filtering out unwanted ‘noise’. Interestingly, reduced cortical
signal-to-noise ratio has been implicated as a mechanism for multimodal sensory and
cognitive dysfunction in SZ (Molina et al., 2020b; Rolls et al., 2008). Not surprisingly,
deficits in speech-in-noise perception contribute to impairment in everyday functioning (e.qg.,
school, work, interpersonal communication and relationships) and negatively impact quality
of life (Brown and Kuperberg, 2015; Griffin et al., 2019; Vannson et al., 2015).

Enhancing central auditory processing with auditory-based targeted cognitive training (TCT)
is a promising approach to cognitive remediation in SZ. TCT is a “bottom-up” cognitive
remediation intervention that is designed to enhance the speed and accuracy of low-level
sensory and perceptual processing of auditory information (e.g., cortical mechanisms that
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support higher-order cognition)(Mahncke et al., 2006). The efficacy of TCT and other
cognitive remediation interventions on cognitive, clinical and functional outcomes have been
confirmed by individual studies and meta-analyses (Cella et al., 2017; Fisher et al., 2009;
Prikken et al., 2019; Smith et al., 2009; Wykes et al., 2011). Similar forms of auditory
training produce “bottom-up” gains in neurocognition and clinical outcomes in disorders
with central auditory nervous system involvement (Anderson et al., 2013; Ferguson and
Henshaw, 2015; Weihing et al., 2015). Moreover, measurements of CAP deficiencies may
help identify SZ patients who are likely to respond to specific interventions, such as
auditory training (Weihing et al., 2015). For example, Medalia et al. reported that central
auditory function as measured by performance on a tone matching task was predictive of
improvement in verbal learning in response to auditory training.

Despite the widespread recognition that auditory dysfunction is a core mechanism
underlying important aspects of the social-cognitive impairment in SZ (Javitt, 2009; Javitt
and Freedman, 2015), behavioral measures of CAP function remain underutilized in clinical
and translational SZ research. Speech-in-noise perception tasks have been described as
‘stress tests’ of auditory function (Wilson and McArdle, 2007), as the signal-to-noise ratio
can be dynamically adjusted to determine individual speech recognition thresholds and
index the degree of perceptual improvement in response to specific auditory interventions,
like TCT (MacPherson and Akeroyd, 2014).

We previously demonstrated that CAP indices of words- and sentences-in-noise were
dynamically modulated by acute pharmacologic challenges in SZ patients and healthy
controls (Swerdlow et al., 2020, 2017). These studies suggest that plasticity of the central
auditory system exists within a ‘dynamic range’, where task demands exceed the capacity
of the underlying CAP system. However, the effects of TCT on plasticity of the CAP
system remain incompletely understood (Dale et al., 2020; Koshiyama et al., 2020a; Molina
et al., 2020a). We previously reported that TCT improved verbal learning in a cohort of
treatment-refractory SZ patients; moreover, neurophysiologic biomarkers collected at the
outset of treatment predicted the magnitude of clinical and cognitive gain (Hochberger et
al., 2019; Molina et al., 2020a; Thomas et al., 2018). As part of these recent studies of
auditory-based TCT, measures of auditory discrimination and speech perception were also
used to characterize the extent of CAP deficits in SZ patients compared to healthy subjects
and to determine whether TCT led to improvement in behavioral measures of CAP. We also
aimed to explore whether baseline CAP performance was associated with the observed gains
in verbal learning in refractory SZ patients after a therapeutic course of TCT.

2. MATERIALS AND METHODS

2.1 Participants and study design

Sixty participants, including subjects with treatment-refractory psychotic disorders (n=42)
and nonpsychiatric comparison subjects (n=18) were recruited from the greater San Diego
community. Details of the recruitment and ascertainment procedures for this clinical trial
were previously described (Hochberger et al., 2019; Molina et al., 2020a; Thomas et

al., 2018). Briefly, patients with SZ or schizoaffective disorder were recruited from a
community-based inpatient treatment program following an acute care hospitalization.

Schizophr Res. Author manuscript; available in PMC 2022 July 07.
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Healthy nonpsychiatric comparison subjects were recruited via online advertisements.
Diagnosis was confirmed using an abbreviated version of the Structured Clinical Interview
for DSM-IV-TR (First et al., 2002). Exclusion criteria included premorbid intellectual
disability (e.g., Wide Range Achievement Test (WRAT) reading subtest below 70),
inability to provide informed consent, limited English proficiency, history of neurological
illness or head injury, severe systemic illness, or diagnosed hearing loss. Hearing was
screened, in both ears independently, to ensure participants could detect 40-dB HL (decibel
Hearing Level) pure tones from 1-8 kHz frequencies using standardized headphones and a
manual audiometer (AM 232; Welch Allyn, Inc., Skaneateles Falls, NY) in a quiet room.
Nonpsychiatric comparison subjects were additionally excluded if they had any significant
history of mental illness or screened positive on urine toxicology.

After initial screening, all participants underwent comprehensive auditory (e.g., audiograms,
CAP testing), clinical, and neurocognitive (e.g., MATRICS Consensus Battery (Nuechterlein
et al., 2008)) assessments. SZ patients were randomized to receive standard of care treatment
or “treatment-as-usual” (TAU, n=21), including medication management, individual and
group therapy, and participation in structured social activities; or 30-h of auditory-based
targeted cognitive training (TCT, n=21) in addition to TAU using a parallel design with
stratified random assignment by age, sex, and ethnicity. Structured auditory, clinical and
cognitive assessments were repeated at the end of the study (approximately 10-12 weeks
later) in SZ patients. The Institutional Review Board of University of California, San Diego
approved all experimental procedures (IRB#130874).

2.2 Central Auditory Processing Assessments

Auditory discrimination was tested using Words-In-Noise (WIN; NIH Toolbox (Zecker et
al., 2013)) and Quick Speech-In-Noise (SIN; Etymotic Research, EIk Grove, IL (Killion

et al., 2004)) tests with modifications to allow for binaural presentation. Both WIN and
SIN assess the ability to recognize speech over background noise, similar to deciphering
conversation in a noisy environment (e.g., a “cocktail party”); e.g., functions that are
deficient in SZ (Abdul Wahab et al., 2017; McKay et al., 2000; Viertio et al., 2014).
Speech stimuli are presented at varying signal-to-noise ratios (SNR), such that the intensity
of the ‘signal’ (e.g., speech) varies over a background conversation ‘noise’ (e.g., four-talker
babble). Specifically, WIN is presented at 7 SNRs calibrated in 4-dB decrements from
24-dB to 0-dB and SIN is presented at 6 SNRs in 5-dB decrements from 25-dB to 0-dB.
WIN uses single monosyllabic words to assess recognition performance, whereas SIN
utilizes sentence-level stimuli with limited contextual cues. Subjects repeat the words or
sentences aloud, and their responses are scored based on repetition accuracy of the word
(WIN) or five “key” words (SIN). The primary measure for both tests is the sum of the #
correct at each dB over background level. As these tests are widely used in the audiologic
assessment of hearing-impaired populations, ceiling effects in our normal hearing subjects
are expected when stimuli are presented at levels greater than 10-dB above background
noise. Similarly, floor effects are expected when the words are presented at 0-dB above
background. In addition to overall performance (total # correct), complimentary measures
of the 50% point (e.g., the SNR needed to obtain 50% correct recognition) were calculated
using the Spearman-Karber equation to quantify SNR loss in decibels (Wilson et al., 2007)
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and are shown in Table 1. WIN performance data (e.g., analyses of pre- and post- total score
data) in SZ patients were previously reported (Thomas et al., 2018).

2.3 Targeted Cognitive Training

TCT was administered on individual laptop computers with headphones. Details of the
cognitive training exercises delivered to this cohort as part of the TCT training suite were
previously reported (Hochberger et al., 2019; Joshi et al., 2019; Molina et al., 2020a;
Thomas et al., 2018). Briefly, the TCT program consisted of six training exercises provided
by BrainHQ (Posit Science Corporation; San Francisco, CA). Training exercises were
designed to engage neuroplasticity mechanisms in auditory networks of auditory perception
and processing speed (Sound Sweeps, Fine Tuning) and auditory memory (Syllable Stacks,
Memory Grid, To-Do List Training, Rhythm Recall). Exercises applied an n-up/m-down
algorithm to participant responses to estimate thresholds, ensuring that participants were
engaging in the exercises and were continuously challenged at an appropriate level (~80%
accuracy) as their abilities improved.

2.4 Statistical analyses

Group differences in WIN and SIN performance were evaluated with independent sample
t-tests. Next, linear mixed effects models were used to evaluate whether auditory-based
TCT led to improvements in CAP measures of speech discrimination in SZ patients.

WIN and SIN total scores were regressed onto contrast-coded treatment (TAU, TCT), time
(before (pre) and after 30-h of TCT (posd), and interaction terms modeled as fixed effects
and random intercepts included for individual subjects. Lastly, post hoc analyses of CAP
performance in SZ patients were conducted to explore whether SZ patient with relatively
higher vs. lower performance on WIN and SIN performance (based on median splits) were
more likely to show improvement in verbal learning. Subject-level psychometric functions
were fit to speech discrimination data to estimate the “slope’ of the function (i.e., the rate of
perceptual benefit gained from small changes in SNR) using a maximum likelihood logistic
function as implemented in the “psignfit’ package (Frind et al., 2011) in Python. Statistical
analysis were implemented in R using the “/me4’(Bates et al., 2015) and ‘ EMA(tools”
packages and built-in functions.

3. RESULTS

3.1 Demographics and clinical features

Demographic and clinical characteristics of the sample are summarized in Table 1. As
expected, SZ patients completed fewer years of formal education (£4.7, p<0.001) and had
lower WRAT scores (£4.9, p<0.001) relative to nonpsychiatric comparison subjects. There
were no significant differences in age or sex between SZ patients and healthy comparison
subjects. No demographic or clinical variables were significantly different between the TCT
and TAU groups (all ¢’s<0.4).

3.2 Central Auditory Processing deficits in Schizophrenia

Discriminability for single-words- (WIN; £2.1, p=0.042, ¢=0.50; Figure 1a) as well as
sentences- (SIN; £2.8, p=0.007, ¢=0.63; Figure 1b) in-noise were significantly impaired in
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SZ patients relative to nonpsychiatric comparison subjects. Auditory discrimination scores
between WIN and SIN performance were highly correlated in all subjects (Pearson’s r=0.59,
p<0.0001; Figure 1c).

of Cognitive Training on Central Auditory Processing

Linear mixed effects models revealed a significant treatment x time interaction on single-
words- (WIN; g=1.7, SE=0.8, p=0.041, a=0.74; Figure 2a), but not sentences- (SIN; g=-0.1,
SE=0.9, p>0.5, ¢=-0.05) in-noise discriminability.

Analyses of WIN revealed a significant freatment x time x dB interaction, where TCT
enhanced WIN performance at the most linear potion of the psychometric function, the
4-dB over background range, (Figure 2c; g=1.1, SE=0.5, p=0.018, ¢=0.21). Of note, the
treatment x time x dB interaction remained statistically significant after adjustment for age,
chlorpromazine equivalents, and anticholinergic burden.

Supplemental Figure 1a shows the psychometric function curves of the mean WIN
performance before and after 30-h of TCT, revealing a ‘normalization’ of specific speech
perception deficits in SZ relative to healthy comparison subjects. Moreover, TCT-induced
gains (i.e., post minus pre difference score) in WIN performance at the 4-dB level were
significantly correlated with the magnitude of change (i.e., post minus pre difference score)
in slope (Supp. Fig. 1b; r=0.75, p<0.001) and threshold (Supp. Fig. 1c; r=0.65, p=0.002)
estimates derived from subject-level psychometric functions at the 50% point.

3.4 Central Auditory Processing deficits are associated with Verbal Learning Outcome

In an exploratory set of analyses, SZ patients who underwent TCT were classified as
‘CAP-deficit’ or ‘CAP-nondeficit’ based on the median split of baseline WIN and SIN
performance. There were no statistically significant differences in age, chlorpromazine
equivalents or anticholinergic burden between ‘CAP-deficit’ vs. ‘CAP-nondeficit’ groups.
Interestingly, SZ subjects who were most impaired in sentence-in-noise processing (SIN;
=2.9, p=0.008, ¢=1.28) showed robust improvement in verbal learning outcome. WIN-
impaired subjects also showed large effects size gains in verbal learning (WIN; £=1.9,
=0.08, a=0.86).

4. DISCUSSION

Listening has been referred to as “where hearing meets the brain”. The processing of speech
in noisy environments requires higher-order cortical functions to separate relevant signals
from backgrounds with varying degrees of sensory and perceptual ‘noise’. Therefore, it is
unsurprising that the speed and accuracy of auditory processing in real-world, noisy settings
is critical for everyday functioning, and why SZ patients with impairment in auditory
processing experience poor functional outcomes. Indeed, SZ patients had worse performance
on auditory processing tasks relative to controls, with a 1.2 and 2.2 dB SNR loss for
single-words (e.g., WIN) and sentences-in-noise performance (e.g., SIN), respectively (Table
1). These finding suggest that SZ patients require an additional 1-2 dB SNR (i.e., greater
listening and/or cognitive effort) to understand 50% of speech spoken in noise as compared
to healthy subjects without CAP deficits. Specific CAP deficits were normalized by — and

Schizophr Res. Author manuscript; available in PMC 2022 July 07.
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were predictive of — cognitive gains after an intensive 30-h course of auditory-based TCT in
SZ.

These findings are consistent with previous studies showing that TCT-induced enhancement
in sensory processing (e.g., auditory processing speed) drive gains in verbal learning
(Biagianti et al., 2016) and modulate the activity and connectivity of distributed
corticothalamic circuits (Dale et al., 2016; Koshiyama et al., 2020a; Subramaniam et al.,
2014). Further, the generalization of TCT-induced gains in downstream sensory processing
onto upstream central processing suggest an intermediate step (e.g., CAP gains) in the
‘bottom up’ cascade of events linking improved sensory processing to the salutary effects
of TCT on neurocognition. In other words, SZ patients who underwent intensive auditory
training aimed at improving the low-level perceptual processing of specific acoustic features
(e.g., frequency, intensity, duration) experienced gains in higher-order speech-in-noise
perception, which support enhanced plasticity in cortical structures involved in language,
cognition and behavior. Importantly, this distal ‘transfer’ of learning involved training that
was unrelated to task demands (e.g., quiet vs noise background) and stimulus type (e.g.,
tones/phonemes vs. speech). Similar improvement in speech-in-noise perception have been
reported for individuals with audiological impairment as well as those with normal hearing
after intensive auditory discrimination training (Ferguson and Henshaw, 2015; Gao et al.,
2020; Weihing et al., 2015).

Notably, the improvement in auditory processing in this study was most pronounced

within the most linear portion of the psychometric function (Supp Fig. 1a), the 4-dB

over background range for single-words in noise, which appeared to drive the changes in
discrimination thresholds (Supp. Fig. 1c). Indeed, 4-dB performance was correlated with
the degree of ‘normalization’ of speech discrimination thresholds and perceptual gains for
single-word in noise in SZ patients. We previously reported that speech-in-noise perception
is dynamically enhanced in the 4-5 dB range by acute pharmacologic manipulations with
pro-attentional and pro-cognitive drugs, like amphetamine and memantine (Swerdlow et al.,
2020, 2017). Taken together, these studies suggest that pro-cognitive interventions like TCT
and drugs that enhance early sensory processing, may enhance the figure-ground resolution
of auditory ‘signals’ embedded in backgrounds of noise. Speculatively, this improvement

in CAP may generalize to enhanced everyday communication skills in SZ patients and

may have beneficial consequences on interpersonal functioning and other quality of life
domains (Leroi et al., 2020). Future studies are needed to better clarify the functional and
psychosocial consequences of improved speech-in-noise discrimination in SZ.

Marked training related changes were observed for WIN performance, a task of sing/e-
word perception in noisy backgrounds, but not SIN performance—a task of sentence
discrimination in noisy backgrounds. This dissociation between WIN vs. SIN, could be
attributable to task-related differences in the phonological and semantic complexity of
presented stimuli and the additional cognitive resources required to accurately recall a list of
5- vs 1- words embedded in a noisy background. Importantly, no differences in attentional
performance were observed between TCT and TAU groups at baseline or follow-up 10-12
weeks later. In other words, neither attention nor the more attentionally demanding speech-
in-noise task “moved” following TCT in this study.

Schizophr Res. Author manuscript; available in PMC 2022 July 07.
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It is worth noting that we have observed similar dissociations between single-word

vs. sentence-in-noise discriminability in at least two independent experimental medicine
studies conducted in our laboratory. Whereas acute exposure to the pro-attentional drug
amphetamine, improved sentence- but not word-in-noise discriminability, the sensory-
enhancing drug memantine acutely improved single-word (Swerdlow et al., 2020, 2016,
2009) but not sentence-in-noise discriminability, supporting the general notion that the
immediate recall of complex sentences in noisy backgrounds involves greater attentional and
working memory demands than single-words.

Given prior behavioral and neurophysiologic studies suggesting that CAP deficits could
help identify individuals who benefit from TCT (Biagianti et al., 2016; Hochberger et al.,
2019; Medalia et al., 2019; Molina et al., 2020a), we created indices of ‘CAP-deficit’
status, reflecting poor performance on WIN and SIN. Importantly, ‘CAP-deficit’ status,
particularly on SIN performance, was associated with improved verbal learning outcomes
in response to TCT, which could have implications for patient stratification strategies in
future pro-cognitive clinical trials. While these post hoc analyses should be interpreted
with caution and require prospective replication in larger clinical cohorts; these findings
are in agreement with previous studies demonstrating that individual differences in baseline
CAP performance were predictive of clinical benefit in SZ patients and nonpsychiatric
clinical populations undergoing auditory training (Medalia et al., 2019; Smith et al., 2016).
Similarly, these intriguing results suggest that the most impaired patients on specific CAP
tasks may have the most “room to move” and therefore might benefit most from intensive
auditory training (Swerdlow et al., 2018).

Findings from the current study should be considered in the context of several important
limitations. First, the sample size of this study was modest and powered to detect moderate
to large effect sizes (Thomas et al., 2018), that said, the statistical interactions between TCT,
WIN performance and the 4-dB range are consistent with our prior experimental medicine
studies revealing a ‘dynamic range’ where the fidelity of speech-in-noise perception benefits
both from acute doses of sensory-enhancing drugs and from intensive auditory sensory

and perceptual training. Second, medication status was not experimentally controlled in

our design. While we cannot rule out the possibility that medications impacted training-
induced gains in speech discrimination and perception, chlorpromazine equivalents and
anticholinergic burden were not statistically different in any of our comparison groups,

and present findings were not significantly affected by covarying for medication status.
Third, speech stimuli in our study were presented binaurally. Previous studies suggest that
speech-in-noise performance is benefitted up to 1-dB by binaural vs monoaural presentation
(Wilson, 2003). Therefore, it is unclear whether the severity of speech-in-noise deficits in
SZ patients in the present study were underestimated due to the binaural presentation of
auditory stimuli. Fourth, this study was conducted in treatment refractory SZ patients with
well-established illness, therefore these findings may not generalize to at-risk, early-illness,
or non-refractory clinical populations.

Schizophr Res. Author manuscript; available in PMC 2022 July 07.
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5. CONCLUSIONS

These findings add to the growing body of evidence linking auditory processing deficits

in SZ to impairment in everyday functional tasks, such as speech-in-noise perception.
Moreover, these findings demonstrate that intensive auditory training enhances the fidelity
of auditory processing and perception, such that specific deficits in CAP moved closer to
the levels of healthy, nonpsychiatric comparison subjects. Conceivably, patients identified
to have deficiencies in behavioral measures of CAP may benefit most from TCT and
other treatments targeting auditory dysfunction in SZ. These findings call for a more
nuanced psychophysical and behavioral characterization of CAP function, complemented
by well-validated neurophysiological biomarkers (Light et al., 2020; Light and Swerdlow,
2020, 2015; Molina et al., 2020a; Molina et al., 2016), in the evaluation of central auditory
dysfunction and pro-cognitive therapeutic development in SZ.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Central auditory processing deficits in schizophrenia. Auditory discrimination deficits were

seen for both Words- (A; ¢=0.50, p<0.05) and Sentences- (B; ¢=0.63, p<0.01) in-Noise tasks
relative to nonpsychiatric comparison subjects (CTL). Measures of auditory discrimination
were strongly correlated in all subjects (Pearson’s r=0.58, p<0.001).
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Figure 2.
The effects of auditory-based TCT on central auditory processing. 30-h of TCT led to

improvement in WIN (A; ¢=0.74, p<0.05), but not SIN (C, p>0.5) performance relative to
the TAU group. (B) A significant tfreatment x time x dB interaction on WIN performance
was observed; TCT specifically enhanced auditory fidelity in the 4-dB over background
range (¢=0.21, p<0.05); solid lines represent T1, dotted lines represent T2, dashed lines
(lower half of figure) represent the T2-T1 difference scores of WIN performance for TCT
(blue) and TAU groups (red).
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Figure 3.

Baseline CAP deficits are associated with Verbal Learning outcomes after 30-h of TCT.
Exploratory analyses of central auditory processing (CAP) deficits (based on median split)
on verbal learning outcomes in SZ patients who underwent TCT were performed. (A) SZ
patients who were most impaired in WIN performance experienced trend level benefits in
verbal learning (A; p=0.08, ¢=0.86). (B) SIN impaired patients experienced robust gains in
verbal learning outcomes (0=0.008, ¢=1.28).
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Demographic and clinical characteristics.

Table 1.

CTL (n=18) mean (sem.) SZ (n=42) mean (s.e.m.) p
Age 39.3 (2.4) 34.4(1.8) ns.
Duration of llIness - 14.8 (1.9) -
Sex (F:M) 08:10 22:20 n.s.
Education 15.2 (0.6) 12.0 (0.3) <0.001
WRAT 107.2 (2.4) 91.9 (2.1) <0.001
WIN Total 26.8 (0.5) 25.3 (0.5) <0.05
WIN 50% Point 4.6 (0.4) 5.8 (0.4) -
QSIN Total 23.9 (0.5) 21.7 (0.6) <0.01
QSIN 50% Point 3.6 (0.5) 5.8 (0.6) -
Global Assesssment of Function - 30.8 (0.9) -
SAPS Composite - 15.0 (2.5) -
SANS Composite - 19.0 (1.9) -
Chlorpromazine Eq. - 1041.8 (146.4) -
Anticholinergic Burden - 5.1 (0.5) -
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