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Background. Both language and music are thought to have evolved from a musical protolanguage that communicated
social information, including emotion. Individuals with perceptual music disorders (amusia) show deficits in auditory
emotion recognition (AER). Although auditory perceptual deficits have been studied in schizophrenia, their relationship
with musical/protolinguistic competence has not previously been assessed.

Method. Musical ability was assessed in 31 schizophrenia/schizo-affective patients and 44 healthy controls using the
Montreal Battery for Evaluation of Amusia (MBEA). AER was assessed using a novel battery in which actors provided
portrayals of five separate emotions. The Disorganization factor of the Positive and Negative Syndrome Scale (PANSS)
was used as a proxy for language/thought disorder and the MATRICS Consensus Cognitive Battery (MCCB) was used to
assess cognition.

Results. Highly significant deficits were seen between patients and controls across auditory tasks (p<0.001). Moreover,
significant differences were seen in AER between the amusia and intact music-perceiving groups, which remained
significant after controlling for group status and education. Correlations with AER were specific to the melody domain,
and correlations between protolanguage (melody domain) and language were independent of overall cognition.

Discussion. This is the first study to document a specific relationship between amusia, AER and thought disorder,
suggesting a shared linguistic/protolinguistic impairment. Once amusia was considered, other cognitive factors were
no longer significant predictors of AER, suggesting that musical ability in general and melodic discrimination ability
in particular may be crucial targets for treatment development and cognitive remediation in schizophrenia.
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Introduction protolanguage theory further proposes that language
and music developed formally and tonally first
(Jespersen, 1922; Wray, 1998; Arbib, 2005, 2008), with
semantics (word meaning) coming later, suggesting
that deficits in perception of language form (thought

form) and protolanguage (music and emotion) percep-

Music has an ability to elicit emotions and to activate
emotion-related brain regions (Juslin & Laukka, 2003;
Escoffier et al. 2013). Darwin (1871) proposed that
this function of music probably arises because of its

ability to tap into an innate, pre-existing ‘musical pro- . .
ty p P & P tion would be inter-related.

Recently, it has been demonstrated that individuals
can have isolated deficits in musical ability, a condition

tolanguage’ system of the brain that arose in the course
of primate evolution. As expanded upon by later
researchers (Fitch, 2006; Masataka, 2009), this protolan-

. . L . . termed ‘congenital amusia’ (or ‘tone deafness’), and
guage in turn permitted communication of basic social . . . . .
: . o . defined as an impairment in melody perception and
information, for example establishing social struc- . . .
. . . . production that cannot be explained by hearing loss,

ture or infant-mother relationships, even prior to the . . .
. . . . . brain damage, intellectual deficiencies or lack of
evolution of formal linguistic taxonomies. Musical . .
music exposure (Peretz, 2013). Amusia is commonly

measured by the Montreal Battery for Assessment of
Amusia (MBEA; Peretz et al. 2003), a battery that as-
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sesses processing of complex musical phrases. The
MBEA assesses perceptual musical disorders and amu-
sia, and is operationalized both narrowly, by having
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melodic impairments only (Thompson et al. 2012;
Peretz, 2013), and broadly/globally, also incorporating
deficits in rhythm and working memory (Peretz ef al.
2003). We are aware of one previous report (Hatada
et al. 2013) of the MBEA in schizophrenia, finding a
significant deficit in Japanese-speaking patients, high-
lighted by a 62% rate of amusia.

Although impairments in thought form, such as
derailment, tangentiality and incoherence, illogicality
and circumstantiality (Rodriguez-Ferrera et al. 2001;
Sans-Sansa et al. 2013), have been documented in
schizophrenia since at least the time of Bleuler (1950),
impairments in auditory emotion recognition (AER)
and broader aspects of protolanguage perception
have only been appreciated more recently (Ross et al.
2001). Moreover, prominent sensory contributions to
these deficits have been increasingly recognized over
the past few years (Leitman et al. 2010; Gold et al.
2012; Kantrowitz et al. 2013, 2014).

One of the best-established and most pernicious
aspects of schizophrenia is an impairment of social
cognition (Green & Leitman, 2008), including the abil-
ity to detect emotion from vocal information (Leentjens
et al. 1998; Edwards et al. 2002; Leitman et al. 2005,
2010; Bozikas et al. 2006; Hoekert et al. 2007; Bach
et al. 2009a,b; Gold et al. 2012; Yang et al. 2012;
Pinheiro et al. 2013). For example, it has been proposed
that deficits in social cognition mediate effects of neu-
rocognitive impairments on ability to engage in com-
petitive employment (Combs et al. 2011; Luedtke
et al. 2012).

Over the past several years, the role of auditory
dysfunction as a contributor to social cognitive im-
appreciated.
Schizophrenia patients show impairments not only in

pairment has become increasingly
tone matching (Strous et al. 1995) but also in generation
of early auditory event-related potentials (ERPs) such
as mismatch negativity (MMN) (Umbricht & Krljes,
2005; Light et al. 2007, Wynn et al. 2010; Friedman
et al. 2012). Deficits in both tone matching (Gold
et al. 2012) and MMN (Jahshan ef al. 2013) contribute
strongly to impaired AER ability, consistent with
sensory-based contributions to impaired AER.

Given the hypothesized relationship between the
perception of complex musical phrases, language
form and AER, the MBEA may also be useful for inves-
tigations of protolinguistic competence. For example,
one recent study evaluated individuals with congenital
amusia who were otherwise without psychiatric or
neurological disorder (Thompson et al. 2012). In that
study, amusic individuals showed highly significant
AER deficits, despite having otherwise intact neuro-
cognitive function.

The concept of amusia, as assessed by the MBEA,
goes beyond simple tone matching by using complex
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musical phrases that we hypothesize are better
matches of complex emotional speech than simple
tone matching. To assess this hypothesis, we have
incorporated measures of both tone matching and
general neurocognitive impairment, along with the
MBEA, to evaluate relative contribution of these mea-
sures to the well-described impairments of AER in
schizophrenia.

Musical protolanguage theory also predicts shared
processing of music and language form, as supported
by recent neuroimaging studies (Sammler et al. 2009,
2013; Asaridou & McQueen, 2013). We used the Dis-
organization (Cognition) factor (Lindenmayer et al.
1994) of the Positive and Negative Syndrome Scale
(PANSS; Kay et al. 1987) to obtain an operationalized
measure of formal language dysfunction. This factor
was chosen because of its inclusion of the language-
specific items conceptual disorganization (P2) and
abstract thinking (N5). We predicted that correlations
between the MBEA and language would be indepen-
dent of control for cognitive ability.

Finally, we have previously demonstrated (Leitman
et al. 2010) that, when identifying emotion based
upon tone of voice, patients tend to misidentify not
only the intended emotion but also the intended
strength of characterization, which we term auditory
emotion intensity recognition (AEIR). In particular,
patients differentiate less between weak and strong
portrayals of emotion, primarily because of overesti-
mation of the intended strength of weakly portrayed
emotions. As with impairment in emotion recognition
itself, AEIR deficits correlate with impaired early audi-
tory processing ability, although its relationship with
musical processing has not been evaluated. Therefore,
as with AER, the present study evaluated substrates of
impaired AEIR in schizophrenia.

Method
Subjects

Subjects consisted of 31 medicated patients recruited
from long-term in-patient (1=12) and supervised resi-
dential sites (n=19) and 44 healthy volunteers, of
whom 16 performed the MBEA only. All subjects
gave their signed informed consent to participate in
the study, following a full description of the study
procedures.

Patients met DSM-IV-TR criteria for a diagnosis
of schizophrenia (n=23) or schizo-affective disorder
(n=8), with no significant between-diagnosis differ-
ences on auditory tasks (p=0.8). We excluded controls
with a history of an Axis I psychiatric disorder, as
defined by the SCID (First et al. 1997). Patients and con-
trols were excluded if they had any neurological or
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Table 1. Study demographics

Amusia in schizophrenia

Controls Patients

(n=44) (n=31)
Age (years)? 33.4+10.0 39.4+9.9
Male (%) 61 87

Highest education (years)”
Parental SES (n)?
Participant SES (n)®
MCCB composite ¢ score”
Duration of illness (years)
Tone-matching (%)*

15.4+2.8 (42)
443142 (31)
40.8+12.1 (32)
47.9+8.8 (29)

84+11 (31)

11.4£2.2 (29)
35.1+12.6 (22)
23.2+7.5 (29)
31.0+8.6 (31)
14.8+8.2 (24)
70+15 (31)

2741

PANSS
PANSS Disorganization factor -
PANSS Positive factor
PANSS Negative factor

74.5+12.9 (29)
11.3£3.6 (29)
13.3+4.2 (29)
15.6+5.1 (29)

SES, Socio-economic status (measured by the four-factor Hollingshead scale); MCCB,
MATRICS Consensus Cognitive Battery; PANSS, Positive and Negative Syndrome Scale

(Lindenmayer ef al. 1994).

Values given as mean+standard deviation (with number in parentheses).
#p<0.05 on Mann-Whitney for categorical values and independent-sample f tests for

continuous values.

auditory disorders noted on their medical history or in
prior records, or for alcohol or substance dependence
within the past 6 months and/or abuse within the
past month (First et al. 1997).

In addition, a subsample of subjects completed the
AER task, the PANSS (Kay et al. 1987; Lindenmayer
et al. 1994), with the Disorganization (Cognition) factor
used as a proxy for language ability. The Measurement
and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) Consensus Cognitive Bat-
tery (MCCB; Nuechterlein & Green, 2006) was used
to assess general cognition. The Social Cognition do-
main was not included. Data in the text are given as
means+*standard deviation (s.D.). Patients were receiv-
ing a mean antipsychotic dose of 774+565 chlorpro-
mazine equivalents (Woods, 2003). Demographics,
behavioral ratings and scores for individual tasks are
presented in Table 1.

Auditory tasks

All auditory tasks were presented on a CD player at a
sound level that was comfortable for each listener in a
sound-attenuated room. Subjects worked 1:1 with an
experienced tester, and were encouraged to take breaks
when needed.

MBEA

The MBEA is described fully in Peretz et al. (2003).
In brief, it contains six subtests across the three
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domains: Melody (three tests: scale, contour, interval)
and Rhythm (two tests: rhythm, meter) organization
and Memory (one test: incidental music memory
recognition). Two to four examples were provided
preceding each task to ensure that the subject clearly
understood the task instructions (see online Sup-
plementary Material). These examples were repeated
if necessary.

All six tests use the same pool of 30 novel musical
phrases that were composed according to the rules of
the Western tonal system, written with sufficient com-
plexity to guarantee its processing as a meaningful
structure rather than as a simple sequence of tones.
The selections last a mean of 5.1s in all but the metric
test, in which the stimuli lasted twice as long (mean=
11s).

Melody and rhythm tests require subjects to perform
a same—different classification task in which pairs are
either the same or have one note that differs in pitch
or duration. The memory task is an incidental-memory
recognition task in which subjects are asked whether
they have previously heard the selection during the
task. Amusia was operationalized using published
norms (Peretz, 2013) by a<73.3% on the scale subtest.

AER and AEIR

AER was assessed using a new battery of 248 stimuli
(Laukka & Elfenbein, 2012). To refine the task for fu-
ture use, analysis focused on the subset (7=137) of
items in which both groups scored above 35% on
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emotional identification [1.5s.D. above chance perfor-
mance (20%)]. Unlike the previous battery, which
used actors who spoke with British-accented English
(Gold et al. 2012), stimuli in the new battery were spo-
ken by native American-English speakers and were
scored based upon the speaker’s intended emotion
(happy, sad, angry, fear or neutral) and intensity
level (high, medium and low). The verbal material con-
sisted of short emotionally neutral phrases (i.e. ‘Let me
tell you something’).

AEIR was rated on a scale from 1 (very low inten-
sity) to 10 (very high intensity) for weak, medium
and strong emotional portrayals independently. AEIR
discrimination was defined as the mean rating for
high-intensity items minus the mean rating for low-
intensity items.

Tone-matching task

Pitch processing was assessed using a simple tone-
matching task (Leitman et al. 2010). This task consists
of pairs of 100-ms tones in series, with 500-ms inter-
tone intervals. Within each pair, tones are either ident-
ical or differed in frequency (Hz) by specified amounts
in each block (2.5, 5, 10, 20 or 50%). In each block, 12 of
the tones are identical and 14 are dissimilar. Tones are
derived from three reference frequencies (500, 1000 and
2000 Hz) to avoid learning effects. In all, the test con-
sisted of five blocks of 26 pairs of tones.

Statistical analyses

Demographics for the two groups were compared by a
Mann-Whitney test or Fisher’s exact test for categorical
values and by independent-sample ¢ tests for continu-
ous values. Between-group effects were assessed using
a multivariate analysis of variance (MANOVA) or a
repeated-measure ANOVA (rmANOVA), with stimu-
lus type as a within-subject factor and diagnostic
group as a between-subject factor, and follow-up uni-
variate ANOVAs or independent-sample ¢ tests were
conducted.

Relationships among measures were determined
by Pearson correlations and multivariate linear re-
gression. Within the linear regression, partial correla-
tions were used to assess significance of association.
Measures of sensitivity (d') and bias (criterion c)
(Stanislaw & Todorov, 1999) were calculated for
same—different trials of the MBEA. Two-tailed statistics
were used throughout with preset a level of signifi-
cance of p<0.05.
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Fig. 1. (a) Bar graph (meanzs.E.M.) of overall percentage
correct scores for Montreal Battery for Evaluation of Amusia
(MBEA) domains and auditory emotion recognition (AER).
(b) Scatter plot of MBEA versus AER. Correlations remained
significant after controlling for group status (partial r=0.37,
p=0.004). ** p<0.001 on independent-samples f test.

Results
Between-group analysis
MBEA

Patients showed a highly significant reduction in
MBEA total score relative to all controls (F;;;=49.5,
p<0.001), which remained highly significant after con-
trolling for years of education, gender and age (F1,70=
12.6, p=0.001). Equivalent deficits were seen across
the individual melody, rhythm and memory domains
(Fig. 1a), corresponding to a large effect-size impair-
ment (d=1.30).

Given this large difference, patterns of impairment
were further analyzed by comparing accuracy on
‘same’ and “different’ trials. The groups had relatively
high rates of correct response on ‘same’ trials (controls:
83.9+11.1%; patients: 80.3+15.0%) but significantly
lower accuracy in ‘different’ trials (controls: 80.4+
13.5%; patients: 58.3+20.6), yielding a highly sig-
nificant groupxerror type interaction (F;7,=34.8,
p<0.001). This pattern suggests that, like controls,
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patients adopted a strategy of saying ‘same’ unless
they accumulated evidence of a difference. This
was confirmed by signal detection analyses showing
highly significant between-group differences in sen-
sitivity (controls: d'=2.9+0.7; patients: d'=1.9+0.7;
t7»=5.3, p<0.0001) and bias (,=2.9, p=0.004), also
yielding a highly significant group xsignal interaction
(F1,72=29.8, p<0.001), suggesting that patients were
actively engaged in the task but mainly had reduced
sensitivity to between-stimulus differences in the
dimensions tested by the MBEA.

MBEA and AER

As in previous studies, patients showed highly sig-
nificant impairment in detecting intended emotion
(F1,60=27.1, p<0.001; Fig. 1a), with no significant
group xemotion interaction (F453=0.7, p=0.58). Pa-
tients also showed significant deficits in neurocognitive
function, as reflected in the MCCB composite score
(F1,58=56.6, p<0.001), and in early auditory function,
as reflected in tone-matching (Fy60=18.9, p<0.001)
(Table 1).

As predicted, a highly significant correlation was
observed between AER and MBEA total scores (r=
0.56, n=58, p<0.001; Fig. 1b). Significant independent
correlations were also observed between the melody
(r=0.55, n=58, p<0.001), rhythm (r=0.48, n=58,
p<0.001) and memory (r=0.44, n=58, p=0.001)
domains and AER.

Correlations with total scores (partial r=0.37,
p=0.004) and melody (partial r=0.37, p=0.005), but
not rhythm (partial ¥=0.06, p=0.67), remained sig-
nificant after control for group status. Similarly, corre-
lations remained significant after covariation for
MCCB (total-partial r=0.31, p=0.023; melody—partial
r=0.32, p=0.019) or tone-matching ability (total-partial
r=0.32, p=0.018; melody-partial r=0.31, p=0.022),
suggesting that correlations were also independent of
general cognitive and sensory processing deficits. More-
over, when group status, total MBEA and MCCB com-
posite scores were entered simultaneously into a
regression versus AER, a significant correlation was
observed with MBEA (partial r=0.28, p=0.046) but
not MCCB (partial r=0.20, p=0.16).

AEIR

Because the battery included weak, medium and
strong portrayals of emotion, it was also possible to
evaluate the degree to which patients experienced
and differentiated emotion intensity. Patients” overall
ratings for stimulus intensity were similar to those of
controls across all levels (F;s56=1.9, p=0.17). Never-
theless, patients differentiated between weak and
strong portrayals to a significantly smaller degree
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than controls (Fig. 2a), leading to a highly significant
group x portrayal strength interaction (F;55=15.8, p<
0.0001).

AEIR discrimination scores, defined as the difference
between ratings for strong and weak portrayal by sub-
ject, differed significantly between groups (Fig. 2b;
Fi156=17.7, p<0.001). This difference remained sig-
nificant when controlling for correct response (Fys55=
10.9, p<0.001), further demonstrating reduced ability
to discriminate
patients.

As with AER, impaired AEIR discrimination corre-
lated significantly with MBEA total score (r=0.49,
n=>58, p<0.001; Fig. 2c). The correlation also remained
significant after control for group status (partial
r=0.31, p=0.023). However, unlike AER, AEIR corre-
lated primarily with scores on the rhythm domain of
the MBEA (partial r=0.46, p<0.001) rather than on
the melody domain (partial r=0.12, p=0.39) in a step-

intended emotional strength in

wise regression. Correlations with the rhythm domain
remained significant after controlling for group status
(partial ¥=0.28, p=0.037).

Protolanguage

To assess the hypothesis that language form and
protolanguage were related over and above general
cognition, we performed a stepwise, multivariate re-
gression with the PANSS disorganization factor as
the dependent variable, MCCB entered in the first
step and MBEA domains in the second step. The mel-
ody subscale (partial r=—0.38, p=0.044) correlated
significantly with the disorganization factor, with
poor melody recognition scores predicting increased
disorganization. By contrast, MCCB scores (overall cog-
nition) correlated only at trend level (partial r=—0.34,
p=0.073), as did musical memory (p=0.09).

To further test the relationship between language
form and protolanguage, we extracted the language-
specific items of the PANSS disorganization factor
(P2 conceptual disorganization; N5 abstract thinking)
to create more a specific language/thought disorder
PANSS subscale. When the analysis was repeated
using this ‘language’ subscale, melody remained a
significant predictor (partial r=-0.43, p=0.025)
whereas the MCCB (partial r=—0.16, p=0.41) was not
predictive (Fig. 3a). By contrast, neither positive nor
negative symptoms correlated significantly with any
of the MBEA domains. Correlations between the
PANSS language subscale and the melody domain
remained significant even using non-parametric
(Spearman) correlations (r,=—0.45, n=29, p=0.014),
suggesting that the relationship was not due to
outliers.
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Fig. 2. Bar graph (mean+s.E.M.) of (1) auditory emotion intensity recognition (AEIR) ratings for high and low intended
intensity items and (b) AEIR discrimination (mean rating for high-intensity items minus mean rating for low-intensity
items). A highly significant group x portrayal strength interaction (F,3=19.8, p<0.0001) and a between-group difference in
discrimination (tss=4.7, p<0.001) were seen. (c) Scatter plot of Montreal Battery for Evaluation of Amusia (MBEA) versus
AEIR discrimination. Black shading indicates amusia. Correlations remained significant after controlling for group status
(partial r=0.30, p=0.023) *** p<0.001 on independent-samples ¢ test.

Groups by amusia

Based on published cut-offs (Peretz, 2013), 45% of
patients and 9% of controls met criteria for amusia.
As predicted, even after controlling for education, sig-
nificant main effects of AER ability were seen for
both amusia (Fy49=7.2, p=0.01) and group (Fy,49=7.4,
p=0.009; Fig. 2b).

Memory domain

Although patients showed reduced musical memory
ability versus controls (Fig. 1a), correlations with AER
(partial r=0.11, p=0.43) did not remain significant
after controlling for group status and the melody
domain. Similarly, correlations with AEIR (partial
r=0.35, p=0.057) did not remain significant after con-
trolling for group status and the rhythm domain.
By contrast, impaired memory on the MBEA correlated
significantly with overall cognitive ability across
groups (r=0.51, p<0.001). The correlation, moreover,
remained highly significant even after controlling for
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group status in a stepwise regression (partial r=0.38,
p=0.003).

Discussion

Although Bleuler (1950) considered sensory processing
as an ‘intact simple function’, increasing evidence
suggests that sensory processing in schizophrenia is
neither simple nor intact. The present study used a
test battery, the MBEA, developed specifically for the
assessment of musical perceptual deficits, and there-
fore also useful to probe the underlying musical proto-
language that is known to convey social emotion
during human interaction.

As predicted, patients showed deficits across MBEA
domains, and these deficits correlated significantly
with impaired AER ability. In addition, patients
showed significant difference in the ability to discrimi-
nate between intended strength of emotion portrayal,
with a tendency to overestimate intended strength of
weak emotions. Finally, as predicted, patients showed
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subscale (P2 conceptual disorganization and N5 abstract
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Consensus Cognitive Battery (MCCB).

significant correlation between impairments in melodic
processing and impairments in clinician-rated spon-
taneous language generation, as assessed using the
PANSS. These correlations remained significant even
after controlling for contributions of general cognitive
ability using the MCCB, suggesting a significant as-
sociation between prosodic and structural aspects of
language generation in schizophrenia.

Impaired AER function in schizophrenia patients
was most highly correlated with impairments in the
processing of melody, similar to recent results in indi-
viduals with amusia (Thompson et al. 2012). Further-
more, consistent with these recent findings, we found
specific contributions for both ‘amusia’ and patient
status to impairments in AER function (Fig. 3b), even-
after controlling for education. Nevertheless, a far
higher percentage of schizophrenia patients than con-
trols met criteria for amusia, and amusic controls
were otherwise neurocognitively normal, suggesting
that controls may be more able than schizophrenia
patients to compensate for primary deficits in musical
ability through the general use of cognitive, problem-
solving abilities.
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AEIR

Unlike AER correlations with melody impairment,
impaired AEIR correlated more specifically with defic-
its in rhythm. Of note, others have also recently
observed that aspects of rhythm are associated with
the arousal level of musically expressed emotions
(Laukka et al. 2013). As we have found previously
(Leitman et al. 2010), patients tended to overestimate
the intensity of the intended weak emotions (Fig. 2b),
leading to reduced differentiation of weak and strong
portrayals. The majority of emotion batteries do not
incorporate items with different intended strength of
portrayal, so that the literature regarding substrates
of emotion intensity discrimination has been less stud-
ied than those involving AER itself.

One of the primary ways in which individuals com-
municate calmness in social situations is by speaking
softly and slowly, leading others to understand that a
low level of emotionality is being communicated. The
correlation between MBEA rhythm domain scores
and AEIR discrimination suggests that, in schizo-
phrenia patients, and also in other amusic individuals,
such communication may be misperceived, leading to
patients feeling that others are speaking with more in-
tensity than is truly intended.

Protolanguage

We also assessed whether deficits in music discrimi-
nation would be correlated with other aspects of lan-
guage processing. In general, thought disorder in
schizophrenia (Barrera et al. 2005, 2009) is considered
to reflect dysfunction within both frontal and temporal
brain regions. Recently, however, imaging studies have
suggested that fluent disorganization in patients is
most related to left temporal lobe deficits involving
Broca and Wernicke’s regions, whereas poverty in con-
tent of speech is more related to frontal lobe changes
and dysfunction (Sans-Sansa ef al. 2013). Melody and
rhythm, by contrast, are thought to be processed in
the Wernicke homologue region of the right temporal
cortex (Albouy et al. 2013). The specific correlation
we observed between fluent thought disorder and
music perception (i.e. the PANSS language and mel-
odic processing) is thus consistent with correlated
bi-temporal involvement in schizophrenia. Given the
exploratory nature of the extracted language subscale,
this correlation should be verified using a validated
scale of language form.

Prevalence of deficit

The rate of amusia is commonly cited as around 4%
(Cuddy et al. 2005; Sloboda et al. 2005), although ab-
solute rates of amusia differ based upon cut-off.
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For example, the online MBEA database (www.brams.
umontreal.ca/plab/publications/article/57) reports an
amusia rate of 5.2% using the same criteria we used
in this report. Others have argued for d’-based scoring
(Henry & McAuley, 2010). Regardless of definition
used, however, schizophrenia patients showed signifi-
cantly higher amusia rates than the matched controls,
similar to previously published cohorts (Hatada et al.
2013).

Treatment implications

Music therapy was widely used in the 1950s and 1960s
for treatment of schizophrenia (Skelly & Haslerud,
1952; Gillis et al. 1958; Weintraub, 1961), but was
largely abandoned with budget cuts and increased re-
liance on medication during the 1970s to 1980s. Despite
the current disuse of music therapy in most clinical set-
tings, more recent clinical trials (Bloch et al. 2010;
Mossler et al. 2011) continue to show benefit despite
a lack of understanding of the mediating effects. Our
results suggest that development of schizophrenia
is associated with loss of musical ability in general,
rather than just loss of specific sensory functions such
as tone-matching ability or MMN generation, and
that these deficits may contribute not only to AER
impairments but also to disturbances in thought and
communication.

Given the importance of musical function to percep-
tion of emotion, and of emotion perception to social
outcome (Kee et al. 2003; Leitman et al. 2005, 2007;
Grant & Beck, 2010), our findings provide a potential
mechanistic basis for reported efficacy of musical ther-
apy approaches in schizophrenia. The present study
suggests that impaired musical ability, over and
above impairments in general cognitive ability, under-
lie impaired social interactional abilities in schizo-
phrenia and thus may represent a crucial target for
music-based remediation approaches (Herholz &
Zatorre, 2012). Furthermore, the MBEA may be useful
in schizophrenia both for identifying subjects who
would be likely to benefit from intervention and as a
way to monitor response. Compared with medication,
music therapy is associated with limited side-effects,
and potentially weight loss, and so should be reconsid-
ered as a potential tool for remediation of AER/AEIR
and social cognitive impairments in schizophrenia.

In conclusion, this study demonstrates the import-
ance of protolanguage, as measured by music percep-
tion, along with language deficits in communicatory
and social cognitive disturbances in both schizo-
phrenia and congenital amusia. Furthermore, our
results argue for greater screening of patients for
amusia and, potentially, for the revival of the study
of music therapy in schizophrenia, particularly the
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study of neuroscientifically music-based remediation
approaches (Herholz & Zatorre, 2012) that have been
shown to improve brain plasticity, including cognition,
in older adults and mobility after stroke. Proto-
language dysfunction, including impairments in mel-
ody and strongly
significant even following covariation for general cog-
nitive ability, and should therefore be considered a
separate domain of neurocognitive impairment that is
not captured within present cognitive assessment
approaches for schizophrenia.

rhythm perception, remains
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