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Abstract

Background: Major depressive disorder (MDD) is an important and highly prevalent mental disorder characterized by
anhedonia and a lack of interest in everyday activities. Additionally, patients with MDD appear to have deficits in various
cognitive abilities. Although a number of studies investigating the central auditory processing of low-level sound features in
patients with MDD have demonstrated that this population exhibits impairments in automatic processing, the influence of
emotional voice processing has yet to be addressed. To explore the automatic processing of emotional prosodies in
patients with MDD, we analyzed the ability to detect automatic changes using event-related potentials (ERPs).

Method: This study included 18 patients with MDD and 22 age- and sex-matched healthy controls. Subjects were instructed
to watch a silent movie but to ignore the afferent acoustic emotional prosodies presented to both ears while continuous
electroencephalographic activity was synchronously recorded. Prosodies included meaningless syllables, such as “dada”
spoken with happy, angry, sad, or neutral tones. The mean amplitudes of the ERPs elicited by emotional stimuli and the
peak latency of the emotional differential waveforms were analyzed.

Results: The sad MMN was absent in patients with MDD, whereas the happy and angry MMN components were similar
across groups. The abnormal sad emotional MMN component was not significantly correlated with the HRSD-17 and HAMA
scores, respectively.

Conclusion: The data indicate that patients with MDD are impaired in their ability to automatically process sad prosody,
whereas their ability to process happy and angry prosodies remains normal. The dysfunctional sad emotion-related MMN in
patients with MDD were not correlated with depression symptoms. The blunted MMN of sad prosodies could be considered
a trait of MDD.
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Introduction happy and sad faces compared with controls. In a dot-probe study,
Gotlib et al. [18] presented emotional faces for 1 second as stimuli
and found that depressed participants exhibited attentional bias
specifically for sad faces but not for angry or happy faces.
However, there was no difference between depressed individuals
and healthy controls in a recognition memory test for emotional
facial expressions [19]. Functional neuroimaging studies have also
described neurobiologically abnormal correlates of depression in a
common face-processing network. Some researchers reported
increased amygdala activation in response to negative facial

Major depressive disorder (MDD) is a highly prevalent mental
disorder characterized by anhedonia and reduced interest in
activities. Patients with MDD show increased use of medical
services, gradual impairment of social and work life, and
eventually, overall reduced quality of life.

Patients with MDD also experience deficits in various kinds of
cognitive abilities. Converging evidence shows that MDD patients
exhibit reduced executive function [1,2,3,4,5], abnormal psycho-

motor speed [6], a decremegt in vigil'ance [7]_: impaired memory expressions such as sad and fearful faces (review in [20]). Recently,
[8,9,10,11,12,13], and attention deficits [14,15]. event-related potentials (ERPs) have been examined widely in

Dysfunction in emotional information processing among MDD neuroscience studies. Using a task involving the evaluation of

patients has been extensively reported in previous studies. emotional intensity, Dai et al. [21] reported larger P1 and P2

Behavioral studies have shown abnormal processing of emotional components for sad compared with those for other types of faces in
facial expressions in MDD (reviewed in [16]). For example, one patients with MDD, which suggests that those with MDD were
study [17] reported that depressed individuals recognized neutral more responsive to sad stimuli. Negative attentional bias in MDD
faces less accurately and more slowly than cither happy or sad was thus demonstrated. Additionélly, reduced slow-wave (SW)

expressions, although they were equally accurate at recognizing
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activity was found in MDD patients, indicating blunted sustained
brain activity during processing of positive emotional stimuli [13].

Mismatch negativity (MMN), one cognitive element of ERP,
can provide a way to assess automatic neural responses to sensory
deviance (MMN; reviewed in [22]). The passive oddball paradigm
can be used to assess MMN when the ERPs elicited by standard
events are subtracted from the ERPs elicited by deviant events.
MMN is generally believed to reflect automatic processing in the
temporal and frontal lobes. However, a detailed model of the brain
mechanism underlying MMN remains under debate [23]. Over
the years, five major hypotheses have been formulated: (a) the
change detection hypothesis [24], (b) model adjustment hypothesis
[25], (c) adaptation hypothesis [26], (d) novelty detection
hypothesis [27,28], and (e) the prediction error hypothesis [29].
Notably, predictive coding models of MMN have been recently
examined (reviewed in [29]). MMN can be thought of as a
“prediction error” signal, mismatching the memory-based expec-
tations, which then alerts people to potentially relevant changes or
salient information in their surroundings.

MMN has been widely investigated in MDD patients, although
the results are not consistent. For example, Kahkonen and
colleagues [30] examined the auditory modality and proposed that
the MMN amplitude in response to 10% frequency deviance was
increased in patients with MDD. He et al. [31] also reported
enhanced frequency-MMN amplitudes in treatment-resistant
depressed individuals compared with healthy volunteers. In
contrast, a recent study conducted by Qiao et al. [32] found that
patients with MDD exhibited decreased duration-MMN ampli-
tudes over the frontal-central area under the increment condition
(150 ms MMN), although no significant difference between
patients and healthy controls was found for temporal MMN
regardless of whether the increment or decrement (50 ms MMN)
condition was used. They also reported that the MMN of patients
with MDD had longer peak latency than did that of healthy
controls. Additionally, Takei and colleagues [33] found that the
magnetic global field power of pure-tone frequency and the
duration MMNm, a magnetic counterpart of MMN, was
significantly decreased in those with MDD compared with healthy
volunteers. Although these researchers reported dysfunction in the
automatic processing of all observed patients with MDD,
Umbricht et al. [34] found that both frequency and duration
deviance-elicited MMN were normal in MDD. Additionally,
Lepisto et al. [35] employed a syllable deviance task and also
found unchanged MMN amplitude but shorter MMN latency in
children with MDD. Most patients in those studies were in
treatment, and evidence has shown that drug therapies such as
antidepressants may modify information processing in MDD
patients [36]. In view of these findings, it can be argued that basic
auditory features such as frequency, duration, and intensity play
important roles in automatic processing in MDD patients.

In a study using emotional stimuli, Chang et al. [37] reported
dysfunction in processing task-irrelevant emotional faces in
patients with MDD patients as reflected by expression-related
visual MMN. Their findings revealed that early MMN was smaller
and late MMN was absent in MDD patients compared with
healthy controls regardless of whether facial expressions were
negative or positive.

Emotional tone of voice is essential for verbal communication
and social interactions. The ability to perceive emotions from a
spoken utterance can be considered an insight into other human
beings’ minds including their intentions, attitudes, and feelings
[38]. A sudden change in prosody can be a significant indicator of
changes in the speaker’s emotions; this marker has the potential to
influence the cognition and behavior of others. Some evidence
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suggests that nonverbal vocal expression of emotion may occur in
the early stages of information processing and successfully elicit
MMN [39,40]. For example, Schirmer et al. [39] found that
deviant stimuli elicited MMN as an indicator of pre-attentive
acoustic change detection. Moreover, Thonnessen et al. [40]
reported in an MEG study that, independent of particular acoustic
features, MMN can be eclicited by changes in emotional prosody.
They found early responses (<200 ms) to emotional changes in the
bilateral auditory cortices, with more negative amplitude in the
right hemisphere.

In the present study, the deviant-standard reverse oddball
paradigm [41] was applied to investigate automatic processing of
emotional prosody among MDD patients. This paradigm has been
shown to minimize the influence of low-level variations in physical
features [42]. Given that visual expression-induced MMN is
reduced in MDD [37], we hypothesized that MMN elicited by
emotional prosody would also be reduced independent of
emotional categories.

Materials and Methods

Ethics Statement

This study was approved by the Ethics Committee of Dalian
Medical University in accordance with Declaration of Helsinki. All
participants provided written informed consent to participate in
the study after a detailed explanation of the entire procedure.

Participants

Eighteen patients with MDD recruited from outpatient and
inpatient departments at the First Affiliated Hospital of Dalian
Medical University in Liaoning, China, were tested. They were
matched for gender and age with 22 healthy controls (HC).
Consensus diagnoses according to DSM-IV criteria were per-
formed by two trained raters who independently assessed patients
and controls using a clinical review. All participants were screened
using the Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition, Patient
Edition (SCID) [43]. Severity of depression was evaluated using
a Chinese version of the 17-item Hamilton Rating Scale of
Depression (HRSD-17); severity of co-morbid anxiety was
measured using a Chinese version of the 14-item Hamilton
Anxiety Rating Scale (HAMA); cognitive impairment was
screened using the Mini-Mental State Examination (MMSE).
Group characteristics are shown in Table 1.

Exclusion criteria for all subjects included clear abnormality on
brain imaging, a history of major psychiatric disorders other than
MDD, major physical illnesses, traumatic brain injury, and taking
medications known to affect the central nervous system.
Additionally, both the MDD and HC groups reported normal
auditory and normal or corrected-to-normal visual acuity. All
patients were free of antidepressants, anxiolytics, mood stabilizers,
antipsychotics, psychotherapy, and hypnotics for at least 4 weeks
at recruitment.

Stimuli and Procedure

The syllables “dada” spoken with happy, angry, sad and neutral
emotional prosodies were produced by female speakers in the
same way as in the previous study [39]. Emotional and neutral
prosodies were equally long (happy/neutral: 573 ms; angry/
neutral: 557 ms; sad/neutral: 557 ms) and loud (happy/neutral:
72 dB max, 64 dB mean; angry/neutral: 67 dB max, 56 dB mean;
sad/neutral: 71 dB max, 65 dB mean). The deviant-standard
reverse oddball paradigm was used in the present study to
eliminate the effect of physical character on emotional prosodies.
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Table 1. Mean values (with SD) of demographic and clinical variables in MDD patients and healthy controls.

HC(n=22) MDD(n=18) t/x? P Value Cohen’s d
Mean Age(year) 35.55(12.55) 41.00(13.26) -133 0.19 0.42
Sex (Male/Female) 9/13 7/1 0.02 0.90 N/A
HRSD-17 3.00(1.51) 22.44(4.97) —17.43 <.01 5.29
HAMA 4.36(2.38) 22.17(6.71) —11.62 <.01 3.54
MMSE 29.86(0.35) 29.56(0.71) 1.80 0.08 0.54
Duration of illness(month) N/A 13.56(17.77) N/A N/A N/A

MMSE, Mini-Mental State Examination.
doi:10.1371/journal.pone.0091995.t001

Under each emotion condition in a given block, the emotional
prosodies served as deviants, and the neutral prosodies served as
standards. Under each emotion condition in the subsequent block,
the neutral prosodies served as deviants, whereas the emotionally
expressive prosodies served as standards. Differences in emotional
responses were investigated by comparing responses to physically
identical stimuli (i.e., the same emotional syllables as both
standards and deviants). Participants were presented with six
blocks that included 504 standards (p=0.875) and 72 deviants
(p=0.125) per block. A minimum of three and a maximum of 11
standards were presented between deviants. The order of blocks
was counterbalanced across participants. The stimulus onset
asynchrony (SOA) in the present study was 1200 ms.

During the experiment, patients were seated in a comfortable
chair in a sound-attenuated and electrically shielded room. The
auditory stimuli were delivered over headphones, and the sound
volume was set at a comfortable listening level. Patients were asked
to ignore the prosody and watch a silent movie shown on a
computer monitor 0.8 m in front of the chair. EEG data were
recorded when the stimulus sequence was present. Electrode
impedance was maintained below 5 kQ throughout the experi-
ment.

Data Acquisition and Analysis

Nose-referenced electroencephalogram (EEG) (amplified by
SynAmps 2 at bandpass 0.1-100 Hz, sampling rate 500 Hz) was
continuously recorded using silver/silver chloride electrodes from
64 electrodes mounted in an elastic cap according to the modified
10-20 system. The electro-oculogram (EOG) was recorded from
four electrodes attached above and below the left eye and at the
outer canthi of the eyes. Additionally, two recording electrodes
were placed at the left and right mastoids. EEG recordings were
segmented into epochs of 600 ms, including a prestimulus baseline
of 100 ms. Each epoch was averaged offline separately for each
stimulus class. The trials with artifacts greater than =100 pV,
which reflected contamination by drifts or muscle movements,
were rejected prior to averaging. The mean ERPs were digitally
filtered with a low-pass filter at 30 Hz (24 dB/oct). Additionally,
the typical artifacts (i.e., horizontal and vertical eye movements
and eye blink components) were removed. In the MDD group, the
mean number (SD) of accepted trials for happy, angry, and sad
deviants and happy, angry, and sad standards were 63 (7.61), 62
(11.15), 61 (11.54), 434 (62.05), 433 (68.82), and 440 (53.96),
respectively. In the HC group, the mean number (SD) of accepted
trials for happy, angry, and sad deviants and happy, angry, and
sad standards were 61 (11.03), 60 (9.35), 60 (9.86), 413 (78.64), 420
(66.86), and 434 (72.58), respectively. Irrespective of stimulus type
(deviant or standard), we found no significant difference in the
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number of accepted trials either within or between the two groups
under the three emotion conditions (ps >0.05).

The emotional MMN was calculated by subtracting the ERPs
elicited by the emotional syllables serving as standards from the
ERPs elicited by the physically identical syllables serving as
deviants; this was performed separately for the three emotions (i.e.,
deviant and standard responses to physically identical emotion
stimuli were compared: deviant happy vs. standard happy, deviant
angry vs. standard angry, and deviant sad vs. standard sad). MMN
topography was explored using electrodes F3, Iz, F4, C3, Cz, C4,
P3, Pz, and P4, which provided data on region (frontal/central/
parietal) and laterality (left/middle/right) based on scalp position.
The waves revealed that emotional MMNs peaked between 130
and 330 ms following stimulus onset for all electrodes, conditions,
and participants. The overall MMN peaked at 237 ms
(SD=27 ms) following stimulus onset. Individual ERP and
MMN amplitudes were calculated as the mean voltage during
the 162-ms period centered at the peak latency of the grand
average waveform (range: 156-318 ms, mean =3 SD). To
examine whether emotional deviants elicited significant MMN,
under each condition (happy/angry/sad), the mean amplitude of
ERPs was subjected to a repeated-measures analysis of variance
(ANOVA) with stimulus type (emotion as deviant vs. emotion as
standard), region (frontal vs. central vs. parietal), and lateralization
(left vs. middle vs. right) as repeated-measures factors and group
(MDD vs. HC) as a between-subjects factor. Under each condition
(happy/angry/sad), the peak latency of differential waveforms was
subjected to a repeated-measures analysis of variance (ANOVA)
with region (frontal vs. central vs. parietal) and lateralization (left
vs. middle vs. right) as repeated-measures factors, group (MDD vs.
HC) as a between-subjects factor, and age as a covariate.

When necessary, we used the Greenhouse—Geisser adjustment
to correct degrees of freedom for nonsphericity. We then used the
Bonferroni procedure to conduct post hoc analyses. Effect size was
indicated by partial #2 value. Pearson correlations were performed
between emotional MMN and HRSD-17 and HAMA scores.
Data were expressed as mean * SD.

Results

We found no significant differences between the two groups in
age, sex, or MMSE scores. There was a significant difference
between MDD patients and healthy participants in scores on the
psychometric scales. (See Table 1).

MMN Amplitude

The ERPs responses to standard and deviant emotional stimuli
are illustrated in Figure 1. Visual inspection of the difference in
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Figure 1. Grand averaged waveforms of ERPs in HC and MDD groups. ERPs elicited by deviant emotional syllables and physically identical

standard ones under three conditions.
doi:10.1371/journal.pone.0091995.g001
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Figure 2. Grand averaged waveforms of differential ERPs
(deviant emotion minus standard emotion). Emotional MMN
under happy, angry, and sad conditions in HC and MDD groups.
doi:10.1371/journal.pone.0091995.g002

waveforms (Figs. 1, 2) indicated the emergence of MMN responses
to the three deviant emotional syllables in the 156-318-ms
intervals. Figure 3 illustrates the means and SD for the main
effect of emotion type and Figure 4 shows the grand averaged
topographies of emotional MMN in the HC and MDD groups.
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Figure 3. Grand averaged mean amplitudes of MMN. Emotional
MMN under happy, angry, and sad conditions in HC and MDD groups.
Error bars indicate standard deviations from the mean.
doi:10.1371/journal.pone.0091995.g003
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Figure 4. Grand averaged 2D scalp topographies of emotional
MMN in HC and MDD groups.
doi:10.1371/journal.pone.0091995.g004

Under the happy condition, we observed a significant main
effect of stimulus type (F{1, 38)=11.79, p<0.01, partial #* = 0.24),
which was due to the more negative responses to deviant happy
than to standard happy prosodies. A significant interaction effect
of stimulus typexregion (F (2, 76)=16.90, p<<0.0l, partial
#?=0.31) was also found, which was due to the more negative
response to deviant happy than to standard happy stimuli in the
frontal (p<<0.01) and central (p<<0.01) regions. A significant
interaction effect of stimulus type xlateralization (¥ (2, 76) = 4.00,
$=0.02, partial n>=0.10) reflected a more negative response to
deviant happy compared with standard happy stimuli in each
lateralization (ps <<0.05). A significant interaction effect of
group xregion (F (2, 76)=17.77, p<0.01, partial #°=0.32) was
also observed due to the increased amplitudes in the frontal region
(p=0.03) and the decreased amplitudes in the parietal region
(»=10.02) in the MDD compared with the HC group. Notably,
group Xstimulus  type interaction was not significant (f{1,
38)=0.06, p=0.82, partial #7<0.01), indicating that the ERP
amplitudes to the happy deviants relative to the amplitudes of
happy standards in the MDD and HC groups were equal.

Under the angry condition, a significant main eflect of stimulus
type (F1, 38) = 45.68, p<<0.01, partial #> = 0.55) was found, which
was due to the more negative response to deviant angry than to
standard angry prosodies. A significant interaction effect of
stimulus type xregion (K2, 76)=25.32, p<<0.01, partial 1*=0.40)
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reflected the more negative response to deviant angry compared
with standard angry prosodies in all regions (ps <<0.05). A
significant interaction effect of stimulus type xlateralization (I (2,
76)=6.61, p<<0.01, partial 5> = 0.15) was also observed, which was
due to the more negative response to deviant angry than to
standard angry prosodies in each lateralization (ps <0.05). A
significant interaction effect of group xregion (F' (2, 76)=15.28,
$=0.01, partial #°=0.12) showed increased amplitudes in the
frontal region in the MDD group compared with the HC group
(p=0.02). Another significant interaction effect of group xregion x
lateralization ({4, 152)=3.04, p=0.02, partial #*=0.07) showed
increased amplitudes in the MDD group compared with HC
group in the frontal region in each lateralization (ps <<0.053).
Notably, group xstimulus type interaction in angry condition was
not significant (/{1, 38)=0.04, p =0.84, partial 7°<0.01), indicat-
ing that the ERP amplitudes to the angry deviants relative to the
amplitudes of angry standards in the MDD and HC groups were
also equal.

Under the sad condition, a significant interaction effect of
group Xstimulus type ({1, 38)=4.17, p<<0.05, partial n>=0.10)
was observed. Post hoc analysis revealed a more negative response
to deviant sad compared with standard sad stimuli in the HC
group (Fl1, 38)=10.92, p<<0.01, partial #°=0.22), whereas
analysis of the amplitudes of the different types of stimuli did
not reveal significant effect in the MDD group (H{1, 38)=0.06,
p=0.82, partial 2<0.01). A significant main effect of lateraliza-
tion was also observed (F' (2, 76) = 8.59, p<<0.01, partial n?=0.18),
as was a significant main effect of region (¥ (2, 76) = 33.78, p<<0.01,
partial #°=0.47). A stimulus type xregion xlateralization interac-
tion (M4, 152)=6.69, p<<0.01, partial #2=0.15) due to the more
negative response to deviant sad than that to standard sad stimuli
in the left—central (p<<0.01) and parietal regions (left-parietal:
»=0.09, middle-parietal: p=0.02, right-parietal: p=0.02) and a
more positive response to standard sad stimuli than that to deviant
sad stimuli in the left-middle frontal (ps <0.05) and right-middle
central (right-central: p=0.06, middle-central: p=0.03) regions
was also observed.

Peak Latency of Differential Waveforms

Under the happy condition, the covariant effect of age was
significant (1, 37) = 9.20, p<<0.01, partial 5> = 0.20), but the main
effect of group was not significant, (F1, 37)=0.09, p=0.77, partial
#?<0.01). No other main effects or interactions were found.

Under the angry condition, the covariant effect of age was not
significant (K1, 37)=0.01, p=0.91, partial #°<0.01), as the main
effect of group was also not significant (/{1, 37)=0.06, p=0.82,
partial #°<0.01). The main effect of region was significant (F (2,
74)=5.07, p=0.01, partial #*=0.12) due to the longer latency in
the parietal (245.3+6.6 ms) than in the frontal (220.7%+6.2 ms, P<
0.01) or central (226.1%£6.8 ms, P=0.01) region. No other main
effects or interactions were found.

Under the sad condition, the covariant effect of age was not
significant (F{1, 37)=0.77, p=0.39, partial 2 =0.02). The main
effect of group was also nonsignificant (F1, 37)=0.10, p=0.76,
partial #°<0.01). No other main effects or interactions were found.

Correlation Analysis

Among patients with MDD, the amplitudes of happy MMN
were marginally significantly correlated with HRSD-17 (r=0.43,
P=0.07) and HAMA (r=0.42, P=0.09) scores; the latencies of
happy MMN were not significantly correlated with HRSD-17
(r=-—0.25, P=0.33) or HAMA (r=—0.29, P=0.24) scores.

The amplitudes and latencies of angry MMN in patients with
MDD were not significantly correlated with HRSD-17 (r=0.12,
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P=0.65; r=—0.14, P=0.57, respectively) or HAMA (r=0.06,
P=0.83; »=0.03, P=0.91, respectively) scores.

The amplitudes and latencies of sad MMN in patients with
MDD were not significantly correlated with HRSD-17 (r= —0.09,
P=0.73; r=0.38, P=0.12, respectively) or HAMA (r=—0.32,
P=0.20; r=0.35, P=0.16, respectively) scores.

Discussion

In this study, we investigated automatic processing of auditory
emotional stimuli in MDD patients and healthy controls. The
results revealed the following: (1) sad MMN was absent in patients
with MDD; (2) happy and angry MMN were similar across
groups; (3) the blunted sad emotion-based MMN was not
correlated with the severity of depressive symptoms as reflected
in HRSD-17 scores.

As described in the Introduction, only one study of emotional
MMN in MDD patients has been reported. Chang et al. [37]
investigated task-irrelevant processing of facial expressions in
MDD patients by recording expression-related MMN. They found
that when processing task-irrelevant emotional faces, early MMN
in the MDD group was reduced, and late MMN was absent
compared with healthy controls independent of whether the facial
expressions were negative or positive. The results of Chang et al.’s
study [37] are partially in line with our finding that sad MMN was
absent in patients with MDD compared with the healthy controls.
Notably, in Chang et al.’s study, ambiguous emotionally negative
schematic faces were used, which could be interpreted as sad or
angry. Taken together, it is likely reasonable that the abnormality
in automatic emotional processing in MDD arose from sad
emotion more than angry emotion. However, the MMN elicited
by happy prosody did not differ between patients with MDD and
healthy controls, which is inconsistent with the findings reported
by Chang et al. [37]. This difference in results may arise from
variability in the sensory modalities investigated in these two
studies.

Result also indicated the change induced by auditory sad
emotion-based MMN was unrelated to the severity of depressive
symptoms as reflected in HRSD-17 scores. This pattern was also
found in visual modality studies [37,44]. These findings provide
evidence that cognitive impairment is persistent even after MDD
symptoms have been alleviated or HRSD-17 scores are reduced
[45,46]. Therefore, it is reasonable that the dysfunctional
automatic change detection reflected by MMN may be unrelated
to depressive symptoms in patients with MDD. In brief, the
findings indicate that the blunted MMN of sad prosody can be
considered a trait, not a state, abnormality in MDD.

The interaction effect of group by region was found for both
happy and angry emotion in the identical stimuli comparison for
the ERP amplitudes. It suggested that the processing of both the
happy and angry prosodies is frontally enhanced in the MDD
group comparing with HC group. Considering anger and
happiness are both high arousal emotions [47], but valence varies,
this finding may indicate that MDD patients are more sensitive to
high arousal stimuli than healthy volunteers. Another explanation
may lie in different response to novelty stimuli of MDD patients.
However, there is no evidence that anger and happiness are more
novel than sadness. Moreover, the lack of group difference in the
N2 potential in a MDD novelty processing study [48] makes this
explanation implausible.

Before concluding, it is important to note this study’s limitations.
First, the study was conducted with a relatively small number of
participants. Future studies should try to replicate the findings with
a larger sample. Second, the drug washout period lasted for 4
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weeks, and one may argue that the prior exposure to psychotropic
medications in the depressed sample may have affected the MMN
findings. Wienberg et al. [49,50] reported that both low (10 mg)
and high (15 mg) doses of escitalopram administered to healthy
volunteers increased frequency-MMN amplitudes. Another two
studies [51,52] found no effect of psychotropic medications on
MMN in healthy volunteers. Moreover, Takei et al. [33] reported
no significant correlation of pure-tone frequency and duration of
MMNm with antidepressants, anxiolytics, and hypnotics in
patients with MDD. Taken together, these findings indicate that
psychotropic medication does not seem to be responsible for the
absent sad MMN in depressed patients. Third, the effect of stage
of illness was not addressed in the present study. A study [53]
investigated the differences of MMN in patients with first-episode
schizophrenia at acute and post-acute phases and found that the
MMN amplitude of patients in the acute phase did not differ from
that of controls, whereas it was reduced in the post-acute phase.
Thus, MMN may be modulated by the MDD patients’ stage of
illness. And this should be considered in future studies in depressed
patients.

These limitations notwithstanding, this study is, to our
knowledge, the first to report automatic responses to happy,
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