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A B S T R A C T

Background: The voice carries various information produced by vibrations of the vocal cords and the vocal tract.
Though many studies have reported a relationship between vocal acoustic features and depression, including
mel-frequency cepstrum coefficients (MFCCs) which applied to speech recognition, there have been few studies
in which acoustic features allowed discrimination of patients with depressive disorder. Vocal acoustic features as
biomarker of depression could make differential diagnosis of patients with depressive state. In order to achieve
differential diagnosis of depression, in this preliminary study, we examined whether vocal acoustic features
could allow discrimination between depressive patients and healthy controls.
Methods: Subjects were 36 patients who met the criteria for major depressive disorder and 36 healthy controls
with no current or past psychiatric disorders. Voices of reading out digits before and after verbal fluency task
were recorded. Voices were analyzed using OpenSMILE. The extracted acoustic features, including MFCCs, were
used for group comparison and discriminant analysis between patients and controls.
Results: The second dimension of MFCC (MFCC 2) was significantly different between groups and allowed the
discrimination between patients and controls with a sensitivity of 77.8% and a specificity of 86.1%. The dif-
ference in MFCC 2 between the two groups reflected an energy difference of frequency around 2000–3000 Hz.
Conclusions: The MFCC 2 was significantly different between depressive patients and controls. This feature could
be a useful biomarker to detect major depressive disorder.
Limitations: Sample size was relatively small. Psychotropics could have a confounding effect on voice.

1. Introduction

The voice carries various information, including that beyond the
verbal message, important for diagnosis or state evaluation of mental
disorders. It is known that psychiatric symptoms are diagnosed not only
from a patient's spoken communication, but also from emotions and
non-verbal information such as intention, attitude, or physical state
(Ladd, 1980). Clinical psychiatrists or psychologists have experiences
having difficulties in understanding what patients with depressions say
because of their muffled speech. The fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) illustrates psychomotor
retardation as “speech that is decreased in volume, inflection, amount,
or variety of content, or muteness” and “it must be severe enough to be
observable by others”. However, there are no objective criteria about
these speeches of psychomotor retardation.

Acoustic features which assess voices include directly-relevant

features how voices are heard directly (e.g., volume, speaking duration,
pause duration, musical pitch (or fundamental frequency), and for-
mants) and indirectly-relevant features (e.g., zero crossing rate, har-
monics to noise ratio, and mel-frequency cepstrum coefficients). Zero
crossing rate is the rate of sign-changes along a voice signal. Harmonics
to noise ratio quantifies the amount of additive noise in the voice signal.
Mel-frequency cepstrum coefficients (MFCCs) were introduced by
Mermelstein in the 1970's (Davis and Mermelstein, 1980), which have
been shown to reflect vocal tract changes (Yinghua Zhu et al., 2013)
and have been widely used in speech recognition. The method for ex-
tracting MFCCs is as follows: 1) calculate Fast Fourier Transform (FFT)
spectrum from frequency, 2) extract filterbank output allocated on a
mel scale based upon human aural characteristics, and 3) get cepstrum
coefficient from Discrete Cosine Transform (DCT). Mitrović et al.
showed that the lowest MFCC (MFCC0) represents the average power of
the spectrum, and the second MFCC (MFCC 1) approximates the broad
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shape of the spectrum. The higher-order coefficients, including MFCC 2,
represent finer spectral details (Mitrović et al., 2010). Therefore, lower-
order coefficients are hard to be affected by the voice pitch and coef-
ficients except MFCC 0 can omit influence of volume.

Various studies have reported a relationship between parameters
derived from the voice and depression (Tolkmitt and Scherer, 1986;
Wittels et al., 2002). For example, Nilsonne and colleagues reported
that the fundamental frequencies of the voices of patients with de-
pression decreased and pauses between the interviewer's questions and
the patients’ answers lengthened (Nilsonne et al., 1988). Another study
reported a correlation between the Hamilton Depression Rating Scale
and speaking rate, pitch variability, and percent of pause time
(Cannizzaro et al., 2004). Several studies have explored the possibility
of utilizing various information gleaned from the voice as therapeutic
markers. Mundt and colleagues reported that response to depression
treatment was related to pitch variability, pauses while speaking, and
speed of speaking (Mundt et al., 2007). They also reported a relation-
ship between response to treatment and vocalization time, number of
pauses, speaking rate, fundamental frequency, and formants in major
depressive disorder patients (Mundt et al., 2012). Alpert et al. focused
on prosody and reported that patients with depression spoke with re-
duced prosody compared to normal subjects and that treatment affected
prosody (Alpert et al., 2001). However, directly-relevant acoustic fea-
tures including vocalization time, number of pauses, and speaking rate
make recording time long, and formants, fundamental frequency, and
prosody are subject to be affected by the individual characteristics and
hard to detect the differences between individuals. Moreover, these
acoustic features only reflect how voice is heard.

In addition to these acoustic features, a recent development in voice
analysis has enabled the use of a wider variety of indirectly-relevant
acoustic features including MFCCs and zero-crossing rate. In the en-
gineering field, the Interspeech 2009 Emotion Challenge (Schuller
et al., 2009) and the Interspeech 2010 Paralinguistic Challenge
(Schuller et al., 2010) revealed a relationship between various acoustic
features and emotions or paralinguistic information (Akkaralaertsest
and Yingthawornsuk, 2015; Cummins et al., 2015; Joshi et al., 2013;
Low et al., 2011). Among these reports, a relationship between MFCCs
and depression was frequently reported. However, most of the data
used in these challenges were derived from normal subjects, and few
studies explored the MFCCs derived from the voices of patients with
depression (Akkaralaertsest and Yingthawornsuk, 2015; Cummins
et al., 2011). Furthermore, most studies adopted approach which arti-
ficial intelligence discriminates depressive voice from healthy voice by
multiple MFCCs and no studies investigated which MFCCs are related to
depressive voice. If acoustic features were used as biomarker of de-
pression, it could make differential diagnosis of depressive states. That
means that voice of helpline call or interactive voice response system
would be an asset for evaluation of depressive state or risk assessment
of the person. Questionnaires have risk of dishonest responses. In that
respect, assessment by voice could be an advantage. It could be also
useful for people with dementia who have difficulty to answer ques-
tionnaires by themselves.

In order to achieve differential diagnosis of depression, as a first
step, we investigated whether various vocal acoustic features, including
acoustic features indirectly-relevant to how voice is heard, could allow
discrimination between patients with depression and control subjects in
this study. Based on previous reports, we hypothesized that some
MFCCs could be descriminant factors, and thus investigated which
voice properties affected MFCCs. Considering the possibility of clinical
application, we evaluated short utterances. In addition, we compared
voices before and after a verbal fluency task (VFT), which is known to
activate the frontal lobe (Herrmann et al., 2003; Pu et al., 2012), to
examine whether such tasks could influence acoustic features.

2. Methods and materials

2.1. Subjects

Thirty-eight patients with depression were enrolled from the de-
partment of psychiatry at the University of Tsukuba Hospital, Tsukuba
University Health Center, Ibaraki Prefectural Medical Center of
Psychiatry and Kurita Hospital. They all met the criteria for major de-
pressive disorder (MDD), which were determined with clinical inter-
views based on the fifth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5). Two patients whose voices were not re-
corded properly were excluded, and the remaining 36 patients were
adopted for the study. The control group consisted of 66 subjects who
did not have current or past psychiatric disorders and who were re-
cruited from the local population. One subject whose voice was not
recorded properly was excluded. Two participants were excluded be-
cause they had a history of major medical or neurological illness, sig-
nificant head trauma, or a lifetime history of alcohol or drug depen-
dence. In addition, we excluded 27 subjects whose scores for the Quick
Inventory of Depressive Symptomatology - Self-Report, Japanese ver-
sion (QIDS-SRJ) (Fujisawa, 2010; Rush et al., 2003) were higher than
six (cut-off point). As a result, the subjects consisted of 36 patients with
MDD (22 males and 14 females; age: 21–79 years; mean age± standard
deviation (SD): 44.0± 16.3), and 36 healthy control individuals (16
males and 20 females; age: 22–58 years; mean age± SD: 38.0± 10.4).
In depression patients, the mean duration of illness was
7.00±5.73(SD) years and the median was 5.47 years. The equivalent
doses (Inada and Inagaki, 2015) of psychotropic drugs (mean± SD)
were 111.0±72.4 mg of imipramine in antidepressants, 54.1± 117.5
of chlorpromazine in antipsychotics, and 9.9± 11.0 of diazepam in
anxiolytics. Only one patient was unmedicated. All the subjects were
Japanese. Demographics for the subjects are summarized in Table 1.
This study was approved by all of the ethical committees of the de-
partment of psychiatry at the University of Tsukuba Hospital, Tsukuba
University Health Center, Ibaraki Prefectural Medical Center of Psy-
chiatry, and Kurita Hospital, and written informed consent was ob-
tained from each participant.

2.2. Voice recording

Each subject was asked to read out ten digits “012–345–6789” like a
telephone number. Next, we administered a VFT in which subjects
spoke aloud as many words as possible beginning with the vowels “a”,
“u”, and “o” within thirty seconds. Afterwards, subjects were asked to
again read out the number “012–345–6789”. Each task was conducted
in Japanese. Voices were recorded using a Google Nexus 7 (TM) tablet

Table 1
Demographics of subjects.

Depression patients Controls p
(mean±SD) (mean± SD)

n (male/female) 36 (22/14) 36 (16/20) n.s.
Age (years) 44.0± 16.3 38.0± 10.4 n.s.
QIDS-SRJ 11.7± 6.2 2.47± 1.8 <0.001
Disease duration (years) 7.00± 5.73
Antidepressants (mg) 114.0± 72.4
Antipsychotics (mg) 54.1± 117.5
Anxiolytics (mg) 9.9± 11.0

SD: standard deviation.
QIDS-SRJ: Quick Inventory of Depressive Symptomatology - Self-Report, Japanese ver-
sion.
n.s.: not significant.
Psychotropic drugs were categorized as antipsychotics, antidepressants and anxiolytics,
and the dose of each drugs was calculated as equivalent doses (antypsychotics: chlor-
promazine equivalent dose, antidepressants: imipramine equivalent dose, anxiolytics:
diazepam equivalent dose) (Inada and Inagaki, 2015).
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Table 2
Differences between Depression patients and Controls.

Acoustic features Depression patients (SD) Controls (SD) p-value

n = 36 Male (n = 22) n = 36 Male (n = 16) Total Male
Female (n = 14) Female (n = 20) Female

Root mean square energy 5.23 × 10−3

(3.49 × 10−3)
5.63 × 10−3 (4.01
× 10−3)

7.31 × 10−3

(7.70 × 10−3)
9.36 × 10−3 (1.06
× 10−2)

n.s. n.s.

4.59 × 10−3

(2.49 × 10−3)
5.67 × 10−3

(3.67 × 10−3)
n.s.

Zero crossing rate 1.43 × 10−3

(1.97 × 10−2)
1.48 × 10−3

(2.13 × 10−2)
1.49 × 10−3

(1.74 × 10−2)
1.55 × 10−3

(1.78 × 10−2)
n.s. n.s.

1.35 × 10−3

(1.44 × 10−2)
1.45 × 10−3

(1.63 × 10−2)
n.s.

Harmonics to noise ratio 0.351
(0.0589)

0.323
(0.0213)

0.370
(0.0536)

0.341
(0.0448)

n.s. n.s.

0.396
(0.0673)

0.393
(0.0495)

n.s.

Fundamental frequency 32.54
(31.1)

14.1
(9.62)

35.5
(27.2)

18.5
(16.4)

n.s. n.s.

61.4
(31.4)

49.6
(26.3)

n.s.

MFCC 1 −10.3
(1.65)

−10.3
(1.92)

−10.2
(1.94)

−9.73
(2.04)

n.s. n.s.

−10.2
(1.16)

−10.5
(1.83)

n.s.

MFCC 2 −10.2
(2.56)

−10.3
(2.43)

−14.3
(2.16)

−14.0
(2.18)

< 0.001 <0.001

−10.1
(2.84)

−14.5
(2.84)

<0.001

MFCC 3 −0.04
(3.62)

−0.682
(3.38)

2.65
(1.99)

3.45
(1.76)

n.s. n.s.

−1.18
(3.80)

2.01
(1.96)

n.s.

MFCC 4 −7.84
(3.76)

−6.16
(3.26)

−8.89
(3.23)

−7.78
(3.01)

n.s. n.s.

−10.5
(2.94)

−9.78
(3.19)

n.s.

MFCC 5 −11.9
(2.22)

−11.7
(1.96)

−13.6
(3.60)

−13.8
(3.99)

n.s. n.s.

−12.2
(2.63)

−13.5
(2.63)

n.s.

MFCC 6 −2.48
(3.05)

−1.59
(3.17)

−1.24
(3.25)

−0.145
(3.47)

n.s. n.s.

−3.90
(2.29)

−2.11
(2.84)

n.s.

MFCC 7 −3.64
(3.80)

−1.95
(3.37)

−3.41
(2.39)

−1.96
(2.23)

n.s. n.s.

−6.29
(2.85)

−4.58
(1.83)

n.s.

MFCC 8 −5.80
(3.27)

−5.84
(3.22)

−5.06
(2.69)

−4.91
(2.71)

n.s. n.s.

−5.74
(3.46)

−5.18
(2.74)

n.s.

MFCC 9 −2.91
(3.22)

−2.16
(3.27)

−2.62
(2.79)

−2.01
(3.05)

n.s. n.s.

−4.09
(2.86)

−3.11
(2.53)

n.s.

MFCC 10 −0.532
(2.67)

0.658
(2.21)

−0.408
(2.44)

1.28
(2.06)

n.s. n.s.

−2.40
(2.28)

−1.76
(1.83)

n.s.

MFCC 11 −2.33
(2.80)

−0.706
(2.05)

−2.57
(2.29)

−1.77
(2.46)

n.s. n.s.

−4.89
(1.67)

−3.21
(1.99)

n.s.

MFCC 12 −2.06
(1.97)

−1.96
(1.97)

−2.80
(1.80)

−3.01
(1.75)

n.s. n.s.

−2.21
(2.02)

−2.62
(1.87)

n.s.

SD: standard deviation.
n.s.: not significant after bonferroni correction.
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with a telephone reciever type headset. We developed an in-house
Android application which gives both audio and visual instruction of
each tasks to participants and records their voices. Participants oper-
ated this application by themselves according to the guidance and read
out or spoke as instructed. Voices were recorded using 16-bit PCM at
22.05 kHz.

2.3. Extracting acoustic features from the voice

Prior to processing, silent segments before and after utterances were
manually removed from recordings. Voices were analyzed with
OpenSMILE v2.1.0 (Eyben et al., 2013) using the ‘Feature set of Inter-
speech 2009 Emotion Challenge’ preset configuration (IS09_emo-
tion.conf). This preset configuration was used to detect emotion in the
voice at the Interspeech 2009 conference (Schuller et al., 2009). Using
this configuration, the mean values of the following acoustic features
within utterance segments were calculated: root mean square of energy,
twelve dimensions of mel-frequency cepstram coefficient (MFCC), zero
crossing rate, harmonics to noise ratio, and fundamental frequency.

2.4. Statistics

First, we compared each acoustic feature derived from voices be-
tween depression patients and controls using Student's t-test for all
subjects, subjects divided by gender, and subjects divided by age (up to
40 years old and over 40 years old). Then, based on our hypothesis that
some of the MFCCs could be descriminant factors between depressed
patients and controls, MFCC features underwent stepwise discriminant
analysis. Receiver Operatorating Characteristic (ROC) curve was also
calculated to get its area under curve (AUC), sensitivity, and specificity.
Following discriminant analysis, correlation analysis between acoustic
features and QIDS-SRJ score was performed to explore the correlation
between depressive symptoms and various acoustic features in de-
pression patients or controls. Next, multiple regression analysis was
performed to exclude affects by age and gender. Age, gender, group
(depression patinets or controls) were set as explanatory variables, and
acoustic features that were useful in discriminating between depression
patients and controls were set as criterion variables. Finally, acoustic
features that were useful in discriminating between depression patients
and controls were compared before and after the VFT for the purpose of
examining the reproducibility of changes in acoustic features.

All analyses were conducted with IBM SPSS Statistics 22 (IBM Corp,
Armonk, NY, USA).

3. Results

3.1. Acoustic feature differences between groups

Student's t-test revealed that MFCC 2 was relatively higher in de-
pression patinets than that in controls after Bonferroni correction for
multiple comparisons (t = −6.728, p = 5.33 × 10−9, Cohen's d =
−1.72). No significant differences in other features were found. When

subjects were divided by gender, MFCC 2 was also significantly higher
in patients than in controls in each gender (male: t = −4.903,
p<0.001, Cohen's d = −1.63; female: t = −5.122, p<0.001,
Cohen's d= −1.81) (Table 2). Subjects who were 40 years old or
younger (younger group) consisted of 17 depression patients (male/
female = 12/5) and 20 controls (male/female = 12/8), and subjects
over 40 years old (older group) consisted of 19 depression patients
(male/female = 10/9) and 16 controls (male/female = 4/12). In both
age groups, MFCC 2 was significantly higher in depressive patients than
in controls (younger group: t = −5.327, p<0.001, Cohen's d =
−1.80; older group: t = −4.858, p<0.001, Cohen's d = −1.69).
Shapiro-Wilk normality test of MFCC 2 gave W = 0.97987, p-value =
0.3028, which implicated that MFCC 2 was similar to normal dis-
tribution.

Table 3
Discriminant analysis for MFCC 2.

Groups Results

Depression patients
(male/female)

Controls
(male/female)

Depression patients
(n = 36)

28 (18/10) 8 (4/4)

Controls
(n = 36)

5 (3/2) 31 (13/18)

Stepwise discriminant analysis with MFCCs revealed that only MFCC 2 contributed to the
discrimination (Wilks’ l = 0.567; c2 = 39.456, df = 1, p< 0.001).
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Fig. 1. MFCC 2 differences between Depression patients and Controls. Black dots in-
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3.2. Discriminant analysis with MFCCs

Stepwise discriminant analysis with MFCCs revealed that only the
second dimension of MFCC (MFCC 2) significantly contributed to dis-
crimination between depression patients and controls (Wilks’ λ =
0.567; χ2 = 39.456, df = 1, p<0.001). Using MFCC 2, sensitivity was
77.8%, specificity was 86.1%, and accuracy was 81.9% between de-
pression patients and controls (Table 3). Fig. 1 shows beeswarm plots of
MFCC 2 for each group. The unmedicated patient was correctly dis-
criminated as a patient. Fig. 2 shows ROC curve of MFCC 2 and AUC
was 0.88. Its sensitivity was 80.6% and its specificity was 83.3%.

3.3. Spectral difference between groups

MFCC 2 results can be explained by the broad shape of the voice
spectrum (Mitrović et al., 2010). We compared the voice spectra of both
groups. Fig. 3 shows the voice spectra that produced the MFCCs. The
horizontal axis represents frequency scaled to the mel scale, and the
vertical axis represents logarithmized spectral energy. The values re-
present the average of each group. In comparison with controls, the

depression group had low energy, around 2000–3000 Hz, which was
significantly different between groups after bonferroni correction.
Fig. 4 shows the subtraction of the voice spectrum of patients with MDD
from that of controls with basis functions of MFCC 0–3. The shape of the
subtraction pattern was similar to that of the basis function of MFCC 2,
which could explain the relationship between changes in MFCC 2 and
the low energy in the depression group.
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Fig. 3. Voice spectra of patients with depression and controls.
Depression group voice had lower energy, around
2000–3000 Hz, than control group voices. * p<0.001 cor-
rected for multiple comparison with bonferroni correction.
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Fig. 4. MFCC 2 difference between depression patients and
controls, with discrete cosine transform basis functions of
MFCC 0–3. MFCC 2 difference resembled the basis function of
MFCC 2. That is because the MFCC 2 difference was sig-
nificant.

Table 4
Multiple regression analysis of MFCC 2.

Variable r ß t p-value

MFCC 2 Gender Age

Group 0.658 −0.167 0.215 0.637 6.673 5.48×10−9

Age 0.197 0.209 0.068 0.708 n.s.
Gender −0.131 −0.039 −0.404 n.s.

n.s.: not significant.
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3.4. Correlation analysis between acoustic features and QIDS-SRJ score

No acoustic features were correlated to QIDS-SRJ after Bonferroni
correction. Correlation analysis between MFCC 2 and QIDS-SRJ re-
sulted in r = −0.023, p-value = 0.893 in depression patients and r =
0.25, p-value = 0.136 in controls.

3.5. Multiple regression analysis of MFCC 2

Explanatory variables were set to age, gender, group (depression
patinets or controls) and criterion variable were set to MFCC 2. Group's
ß was 0.637, age's ß was 0.068, gender's ß was −0.039 and R square
was 0.438 (Table 4).

3.6. ANOVA with repeated measures before and after VFT

MFCC 2 was significantly different in the group comparison, se-
lected in discriminant analysis among MFCCs, and correlated sig-
nificantly with QIDS-SRJ. Therefore, we used MFCC 2 for ANOVA with
repeated measures before and after the VFT. Interaction between the
VFT and group was not significant (F = 3.511). The VFT main effect
within subjects was significant (F = 4.508, p<0.05) and the main
effect of group was also significant (F = 51.117, p<0.001). Fig. 5
shows the average values of MFCC 2 for each group before and after the
VFT.

4. Discussion

In this study, we found that MFCC 2 was relatively higher in de-
pression patients than that in controls. This MFCC 2 difference was not
affected by age or gender. These results suggest that changes in MFCC 2
might be caused by depression. However, MFCC 2 was not correlated to
severity of depression.

4.1. Why is MFCC 2 different between groups?

Though there have been reports showing a relationship between
MFCCs and depression, no reports have investigated the relationship
between each MFC coefficient, especially MFCC 2, and depression.
MFCCs have been shown to reflect vocal tract changes (Yinghua Zhu
et al., 2013) and have been widely used in speech recognition. Since
lower MFCC dimensions are not influenced by the vocal cords, these
results could reflect vocal tract changes. The vocal tract, which consists

of the pharynx, larynx, nasal cavity, and the oral cavity from vocal
cords to lips, affects the timbre of the voice due to teeth, muscle tonus
or movement of the tongue and lower jaw. Yinghua et al. showed that
MFCC is related to the vocal tract using MRI (Yinghua Zhu et al., 2013).

In this study, we found that MFCC 2 corresponded to the lower voice
spectral energy, around 2000–3000 Hz, in depression patients, which
contributed to the discrimination of depression patients from control
with more than 80% accuracy. Generally, this frequency band affects
the projection of the human voice (Bele, 2006; Leino et al., 2011;
Sundberg, 2001), and these results may reflect that the voice of the
depression patient sounds muffled. In addition, frequency band of
2000–3000 Hz is most highly sensitive in normal equal-loudness-level
contours (ISO 226:2003) which are perceived as equally loud by human
listeners. As far as we know, no previous studies have shown the re-
lationship between MFCC 2 and a lower voice energy spectrum of
around 2000–3000 Hz in depression patients. Considering this, our
results suggest that the frequency band of 2000–3000 Hz which is most
highly sensitive in hearing could change in depression, leading to a
muffled voice or changes in MFCC 2 in terms of acoustic features, and,
thus, that MFCC 2 could be a biomarker for depression. For example, a
voice sample from a telephone conversation may be used for objective
psychiatric assessments using MFCC 2 without necessitating a clinical
interview.

There remains the question whether MFCC 2 changes by treatments
of depression. From our results, MFCC 2 did not correlate with severity
of depression, which implies MFCC 2 may not reflect severity but de-
pressive states itself. Future research is needed to clarify whether
treatments of depression affect MFCCs.

4.2. Fundamental frequency

Although many studies have reported a relationship between fun-
damental frequency and psychological states including depression, our
results showed no significant difference between depression patients
and controls in this study. Fundamental frequency reflects pitch frac-
tion and it has wide individual variation. We analyzed the average
fundamental frequency across voice samples. Our voice samples, sets of
“012–345–6789”, had silent intervals between each digit, which could
have affected the values for the fundamental frequency feature; so,
these values might be far from the actual fundamental frequencies.
Further study is needed to determine whether fundamental frequency is
useful for detecting depression.

4.3. Limitations

There are some limitations in this study. First, our sample size was
small and more participants are needed in order to improve the relia-
bility of these results. Second, though we used a telephone reciever type
headsets to minimize environmental differences, we could not eliminate
all background noises. However, MFCC itself is insulated from such
noise. Moreover, we recorded the voices of the same subjects with
various backgrounds and we did not observe significant differences in
MFCC (data not shown). The effect of sound recording condition (with
headset or not), sound recording program (sampling frequency or bit
depth) is unclear. We are going to examine voices recorded in different
sound recording condition or program in another study. Lastly, psy-
chotropics could have a confounding effect on voice. We must study the
voices of drug-naïve patients with depression in the future.

4.4. Further studies

We are going to examine usefulness of MFCC 2 for differential di-
agnosis of various depressive states including major depressive disorder
or bipolar disorder. Moreover, for investigating changes of acoustic
features by treatments, we are pushing forward the study to compare
the voice before and after electroconvulsive therapy (ECT).
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Fig. 5. MFCC 2 values before and after verbal fluency task. We did not find an interaction
between temporal changes of MFCC 2 before and after the verbal fluency task.
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4.5. Conclusion

In this study, we showed that an acoustic feature of the voice, MFCC
2, changes in patients with depression, and that this change reflects the
frequency band of 2000–3000 Hz. This change of MFCC 2 corresponds
to clinical impressions that patients with depression have muffled
voices. MFCC 2 could be useful in making a diagnosis of depression.
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