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Abstract. In the whole world especially developed countries, increasing mental
health disorders is a serious problem. As a countermeasure, the main objective
of this paper is an attempt to estimate depressive status from voice. In this study,
we gathered patients with major depressive disorders in the hospital’s consulting
room. Several questionnaires including “the Hamilton Depression Rating Scale”
(HAM-D) were administered to evaluate the patients’ depressed state. Voices
corresponding to three long vowels were recorded from the subjects. Next, the
acoustic feature quantity was calculated based on the voice. We developed the
HAM-D score estimation algorithm from the voice using one of three types of
long vowel audio content. As a result, there was a correlation between the
“Actual HAM-D Score” and the “Estimated HAM-D Score”. We found that the
algorithm is effective in estimating depression state and can be used for esti-
mating the disease state based on voice.
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1 Introduction

In the whole world especially developed countries, increasing mental health dis-orders is
a serious problem, and thus various screening techniques and countermeasures have been
studied. For diagnostic support, medical interviews by specialists (e.g., using “the
Hamilton Rating Scale for Depression” [HAM-D] [1]), self-report type psychometric
tests (e.g., “the Patient Health Questionnaire” [PHQ-9] [2], and “the Beck Depression
Inventory” [BDI] [3, 4] are used to screening depressive status of patients with mental
health disorders. However, medical interviews by specialists are limited by the number of
patients that can be evaluated, and though self-report type psychometric tests are useful in
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determining mental health status at their early stages and in complementing diagnoses,
there are issues of reporting biases. Regarding evaluations with biomarkers such as saliva
[5, 6] and blood [7, 8], they are invasive, and the tests reagent may be required or analysis
may take time, and the tests are expensive. Therefore, those methods are not appropriate
as easy or simple solutions. In contrast, voice-based evaluation methods have several
advantages; for example, they provide diagnostic support to doctors, are almost non-
invasive, no needs special equipment, and there can be used remotely and easily. It is
thought that depression is triggered by psychological stress that causes the brain to lose its
balance with the stress. We conducted studies to estimate stress condition in patients and
support the diagnosis of disease using voice [9, 10]. Research on the relationship analyzed
the pose from question to the answer and analyzed the relationship with mental health
disorders, as well as the vocal fundamental frequency (FO) [11]. However, in the analysis
of conversation, it is necessary to have a talk partner, the test cannot be performed alone,
and it is time-consuming.

Because patients can provide false information in interviews and questionnaires,
objective indicators are effective for diagnostic support. If the depression state of a
patient can be estimated from the voice obtained during examination, the burden on the
examiner can be reduced and possibly support the diagnosis. In this paper, our aim was
to estimate the depression state of patients from their voicing of long vowels, which do
not depend on the native language.

2 Materials and Methods

2.1 Experiment

We recorded the voice of patients with major depressive disorder (MDD) in a hospital’s
consulting room. In addition, HAM-D was conducted to screen for depressed mood.
Further, patients were excluded if they had been diagnosed with serious physical
disorders or organic brain disease diagnosed by a psychiatrist using The Mini-
International Neuropsychiatric Interview [12]. Subjects vocalized three types of the
long vowels, such as /Ah/, /Eh/, and /Uh/ approximately three seconds. The voices
recorded as 24bit/96 kHz pcm audio files, using the Portable Recorder “R-26" (Roland,
Japan), and a pin microphone “ME-52 W” (OLYMPUS, Japan). As for the utterance
content, long vowels were selected because they do not depend on the native language.
After the time of second visit, we collected the subjects voice and conducted HAM-D
at each visit to observe the progress of the patient’s recovery. Since the patients were
undergoing treatment by a doctor, in many cases, the symptoms improved. As some
patients did not revisit the hospital when their condition improved, their voice could not
be recorded.

The data were collected from 28 subjects and the total number of data were 42
(Table 1).

This study was approved by the University of Tokyo, Clinical Research Review
Board and informed consent was obtained from all the subjects.
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Table 1. Collected subjects information.

Gender | Number of recordings | Age Number of data | HAM-D score

Once | Twice | 3 times | Mean + S.D. | t-test Mean =+ S.D. | t-test
Male |5 5 1 325+£59 |ns. |20 233 £ 11.1 |ns.
Female | 10 |7 0 322 £ 8.6 22 250 £ 9.3

2.2 Hamilton Depression Rating Scale (HAM-D)

“The Hamilton Rating Scale for Depression” (HRSD), also called “the Hamilton
Depression Rating Scale” (HDRS), abbreviated as HAM-D, is a multi-item question-
naire used to indicate signs of depression, and as a tool to evaluate recovery. HAM-D is
used to conduct clinical surveys, and its examination by health care workers usually
takes about 15 to 20 min. HAM-D has various items such as “HAM-D-17”, “HAM-D-
217, “HAM-D-24", and so on.

2.3 Analysis of Data

We used the openSMILE software [13], 6,552 acoustic features were calculated from
the collected subjects voice.
The acoustic features were calculated as follows:

(A) Physical feature was calculated on the basis of a frame unit or 56 similar feature
types.

(B) Three processing contents (moving average and time change) in the time direction
concerning (A)

(C) After the process (B) is performed on (A), statistical quantities of 39 types

Then the feature selection was done by implementing “CfsSubsetEval” and
“BestFirst” settings in Weka software [14]. “The Sequential Minimal Optimization”
(SMO) algorithm and “the Support Vector Machines” (SVM) for regression algorithm
were implemented [15] in Weka software. We used 10-fold cross-validation (10FCV)
in order to develop the HAM-D score estimation algorithm, generated from voice
associated with pronunciation of each long vowel.

In the analysis, the correlation coefficient between the “Actual HAM-D Score” and
the “Estimated HAM-D Score”, according to the generated algorithm, was evaluated.

3 Results and Discussion

Figures 1, 2 and 3 are scatter plots for the “Estimated HAM-D Score” versus the
“Actual HAM-D Score” based on the acoustic features of /Ah/, /Eh/, and /Uh/.

The performance of the algorithm with 10FCV relative to the “Estimated HAM-D
Score” using the acoustic features of /Ah/, /Eh/, and /Uh/, and the correlation coeffi-
cients with the “Actual HAM-D Score” were found to be 0.68, 0.83, and 0.68,
respectively.
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Fig. 1. Scatter plot for the “Estimated HAM-D Score” versus the “Actual HAM-D Score” based
on the acoustic features of /Ah/.
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Fig. 2. Scatter plot for the “Estimated HAM-D Score” versus the “Actual HAM-D Score” based
on the acoustic features of /Eh/.
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Fig. 3. Scatter plot the “Estimated HAM-D Score” versus the “Actual HAM-D Score” based on
the acoustic features of /Uh/.

The correlation coefficient between the “Actual HAM-D Score” and the “Estimated
HAM-D Score”, using acoustic features of /Eh/, was extremely high at about 0.83.
Even when /Ah/and /Uh/results were included, the correlation coefficient was 0.65 or
more, and the results suggested that the “Estimated HAM-D Score” based on the
acoustic features of the long vowels, /Ah/, /Eh/, and /Uh/, is effective in estimating
depression state and can be used for estimating the disease state based on voice.

We then evaluated the algorithm performance to check if the subjects’ voices can
serve as a parameter to identify those with depressive mental health conditions, as
indicated by a HAM-D score of more than 17, which is the cutoff point of “indicates
moderate depression” discussed by Zimmerman et al. [16] The receiver operating
characteristic (ROC) curve is shown in Figs. 4, 5 and 6 with the vertical axis as
sensitivity and the horizontal axis as 1-specificity.

For the “Estimated HAM-D Score” using the acoustic features of /Ah/, /Eh/, and /
Uh/, the calculated area under the ROC curve (AUC) values were 0.84, 0.98, and 0.87.
This result indicates that the developed algorithm functions correctly in estimating the
severity of HAM-D score using the acoustic features of long vowels, and it suggested
that it may be effective to estimate mental health status based on voice.

In this study, we used long vowels, which do not depend on the language.
Moreover, since our method does not measure the pause duration in conversations, as
done in the conventional method, it can easily be used by oneself. However, we
acquired voices in a specific recording environment. Therefore, it is necessary to
evaluate our method in other recording environments.
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Fig. 4. ROC curve of the “Estimated HAM-D Score” using the acoustic features of /Ah/.
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Fig. 5. ROC curve of the “Estimated HAM-D Score” using the acoustic features of /Eh/.
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Fig. 6. ROC curve of the “Estimated HAM-D Score” using the acoustic features of /Uh/.

4 Conclusion

In this research, we developed an algorithm to estimate the HAM-D score estimation
algorithm from the voice using acoustic features of one of three types of the long vowel
such as /Ah/, /Eh/, and /Uh/. Then, we conducted an experiment to compare the HAM-
D scores generated from the developed algorithm. The results indicated that the
developed algorithm functions correctly in estimating the severity of HAM-D score that
indicates depressive status, and can be used for estimating depressive mental health
conditions based on voice. Since voice can be easily acquired using devices such as
smartphones and personal computers, it is possible to monitor the mental state at home
using our algorithm, which could then lead to a doctor’s diagnostic support.

Future studies to evaluate the algorithm for other depression-related diseases, such
as bipolar with atypical features should be conducted to improve the accuracy.
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