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Abstract

BACKGROUND

Voice is individual and therefore several studies consider voice as a biomarker of
health. Focusing on the change of voice parameters of depressed patients can
provide an additional, objective measurement of the patient’s individual progress
during psychotherapy. This retrospective study is focused on the analysis of voice
parameters, specifically prosodic parameters, gathered from sessions and real-
world data out of the Munich psychotherapy study (MPS).

AIM

To investigate the prosodic parameters of patients with depression, their change
over a long-term therapy and correlate them with Beck depression inventory
(BDI) data. The analysis on the prosodic parameters aims to find, if and to what
extent, a change in the patient’s voice can be discovered and identified. This data
is then correlated with already available BDI data of each individual patient. The
hypothesis is that voice expression is impacted by depression and changes with
the state of depression.
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METHODS

We performed a retrospective investigation of n = 25 patients, who originally participated in the MPS, and their
change in prosodic parameters. An analysis of the mean fundamental frequency f, and its standard deviation was
performed on six psychotherapy sessions per patient, divided into three sessions at the beginning of the therapy
and three sessions at the end of the therapy. The technical analyses on the voice part have been conducted with
Praat, a phonetic analysis software developed at the University of Amsterdam.

RESULTS

The mean fundamental frequency was f, ..., = 183.1 Hz at the beginning and f, ..., = 187.8 Hz at the end, in a
compounded group of all patients (men and women). The average BDI of all patients at the beginning was BDI,..,,
=29.96 and BDI,_,,, = 9.6 at the end. A positive influence of psychotherapy can be seen in the majority of patients

not only in a reduced BDI rating, but also in an increased baseline frequency.

CONCLUSION

With regard to the clinical picture of depression, its recognition and constant monitoring during therapy, it is
important to exhaust all possibilities and examine additional relevant data. Prosodic characteristics can make a
contribution here for various reasons. On the one hand, a person acts unconsciously via and through their voice
and emotional states become detectable. On the other hand, voice can be represented in objective parameters and is
therefore suitable for analyzing individual characteristics and changes. Dealing with the topic from the perspective
of psychotherapy therefore seems unavoidable, as an additional component is included in the holistic view of the
person.

Key Words: Voice; Depression; Fundamental frequency; Emotional state

Core Tip: Voice is a central component in interacting with the world and a major factor in defining the relationship between
patient and therapist. The complex system enabling us to produce a vocal tone is influenced by several physiological
components and transports information about our feelings and emotions. Especially for patients with depression the voice is
often described as muted and monotone. This research initially provides theoretical background and then focuses on the
evolution and change of the fundamental vocal frequency of patients with depression during long lasting psychotherapy.
Therefore, a method was created to identify the fundamental frequency of sequences of sessions recorded within the Munich
psychotherapy study and applied throughout sessions of 25 individual patients. The phonetic analyses were performed using
appropriate phonetic software. The output of the analysis is crosschecked with the output parameters [Beck depression
inventory (BDI) for depression] and converted into a formula to calculate a ratio between fundamental frequency and BDI
rating scores. Results are shown on an individual basis for specific patients and evaluated for the overall scope and in an
overall context.
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INTRODUCTION

According to the World Health Organization definition, depression is a common mental disorder. At the heart of the
symptoms are changes in the thymopsyche, i.e., the feelings and expressions of emotion. The term is derived from the
Latin word deprimire, which can be translated to mean to depress. The clinical diagnosis of depression describes the
disorder in which the elements of dejection, lack of energy and drive, as well as the loss of joy and interests are found and
united[1]. Around 3.8% of the population suffer from depression worldwide, that is 280 million people. In Austria, 6.5%
of adults are confronted with depressive disorders during their lifetime, with women being slightly more affected (6.8%)
than men (6.3%)[2]. Based on these figures, it can be said that depression is and will continue to be one of the major global
challenges for healthcare systems[3]. If left untreated, depression can have a massive impact on quality of life at various
levels, both professionally and socially[3]. The heterogeneity of symptoms leads to various clinical pictures, resulting in
the need for trained and qualified professionals to find the right diagnosis.

Speech and voice could play its role in the early identification and tracking of the progress in depression as individual
markers leading to the question “Is Speech the New Blood?”. Voice can be seen as a human expression that is innate and
manifests itself in different ways. In contrast to language, which can be acquired, learned and changed, the perceptibility
of the voice is a person-specific, unique characteristic, "a vocal fingerprint"[4]. A person's voice is completely individual.
There really should be no two people with the same voice. This vocal fingerprint is used in everyday life for authen-
tication in our social environment, but also, for example, as a means of rapid identification in a professional context. Post
Finance Bank, for example, uses voice profile recognition in customer contact because they believe it increases security
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and saves time[5].

Voice as indicator of therapeutic progress

The human voice is created through the interaction of various structures and muscles that require coordination between
the abdomen, chest, neck and head. This shows that the vocal apparatus is an integral part of the body as a whole and is
fundamentally connected to it. Voice is a "highly complex process in which the individual organs and functional circuits
involved are very finely coordinated and attuned to each other"[6]. Dysfunctions, impairments or disorders of these
central structures result in changes in sounds and voice, as it is also the case in depressive disorders[7-9]. The larynx
serves as a central and essential organ and is figuratively referred to as the vocal organ[10] of the vocal apparatus. The
primary function of the larynx is to keep the lower airways free of foreign bodies in the respiratory process; the secondary
function is to produce voice through the glottis[11]. Protecting the airways and the necessary ejection of foreign bodies
through reflexively animated coughing movements requires not only sudden closing movements, but also a high level of
granularity in the coordination of the control and safety system and the sub-areas that lie above it. The larynx is inte-
grated into the movements of the entire body via the muscle chains, head, shoulder girdle, arms, pelvis, spine or legs, and
its function is positively or negatively influenced by these.

A distinction is made between phonation, i.e., voice formation, which takes place in the larynx and produces sound
events, and articulation, the formation of sounds, which takes place in the mouth and throat. The production of voice
occurs primarily through the release of air, initiated by the activity of the respiratory muscles[12] during exhalation. The
glottis refers to the voice-forming apparatus consisting of vocal folds. During inhalation, the glottis is open, letting air
flow without resistance. Therefore, no sound can be produced. To produce sound, the vocal folds must be set into a state
of vibration, which occurs during the process of exhalation. To ensure that sound is not produced with every breath, the
brain sends a signal to set the correct state of tension. This is also known as phonation tension[13]. When exhaling, the
vocal folds themselves form a resistance, as they contract again due to the activity of the adductor muscles and cause the
glottis to close. This condition in succession leads to a build-up and increase in subglottal pressure[12]. During phonation,
the resistance of the closed vocal folds is overcome by the pressure of the air flow. The focal folds open, allowing air to
flow outwards. The air flows through the glottis opening like a jet. Due to the increasing speed of the outflowing air, the
pressure in the glottis decreases, resulting in the glottis closing again and the vocal cords contracting. This is further
supported by means of elastic forces of resetting. This is again followed by an increase in pressure, accompanied by the
opening of the vocal folds and thus initiating a cycle of opening and closing of the glottis, known as the Bernoulli effect.
This continuous cycle of vibration occurs at a certain frequency, which is referred to as the fundamental frequency or
fundamental tone of the voice. Physically, the human body acts as a sound source, with the vocal cords producing the
primary tone, which is a raw, unfinished sound product, a kind of primal sound. This primary sound still requires
amplification for perception. The amplification requires resonance chambers where, similar to a violin, existing hollow
bodies resonate. The human voice relies on mouth resonance and nasal resonance to amplify a sound. On the other hand,
the sound waves generated by a sound source are propagated in space via a medium, in the case of the voice primarily
the air, until they reach a receiver[14].

In phonation, frequency is defined as the parameter that determines the rate of vocal fold fluctuations and is perceived
as pitch[15]. The pitch resulting from the number of vocal fold vibrations per second is defined as the mean fundamental
frequency f,[16] and expressed in the SI unit Hz. The fundamental frequency f,, or mean speech pitch, measures the
phonic zero point and any persistent shifts from the resting position, which can occur in stress situations[17].

The fundamental frequency is a function of the mass and length of the vocal folds. These are subject to gender
differences and therefore result in different bands of fundamental frequencies for men and women. In women, the
average fundamental frequency is in the range of 190 Hz to 250 Hz and in men in the range between 100 and 150 Hz[18].

These physical, innate characteristics already define the vocal range or the range of a person's fundamental frequency
variations, the use of which is culturally dependent[4]. In addition to taking part in social dialogue and revealing
information and emotional states, the voice also provides biological characteristics and markers. Individual information
such as gender, age or height is revealed via the voice. It can also be used to draw conclusions about national, regional or
psychological characteristics (origin, possible group affiliation, competence, personality, emotion, state of mind)[4].

The voice also shapes people on the receiving end, as the neural processing of voices in infants begins in the primary
auditory cortex between the fourth and seventh month of life, in a sensitization to emotional prosody that undergoes
permanent development and improvement until the maximum performance level of adults is reached[4]. Furthermore
there is an evolutionary link between the frequency range of the voice and the auditory system or the sensitivity of the
auditory system. Not only is the person producing sound important for the vocal transmission circuit, but also the
perception and reaction of the receiver to the voice, which is spontaneous, intuitive and emotional[19].

In the case of linguistic utterances that are emotionally charged, there are now also differences in the glottal pulses
depending on the respective emotion, which result in a change in the glottal spectrum. In contrast to utterances that are
made neutrally, anger and joy, for example, show longer closed moments of the glottis. In mourning, the glottal excitation
is no longer impulse-like as in normal speech but has more of a sinus shape.

Although the voice is unique, it is not completely monotonous and does not always sound the same, but is changed by
the state of mind and emotions. A linguistically neutral text is spoken with a hardened use in a strong excitement, with a
clear use in a comfortable mood, and with a softened use in a depressive mood. In this respect, the voice also serves as an
instrument for adding variations to statements and thus adding further definition and emphasis to the content.

One's own voice can provide intimate insights into one’s emotional state. It can reveal characteristics and emotions
such as fears, longings, tension, excitement or sadness. In personality research in the context of the Big Five, it is primarily
the two factors neuroticism and extraversion that correlate with the indicators of voice and speech.
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The entirety of all acoustically perceptible forms of speech expression is summarized under the term prosody. This
includes accentuation, speech rate, rhythm and timbre. The linguistic feature systems include intonation (the acoustic
correlate is the fundamental frequency f,), loudness (intensity) and quantity (duration)[20].

Following these arguments based on literature[7-9,17] our research hypothesis is that vocal parameters change with
depression severity.

MATERIALS AND METHODS
Study design and patients

We performed a retrospective single-center observational analysis. The study relies on available audio files from the
Munich psychotherapy study (MPS)[21,22], which is a comparative process-outcome study of three therapeutic appr-
oaches: Psychoanalytic, psychodynamic, and cognitive-behavioral. The study is a long-term-study that followed the pro-
gress of the individual patients up to several years. Although 100 patients were participating in the study, only 93 avai-
lable sets of audio files from the individual therapy sessions were available and were further screened for its feasibility to
be used in the study. The further exclusion criteria were incompleteness of the audio files or insufficient voice quality
from the patient in one or more sessions. This investigation was approved by the Institutional Ethics Committee of the
Medical University Vienna (number 1746/2023). A subset of 25 patients with complete audio files in the proper quality
for voice analysis was selected to start the individual case analysis (Figure 1).

Data collection

All the data related to the patient was retrieved from digital audio files, which has been anonymized. Available data were
sex, age and an evaluation of the severity of depression through Beck depression inventory (BDI)[23] evaluation. A pre-
evaluation with audio files from actors talking in different mood states and openly available via RAVDESS investigating
how the emotional state of a person can be comprehended, was made. The specific parameter to be identified was the
fundamental frequency. In the main study each of the patients” audio files were screened for speech without interruptions
for up to twenty seconds. These uninterrupted speech-fragments occurred every three minutes for up to 15 individual
speech-fragments per session. This resulted in data of up to six minutes per patient under normal conditions. Each of the
minimum 20 seconds sequences have data points collected every 35 thousandth of a second, resulting in 28 data points
per second and up to 280 for a 20 second sequence. Overall, the data collection for each session of was then conducted in
15 data points/15 individual speech-fragments, merging the single 20 second sequences, for further evaluation. The audio
files were analyzed from recordings made in the office of psychotherapists. The signal-to-noise ratio (SNR) strongly
depended on the distance of the speakers to the recording device and the background noise. For the analysis only
recordings were included for which the fundamental frequency could be analyzed for the whole duration of each seg-
ment. The SNR for each recording had to be > 30 dB, to ensure an accurate acceptable level[24].

The central analysis tool for the study is a software program used specifically for the main analysis work of the vocal
part studies. This is the free software Praat, which is a phonetic analysis software developed at the University of Amster-
dam by Paul Boersma and David Weenink and allows spoken material to be broken down into different parameters for
further analysis (https://www.fon.hum.uva.nl/praat/).

There are various methods and algorithms for "determining the fundamental frequency from the acoustic signal"[25],
the one used by the Praat software is a proprietary development by Paul Boersma. The algorithms from different
programs can produce different results for one and the same data set, i.e. an audio file, because fundamental frequency
algorithms can also be error-prone, which is why the results must always be subjected to a plausibility check[25]. Praat
offers the following advantages. It is open access software that is subject to continuous further development and can be
used on different operating systems. By creating own scripts, broad-based analyses can be carried out.

Patient’s characteristics at baseline

The material of the study included 25 patients with depressive disorder. The median age of the patients at the beginning
of the treatment study was 33 years, 20 (80%) were female and 5 (20%) were male and the median therapy time was
720 days. Out of the 25 patients 14 (56%) had severe depression, 7 (28%) medium depression and 4 (16%) mild depression.
The average BDI rating at the beginning of the study was 27.56, while at the end of the study it decreased to 9.6. The
patients were treated with different psychotherapy methods, in detail 6 (24%) with cognitive behavioral therapy, 11 (44%)
with psychoanalytic oriented psychotherapy and 8 (32%) with psychoanalysis. The median time of psychotherapy
evaluated between the start and end sessions was 713.12 days. An overall of 2151 audio sequences were analyzed with an
average length of 23.72 seconds, which adds up to a total amount of 14.172 hours of data material.

Outcomes and definitions
In music, the intervals are mathematically defined. The semitones, determined by their frequency, are always separated
by the factor twelfth root of 2 (factor of 1.059463094).

Each semitone corresponds to a specific frequency and is also represented by a musical instrument digital interface
(MIDI) standard tone number. The MIDI standard defines frequencies between 8 Hz and 12.543 Hz, which are deter-
mined relative to a reference frequency, usually according to the concert pitch a'/A4[26]. The concert pitch a' has a
frequency of 440 Hz and the MIDI number 69. Based on this, every fundamental frequency f, in this range can be
converted into a MIDI note number, logarithmically scaled with the following formula[27]:
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P Available data of MPS overall
Identification { (k=100)

Available patient audio files Excluded patients because of audio

Sceening of MPS (k=93) incompleteness (k = 29)

Final set of patients with full

Inclusion and complete data (k =25)

Eligibility Identified patients with Excluded because of missing quality
9 complete data sets (k =64) in multiple interviews (k = 39)

Figure 1 Selection process. MPS: Munich psychotherapy study.

MIDI note number = 12 x [log (f,/440)/Log (2)] + 69 (1)

The conversion to MIDI notes numbers allows a pooled analysis since the potentially different fundamental fre-
quencies of female and male subjects are not compared directly. Due to the transfer to the logarithmic musical intervals
the differences in f, due to the therapy are not dependent on the original fundamental frequency.

If this conversion is performed for each patient, a MIDI note number is obtained for the end hours and the start hours,
the difference between which indicates the relative change. From the individual relevant data of the selected patients,
specifically the BDI change and the difference in the MIDI note number, a ratio of the change in relation to the two data
can be calculated.

Ratio = (AMN/ABDI) x (-10) (2)

AMN denotes the difference between the calculated MIDI note number of the end interviews and the MIDI note
number of the start interviews. The MIDI note number is calculated from the average fundamental frequency using the
above formula. It was assumed that the AMN value is positive, as the final interviews have higher values than the initial
interviews.

ABDI is calculated from the value of the BDI at the start of therapy, from which the BDI value at the end of therapy is
subtracted. The ABDI value is therefore negative. The ratio itself is then calculated by dividing the delta of the baseline
frequency by the delta of the BDI and thus obtains the value of Hz per depression point.

For a clear representation and easier interpretation, the ratio is multiplied by -10 in order for positive effects to be
represented positively resulting in a meaningful scale. A positive ratio value, resulting from the formula, means an
improvement in the vocal parameters. The two-sample f-test assuming Unequal Variances was used to examine the
significance of relationship between f, and BDI, via the ratio between these two parameters. The respective formula is
explained in detail above. Two different groups were compared: Patients with a BDI score > 30 at the beginning of the
therapy and patients with a BDI score < 30 at the beginning of the therapy. P value < 0.05 is considered as statistically
significant. The calculated and identified P value was 0.028 for this analysis.

The paired t-test was used as method to determine the level of significance of change in total fundamental frequency
and BDI over the individual period of the patient’s psychotherapy treatment. P value of 0.05 is considered as significant.
For the fundamental frequency f, the P value resulted in 0.00035, whereas for the BDI the calculated P value was P =
0.00001.

RESULTS

Of the 25 patients selected, 20 were women (80%) and five men (20%). The women had an average age of 32.8 years at the
start of treatment, while men were on average 33.8 years old. The average duration between the first initial interview and
the last final interview was 713.12 days, which corresponds to a period of almost two years on average. It should be noted
that the recorded interviews do not mark the original start and end of therapy. A few hours took place before and after.
The data for the statistical analysis were taken from the time stamps of the audio files and validated against the data
given in the MPS study.

A total of 2151 audio sequences were identified in the final interviews and the corresponding voice report data was
extracted and collected from the Praat software.

The average duration of an audio sequence is 23.72 seconds, which results in a total data pool of 51021.72 seconds. This
corresponds to 850.362 minutes or 14.1727 hours. According to the BDI, 14 patients were diagnosed with severe de-
pression, seven patients with moderate depression and four patients with mild depression. The average BDI of all
patients at the beginning was 27.56 and 9.6 at the end (Table 1).
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Table 1 Description of the sample, n (%)

Variables Values
Sex

Female 20 (80)
Male 5 (20)
Age in years (MW, SD) 33+6.33
Suffering from depression n=25
Depression levels

Severe 14 (56)
Moderate 7 (28)
Mild 4 (16)
Evaluated sequences n=2151

Average length

Overall data

23.72 seconds

850.36 minutes, 14.172 hours

Psychotherapy method

CBT 6 (24)
POP 11 (44)
PA 8(32)

POP: Psychoanalytic oriented psychotherapy; CBT: Cognitive behavioral therapy; PA: Psychoanalysis.

Statistical data from the evaluation

The mean fundamental frequency was 183.1 Hz at the beginning and 187.8 Hz at the end, in a compounded group of all
patients (men and women). For a further linkage of the obtained data of the fundamental frequency change with the data
of the BDI and thus the attempt of an interpersonal comparison, additional conversion had to be made, as the changes in
the fundamental frequency in men may differ from the change in women. The physiological differences between men and
women lie in the different fundamental frequency of the vocal bands. In the analyzed data, men speak between 95 Hz and
123 Hz and women between 160 Hz and 240 Hz. Changes in the fundamental frequency are therefore not directly
comparable for men and women, and simply doubling the values for men would distort the results. To integrate the BDI
values and maintain consistency in the calculation, it is not possible to work directly with the fundamental frequencies;
instead, a conversion had to be carried out using semitones, as defined above.

Combination and correlation of data

Due to the physiognomic difference in the voice area between men and women, a comparison of data simply with
fundamental frequency f, is not leading to the optimal correlation. In the captured data women had a fundamental
frequency rate f, between 160-240 Hz, whereas the one from men was only between 95-123 Hz. Changes in fundamental
frequency for women tend to be bigger, because of the higher fundamental frequency overall. Therefore, it is mandatory
to find a compensatory element on the voice side, to include women and men in the same correlation with the BDI rat-
ings. In research the semitone is used as a base unit for a logarithmic scale for analysis and display of the pitch of speech.

General changes

The mean fundamental frequency (183.1 Hz at the beginning and 187.8 Hz at the end) showed an increase. The analysis of
the fundamental frequency objectified the change in the acoustics. Further analysis points at the data that had been
evaluated in the original study with the BDI ratings. The average BDI rating at the beginning of the study was 27.6, while
at the end of the study it decreased to 9.6.

A positive influence of psychotherapy can be seen for most of the patients not only in a reduced BDI rating, but also in
an increased baseline frequency, as summarized in the following graph (Figure 2).

For most patients, there was an increase in the mean baseline frequency over the course of psychotherapeutic
treatment, which was associated with an individual reduction in the depression rating and an increase in the standard
deviation. In 64% of patients, this increase in the mean baseline frequency of > 4 Hz could be detected, with 24% showing
an increase of up to 3 Hz. Three patients showed a negative development of the fundamental frequency, although this
was due to external factors or no progress in the therapeutic process.

Using the formula explained above, an attempt is made to reduce the individual changes to a common denominator
and thus present the changes per patient in a graph (Figure 2). It should be noted that this can only be done to a limited
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AF in Hz Frequency + BDI change per patient
4BDI
14.56
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9.35
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-30

-35

37 -38
=== BDI change Frequency change

Figure 2 Mean baseline frequency and Beck depression inventory change per patient (n = 25; Patient A to Y). BDI: Beck depression inventory.

extent using the available figures, as both voice and progress in psychotherapy are always individual. For example, it is
not known what the patients' original average fundamental frequency was before the original depression.

Even if a reduction in the BDI rating simultaneously results in an increase in the average fundamental frequency and
thus the MIDI standard note number, this cannot be extrapolated over the entire spectrum. Based e.g., on the value 0.33,
this would mean an increase of 20 Hz for the maximum jump from 63 points to 0 points. This does not seem realistic;
instead, a kind of saturation must be expected for the change of the mean fundamental frequency. This saturation cannot
be verified from the available data. Figure 3 gives an overview of all patients separately.

Nevertheless, on average, the ratio per patient was 0.32 (AMN/ABDI point without the factor 10). If the calculation data
is adjusted upwards and downwards by the two outliers, a ratio of 0.28 (AMN/ABDI point) remains. Conversely, in
figures for the fundamental frequency, this means that a change in the BDI rating by 3 points downwards results in an
increase in the fundamental frequency by one Hz. There can be no correlation between an increased frequency change or
the ratio, and the therapy method applied.

The results show no increase in the baseline frequency for only three patients. A more detailed exploration of the
background shows that for two patients external factors had an influence on the results (therapy in a foreign language
and a stroke of fate). In the third patient, there was no change in the depression even after a long period of therapy and
therefore no, or only a minimal, change in frequency.

In Table 2, a compact presentation of all specific and relevant data for the respective patients is coded again. This
includes both the metadata and the collected and calculated data.

DISCUSSION

The overall assessment shows consistent results regarding the mean basic frequency within the circle of the initial
interviews and the final sessions, using the method of analyzing long speech sequences without interruption. To further
test the quality of the data, the interviews in the middle phase were also analyzed for three patients with the highest
change in mean baseline frequency. These show the expected course and already an increase in the baseline frequency,
although they do not yet reach the value of the end interviews. Around 30% of the patients showed a vocal effect in the
first recorded therapy session and the extracted data did not match, or only partially matched, the other data from the
initial interviews. This could be explained by excitement and nervousness, knowing that their problems were being
recorded. Many patients also actively discussed the recording in the first recorded hour. On the other hand, the media
effect would also be a model of explanation, in which the voice, at least with non-professional speakers, usually sounds
somewhat altered at the beginning. In order to reduce this effect, an attempt was made to slowly adapt the speakers to
the new situation and to focus on topics that are relevant[28].

This fact therefore has a partial influence on the results, but also shows that data generated in the laboratory or in
experiments must be subjected to close examination and selection. Particular attention is paid to the provision of basic
and learning data, which serve as the basis for the algorithms of artificial intelligence (Al) programs.

One strength of the study is the possibility of accessing the audio files of the MPS. They provide a free basis for the
conversation in a therapeutic setting, and the patients were given the freedom to speak spontaneously. The data analysis
is thus based on natural conversational utterances, the paraverbal attributes of which were formed without any
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Table 2 Compact overview of the data per patient

Thera Mean MIDI MIDI
ID Method Female Iengthpil:l BDI  BDI BDI for Mean  Mean for note nr. note nr. M_IDI note nr. MIDI/BDI
e start end change start forend change start end difference

A CBT 1 170 21 0 21 1833 191.4 81 53.840 54.589 0.74861 0.36
B POP 1 225 34 0 34 23918 23556  -3.62 58.447 58.183 -0.26403 -0.08
C POP 1 1045 22 15 -7 18076  183.88 312 53.599 53.895 0.29627 0.42
D CBT 1 336 16 1 5 189.77  193.72  3.95 54.441 54.798 0.35665 0.71
E POP 1 281 38 3 -35 18296 18449 153 53.808 53.952 0.14417 0.04
F POP 1 350 20 6 -14 22408 22909 501 57.318 57.701 0.38281 0.27
G PA 1 441 24 16 -8 220.9 2211 0.2 57.071 57.086 0.01567 0.02
H CBT 1 589 47 28 -19 178.1 1843 6.2 53.342 53.935 0.59242 031
I POP 0 181 18 0 -18 115.7 11817 247 45875 46.240 0.36570 0.20
J CBT 1 721 32 13 -19 20215 20737 522 55.535 55.976 0.44137 0.23
K POP 0 736 28 21 7 98.2 10576  7.56 43.035 44319 1.28399 1.83
L PA 1 1287 16 0 -16 15991 17447 1456 51.477 52.986 1.50863 0.94
M PA 1 1397 17 9 -8 20732 21654 922 55.972 56.726 0.75329 0.94
N PA 1 972 37 0 -37 1921 19861 651 54.652 55.229 0.57697 0.16
O POP 1 1087 36 2 34 190.6 199.94 934 54517 55.345 0.82823 0.24
P PA 1 1015 38 7 -31 208.02  217.5 9.48 56.031 56.802 0.77152 0.25
Q CBT 1 1035 33 2 31 2175 23316 1141 57.137 58.006 0.86863 0.28

PA 1 857 40 9 -31 194.4 198.68  4.28 54.858 55.235 0.37702 0.12
S PA 0 938 30 27 3 117.4 11707  -033 46.127 46.078 -0.04873 016
T POP 1 854 45 28 -17 22525 23477 952 57.408 58.125 0.71665 0.42
U PA 1 618 30 1 -19 21894 22478 584 56.916 57.372 0.45574 0.24
V CBT 1 749 39 12 27 21854 20539  -13.15 56.885 55.810 -1.07438 -0.40
W POP 0 406 25 0 25 95.95 96.03 0.08 42634 42649 0.01443 0.01
X POP 0 397 25 20 5 1224 1238 14 46.849 47.046 0.19689 0.39
Y POP 1 1141 38 0 -38 190.05  199.4 9.35 54.467 55.298 0.83144 0.22

POP: Psychoanalytic oriented psychotherapy; CBT: Cognitive behavioral therapy; PA: Psychoanalysis; BDI: Beck depression inventory; MIDI: Musical
instrument digital interface.

specifications.

Limiting factors
As a lot of information on the audio files of the MPS is not available, some limiting factors must be mentioned.

First, some limitations of external validity have to be mentioned in order to prevent false-positive risks. Only 4 cases
(16%) represented mild depression, risking a masking of subgroup vocal signatures. Conversely, severe depression
constituted 56% of the sample, biasing results toward this subgroup and limiting generalizability across the full
depressive spectrum. There are also no records if and when any medication, not only psychopharmacological, was
administered during psychotherapy. These could have had psychological, physiological or hormonal influences and
effects at any time, which could have also influenced the voice and the fundamental frequency f,. For the overall f,
elevation alongside treatment effects, the small sample size has to be taken into consideration.

Second, the recording conditions of the audio files and the type of technical equipment used to make the recordings.
There is no specific information on the microphone and recording device, however it can be assumed that in most cases
cassette recorders were used at the time. No attention was paid to the acoustic influences in the therapy rooms; windows
were open and sometimes background noises from drilling machines or passing cars can be heard in the background.
Furthermore, there is no information on where the recording device was placed in the room and at what distance the
therapist and patient were situated. In fact, no experts were involved in generating this data; instead, the therapists were
used as laypersons. It is also unknown, how the data was later converted and transferred onto compact disks. These
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Figure 3 Summary of the calculated ratio per patient. MN: MIDI note number; BDI: Beck depression inventory.

unknown parameters should be mentioned as they may have a potential influence.

Furthermore, potential biases due to the small sample size (n = 25) and gender imbalance (80% female) have to be
addressed. The small male cohort compromises statistical power for sex-stratified analyses, preventing validation of sex-
specific f, change patterns. Although the study aims to validate f, changes correlating with depression improvement, it
fails to explicitly differentiate within-subject changes (pre/post treatment) from between-group differences (treatment
modalities). Therefore, the reliability of the conclusion must be examined with caution. There is no doubt that the data
material provided is not state of the art, but is characterized by technical and methodological pragmatism, as this was not
the focus of the MPS.

It should also be mentioned that the times for the BDI ratings at the beginning and end of therapy do not coincide
completely with the start and end interviews but are shifted by a few weeks.

General relevance

The previous sections have shown that voice is characterized by complexity and is subject to different influences. Voice is
an individual characteristic of our personality and reveals our innermost self to the outside world, for example when
emotions are at work and guide our utterances. People with depression are often characterized by a clouded or subdued
mood, which has an influence on the physical and psychological whole and also has a physiological effect. The basic
mood is reflected in the voice.

Although a wide range of research is being conducted in the context of prosodic characteristics and mental illness, it is
primarily based on experimental data and examines short-term time periods. In addition, they primarily focus on faster
and more reliable detection of depression than on vocal changes in therapeutic progress.

This research work can therefore open a new data field and provide findings in the area of real data analysis in relation
to the mean fundamental frequency f,. There is also sufficient data available to carry out a valid analysis. This analysis is
positively enhanced by the fact that the same patients are followed over a long period of up to three years and the data
from the depression ratings are available at the same time. A significant disadvantage is the quality of the audio recor-
dings.

The research question, whether changes can be detected in voice parameters and especially in the fundamental
frequency f, cannot be clearly answered due to unknown parameters in the original data collection. The data obtained
show a tendency that indicates a fundamental increase and stabilization of the fundamental frequency at and a simulta-
neous reduction in the depression rating. However, relevant information from the original study (medication, hormone
status, technical information) is missing for a valid statement.

The discrepancy in the fundamental frequency between the data generated experimentally and the real data from the
MPS audio files was striking. The frequency jumps are artificially generated many times higher (joy) and lower (sadness)
than was visible in the patients in the MPS. However, it should also be noted here that the comparison cannot be made
directly, as the patients in the MPS are assumed to have a subdued mood. Another criterion for generating data appears
to be excitement or the media effect, which was evident in almost a third of the patients in the first recorded hour.

Since the basis of the voice and the fundamental frequency f, is different for all people, cross-comparisons of the
increase between patients are only of limited use.

Using prosodic characteristics as a comparative element in depressive patients to have an objective indicator can
nevertheless be considered useful. As this study is a preliminary exploration, results should be validated in larger
samples and in more rigorously controlled studies. Further studies are recommended and necessary, and the massive
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production of valid data material is essential. The data material should be consistent and as close to reality as possible, as
well as complying with current methodological and technical standards. Research must also be interdisciplinary and
should at least include experts from the fields of psychotherapy, acoustics and computer science ensuring professional
standards.

Psychiatry has also become aware of the voice as a feature, and psychiatrist Charles Marmar, among others, notes that
the voice is enormously versatile in conveying our emotional signals[5]. Certain research has focused on the detection of
mental illnesses such as depression, psychosis, burnout or bipolar disorder using voice analysis, usually achieving
detection rates of between 80% and 95% in experiments[5]. A person’s speech and voice can also serve as an important
indicator for recognizing suicidal intentions[5].

In the context of the current state of research, there are both structural and methodological gaps in this field, that we
tried to close within this study. In principle, there is little opportunity to meaningfully compare the different study results
with one another. This is primarily because only isolated studies are available due to the different methodological
approaches and variants[29]. The difficulties of various studies can now be seen above all in the high technical require-
ments and the complexity of processing the data. One of the biggest, if not the biggest, problem with using voice analysis
to identify physical or mental illness is that the studies and research usually cannot access real data but are based on data
sets that were produced in experimental and controlled environments and under specific conditions[5].

A recent study has collected several areas of research on emotional prosody from the last three decades and catego-
rized evolution based on quality/spectral features, dynamic/contours and other features. However, the outcome of that
study is also that certain parameters and definitions are missing, to perform comparisons and open the field to a more
standardized one.

Therefore, recordings are typically performed in laboratory settings by invited actors or non-actors. It has been shown
that the acoustics of play-acted (or posed) recordings differ from those of spontaneous recordings[30].

The steady increase in mental illness is leading to a practical need to invest heavily in this area of research, particularly
on the topic the cost-effectiveness of national healthcare systems. Voice-based technologies and recognition open new
possibilities for efficiency, quality and reduced costs. Automatic speech recognition, which not only focuses on detecting
mental illness, but also to enable easier and faster documentation and thus also gives healthcare staff more time for
patient contact[31].

Currently methodological standards for screening and diagnosis of depression, are the Patient Health Questionnaire
(PHQ) or the BDI, which are designed as self-evaluation questionnaires. In everyday life people with depression can face
hurdles making it difficult for them to seek professional help, as this requires taking an active step that many patients
seem to be unable to take. For this reason, a low-threshold and simplified process is being sought that both reduces the
initial hurdles and simplifies and shortens the identification process, without compromising the qualitative analysis.
Methods that aim to develop an automated screening process for depression are based on complex algorithms that aim to
offer simple and practicable solutions, for example via telephone calls[32]. Automated screening processes follow two
different methods. On the one hand, answers to specific questions are evaluated, such as: Have you had depression in the
past? And subjected to weighting. On the other hand, an open approach is chosen, and the original question is not
necessarily included, but an attempt is made to identify depression using global and/or time-varying statistics[33].

Another research sector is currently emerging in the field of machine learning and supports the validation process.
Here, spoken texts, including those of depressed people and a control group, are recorded and processed into visual
spectrograms using specific models (Log-Mel Spectrogram-based Convolutional Neural Network), which form the basis
of the learning data sets. These data sets are constantly expanded, refined and improved. The final idea is a quick
examination of patients using audio excerpts recorded on a smartphone, for example. One study used defined texts in
this way and was able to achieve an accuracy of 78% in the detection of depression using these texts[34]. In the general-
ization and prediction of PHQ9 data and in the evaluation of spontaneously spoken sentences, no general, validatable
statements could be made[34]. Other approaches in the context of machine learning attempt to use the voice to find out at
what episode level depression the person is currently experiencing, i.e., whether the depression is mild or severe. The
accuracy in initial studies is 60% and thus shows the fundamental potential of the voice as a biometric variable in
depression[7]. However, researchers are struggling with fundamental problems because, as already mentioned, voice is a
complex and fragile system that is influenced by several different factors when it occurs in the environment. For example,
even background noise in a recording reduces the reliability of an analysis tool that detects depression from 94% to 75%
[35].

Especially in view of the worldwide prevalence, research in this context is of great importance, not only for early
detection, but also to ensure adequate treatment. The different languages and subtleties are problematic and a challenge
in these cases, which can also have a vocal impact. There is also the question of data sets and how they can be made
available to the machine, increasing the quality of detection.

Al and its algorithms will also play a relevant role in voice analysis in recognizing speech patterns and derive results
from them.

In the domain of depression in connection with the characteristics, metrics and profiles of the voice, it is important to
separate and differentiate between two approaches. On the one hand, there is the detection of depression based on voice
patterns, parameters or analytical findings, which should be quick and uncomplicated, but also accurate and meaningful.
Here, a relationship can only be established based on empirically established parameters, which, however, do not take the
individuality of callers during initial contact into consideration.

On the other hand, there is the change in voice profiles in long-term treatment, i.e., which parameters change over time
and to what extent and can therefore indicate the progress in therapy and thus the stabilization of patients. Behind this is
a non-transferable approach in which the specificity of the personal voice is given greater importance.
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The software market now offers a wealth of products that are primarily used in the service sector and can recognize
callers' emotions using voice profiles. These emotions are displayed to the service employees on the screen in real time
and enable them to initiate the appropriate response, as they have learned to do in the relevant training courses[5]. One
example product among many is the provider SPITCH, which promotes voice biometrics as the most reliable biometric
authentication method and validates over 100 parameters against an original voice profile on a comparative basis. Other
software-based products on the market that are based in the healthcare sector and work with specific voice characteristics
include Beyond Verbal, Cogito, Corti and Winter Light Labs.

The ever-advancing possibilities of technologies in the domain of Al leads to the voice technology sector being one of
the most promising sectors, which will be particularly significant for the healthcare systems of all countries in the world
[36]. The aim of using such technologies is not to replace doctors, but to provide them with an additional analysis tool,
although this must be accompanied by specific training on how to use and interpret the results. In this context, the voice
is also said to have a similar ability to detect diseases as blood currently does.

The latest and most recent development took place in March 2024, when OpenAlI (ChatGPT) presented a program
called Voice Engine, which can duplicate the voice of a human being from a 15-second original[37]. This is intended to
demonstrate the capabilities and possibilities offered by Al, but also to point out how easily and quickly it is technically
feasible to duplicate, but also to manipulate, an individual human characteristic. Beyond the technical possibilities, key
elements for future applications need to be clarified. This concerns ethical issues as well as the handling of the data
produced and how long it is stored.

Outlook for further research

For the field of psychotherapy, further aspects need to be considered for future research and incorporated into the
research process. Psychotherapy usually takes place in a setting between two people. They are in a stable relationship
with each other, a dyad, which is characterized by "reciprocal and interrelated patterns of action between the partners"
[38]. The patient's voice works within this dyad during therapy and must therefore also be considered in this context. The
variable of the therapist must be included, or at least taken into consideration, as they can have an influencing effect
through the nature of the relationship or the fit. However, voice is also actively perceived by patients as a tool that can be
used to regulate the relationship with the therapist. Changes are thus perceived via the voice and partial synchronization
of prosody also takes place[39].

CONCLUSION

In conclusion, it can be said that voice is an extremely complex phenomenon that we cannot escape in our daily com-
munication. Through our voice the unconscious comes to the surface. In terms of psychotherapy research, the inclusion of
the voice as a factor to be investigated is still in its infancy. What effect and influence it has and can have in the
therapeutic process and how a positive course of therapy can be traced from other prosodic characteristics that are to be
specified for the respective patients.

If the focus is placed on language as a medium for the therapeutic process and the effectiveness of psychotherapy[40],
voice and prosodic characteristics cannot be detached from this. The possibility of a linguistic turn in psychotherapy
research is conceivable, i.e., a more intensive focus on language and, linked to this, a prosodic turn.
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