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AssTrACT: Human voice is an extremely important biological signal which contains information about
sex, age, emotional state, health and physical features of a speaker. Estimating a physical appearance from
a vocal cue can be an important asset for sciences including forensics and dietetics. Although there have
been several studies focused on the relationships between vocal parameters and ratings of height, weight,
age and musculature of a speaker, to our knowledge, there has not been a study examining the assessment
of one’s BMI based on voice alone.

The purpose of the current study was to determine the ability of female “Judges” to evaluate speakers’
(men and women) obesity and body fat distribution from their vocal cues. It has also been checked which
voice parameters are key vocal cues in this assessment.

The study material consisted of 12 adult speakers’ (6 women) voice recordings assessed by 87 “Judges”
based on a 5-point graphic scale presenting body fat level and distribution (separately for men and women).
For each speaker body height, weight, BMI, Visceral Fat Level (VFL, InBody 270) and acoustic parameters
were measured. In addition, the accuracy of BMI category was verified. This study also aimed to determine
which vocal parameters were cues for the assessment for men and women. To achieve it, two independent
experiments were conducted: I: “Judges” had to choose one (obese) speaker from 3 voices (in 4 series);
II: they were asked to rate body fat level of the same 12 speakers based on 5-point graphic scale.

Obese speakers (i.e., BMI above 30) were selected correctly with the accuracy greater than predicted
by chance (experiment I). By using a graphic scale, our study found that speakers exhibiting higher BMI
were rated as fatter (experiment II). For male speakers the most important vocal predictors of the BMI were
harmonics-to-noise ratio (HNR) and formant dispersion (Df); for women: formant spacing (Pf) and intensity
(loudness).

Human voice contains information about one’s increased BMI level which are hidden in some vocal cues.

Key worps: body composition, formant dispersion, fundamental frequency, formant position, obesity, fat
distribution, body shape.

Original article
© by the author, licensee Polish Anthropological Association and University of Lodz, Poland
creative This article is an open access article distributed under the terms and conditions of the
@commons Creative Commons Attribution license CC-BY-NC-ND 4.0
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

Received: 26.10.2022; Revised: 9.12.2022; Accepted: 9.12.2022



https://creativecommons.org/licenses/by-nc-nd/4.0/%22 /t %22_blank

44 fukasz Pawelec, Karolina Kierczak, Anna Lipowicz

Introduction

Voice is an extremely important biologi-
cal signal for almost all living organisms,
including humans. Human voice can
convey a relevant information, such as
sex (Wolfe et al. 1990), age (Tarafder et al.
2012), emotions (Raine et al. 2019; Son-
dhi et al. 2015), stimulants used (Byeon
and Cha 2020; Moreira et al. 2015}, body
size/shape (Evans et al. 2006; Pawelec et
al. 2022a; Pisanski et al. 2014; 2016; Ren-
dall et al. 2005; 2007) and body composi-
tion (Hamdan et al. 2012; 2013b). There
have been plenty of studies aiming to de-
termine the listeners’ ability to correctly
estimate biological traits of a speaker. One
of the most cited studies was conducted
by Collins (2000). She found that men
whose voices exhibited a low harmonic
component (lower formant frequencies
and smaller differences between them)
were judged as more attractive, taller,
heavier, older, more likely to have chest
hair and more muscular bodies. More-
over, the assessment of body weight was
accurate. Similar results were obtained
by Brueckert et al. (2006), who not only
found a significant correlation between
estimated and actual weight of the male
speakers but also that the age of the partic-
ipants was correctly judged based on their
voice. Although these two studies only
looked at male speakers, there have been
also studies that were focused on both
sexes. One of such studies has been con-
ducted by Hughes et al. (2002), aiming to
determine whether the audience was able
to assess speaker’s attractiveness assessed
based on the voice and the extent to which
voice cues correspond to the level of their
fluctuating asymmetry (FA). This study
revealed that there was a significant rela-
tionship between voice attractiveness and
overall, FA of the speakers. In addition,

Lass and Davis (1976) found that judges
were capable of identifying the height of
male and female speakers and body mass
of men from their voices with better than
chance accuracy. Another finding of the
same author revealed a similar trend of
assessment accuracy of male and female
speakers (Lass et al. 1980). These studies
suggest that cues regarding a body size /
shape of the speakers are included in the
speakers’ voice parameters. For example,
Pisanski and Rendall (2011) found that
speakers of both sexes with lower values
of fundamental frequency (FO) and mean
formant frequency (Fn) are rated by male
and female listeners as larger and more
masculine. Moreover, a manipulation of
these parameters (lower FO and Fn) result-
ed in speakers of both sexes were judged
as larger and more masculine (Pisanski
and Rendall 2011). The tendency to ac-
curately assess biological parameters of
a body from vocal cues has been suggest-
ed to have evolutionary roots. Indeed, one
study found that even congenitally blind
listeners are able to correctly estimate
the speaker’s height from the voice alone
(Pisanski et al. 2016).

All of the discussed above studies
have focused on the physical charac-
teristics of the speakers, such as height
and weight, age, muscularity, physical
strength and body hair. However, there
has not been, to our knowledge, a study
examining the assessment of relative
body weight (body fat / body mass index
[BMI]) based on vocal cues and the only
one work that vaguely oscillates around
the topic investigated the relationship
between voice parameters and BMI in
patients using the algorithms of artificial
intelligence (Lee et al. 2013). Neverthe-
less, there has been a study on the effect
of blood glucose levels on voice quality
showing that the effect of glucose levels
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on the elastic properties of the vocal fold
tissues (Sidorova et al. 2020). This study
found an association of hypoglycemia
with a sense of anxiety causing faster
speech or hyperglycemia affecting slower
and slurred speech (Sidorova et al. 2020).
Therefore, since the glucose level is relat-
ed to voice quality and obesity, it can be
expected that people with a higher body
fat content should have different voice
characteristics compared to people with
a normal BMI.

Human voice provides a lot of infor-
mation about the body structure (Pawelec
et al. 2022a; Pisanski et al. 2014), and it
is also a very important biological signal
that plays an important role in male-
male competition and sexual selection
(Collins 2000; Gregory 1994; Oguchi &
Kikuchi 1997; Puts et al. 2006), as well
as it contains information about the in-
dividual’s health (Arnocky et al. 2018;
Barties et al. 2013; Sidorova et al. 2020).
Therefore, as the excessive content of
adipose tissue in the body (obesity) de-
teriorates the biological quality of an in-
dividual and an evolutionary importance
of recognizing biological quality (fitness)
of healthy or sick person, the question
arises whether it is possible to correct-
ly subjectively assess obesity level of an
individual based only on the voice. The
first objective of the study was to deter-
mine whether “Judges” could correctly
identify the speaker as an obese person
based on his/her voice. The second aim
of the study was to determine whether
“Tudges” were able to rate obese speakers
higher on the 5-point scale of body sil-
houettes exhibiting varied BMI. Finally,
the third goal was to compare ratings ac-
cording to 5-point scale of adiposity men-
tioned above and actual parameters of
the speakers’ voices in order to see which
of them influenced this rating.

Material and methods
Speakers

a) Procedure for speaker’s selection

Material of the study consisted of 12
adult’s speakers (including 6 women) aged
24-48 years. Each participant was asked
to fill a short questionnaire containing
basic questions (about sex, age, domi-
cile) and questions about any factors that
could potentially affect voice quality (head
or neck trauma/surgery, speech impedi-
ment, malocclusion, hearing impairment,
the use of the stimulants i.e. cigarettes,
drinking an alcohol the day before exam-
ination, taking hormonal drugs, being
ill in the time of the study, transition of
COVID-19 disease in the last year or us-
ing the voice as the work tool or hobby
i.e. working as a teacher/lecturer, sales
representatives, film reader, radio opera-
tor, singer etc.). None of the participants
declared any factors that could have a neg-
ative impact on the quality of their voice.
No speaker abused his/her voice (neither
professionally nor as a hobby). All speak-
ers used Polish as their mother tongue (no
dialects). All participants agreed to partic-
ipate in the study free of charge.

Each of the speakers was subjected to
body height measurement (in cm) using
an anthropometer and body composition
analysis using the InBody 270 analyser.
The total absolute body weight (in kg,
and Visceral Fat Level (VFL) was select-
ed from the InBody 270 analyser results.
The InBody composition analyser gives
a range of visceral fat between 1 and
59. A rating between 1 and 12 indicates
a healthy level of visceral fat. A rating be-
tween 13 and 59 indicates an excessive
level of visceral fat. Visceral fat is a fatty
tissue that accumulates around the in-
ternal organs in the abdominal region.
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It means that, the amount of visceral
fat (VFL) reflects the distribution of fat
in this area and thus affects body shape
(i.e., silhouette expressed by the waist-to-
hip ratio, WHR). Subsequently, based on
body height and body weight values, body
mass index (BMI; kg/m?) was calculated.

The 12 speakers of this study were
chosen from the larger group of 80 volun-
teers (40 women) based on specific inclu-
sion criteria. Four out of 12 subjects were
obese (2 men and 2 women): BMI value
above 30.0 kg/m? (according to the WHO
classification) and Visceral Fat Level

Table 1. Speakers’ descriptive data (N=12)

(VFL) above 18. level. The remaining 8
participants (including 4 women) were
selected as a control group on the basis of
similar age to obese speakers.

The 12 participants were divided into
4 equal groups (triads) — 1 subject obese
and 2 subjects of normal weight in each
triad. Two triads consisted of women;
2 groups consisted of male triads. The
median age in the first female triad was
24 y. (years: 24, 24, 26), second female
triad — 47 y. (years: 43, 47, 48), first male
triad — 35 y. (years: 29, 35, 35), second
male triad 27 y. (years: 25, 27, 31).

Speakers’ parameters Mean SD Median Min Max
Male speakers (N=6)
A1l. normal weight individuals (n=4)
Body height [cm] 180.88 5.57 182.25 173.00 186.00
Weight [ke] 77.68 7.46 78.00 68.70 86.00
BMI [kg/m " 2] 23.78 2.45 24.25 20.50 26.10
VFL (level) 3.75 3.10 3.00 1.00 8.00
Intensity [dB] 79.51 5.18 81.48 71.93 83.15
FO [Hz] 123.73 14.35 127.74 103.14 136.28
Jitter (%) 2.98 0.81 2.98 2.19 3.79
Shimmer [%] 8.70 1.68 8.65 7.09 10.41
HNR |dB] 8.50 1.63 8.60 6.74 10.05
Fn [Hz] 2445.72 71.68 2464.37 2504.17 71.68
Pf(Z] 0.56 1.45 0.94 1.74 1.45
Df [Hz] 1117.27 43.48 1126.69 1153.87 43.48
AF [Hz] 1279.10 51.06 1278.21 1337.47 51.06
A2. obese individuals (n=2)

Body height [cm] 183.50 7.07 183.50 178.50 188.50
Weight [ke] 141.10 33.38 141.10 117.50 164.70
BMI |kg/m?] 41.65 6.72 41.65 36.90 46.40
VFL (level) 19.50 0.71 19.50 19.00 20.00
Intensity [dB] 76.92 7.05 76.92 71.93 81.90
FO [Hz| 97.81 6.82 97.81 92.98 102.63
Jitter (%) 3.05 0.09 3.05 2.99 3.12
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Speakers’ parameters Mean SD Median Min Max

A2. obese individuals (n=2)

Shimmer [%) 10.31 1.19 10.31 9.48 11.15
HNR [dB] 7.95 0.06 7.95 7.91 8.00
Fn [Hz] 2442.39 31.01 2442.39 2420.46 2464.32
Pf [z 0.50 0.63 0.50 0.05 0.94
Df [Hz] 1138.77 52.40 1138.77 1101.72 1175.83
AF [Hz] 1270.22 32.59 1270.22 1247.18 1293.27

Female speakers (N=6)

B1. normal weight individuals (n=4)

Body height [cm] 162.80 4.20 162.60 158.70 167.30
Weight [kg] 56.18 9.96 53.60 47.50 70.00
BMI [kg/m "™ 2] 21.10 2.70 20.25 18.90 25.00
VFL (level) 5.75 1.26 6.00 4.00 7.00
Intensity [dB] 73.32 7.43 73.70 65.22 80.65
FO [Hz] 203.08 10.11 198.90 196.59 217.92
Jitter [%] 2.15 0.28 2.19 1.77 2.45
Shimmer (%] 10.08 2.04 9.99 8.01 12.34
HNR [dB] 11.54 1.68 11.29 10.02 13.54
Fn [Hz] 2393.01 24.11 2396.95 2361.55 2416.60
Pf(Z] -0.50 0.49 -0.42 -1.13 -0.02
Df [Hz] 1136.28 13.93 1133.45 1123.50 1154.72
AF [Hz] 1239.68 19.62 1248.59 1210.31 1251.21
B2. obese individuals (n=2)

Body height [cm] 168.85 4.45 168.85 165.70 172.00
Weight [kg] 97.50 26.16 97.50 79.00 116.00
BMI [kg/m "™ 2] 34.10 7.50 34.10 28.80 39.40
VFL (level) 19.50 0.71 19.50 19.00 20.00
Intensity [dB] 76.89 9.76 76.89 69.98 83.79
FO [Hz] 230.42 17.45 230.42 218.08 242.76
Jitter [%] 1.86 0.40 1.86 1.57 2.14
Shimmer (%] 7.93 1.10 7.93 7.15 8.71
HNR [dB] 13.33 1.70 13.33 12.13 14.53
Fn [Hz] 2386.74 13.11 2386.74 2377.47 2396.02
Pf(Z] -0.63 0.26 -0.63 -0.81 -0.44
Df [Hz] 1145.97 56.23 1145.97 1106.21 1185.72

AF [Hz] 1226.50 19.39 1226.50 1212.79 1240.21
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b) Voice recording procedure

All speakers’ voices were recorded us-
ing dynamic cardioid microphone Shure
SM 58 SE connected to an amplifier IMG
Stageline MPA-202 and, subsequently,
to the sound card of the computer Dell
Latitude E6400. The microphone was
situated on the tripod at the eye level of
each participant at 20 cm from the tip
of the mouth. All voices were recorded
under the same acoustic conditions: a si-
lent room with an acoustic cabin Mozos
Mshield on the top of the tripod (mi-
crophone inside), a time of the day (9-
12 am), an equal acoustic background for
all recordings (~39 dB). Each speaker was
asked to say aloud (in Polish language)
the following: “Glos jest falg akustyczng,
powstajgcqg w glosni (english translation:
Voice is a soundwave that arises in the
glottis)” with comfortable pitch and loud-
ness. All sound files were recorded with
equal sampling frequency (44.1 kHz, 16-
bit resolution) as uncompressed format
mono files (.wav). The similar procedure
was previously described in Pawelec et al.
(2022a; 2022D).

c) Acoustic analysis of speakers’ voices
Acoustic analysis of speakers’ voices
was performed in Praat software v 3.9.2.
(Boersma & Weenink 2019). The acous-
tic analysis was made based on the en-
tire recording (sentence: “Glos jest falg
akustyczng...”). Based on the recorded
sample, the following acoustic parame-
ters of the voice were determined:
- intensity (loudness; sound pressure
level, SPL) of the voice [dB];
- fundamental frequency (F0) perceived
as vocal pitch [Hz];
- voice instability (perturbation) pa-
rameters:
» shimmer - degree of the amplitude
of the acoustic wave variation from

period to period, perceived as voice
hoarseness (%],

e jitter — degree of variation in the
frequency of sound wave from pe-
riod to period, perceived as voice
roughness [%],

e harmonic-to-noise ratio (HNR)
— indicator of the relation of har-
monics to noises in the voice - the
lower HNR the higher voice insta-
bility [dB]| (Texeira et al. 2014);

- formant frequencies (formants) F1-
F4 [Hz] — harmonic frequencies pro-
duced during passage of a laryngeal
tone (FO, the source) through succes-
sive elements of the supralaryngeal
vocal tract (the filter; Armstrong et al.
2018; Fant 1960);

— derivatives formants-based param-
eters: mean formant frequency (Fn,
[Hz]) and standardized formant fre-
quency (formant position, Pf, [Z-scale
values]), formant dispersion (Df,
[Hz]), formant spacing (4F, [Hz]),
(Pisanski et al. 2014);

— maximum phonation time (MPT) [s].
For fundamental frequency pitch

floor was set to 75 Hz and pitch ceil-

ing to 300 Hz for male and 100-500 Hz
for female speakers. Formant ceiling was

5000 Hz for men and 5500 Hz for women.

ll]’udgesﬂ

a) Competent judges selection criteria

A group of competent “Judges” was
selected from female students of the Fac-
ulty of Biology and Animal Science at the
Wroclaw University of Environmental and
Life Sciences. Volunteers were asked to
complete a questionnaire regarding their
sex, age, sexual orientation, whether they
had a hearing impairment as well as infor-
mation regarding the current phase of the
menstrual cycle (the first day of the last
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menstruation and the average length of the
menstrual cycle and menstrual bleeding)
or taking hormonal agents (e.g. hormonal
contraception). Study participants with
hearing impairments and women with an
irregular length of the monthly cycle, were
excluded from the group of “Judges”. Final-
ly, 87 competent judges were selected for
the experiment procedure. The median age
of “Tudges” was 22 years old. All study par-
ticipants agreed to participate in the study
free of charge and on a voluntary basis.

b) Speaker’s fatness assessment procedure
The assessment procedure was car-
ried out among 6 student’s groups, each
of about 15-16 individuals in the same
room (classroom) with equal acoustic
condition. A JBL Go2 loudspeaker was
used to play back the voice recordings,
connected to a laptop Acer Aspire 5 via
an AUX cable. Voices were played at the
same (maximum) volume level. There
were two independent experiments:

Experiment I

In the first experiment “Judges” were
asked to listen to 4 series of 3 voices with-
in each one (4 triads). First and second tri-
ads consisted of only female voices, third
and fourth triads of male voices only. In
each triad one per three voices belonged
to the obese speaker (BMI>30; VFL>18);
the other two voices were from people of
normal weight (BMI<25, VFL<9). Each
triad comprised of people of comparable
age. “Judges” had to choose only one out of
3 voices within each triad, which in their
opinion belongs to an obese individual. An
estimation of how many judges indicated
a given voice as belonging to the obese in-
dividual was then conducted. The chosen
voice within each triad was considered to
be the modal value (dominant), i.e., the
voice that was selected the most times

during the 4 weeks of the experiment
(women assessed the voices 4 times — once
a week for a month, in each of the 4 phas-
es of the menstrual cycle). Accurate typing
was considered when the speaker within
each triad was selected by over 33.3% of
all “Tudges” (a greater percentage of typing
than the probability would suggest).

Experiment II

In the experiment II, “Judges” were
asked to listen to 12 subsequent voices
(the same that in experiment I: 4 triads
* 3 voices) and indicate the silhouette
(Fig. 1) that best suits, in their opinion,
the appearance of the speaker, based on
voice alone. Model silhouettes presented
on a 5-point scale were performed using
a website http:/modelmydiet.com (access:
2. July 2022) and have been classified ac-
cording to the following classification:
1 — underweight, 2 — normal weight, 3 —
overweight, 4 — 1st degree obesity, 5 — 3rd
degree obesity. Male models with a body
height of 170 cm were given the following
body weight values: 50 kg (BMI = 17.3),
67 kg (BMI = 23.2), 79 kg (BMI = 27.3),
95 kg (BMI = 32.9), 130 kg (BMI = 45.0).
Female models with a body height of 165
cm the following body weights were given:
45 kg (BMI = 16.5), 57 kg (BMI = 20.9),
75 kg (BMI = 27.5), 90 kg (BMI = 33.1)
and 120 kg (BMI = 44.1). Manipulation of
the body weight of the silhouettes caused
visual changes in the level of adipose tissue
(especially abdominal fat and fat around
the neck and face of male and female fig-
ures). Those 5 silhouettes reflected actual
speaker fatness — figures from 1 to 2 could
be compared with normal weight speakers
(BMI<25; VFL<9; demonstrated in Table
1., headings Al and B1); figures 3-5 may
be perceived as obese speakers (BMI>25;
VFL>9; demonstrated in Table 1., head-
ings A2 and B2). Furthermore, some previ-
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ous research showed that BMI and percent-
age body fat are highly positively correlated
(Janji¢ et al. 2016; Ramel et al. 2013).

The assessment was performed 4
times (for 4 consecutive weeks, once in
each phase of the menstrual cycle). Due to
the lack of differences in the assessment
of the silhouette (Fig. 1) depending on the
phase of the menstrual cycle, sexual ori-
entation, and the use/absence of hormo-
nal contraception (data not shown), the
ratings made by women “Judges” were
averaged using the modal value (or the
median in the case of multiple dominant).

The “Judges” were not informed
about the identity of the speakers and,
thus, none of the judges was able to iden-
tify the ID of any of the speakers.

Statistical methods

The basic parameters of the speakers and
judges were provided using descriptive
statistics, i.e., mean, standard deviation,
min-max range.

To analyse the results from the Ex-
periment I, univariate chi-square test
was used independently for each triad.
The test value was then compared with
the critical value of the chi-square test
for 2 degrees of freedom (df = 3 speakers
-1 = 2) to derive the significance level
(p-value) using the probability calculator
in Statistica software.

For Experiment II judicial compliance
was assessed both within each of the 6
groups as well as between these groups.
Within-group compliance was performed
using Kendall’s W coefficient of concord-
ance. The test results were categorized
using the intervals specified in the Gar-
baniuk (2016) study. Intergroup compati-
bility was performed using Kruskal-Wallis
H test due to ordinal scale of dependent
variable (silhouette assessment). Subse-

quently, an assessment of the accuracy of
judges rating was performed. To compare
ratings based on graphic scale (Fig. 1) be-
tween obese and normal weight speakers
U Mann-Whitney test was applied, be-
cause of ordinal scale of dependent var-
iable. Finally, the relationship between
acoustic parameters of speakers’ voices
and silhouette ratings (I-V) was calculat-
ed using Spearman rank correlation (R).
In addition, the multiple regression step-
wise backward model was performed.

All statistical analyses were performed
using the Statistica 13. software (1984-
2017 TIBCO Software Inc, Palo Alto, Cal-
ifornia, USA). P-values below 0.05 were
considered statistically significant.

Results

Descriptive statistics
Descriptive data of all 12 speakers includ-
ing body build and voice parameters were
shown in Table 1. The mean age of the
judges was 22 years (SD = 1.3 y,; range:
19-27 y.). Most of the respondents did not
take hormonal drugs, 22.7% of women
used hormonal contraception. The largest
percentage of judges were heterosexuals.

Experiment I

The accuracy of assignment was as-
sessed separately for each of the 4 tri-
ads and results are presented in Table 2.
Within each of the subgroups the obese
speakers are marked in gray. In 3 out of
4 subgroups, the judges correctly typed
speakers who were obese.

Regarding the correct identification
of obese speakers, the difference in ac-
curacy was performed. The differences
were insignificant only for the third triad
(> = 2.14, p = 0.3430); for the remain-
ing triads, the results were statistically
significant (p < 0.05).
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Table 2. Assignment accuracy of voice belonging to a person with obesity in each triad by female “Judges”.

Obese people are marked in gray. (Experiment I)

Female “judges ”

Triad (n = 87)
n % Chi-square test

Speaker 1 5 5.7
1 72 = 57.38

Speaker 4 3 3.4
2 72 = 43.31
e speakersﬁ -
3 72 =214
(male speakers’ voices Speaker 8 24 27.6 p = 0.3430

Speaker 9 28 32.2

Speaker 10 17 19.5
; Cseeker1l 38 a7 2O0H
(male speakers’ voices p=0.0177

Speaker 12

32 36.8

Experiment II
a) Judge compliance assessment

Within-group compliance. In 5
out of 6 examined groups of “Judges”
a moderate agreement range of judicial
compliance (0.4 < W < 0.59) was esti-
mated (Table 3).

Intergroup compliance. Kruskal-Wal-
lis test revealed no significant differenc-
es between ratings of 6 judges groups
for 10 out of 12 speakers’ voices (Ta-
ble 4).

Due to the fact that the level of ju-
dicial compliance within each group was
at a satisfactory level and differences in
assessment between all groups were not
significant, the responses of “Judges”
from all groups were combined for the
purposes of further analyses of the accu-
racy of the speaker’s fatness assessments
and the relationships between the speak-
er’s voice parameters and the fatness lev-
el rating.

Table 3. Within-group compliance of “judges” rat-
ings. Kendall’s coefficient of concordance. (Ex-
periment I1)

“Tudges” ”]udges” Assessmept of t;he
aroup compliance degree of‘]udlclal
values compliance
2 7431
Group 1 w 0.46 moderate
p <0.001
2 9111
Group 2 w 0.50 moderate
p  <0.001
2 80.23
Group 3 w 0.46 moderate
p  <0.001
2 7116
Group 4 w 0.43 moderate
p  <0.001
x2 66.53
Group 5 w 0.34 fair
p  <0.001
72 58.32
Group 6 w 0.44 moderate

p  <0.001




52

fukasz Pawelec, Karolina Kierczak, Anna Lipowicz

Table 4. Inter-group compliance of “judges” ratings.
Kruskal-Wallis H test. (Experiment II)

Speakers’ Kruskal-Wallis

voices Sex test (H) p-value
Speaker 1 F 8.51 0.2025
Speaker 2 F 9.05 0.1600
Speaker 3 F 14.10 0.0265
Speaker 4 F 4.89 0.5820
Speaker 5 F 4.96 0.5444
Speaker 6 F 14.34 0.0267
Speaker 7 M 2.08 0.9145
Speaker 8 M 5.59 0.5089
Speaker 9 M 2.34 0.8991
Speaker 10 M 2.44 0.8750
Speaker 11 M 2.34 0.8732
Speaker 12 M 4.76 0.5601

¢) Accuracy of speakers’ BMI assessment

An assessment of whether obese
speakers received, on average, higher
grades of BMI from the judges using
the silhouette scale (Fig. 1) than sub-
jects with normal body weight was then
performed. For comparison, the scores
of all “Judges” from all 6 groups were
considered in the analysis- 696 scores
of speakers of normal body weight and
348 scores of obese speakers were ob-
tained. Obese speakers were rated as
higher (the higher the rate, the greater
BMI category; Fig.1) than individuals of
normal weight (Table 5). In the case of
normal weight speakers, the most com-
mon rate was 3 and for obese partici-
pants — 4.

-
=

III.

V.

Fig. 1. Male (top) and female (bottom) silhouettes of different types of fatness
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Table 5. Normal weight and obese speakers assessment. Mann-Whitney test. (Experiment II)
Speakers’ fatness type (n-number of ratings in total
from 6 groups) Mann-Whitney U test

Normal weight (n = 696) Obese (n = 348)

Mean Mean

rank Me Q Mo rank Me Q Mo U Z p
Sihouette 909, 3 1 3 57095 3 1 4 10424300 -3.67 <0.001
rating (I-V)

Me — median value, Mo — modal value, Q — quartile

c) BMI assessment and speakers’ acous-
tic parameters

Due to a high correlation between
some acoustic parameters values among
men and women, not all of them were
used in the regression model. For ex-
ample in male speakers jitter was high-
ly correlated with HNR (r = -0.98), Pf
(r = 0.91), 4F (r = 0.92); Pf was corre-
lated with Fn (r = 1.00); intensity and
shimmer (r = -0.82). Therefore, the fol-
lowing parameters were included in the
stepwise regression model analysis: FO,
shimmer, HNR, Df, Pf while the redun-
dant parameters (Fn, jitter, intensity)
were excluded.

deviation.

In female speakers HNR and shimmer
were highly correlated (r = -0.90); Pf and
Fn (r = 1.00); 4F (r = -0.99). Therefore,
the following acoustic parameters were
included in the model: FO, shimmer,
intensity, Df, Pf as predictors while the
redundant parameters (HNR, Fn) were
discarded.

Male speakers with lower HNR/the
higher formant dispersion (Df) received
higher ratings on the BMI silhouette scale
(i.e., these speakers were perceived as
more obese). Female speakers with lower
formant position (Pf) and higher intensi-
ty (loudness) received higher ratings on
the BMI silhouette scale (Table 6).

Table 6. Relationships between silhouette BMI rating (dependent variable) and voice acoustic parameters
(predictors). Zero order correlations and multiple stepwise backward regression models

Acoustic parameter r T, p t p R? and F statistic
Male speakers’ voices (n = 522 rates)
-First model-
FO -0.21*** -0.24*** 0.17 2.42 0.0158
R, =16.39
Shimmer -0.004 -0.02 0.05 1.12 0.2628 -
HNR -0.37***  -0.33*** -0.70 -5.85 <0.001 F=21.44;
p<0.001
Df 0.21*** 0.27*** 0.15 3.29 0.0011
Pf 0.28*** 0.24*** -0.29 -2.97 0.0031
-Final model- R, = 14.83
HNR -0.37 -0.33 -0.34 -8.06 <0.001 F=46.34;
Df 0.21*** 0.27*** 0.13 3.04 0.0027 p<0.001
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Table 6 (cont.)

Acoustic parameter r r

s

B

t P R? and F statistic

Female speakers’ voices (n = 522 rates)

-First model-

FO -0.05 0.15***

-0.11

-2.02 0.0441

R?,, = 43.56
Shimmer 0.06 -0.09* -0.05 -1.34 0.1823 )
Df -0.55** -0.58*** 0.03 0.38 0.7040 F=381.43;
Pf -0.32***  -0.36*** -0.13 -3.20 0.0015 p=0.001
Intensity 0.64** 0.63*** 0.65 8.17 <0.001
-Final model- R, =43.00
Pf -0.32***  -0.36*** -0.17 -5.04 <0.001

F=197.53;
Intensity 0.64** 0.63*** 0.59 17.41 <0.001 p<0.001

r — zero order Pearson’s correlation; r,— zero order Spearman’s correlation; § — beta regression coefficient; t,
p - t-statistic and significance level of §; R?  — adjusted R-squared of a model; *p < 0.05; **p < 0.01;

*+*p <0.001.

Discussion

The accuracy of the speaker’s BMI as-
sessment was found in both experiments;
female “Judges” accurately chose obese
speakers and gave higher ratings for sil-
houettes’ BMI category (Fig. 1) to speakers
who were obese. Furthermore, within- and
inter-group judges’ agreement regarding
speakers’ BMI evaluation was high.
There have not been, to our knowl-
edge, any studies looking at BMI assess-
ment based on vocal cues which makes
it rather difficult to discuss the results of
our findings within the context of similar
research. Still, several studies have inves-
tigated the accuracy of the speakers’ phys-
ical parameters assessment (i.e., body
height and weight) from the voice alone.
For example, some of these studies found
that estimated and actual body weight of
the speakers were significantly corelat-
ed (Brueckert et al. 2006; Collins 2000;
Krauss et al. 2002; Lass and Davis 1976;
Lass et al. 1978). However, these studies
did not assess BMI level (fatness/obesity)
but, instead, absolute body weight of the

speakers. The only work, to our knowl-
edge, on the assessment of the speaker’s
obesity (based on BMI) was conducted by
Lee et al. (2013) showing that, by using
artificial intelligence (machine learning
methods), the researchers were able to
assess the BMI category of patients (nor-
mal, overweight, obese) solely based on
the analysis of voice parameters.

There have been some studies show-
ing the relationship between a speaker’s
fatness and his/her voice characteristics.
For instance, some researchers found
a significant positive correlation between
trunk visceral fat/absolute fat mass and
vocal parameters, such as shimmer and
formant dispersion (Df; Hamdan et al.
2012; 2013b). Moreover, Da Cunha et al.
(2009) found that obese individuals had
greater values of both perturbation param-
eters (jitter, shimmer) and voice noises as
well as reduced maximum phonation time
(MPT) compared to those with normal
weight. Similarly, other studies revealed
that obese people exhibited lower value of
fundamental frequency (FO; Barties et al.
2013; Souza and Santos 2018) and short-
er MPT compared to participants with
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body mass index within a normal range
(Celebi et al. 2013; Santos 2014; Souza
and Santos 2018). Interestingly, one study
found differences in subjective voice qual-
ity between obese and normal weight in-
dividuals. Specifically, Celebi et al. (2013)
found that there was a significant differ-
ence in GRBAS scores (perceptual evalua-
tion of Grade-Roughness-Breathiness-As-
thenia-Strain using a scale of 0-3) — mean
value for obese subjects was 1 and for
control group: 0.2 (scale values meaning:
0 — normal, 1 — mild, 2 — moderate, 3 -
severe voice disorders). This study sug-
gests that obese individuals tend to have
significantly different voice characteristics
(objective and subjective) than those with
normal body weight. These differences
can be caused by abnormal fat deposits in
obese individuals localized on the uvula,
pharyngeal walls, tongue, and soft pal-
ate (Da Cunha et al. 2009). Alternative-
ly, glucose-related changes in voice may
contribute to this relationship (Hamdan
et al. 2013a; Pyniopodjanard et al. 2021;
Sidorova et al. 2020). Since obese people
often have metabolic disorders of glucose,
hyperglycemia may influence changes in
the elastic properties of the biological tis-
sues that build the larynx and the cords
(Wang et al. 2015). Other diabetic com-
plications affecting quality of voice, such
as neuropathy (laryngeal sensory neurop-
athy is more common in patients with
type 2 diabetes mellitus than in controls;
Hamdan et al. 2014; Ravi and Gunjawate
2019) and gastro-oesophageal reflux dis-
order (Lechein et al. 2017) also cannot be
discarded. Since there are such large dif-
ferences in voice quality of obese people,
“Tudges” should be able to identify people
with normal body weight and obese peo-
ple solely on the basis of their voices, and
our study shows that. Firstly, “Judges”
indentify obese speakers with a high ac-

curacy (probability greater than a chance,
> 33.3%). Secondly, we showed that obese
speakers got higher rank in 5-point scale
(Fig. 1; obese: Mo = 4, normal weight:
Mo = 3), which means that their silhou-
ettes were rated as having greater BMI
(possibly, but not necessarily, resulting
from more fat deposits). Lastly, “Judges”
were consistent in their judgments both
within and between each of the six groups
suggesting that the differences in ratings
are not artifacts, but, rather, reflect specif-
ic trends in assessing the BMI level based
on voice perception.

The results of our study show that
“Tudges” during their assessment were
guided by specific voice parameters. For
example, male speakers with lower har-
monics-to-noise ratio (HNR) and higher
formant dispersion (Df) were judged to
be fatter. It means that men with more
unstable voices (less harmonics, more
noises) and higher dispersion of formant
frequencies were perceived as being more
obese. HNR has been suggested to be
a measure of voice aging as its lower val-
ues were observed in elderly individuals
(Ferrand 2002). Furthermore, men with
higher Df were rated as having greater
BMLI. In contrast, other studies show that
larger individuals (taller, heavier) have
lower spread of formant values (Evans
et al. 2006; Gonzélez 2004; Pawelec et al.
2022a; Pisanski et al. 2014). In addition,
Collins (2000) found that men with low-
er formants were assessed as taller, heav-
ier, and more muscular, while Sell et al.
(2006) found that men with lower Df are
perceived as physically stronger. In the
light of the above studies, the results of
our study are rather puzzling. Perhaps,
lower formant dispersion, which is strong-
ly negatively related to body size (Fitch
1997) and physical and social dominance
(Puts et al. 2007), could be perceived by
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women as a signal of health and mascu-
linity (male fitness). Therefore, judges
may assess men with higher value of Df
as having worse biological condition and
health (e.g., obese).

Our study shows that formant posi-
tion (Pf) of female speakers was associated
negatively and voice intensity (loudness)
was correlated positively with silhouette
ratings. Therefore, female speakers with
lower Pf and higher intensity were rated
as having greater BMI. Formant position
is a parameter proposed by Puts et al.
(2012) as a better alternative to formant
dispersion (Df). This vocal characteristic
was found to be negatively correlated in
men with salivary IgA — a marker of im-
munocompetence (Arnocky et al. 2018).
Pf was also found to be negatively asso-
ciated with body height but not with
adiposity among peripubertal Bolivian
Tsimane women (Hodges-Simeon et al.
2014). Interestingly, in our study “Judg-
es” rated women with lower Pf as more
obese, i.e., in worse biological condition.
The results of our study regarding loud-
ness and the silhouette assessment could
be more comparable with findings of other
studies. For example, Barties et al. (2013)
found that obese women had significantly
louder (higher voice intensity [dB]) voic-
es compared to women of underweight or
normal weight. The authors of the study
suggest that: “OB [obese] subjects have
greater diaphragmatic motion and weight,
and therefore have higher respiratory
muscle motion” (Barties et al. 2013: 316).
Similarly, Kantarci et al. (2004) showed
that individuals with BMI above 30 kg/m?
and waist circumference longer than 100
cm had greater diaphragmatic motion. To
sum up, we found that vocal parameters
describing formants, harmonics/noises
and voice intensity level were critical fac-
tors while assessing the speakers’ BMI.

Limitations and future
directions

The sample size was quite small — only
12 speakers (including 6 women) four of
whom (2 men and 2 women) were obese.
Therefore, our sample of obese individ-
uals (n = 4) may not be representative
of the entire obese population in terms
of voice parameters. A larger sample of
obese study participants would better re-
flect the actual trends in assessing the de-
gree of obesity based on voice perception.

A rather unclear relationships, e.g.,
assessing women with lower Pf and men
with higher Df as more obese, may, to
some extent, result from the adopted
methodology in our study. Judges were
asked to choose one among 5 silhouettes
which differed in BMI values. Togeth-
er with adiposity (BMI) changes (differ-
ent absolute body weight [kg| values for
equal body height), body proportions
also changed. For male and female sil-
houettes, the relation between waist and
hip circumferences (WHR) have changed.
Perhaps “Judges” considered this ratio
variation when listening to speakers’
voices, more than absolute BMI level.
The possible solution to this problem
could be the use of a slightly different
graphic scale of the speakers’ silhouettes,
similar to the one used in the research
of Singh (1993; 1995), where the author
presented the gradation of the WHR sep-
arately for different BMI values.

Conclusions

This study revealed that human voice
provides a meaningful information re-
garding BMI level (degree of obesity).
“Tudges” within- as well as inter-group
compliance of speaker’s BMI were quite
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consistent in terms of the accuracy of
fat silhouette assessment. Higher rates
of obesity level on average were given to
speakers who really were obese. In wom-
en, some acoustic parameters, such as
HNR and Df in men and Pf and Intensity,
were associated with speakers’ BMI as-
sessment. To the best of our knowledge,
this is the first study assessing BMI of
speakers (their obesity or lack of it) based
on their voices, which makes it difficult
to relate the results of our study to other
studies and draw consistent conclusions.
Our findings might also suggest that, in
near future, commercially available mo-
bile apps could be used to measure BMI.
Although our study demonstrates the po-
tential of assessing BMI based on voice
cues, a development of effective method
for estimating the degree of BMI based on
the voice is needed. Potentially, this tech-
nology could be used in sciences, such as
dietetics or criminology, to determine the
degree of obesity of a patient remotely (or
using a mobile application) or to identi-
fy a perpetrator of a crime in situations
when law enforcement authorities rely
solely on a voice recording of a suspect
(e.g., from a telephone conversation with
a blackmailer). However, in order to ful-
ly appreciate the potential of our study,
further research is needed on the role of
human voice in BMI assessment.
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