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Introduction Studies in the ﬁelds of voice and speech have increasingly focused on
the vocal tract and the importance of its structural integrity, and changes in the
anatomy and conﬁguration of the vocal tract determine the variations in phonatory and
acoustic measurements, especially in the formation of the formants (Fs). Recent
studies have revealed the functional consequences arising from being overweight and
having an accumulation of fat in the pharyngeal region, including obstructive sleep
apnea syndrome (OSAS) and impacts on the voice.
Objectives To assess the relationship between body mass index (BMI) and analysis of
the speech.
Methods This study was approved by the Ethics Committee of the Universidade
Federal de São Paulo (no. 288,430). The cohort consisted of 124 individuals aged
between 18 and 45 with full permanent dentition and selected randomly. The
participants underwent a brief medical history taking, BMI assessments and recording
emissions of the sustained vowels /a/, /ε/, /i/, and /u/ by acoustic program PRAAT
(v. 5.3.85, Boersma and Weenink, Amsterdam, Netherlands). Recordings were taken
using a unidirectional microphone headset (model Karsect HT-9, Guangdong, China),
with a condenser connected to an external sound card (USB-SA 2.0, model Andrea,
PureAudio™, Pleasant Grove, UT, USA), to reduce noise.
Results There was a signiﬁcant correlation between BMI and formant 3 (F3) vowel /a/;
however, there was a low degree of correlation intensity.
Conclusions We did not observe a correlation between the BMI and the speech
formants, but we believe there is a trend in this correlation that leads to changes in
speech patterns with increases in BMI.

Introduction
Studies in the ﬁelds of voice and speech have increasingly
focused on the vocal tract and on the importance of its
structural integrity. The vocal tract plays a very important
role in the formation of speech sounds, amplifying certain
harmonic groups, dampening others, and concentrating the
resonance of the sound waves in speciﬁc parts of the vocal
tract, according to individual conﬁguration.1 This results in a
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modiﬁcation of the sound produced at the source, resulting
in individual vocal characteristics.
For this reason, changes in the anatomy and conﬁguration
of the vocal tract determine the variations in phonatory and
acoustic measurements, especially in the formation of the
formants, which, according to Camargo and Cukier, cited by
Gusmão, Campos and Maya,2 corresponds to the following:
formant 1 (F1), opening of the mouth and the vertical
displacement of the tongue; formant 2 (F2), horizontal
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displacement of the tongue; and formant 3 (F3), anterior oral
and pharyngeal cavities.2
There is an association between the length of the vocal
tract and the average formant frequency; the longer the vocal
tract, the lower the average formant frequency.1 This highlights the importance of understanding the factors that
modify the vocal tract, and that may interfere in the quality
of the voice and the precision of speech sounds.
Recent studies have revealed the functional consequences
arising from being overweight and having fat accumulated in
the pharyngeal region, including obstructive sleep apnea
syndrome (OSAS)3,4 and impacts on the voice.5–7 The accumulation of adipose tissue, in addition to reductions in the
diameter of the pharyngeal region, causes an endocrine
reaction that increases the levels of free fatty acids accumulated in the skeletal muscles, consequently reducing muscular strength8,9 and the articulatory precision of the
structures responsible for speech.10,11
Since there are few studies in the literature on this topic,
we aimed to assess the relationship between body mass
index (BMI) and the analysis of the speech formants to verify
if the BMI is an important factor in the integrity of the vocal
tract, and if an increase in the BMI generates changes in
formant patterns.

Methods
This study was approved by the Ethics Committee of the
Universidade Federal de São Paulo (no. 288,430), and
received funding from the Brazilian Coordination for the
Improvement of Higher Education Personnel (CAPES, in the
Portuguese acronym) for its development. All volunteers
agreed to the study and provided written informed consent.
A total of 124 individuals aged between 18 and 45 years
(average age: 22 years) from São Paulo participated in the
study. Subjects with full permanent dentition were selected
randomly, regardless of their BMI. Individuals with alcohol or
tobacco habits, syndromes or malformations, physical or
mental deﬁciencies, or who suffered cranioencephalic
trauma or underwent surgical procedures to the head or
neck, and those with orofacial myofunctional alterations
were excluded.

Experimental Procedure
All procedures were performed at the Orofacial Myotherapy Clinic at the Universidade Federal de São Paulo. Each
individual received precise, detailed, and consistent
instructions on all the procedures and evaluations. All
instruments used for the evaluations were cleaned with
70% alcohol after each procedure for biosafety reasons. All
individuals underwent a brief anamnesis to obtain personal information. Their BMI and speech formants were then
evaluated as detailed below.

Evaluation of Body Mass Index
The BMI comprises the coefﬁcient of the weight by the square
of the height, and was created by Quetelet12 (►Table 1).
Weight (in kg) was obtained using a digital scale; each
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Table 1 Body Mass Index Classiﬁcation12
Degree of obesity

BMI value (kg/m2)

Normality

20.0–25.0

Obesity class I

25.1–29.9

Obesity class II

30.0–34.9

Obesity class III

35.0–39.9

Obesity class IV

40.0

Abbreviation: BMI, body mass index.

individual, wearing light clothing, was positioned with their
backs and heads straight in the Frankfurt horizontal plane,
feet barefoot and parallel, and placed in the middle of the
platform of the device. All individuals were positioned in the
same manner to obtain height measurements, with the use
of a stadiometer.

Analysis of Speech Formants
Each individual was seated with the head and back comfortably erect. Recordings were taken using a unidirectional
microphone headset (model Karsect HT-9, Guangdong,
China), with a condenser connected to an external sound
card (USB-SA 2.0, model Andrea, PureAudioTM, Pleasant
Grove, UT, USA) to reduce noise and avoid potential problems
with system sound compatibility. The microphone was ﬁxed
and positioned correctly on the pinna of the participants at a
distance of 5 cm from the mouth and at a deviation of 45°
from the midline, determined by the philtrum. All tasks were
recorded and stored through the acoustic program PRAAT (v.
5.3.85, Boersma and Weenink, Amsterdam, Netherlands),
installed on a Lenovo Yoga 2 13 computer.
Emissions of the sustained vowels /a/, /ε/, /i/, and /u/ were
recorded, and participants were instructed to produce them
at the same intensity of normal speech, to inhale deeply,
produce the requested vowel, and to sustain it for as long as
possible. A spectrographic analysis was then performed, and
the values of the ﬁrst three formants (F1, F2, and F3) were
extracted. These express, in frequencies, the vowels of speech
according to the conﬁguration of the vocal tract, with F1
being the expression of the opening of the mouth and the
vertical displacement of the tongue, F2 being the horizontal
displacement of the tongue, and F3 being the anterior oral
and pharyngeal cavities.2

Data Analysis
Data were statistically analyzed using parametric tests; a
signiﬁcance level of 0.05 (5%) and a statistical reliability of
95% were adopted, with p values recorded for all the results.
Variable data were expressed in percentages. Pearson correlation test was used to measure the correlation between
variables. When positive values were recorded, the correlation between variables was positive; when negative values
were produced, the relationship was inversely proportional.
The degree of correlation intensity was determined by the
classiﬁcation scale presented in ►Fig. 1.
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Terrible

0%

Poor

20%

Regular

40%

Good

60%

intensity, consequently making this an irrelevant ﬁnding.
There was no signiﬁcant correlation between BMI and speech
formants in the sample studied.

Great

80%
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100%

Fig. 1 Classiﬁcation scale.

Discussion

Results
The study sample was divided by sex, and the distribution of
individuals with BMIs classiﬁed as normal and obese was
analyzed. The BMI and sex distributions are presented
in ►Table 2. By grouping obese classiﬁcations for men, the
number of individuals with a normal BMI was equal to that of
obese individuals, while for women, the number of obese
individuals was 32% lower. There was a greater number of
women with normal BMIs than men, but a lower number of
women with BMIs classiﬁed as obese compared with men.
To assess the relationship between BMIs and speech
formants, their correlation was determined (►Table 3). There
was a signiﬁcant correlation between BMI and F3 /a/
(p < 0.05); however, there was a low degree of correlation

Overweight individuals have elevated amounts of adipose
tissue in all body structures, with the pharyngeal region
being one of the most affected.3–7 This accumulation results
in several factors that undermine the proper functioning of
structures. For example, a reduction in the pharyngeal
diameter, or the velopharyngeal area, is highly associated
with the possibility of collapse of the upper airways in cases
of OSAS.4,10,11 An increase in soft tissue can also occur in the
region, and tissues that collapse and interrupt the ﬂow of
air4,10,11 may result in vocal changes through the increase in
vibration during phonation, causing noises, instability, and
changes to the focus of resonance.6,7 In addition, an increase
in the amount of adipose tissue in the abdominal region
increases Pcrit by 1.0 and 1.7 cm H2O per 10 kg/m2 of body
mass index for women and men, respectively. Increased fat
deposition around the pharynx and narrowing of the airways
may increase the pressure of the extra-extensive tissue
and increase the collapsibility of the upper airways.10

Table 2 Sample distribution by sex and BMI class
Sex
BMI

Male

Total

N

%

Mean

N

%

Mean

34

27%

22.16

38

31%

21.47

72

Class I

26

21%

27.29

14

11%

27.10

40

Class II

7

6%

32.18

4

3%

31.91

11

Class III

1

1%

37.72

0

0%

0.00

1

Class IV

0

0%

0.00

0

0%

0.00

0

TOTAL

68

55%

23.87

56

45%

16.10

124

Normal
Obese

Female

Abbreviation: BMI, body mass index.

Table 3 Correlation of BMI with speech formants 1, 2, and 3, and vowels /a/, /i/, and /u/, according to sex
Formants

BMI
Men
Correlation (r)

F1 /a/

22.50%

Women
p value

Correlation (r)

p value

0.065

8.10%

0.551

16.50%

0.224

F2 /a/

17.30%

0.158

F3 /a/

24.40%

0.045

15.60%

0.252

F1 /i/

12.10%

0.325

15.20%

0.264

F2 /i/

3.60%

0.771

2.10%

0.877

F3 /i/

12.00%

0.657

8.10%

0.648

F1 /u/

14.70%

0.233

23.70%

0.079

F2 /u/

0.30%

0.979

2.30%

0.865

0.494

2.10%

0.878

F3 /u/

8.50%

Abbreviations: BMI, body mass index; F, formant.
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Furthermore, adipose tissue causes an endocrine reaction
that increases the levels of free fatty acids accumulated in the
skeletal muscles, reducing muscle strength8,9 and the articulatory precision of the structures responsible for speech.
The amount of tissue that vibrates during phonation is
related to the fundamental frequency (F0)12 and voice resonance,6,7 and obese individuals have voice complaints
related to the phonatory effort.7,13 This may strongly suggest
an imbalance in the phonatory system due to fatty deposits
in the vocal tract.6 The numerical analysis of the formants
portrays the conﬁguration of the vocal tract and its adaptations. It mainly expresses vowels, and it is responsible for the
distinction between them.1,2 In order to better understand
how this analysis works, it is helpful to consider some
physical concepts of sound waves.
Sound waves are formed by periodic vibrating movements
caused by the variation in air pressure exerted by the sound
source, which in this case is the vocal cords. All sound waves
possess the physical properties of frequency, intensity, and
timber, with the latter comprising the sound wave.14 After
formation, they pass through the vocal tract, a structure
consisting of muscles and mucosa, and undergo a process of
“modeling,” in which waves are reﬂected and dampened
throughout the tract, causing the absorption of some waves
and the ampliﬁcation of others.1 This reﬂection of waves
causes a secondary movement in the structures of the vocal
tract, provoking resonance, the vibration of two or more
bodies at the same frequency.14
Therefore, by analyzing a sound by its spectrum, we ﬁnd
that F0 is the lowest frequency of the series of sinusoidal
waves reverberated through the vocal tract, and every integer multiple of F0 is what we know as formants or
harmonic frequencies, with 2 F0, 3 F0, 4 F0, and 5 F0 referred
to as F1, F2, F3, and F4 respectively.14 These are interpreted as
parts of the vocal tract, according to their highest concentration and speech expression.1,2
In our study, despite the low intensity of the correlation,
BMI and F32 were found to be directly proportional. The low
degree of correlation may be due to the low participation of
obese individuals of classes III and IV, a limitation of this
study. Therefore, the correlation was identiﬁed statistically,
but could not be conﬁrmed.
However, there were strong quantitative and objective
indications of the effects of obesity on the formation of F3.
These ﬁndings demonstrate that frequencies concentrated in
the pharyngeal cavity are more acute, even in the region
where there are greater deposits of adipose tissue according
to the literature.3,4,10,11 We believe that this tissue is more
susceptible to vibration in concordance with the higher
frequencies of the vocal cords and, therefore, has more
vibration cycles per second, increasing the frequency of F3.
These ﬁndings reinforce earlier studies on functional
changes;3,4,6–12 these changes may compromise the respiratory,3,4,7,10 phonatory,6,7,12,13 and speech patterns. Our
results agree with those of González15 and Hamdan,16 who
showed that the correlation between the BMI and the speech
formants was weak. However, it is worth stressing the
limitation of our study in relation to the sample distribution
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between classes of obesity. Future studies should consider
counteracting this limitation.
For clinical application, we believe that the imbalance of the
phonatory system in obese individuals not only causes complaints related to phonatory effort, but also a reduction in
movement precision due to an endocrine reaction,8,9 and
changes in phonatory patterns6 (with the exception of acoustic
voice measurements independent from the vocal tract17) and
in the focus of resonance. These deposits represent physical
and structural limitations on voice rehabilitation, with a
reduction in BMI as a conditional factor for therapeutic
improvement, although the minimum weight loss required
for fat reduction in the pharyngeal region is yet unknown.
In the case of patients with OSAS, therapy should be
interpreted in the same manner, because the accumulation
of adipose tissue represents a physical and structural limitation on rehabilitation. This results in the following questions:
at which BMI do functional impairments begin to occur, and
what is the weight loss required for a functional improvement? A recent study attempted to address these questions,
and found that a BMI reduction of 7.23 points was insufﬁcient to show an effect.18 Therefore, we emphasize the
importance of continuing this line of research to allow for
a more precise treatment.
Finally, we suggest that additional studies be performed
to understand the physical phenomena of sound waves in
relation to muscle and adipose tissue, in an attempt to
understand the mechanical differences of the wave as it
passes through the vocal tract lined by each of these tissues.
This understanding will provide a broader view of the effects
of adipose tissue accumulation in the pharynx and its functional consequences, not only in terms of reducing pharyngeal space, but also the increased susceptibility to vibration
and collapse, in the case of OSAS.

Conclusion
In this study, we did not observe a correlation between BMI
and speech formants, but believe there is a trend in this
correlation leading to changes in speech patterns with
increases in BMI.
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