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Background. Our aim in this investigation was to evaluate maximum phonation time in people with obesity not submitted to
surgery and in people with obesity submitted to bariatric surgery and compare it with maximum phonation time of healthy
volunteers.The hypothesis was that the reducedmaximum phonation time in people with obesity would be corrected after surgery
due to weight loss.Method. Maximum phonation time was evaluated in 52 class III patients (Group A), 62 class III patients who
were treated by surgery 3 to 115 months before (Group B), 20 controls (Group C), and 15 class III patients whose maximum
phonation time was evaluated before and two to six months after surgery (Group D). Maximum phonation time was measured in
the sitting position with the vowels /A/, /I/, and /U/. Results. Maximal phonation time was shorter in groups A and B compared
with that of controls. There was an increase in maximal phonation time after surgery (Group B); however, the difference was not
significant when compared with that in group A. In group D, maximal phonation time for /A/ increased after the surgery. In group
A, there was a negative correlation between maximal phonation time and weight or body mass index and a positive correlation
between maximal phonation time and height. In group B, there was an almost significant positive relation between percentage of
weight loss and maximal phonation time for /A/ (p � 0.08) and /I/ (p � 0.07). Mean values of spirometry testing (FEV1, FVC, and
FEV1/FVC) in people with obesity (groups A and B), expressed as percentage of the predicted value, were within the normal range.
Conclusion. Compared with healthy controls, maximal phonation time is shorter in people with obesity, with a tendency to
increase after bariatric surgery, as a possible consequence of weight loss.

1. Introduction

Obesity is an important health problem with increasing
prevalence around the world [1, 2]. It is associated with
complications and high cost for its prevention and treatment
[2].

Pulmonary function is affected by obesity, with lower
than expected ventilatory pressures during inspiration and
expiration, caused by a reduction in respiratory muscle
strength, in functional capacity, in functional residual
capacity, in expiratory reserve volume, in vital capacity, in
total pulmonary capacity and in lung compliance and
volume, as well as by an increase in airway resistance and

pulmonary diffusion, heterogeneity of ventilation distri-
bution, and hypercapnic respiratory failure [3–7]. People
with obesity have found to have narrowing of the aero-
digestive tract, including the hypopharynx, oropharynx,
nasopharynx, and nasal cavities, caused by thickening of
the lateral pharyngeal walls, medialized tonsillar pillars,
and elongated and flaccid velum [8, 9], which may also
affect the vocal quality [10–12].

The maximum phonation time (MPT) is an effective
tool for the evaluation, diagnosis, and follow-up of pa-
tients in treatment for voice alteration [13, 14], which has
been reported short in people with obesity [10–12]. There
is a controversy about what happens to the MPT after
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surgical treatment of obesity and consequent weight loss.
While some studies have shown increased MPT after
surgery [11, 15], others have shown no alteration [16, 17].
Our hypothesis was that (a) obesity decreases MPT, which
is improved after surgical treatment of obesity; (b) there is
a correlation of the duration of MPT with weight, body
mass index (BMI), and neck circumference; and (c)
obesity causes abnormalities in forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC). The
objectives of this investigation were to (1) evaluate the
MPT in a group of people with obesity and in a group of
people with obesity treated by surgery and compare it with
a control group of nonobese healthy volunteers; (2)
evaluate a group of people with obesity before and after
surgical treatment of obesity; and (3) evaluate the cor-
relation of MPT with weight, height, BMI, neck circum-
ference, FEV1, FVC, and the relation FEV1/FVC
(Tiffeneau index) in patients who were not treated
surgically.

2. Materials and Methods

2.1. Participants. The MPT was evaluated in 52 patients
with obesity (19 men) aged from 18 to 63 years (42.6 ± 11.6
years) with no surgical treatment of obesity and a BMI
greater than 40 kg/m2 (group A) and 62 patients with
obesity (8 men) aged from 22 to 64 years (41.6± 11.0 years)
who had been submitted to surgical treatment of obesity.
All had a BMI greater than 40 kg/m2 before the operation
and were evaluated for MPT 3 to 115 months (median: 18
months) after surgery (group B) and 20 healthy controls (3
men), aged 18 to 62 years (40.2 ± 11.9 years), had a BMI
between 21.9 and 26.0 kg/m2. Weight loss in group B
ranged from 11.3 kg to 78.0 kg, with a percentage of weight
loss from 9.9% to 50.1% and a mean of 29.1 ± 10.0%. The
mean and median age, weight, height, BMI, neck cir-
cumference, FEV1, FVC, and FEV1/FVC of groups A and B
and the mean and median age, weight, height, BMI, and
neck circumference of group C are presented in Table 1. In
another group of 15 patients with obesity (group D), in 3
men, aged from 21 to 63 years (44.4 ± 12.8 years), MPTwas
evaluated before the surgery and two to six months (me-
dian twomonths) after the surgery. All individuals in group
D had a BMI greater than 40 kg/m2 (46.0 ± 5.5 kg/m2)
before the surgery and a mean BMI of 38.4± 4.4 kg/m2 after
the surgery. No volunteers had respiratory or digestive
disease.

Neck circumference was measured with individuals in
the sitting position on a chair, with the head in a neutral
position, looking straight ahead. A measuring tape was
passed around the neck at the level of the thyroid cartilage.

The project was approved by the Human Research
Committee of the General Hospital of Ribeirão Preto
Medical School, University of São Paulo, Brazil, IRB number
HCRP 6741/2014. All volunteers and patients gave written
informed consent to participate in the investigation, and the
anonymity of the participants was ensured. The principles
outlined in the Declaration of Helsinki were followed. The
participants did not receive a stipend.

2.2. Surgery. Surgical treatment was performed by laparo-
scopic Roux-en-Y gastric bypass (RYGB). The procedure
which has been standardized in our service is performed
without a ring, and the length of the biliopancreatic and
alimentary loops is of 100 cm each.

2.3. Spirometry. Patients of groups A and B were submitted
to spirometry. The test was performed on a Pulmonet III
spirometer (Sensormedics, Anaheim, CA, USA), according
to the recommendations of the American Thoracic Society.
The parameters analyzed were FEV1, FVC, and the Tiffeneau
index (FEV1/FVC). The results were expressed according to
the percentage predicted for age, height, and sex based on
the equations of Crapo et al. [18].

2.4. Maximum Phonation Time. MPT was measured in all
subjects in the sitting position, with the head in a resting
position, looking straight. They were instructed to say the
vowels /A/, /I/, and /U/, followed by /S/ and /Z/ after in-
spiration, in a prolonged and in habitual frequency and
intensity. Each measurement was done in triplicate, and the
mean of the three measurements of each individual was used
for analysis.TheMPTwas measured in seconds with a digital
stopwatch (Technos G183, Brazil).

2.5. StatisticalAnalysis. Statistical analysis was done with the
correlation coefficient of Spearman (rho), analysis of co-
variance (ANCOVA), linear regression, and analysis of
multiple effects. They were adjusted for gender and BMI. All
analyses were performed with the software SAS® 9.2, anddifferences were considered significant when p≤ 0.05. The
results are presented as mean, median, standard deviation,
percentage and, in figure, interquartile range.

3. Results

The MPT for the sounds /A/, /I/, and /U/ were longer in the
control subjects than in people with obesity (p< 0.04), with
or without surgery (Table 2). Men and women have the same
results with the comparison between groups A and B and
group C.The S/Z index was similar in the three groups, A, B,
and C (p> 0.05). MPT has the tendency to be lower in group
A than in group B, but the statistical analysis did not show
difference (p> 0.40, Figure 1).

In group D, there was a decrease in weight, BMI, and
neck circumference after surgery compared with preoper-
ative values. Preoperative MPT was shorter than that in
controls, and the MPT for /A/ increased from 11.8± 4.5
seconds before the surgery to 13.0± 4.8 seconds after the
surgery (p � 0.04, Table 3). There was no difference in the
comparison before and after the surgery in MPT for /I/, /U/,
or in the S/Z index (p � 0.30).

In group A, there was a significant negative correlation
of MPT with both weight and BMI, and a significant
positive correlation between MPT and height (Table 4).
Although no correlation was found of the MPT for /A/ and
/I/ with neck circumference, there was a negative
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correlation of the MPT of /U/ with neck circumference
(p � 0.04). No correlation was observed between MPT and
FEV1, FVC, or FEV1/FVC in group A. There was no re-
lation between percentage of weight loss (p � 0.08 for /A/,
p � 0.07 for /I/, p � 0.42 for /U/) and time after the surgery
(p � 0.67 for /A/, p � 0.97 for /I/, p � 0.65 for /U/) with the
MPT.

Mean values of FEV1, FVC, and FEV1/FVC in people
with obesity (groups A and B), expressed as percentage of
the predicted value, were considered within the normal
range.

4. Discussion

As previously demonstrated [10–12], MPT was shorter in
obese patients than that in nonobese subjects. Our results
showed that, after surgical treatment of obesity and weight
loss, there was no significant improvement in the MPT.
However, our findings also suggested a small increase in
MPT after the surgery, possibly requiring a longer postop-
erative period or even greater weight loss for the MPT to
improve significantly. A previous study showed that it was
possible to see improvements in MPTeight months after the
surgery [15]. In our study, patients of group D showed an

increase in the MPTof the vowel /A/ after the surgery and in
group B an almost significant positive relation between
percentage of weight loss and MPT for /A/ and /I/.

People with obesity have an altered voice quality, which
is perceived as more strangled, hoarse, and breathy com-
pared with nonobese ones [16]. Another study with class III
subjects reported hoarseness, murmuring, vocal instability,
altered jitter and shimmer, voice strangulation at the end of
emission, and decreased MPT [12]. Shimmer is lower in
people with obesity than that in normal weight individuals
[19], and the fundamental frequency is not different between
people with obesity and without obesity [10].

One would expect that the changes in the MPT in people
with obesity would improve with weight loss, as a conse-
quence of improvement in lung function [20]. Although this
hypothesis may be true, such improvement may be slower
than expected, not completed at the time of evaluation, or
even show interindividual variability. Voice treatment may
be indicated to achieve a better voice quality after the surgery
even before the expected weight loss.

On the other hand, there are reports showing that there is
no change in the MPT in people with obesity after the surgery
[16, 17]. In one of these studies, although one-third of patients
showed a change in the voice quality after weight loss, it was

Table 2: Maximum phonation time (MPT), in seconds, and the S/Z ratio, in people with obesity not submitted to surgical treatment for
obesity (group A, n� 52), people with obesity submitted to surgical treatment (group B, n� 62), and healthy controls (group C, n� 20).

/A/ /I/ /U/ S/Z
Mean (SD) Median Mean (SD) Median Mean (SD) Median Mean (SD) Median

Controls
Men 16.1 (5.3) 17.1 18.0 (2.6) 18.3 19.0 (2.4) 19.3 0.9 (0.1) 1.0
Women 15.7 (5.1) 14.7 18.0 (5.5) 17.3 17.7 (4.3) 17.0 0.9 (0.2) 0.9
Total 15.7 (5.0)∗ 15.1 18.0 (4.9)∗ 17.3 18.0 (3.6)∗ 18.4 0.9 (0.2) 0.9
Group A
Men 11.9 (5.3) 12.0 12.4 (5.8) 12.5 12.2 (5.5) 11.2 0.9 (0.2) 1.1
Women 10.3 (3.6) 10.0 11.4 (4.5) 10.5 11.9 (4.7) 11.5 1.0 (0.3) 0.9
Total 10.9 (4.1) 10.8 11.8 (4.9) 11.6 12.0 (5.1) 11.6 1.0 (0.3) 1.0
Group B
Men 14.0 (6.3) 13.5 14.5 (5.4) 13.7 15.7 (6.0) 15.7 0.9 (0.1) 0.9
Women 11.8 (4.5) 11.6 13.0 (5.8) 12.3 13.2 (5.9) 13.3 0.9 (0.3) 1.0
Total 11.9 (4.8) 11.7 13.0 (5.9) 12.4 13.5 (6.0) 13.7 1.0 (0.2) 1.0
∗p< 0.05 compared with groups A and B.

Table 1: Characteristics of people with obesity not submitted to surgical treatment for obesity (group A), individuals submitted to surgical
treatment (group B), and healthy controls (group C).

Controls (n� 20) Obesity no operation (n� 52) Obesity operation (n� 62)
Mean (SD) Median Mean (SD) Median Mean (SD) Median

Age (years) 40.2 (11.9) 42.0 42.6 (11.6) 42.5 41.6 (11.0) 41.0
Weight (kg) 64.3 (7.7) 61.5 143.5 (34.4) 144.7 89.7 (16.4) 87.8
Height (m) 1.7 (0.1) 1.7 1.6 (0.1) 1.6 1.6 (0.1) 1.6
BMI (kg/m2) 23.0 (1.8) 23.1 53.2 (11.9) 51.2 33.8 (5.3) 33.6
NC (cm) 33.8 (3.3) 32.5 45.9 (5.4) 44.8 36.9 (3.3) 36.5
FEV1 (%) — — 85.0 (16.1) 84.5 95.3 (17.0) 95.0
FVC (%) — — 87.9 (15.7) 91.2 95.7 (13.7) 96.0
FEV1/FVC — — 93.7 (11.5) 92.0 91.3 (17.9) 94.5
BMI, body mass index; NC, neck circumference; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; FEV1/FVC, Tiffeneau index; SD,
standard deviation.
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not detected acoustically, and theMPTdid not change [16]. In
addition, most of the patients were not class III obese
according to the World Health Organization classification
[21]. In another study [17], MPT did not change, but the
phonation threshold pressure had a trend to decrease with
weight loss. These investigations included a small number of
individuals, less than ten, but use adequate methodology to
evaluate voice. On the other hand, two studies reported an
increase in MPTand in fundamental frequency eight months
after surgery [11, 15]. These investigations included a larger
number of obese patients (more than twenty), but of women
only, which differs from our study group.

Altogether, our findings suggest that the MPT improves
after weight loss caused by surgical treatment of obesity. The

improvement in the voice quality in the postoperative period
may be longer than expected, dependingmore on weight loss
than on time. However, we did not find significant influence
of weight loss, in percentage of weight loss and in time after
surgery, in the direction of longer MPT, which suggested
that other factors may have influence of MPT recovery. The
results of the influence of weight loss, expressed in per-
centage, on the MPT almost reach significance with the
vowels /A/ and /I/.

This investigation has limitations. MPTwas not assessed
in the same individual before and after surgical treatment for
obesity in most patients and evaluation of MPT in the late
postoperative period or after a greater weight loss may have
yielded different results. Another limitation was that it was
not possible to perform endoscopic evaluation of the larynx
before MPT measurement.

In conclusion, MPT is shorter in people with obesity
before and after bariatric surgery, with no significant im-
provement after the treatment. However, MPT showed a
tendency to increase in those operated patients.

Data Availability

The individual data used to support the findings of this study
are restricted by the Human Research Committee of Uni-
versity Hospital of Ribeirão Preto, Ribeirão Preto Medical
School, USP, in order to protect patient privacy. Data are
available from the corresponding author via email
(rodantas@fmrp.usp.br), for researchers who meet the cri-
teria for access to confidential data.

Ethical Approval

All procedures followed were in accordance with the ethical
standards of the responsible committee on human ex-
perimentation (institutional and national) and with the
Helsinki Declaration of 1964 and later versions. The in-
vestigation was approved by the Human Research Com-
mittee of the University Hospital of Ribeirão Preto (IRB
number 14757/2012).
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Figure 1: Maximum phonation time (MPT), in seconds, for the
vowels /A/, /I/, and /U/, in nonoperated people with obesity (Group
A, n� 52), in operated people with obesity (Group B n� 62), and
healthy controls (Group C, n� 20). ∗p< 0.05 compared with
groups A and B. Results are expressed as mean and interquartile
range.

Table 3: Weight, body mass index (BMI), neck circumference
(NC), and maximum phonation time (MPT), in seconds, measured
in people with obesity before and after bariatric surgery (Group D,
n� 15).

Before surgery After surgery
Mean (SD) Median Mean (SD) Median

Weight (kg) 120.5 (18.9) 117.5 100.6 (15.3)∗ 100
BMI (kg/m2) 46.0 (5.5) 46.6 38.4 (4.4)∗ 37.0
NC (cm) 43.4 (3.7) 42.5 39.6 (3.0)∗ 39.0
MPT /a/ (s) 11.8 (4.5) 11.0 13.0 (4.8)∗ 12.1
MPT /I/ (s) 14.1 (5.1) 14.0 13.7 (5.2) 12.6
MPT /U/ (s) 14.2 (5.2) 14.1 13.3 (5.6) 12.7
S/Z 1.0 (0.3) 0.9 0.9 (0.2) 0.9
∗p< 0.04 compared with preoperative values.

Table 4: Spearman correlation coefficient (rho) of maximum
phonation time (MPT) and S/Z ratio with weight, height, body
mass index (BMI), neck circumference (NC), forced expiratory
volume in one second (FEV1), forced vital capacity (FVC), and the
relation FEV1/FVC measured in nonoperated people with obesity
(Group A, n� 52).

/A/ /I/ /U/ S/Z
rho p rho p rho p rho p

Weight − 0.17 0.06 − 0.20 0.02∗ − 0.26 0.01∗ 0.01 0.90
Height 0.23 0.01∗ 0.18 0.04∗ 0.18 0.05∗ − 0.03 0.74
BMI − 0.23 0.01∗ − 0.25 0.01∗ − 0.30 0.01∗ 0.02 0.81
NC − 0.12 0.18 − 0.34 0.11 − 0.18 0.04∗ − 0.01 0.94
FEV1 0.14 0.52 0.07 0.73 0.10 0.63 − 0.08 0.71
FVC 0.06 0.77 − 0.03 0.88 0.07 0.76 − 0.24 0.26
FEV1/
FVC 0.07 0.75 0.19 0.37 0.05 0.82 0.14 0.51

∗p< 0.05.
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