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ABSTRACT

Objective: The purpose of this study was to investigate the gender and age effect on lung function
measures and maximum phonation time in the age range of 20-60 years. The present study also aimed
to evaluate correlation between FEV1 and maximum phonation time.

Study Design: Cross- sectional study, Convenience sampling method

Method: The lung function measures (FVC, FEV1, & FEV1/FVC) and maximum phonation time
were obtained from 200 healthy participants in the age range of 20-60 years. These participants were
divided into two groups (Group | - 20- 40 years & Group Il - 41- 60 years) with equal number of
males and females in each group. The lung function measures were obtained using Easy on PC
spirometer. Three consecutive trials were collected for MPT using stopwatch. Mann- Whitney U test
was used to determine effect of age and gender on lung function measures and MPD. Spearman's
Rank Correlations were performed to identify is there any significant relationships between the FEV1
and MPT of /a/, /i/, Iul, Is/, and /z/.

Results: There were significant effect of gender on FVC, FEV1, & MPT except on FEV1/FVC. There
was significant effect of age in both genders on FVC, FEV1, & FEV1/FVC. There was no significant
effect of age in both genders on MPT /i/, /u/, /s/, and /z/ except MPT /a/ for males. FEV1 showed
significant positive correlation with MPD (/a/, /i/, /ul, Is/, and /z/).

Conclusions: The mean FVC and FEV1 were lower in females and higher in males in both the age
groups. Maximum phonation time of /a/, /i/, /ul, /s/, and /z/ was longer in males as compared to
female. Age has inverse effect on lung function measure and MPT. FEV1 showed positive correlation
with MPT, which indicates that FEV1 increases with increase in MPT.
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INTRODUCTION

The production of voice depends on
the  interaction  between  pulmonary
aerodynamic forces and the laryngeal

decreased  supraglottic air  pressure.™
Therefore an SLP needs to include
respiratory evaluation as a routine clinical
procedure.

myoelastic forces. Respiration is not only
important for voice production but also can
serve as an indicator of voice disorder. In
cases with voice disorder when any mass
lesion, poor muscle coordination, or aging
affects mucosal covering and muscles of
vocal fold it causes incomplete glottal
closure, increased airflow rate, and

In cases with voice disorder mass
lesion or poor muscle coordination affects
mucosal covering and muscles of vocal fold
leading to incomplete glottal closure,
increased airflow rate, and decreased
supraglottic air pressure.!!!

Spirometry is a widely used routine
objective  examination of pulmonary
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function and its disorders. The 3 crucial
lung function measures which help us to
diagnose respiratory disorders are Forced

vital capacity (FVC), Forced expiratory
volume- one second (FEV1), and FEV1/
FVC ratio.?]

Explanation of common test values in pulmonary function tests

Test Description

Forced Vital Capacity

It is a measurement of the lung volume (in litres) represented by the volume of air in the lungs that can
be maximally exhaled following a deep inhalation.™!

Forced expiratory volume -

one Second (FEV1) measured in liters."!

It is a measure of volume of air that can be exhaled in one second following a deep inhalation. It is

FEV1/ FVC

It is the ratio of FEV1 to FVC. In a healthy adult, FVC and FEV1 values lies between 80% to 120% and
FEV1/ FVC is within 5% of the predicted value.!

It is well known that lung function
measures vary across the life span. In
healthy individuals, pulmonary function is
affected by age, gender, height, ethnicity,
genetic, environmental, socio-economic
status, and some other unidentified
factors.""! The FVC and FEV1 decrease as
a function of age.®* In various studies, it
was reported that males have a higher value
of pulmonary measures than females.!***?
Singh et al.™! studied spirometric measures
on 1,999 subjects (1,385 males and 614
females). They reported mean forced vital
capacity (FVC) in males was 3.4910 liters
and in females, it was 2.510 liters. In the
same ethnic and age groups, variations in
vital capacity were noted in relation to their
height in males.*” Kamat et al.*® and
Udwadia et al."®reported that Indians have
lower VC than westerners. Also lung
capacity is dependent more upon height and
weight than race.

Instruments needed for assessment
are not available in every setup, as they are
expensive. Therefore clinicians have to
depend on non-instrumental assessment
which has been a boon for the clinicians.
Maximum phonation time (MPT) and s/z
ratio are two such subjective methods useful
to assess respiratory and phonatory
efficacy.™"*®! Maximum phonation time and
s/z ratio are measures of phonation time.[*"!
Maximum phonation time is the maximum
length of time that a patient can sustain
phonation on a single breath. Most normal
adults can sustain vowel production for 15-
20 seconds.™ However, age and gender-
wise differences in MPT have been reported
with  males showing higher MPT as

compared to females. And in both males and
females MPT declines with age.[?>?
Reduced MPT is suggestive of insufficient
respiratory functioning. In clients with voice
disorders, MPT is reduced./®!

According to Yanagihara et al.’?¥
phonation volume bears a linear relationship
with VC. Lima et al. studied the
correlation between slow vital capacity and
maximum phonation time in 101 healthy
adults. They concluded that there was a
positive correlation between slow vital
capacity and maximum phonation time of
fal, Isl, and /z/in healthy adult subject.
Similarly, MPT showed positive
correlations to the FVC and FEV1 in
subjects with and without dysphonia.?*!

Adequate breath support is a
prerequisite  for  phonation.  Hence,
assessment of breathing should ideally be a
part of routine SLP practice. Therefore, it is
important to find out the correlation
between maximum phonation duration and
lung measures. Hence the present research
aimed to study the gender and age effect on
lung function measures and maximum
phonation time in individuals in the age
range of 20 — 60 years. Secondly, the
relationship between lung function and
MPT was also studied.

MATERIAL AND METHOD
2.1 Participants

A total of 200 participants (100
males & 100 females) in the age range of
20- 60 years were recruited after obtaining
approval from the ECARP committee. Both
the genders were divided evenly into two
age groups (Group | - 20-40 years & Group
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Il 41-60 years). In Group I, there were 50
males with a mean age of 28.24 + 5.68 and
50 females with a mean age of 24.72 + 4.51.
Similarly in Group II, there were 50 males
with a mean age of 49.6 £ 5.70 and 50
females with a mean age of 47.52 + 5.29.
Participants were recruited from the
hospital. Medical and nonmedical staff,
students, other relatives, and caregivers of
patients coming for therapy, fulfilling the
inclusion criteria was taken up for the study.
All participants with no respiratory illness
and normal voice quality (GRBAS < 1)
were included in the study. s/z ratio for all
participants was <1.0. All participants self-
reported normal vocal  functioning.
Participants with a past/present history of
voice disorder, smoking, lung disease, heart
disease, frequent URTI, and pregnant
women were excluded from the study.

2.2 Spirometry procedure:

A lung function test was carried out
using an Easy on - PC spirometer. This
spirometer meets ATS/ERS  (2005)
specification. It provides real-time graphs
and an animated incentives screent. A
disposable mouthpiece coupled to the
spirometer was used to avoid contamination.
The test procedure was explained and a
demonstration of the manoeuvres was given.
Activities like eating a heavy meal; smoking
and vigorous exercises before testing were
avoided. Participants were instructed to
avoid tight clothing on the day of testing. If
clothes are too tight it may give restrictive
pictures on spirometry. 1 The test was
carried out with the subject sitting in the
upright position on the chair. A nose clip
was used to avoid leakage of the air.

The subjects were asked to hold the
mouthpiece lightly with the help of teeth.
Lips were tightly closed around the
mouthpiece to obtain a good seal. Then
participants were instructed to breathe
normally a couple of times. After a few
breaths, the subject was instructed to
quickly take a deep and full breath inside.
Forcefully blow out air for a minimum of 6-
8 seconds and again take a deep breath
inward. Repeated verbal prompts were

given to encourage the participants to
sustain the exhalation for at least 6 sec.

Based on a review of literature
forced vital capacity (FVC), forced
expiratory volume in one second (FEV1)
and the ratio of FEV1/FVC was found to be
the most widely used parameters of
spirometry for differential diagnosis of
respiratory disorders. Hence, FVC, FEV1,
and FEV1/FVC parameters were included in
the study. Observed maximum values of
FVC and FEV1 were noted and compared
with predicted values. To compute the
predicted values, it is necessary to enter the
sex, age, height, weight, and ethnic group of
the subject. The percent predict is calculated
by dividing the pre-best value (value obtain
from the best trial) by the predicted value
and multiplying by 100. The ratio of FEV1/
FVC was compared with the predicted
ratio."!  Standardized  criteria  for
reproducibility of the test (the difference
between the two largest values should be
>150 mL)was used.?®

2.3 Maximum phonation time procedure:

The participant was seated in an
upright posture and instructed to take a deep
breath to the extent possible and while
exhaling phonate /a/ sound for as long as
possible. Using a digital stopwatch time was
noted. When the subject couldn’t follow the
instruction, a demonstration of MPT was
given. 3 trials were given and the highest
maximum phonation time of 3 trials was
considered for the study. The rest period of
30 seconds was given between 3 trials.
Similarly MPT for /i/, lul, Is/, and /z/ was
elicited.

STATISTICAL ANALYSIS

Statistical anal}/sis was done using
SPSS 25.0 software.””! The descriptive data
in terms of mean and standard deviation was
documented. Comparison between gender
and two age groups (20 to 40 & 41 to 60)
was done using the Mann-Whitney U test as
all the data failed the ‘Normality’ test.
Correlation between FEV1 and MPT was
done by using Spearman's rank correlation.

International Journal of Health Sciences and Research (www.ijhsr.org) 62
Vol.11; Issue: 10; October 2021



Pranali Chavan et.al. A comparison of objective and subjective measures of respiration in healthy adults.

RESULTS

The mean and standard deviation for
FVC, FEV1, FEV1/FVC, MPT /al, lil, lul,
/sl, and /z/ are provided in Table 1. The
habitual breathing pattern of the participants
was noted. 1% participants showed
clavicular breathing, 36% participants
showed thoracic breathing, 25% participants
showed thoracic-abdominal  breathing.
Abdominal breathing pattern was observed
in most of the cases, 38% of participants
showed abdominal breathing pattern.

4.1 Effect of gender on lung function
measures and MPT

Table 1. Comparison of the MPT /a/, MPT /i/, MPT /u/, MPT
/sl, MPT /z/, FVC, FEV1 between males and females

Gender

Female Male
Variables Mean SD Mean SD P value
MPT /a/ 14.25 3.73 16.79 4,99 <0.001*
MPT /il 16.35 462 | 18.62 6.25 0.008*
MPT /u/ 15.15 4.43 17.11 5.52 0.003*
MPT /s/ 9.81 4.36 10.79 3.84 0.012*
MPT /z/ 12.61 4.42 | 13.89 4.60 0.019*
FVC 2.76 0.45 3.44 0.72 <0.001*
FEV1 2.33 0.42 2.89 0.64 <0.001*
FEV1/FVC 0.84 0.05 0.84 0.04 0.245

* Significant values (P < 0.05)—Mann-Whitney U test

The Mann — Whitney U test result
revealed that FVC, FEV1, MPT /a/, /il, lul,
Isl, and /z/ were significantly higher in
males than that in females (p < 0.05, Table

1). However, no significant difference was
observed for FEV1/ FVC ratio in males and
females (p= 0.245). The effect size was
small for MPT of /i/, /ul, Is/, and/z/ except
for /a/, it was medium. For FVC and FEV1
large effect size was noted.

4.2 Effect of age on lung function
measures and MPT

As the gender effect was significant,
the effect of age was done separately in
males and females. Mann — Whitney U test
was used to analyze the effect of age on
phonation time and lung measures in males
and females.

4.2.1 Effect of age on lung function
measures and MPT in females

The Mann- Whitney U test results
revealed that FVC, FEV1, and FEV1/FVC
were significantly higher in group | when
compared with group Il participants (p <
0.05, Table 2). However, MPT /a/ (p=
0.150), MPT /il (p= 0.934), MPT /u/ (p=
0.646), MPT /s/ (p= 0.759), and MPT /z/
(p= 0.444) did not show any significant age
effect. The effect size was large for FVC
and FEV1 but for FEV1/FVC ratio, it was
medium.

Table 2. Comparison of the MPT /a/, MPT /i/, MPT /ul/, MPT /s/, MPT /z/, FVC, FEV1 and FEV1/FVC between group | and group

11 in males and females.

Males Female

20- 40 years | 41- 60 years 20- 40 years 41- 60 years
Variables | Mean | SD | Mean | SD | Pvalue | Mean | SD | Mean | SD | Pvalue
MPT /a/ 17.79 | 491 | 15.77 | 490 | 0.015* 17.79 | 491 | 15.77 | 4.90 0.015*
MPT /i/ 19.59 | 6.22 | 17.64 | 6.18 | 0.064 1959 | 6.22 | 17.64 | 6.18 | 0.064
MPT /u/ 17.82 | 5.27 | 16.34 | 5.69 | 0.066 17.82 | 5.27 | 16.34 | 5.69 | 0.066
MPT /s/ 10.91 | 3.24 | 10.66 | 4.38 | 0.707 10.11 | 4.76 | 9.51 3.94 | 0.759
MPT /z/ 1422 | 416 | 1355 | 5.02 | 0.296 12.92 | 440 | 1229 | 446 | 0.444
FvC 3.70 0.72 | 3.16 0.60 | 0.0001* | 3.70 0.72 | 3.16 0.60 | 0.0001*
FEV1 3.14 0.65 | 2.63 0.52 | <0.001* | 3.14 0.65 | 2.63 0.52 | <0.001*
FEV1/FVC | 0.84 0.04 | 0.82 0.04 0.051* | 0.84 0.04 | 0.82 0.04 | 0.051*

* Significant values (P < 0.05)—Mann-Whitney U test

4.2.2 Effect of age on lung function
measures and MPT in males

The Mann- Whitney U test results
revealed that FVC, FEV1, FEV1/FVC, and
MPT /a/ were significantly higher in group |
when compared with group Il participants (p
< 0.05, Table 2). However, MPT /i/ (p=
0.064), MPT /u/ (p= 0.066), MPT /s/ (p=

0.070), and MPT /z/ (p= 0.296) did not
show any significant age effect. The effect
size was large for FVC and FEV1 except for
FEV1/FVC ratio, it was medium. For MPT
of /a/ effect size was small.
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4.3 Correlation between maximum
phonation duration (/a/, /i/, lul, Isl, /z/) in
seconds and FEV1in litres

Spearman’s rank order correlation
coefficient rho was calculated at 0.01 levels
(2 tailed). FEV1 showed significant
correlation with all MPT measures [/a/ (r=
0.359, p= 1.00E-06), /i/ (r= 0.265, p=
0.0002), /u/ (r=0.302, p= 1.39E-05), /s/ (r=
0.262, p= 0.0002) and /z/ (r= 0.270, p=
0.0001)]. A positive correlation was
observed with all the measures. This
indicates that MPT increases with an
increase in FEV1. (Table 3)

Table 3: Correlation between maximum phonation time and
FEV1

Variables Spearman's rho FEV1 (Liters)
MPT/a/ (Sec) Correlation Coefficient .359
P-value < 0.0001*
MPT /u/ (Sec) Correlation Coefficient .302
P-value < 0.0001*
MPT /i/ (Sec) Correlation Coefficient .265
P-value 0.0002*
MPT /s/ (Sec) Correlation Coefficient .262
P-value 0.0002*
MPT /z/ (Sec) Correlation Coefficient .270
P-value 0.0001*

* Significant values (P < 0.01) — Spearman’s rank correlation

5. DISCUSSION

Voice production mainly depends
upon the respiratory system. As respiration
plays a major role in voice production, it is
important to assess respiration during the
assessment of the voice.FVC, FEV1, and
FEV1/ FVC are 3 important measures of
lung function. The present study aimed to
evaluate a relationship of lung function
measures as measured by FVC and FEV1
with the maximum phonation time of /a/, /i/,
lul, Is/, and /z/ in the age range of 20-60
years.

In the present study the effect of
gender was observed on lung measures,
Males showed higher FVC and FEV1 values
than females, which can be attributed to
inherent anatomical variations in the two
genders. However, FEV1/ FVC ratio was
not significantly different between the
genders. Zakaria et al.™ reported in their
study that males showed a higher value of
pulmonary function measures than in
females, but not for the FEV1/FVC ratio. In

contrast, Banerjee et al.*? reported that
there was a significant difference between
males and females for FEV1 and FEV1/
FVC, but not for FVC wvalue. The
differences in the findings could be
attributed to the methodological differences.
Smokers were included in their study. Also,
subjects studied were non-asthmatic having
some  other  pulmonary  issues. The
significant age effect of age was also noted
for MPT of /a//il, lul, Is/, and /z/. These
findings are in agreement with previous
studies done by Hirano et al.,”*® Maslan et
al.,’” Shanks et al.>”!

The present study also found that
there was no significant difference between
the two age groups for all measures of MPT,
except for vowel /a/ where two groups
differed significantly in males. Knuijt et
al.BY reported MPT of /a/ was significantly
different in males between two age groups,
probably because it was a first measure
obtained where participants could give their
best performance. These findings contradict
the findings reported by Awan et al.*?
where they reported that age showed a
significant correlation with maximum
phonation time.

The lung function measure obtained
in females between group | and group Il
were compared. The result revealed that
there was a statistically significant
difference between the two age groups.
Similar findings were obtained in males
between two age groups with the older age
group performing poorer than the younger
age group. Thus, it can be concluded that as
age increases lung function decrease in both
males and females, probably due to changes
in elasticity of the lung tissue as a part of
normal aging. The present study results are
in accordance with findings by VazFragoso
et al.’®¥! where they reported that the FEV1
value decreases progressively in middle-
aged and older persons. This decrease in
FEV1 may be caused due to normal aging
and the onset and progression of
cardiopulmonary disease.

The results of the present study are
also in accordance with the study done
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by Stanojevic et al.’”! where they found that
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