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ABSTRACT

Physical activity when performed regularly has beneficial effects on the various systems of the
body, pulmonary functions inclusive. This study was aimed at determining the effect singing and
athletics have on the lung functions as compared to sedentary lifestyle, and whether athletes differ
in lung functions from singers in Ahmadu Bello University, Zaria. Anthropometric data was also
matched with spirometric parameters. Spirometric parameters: Forced Expiratory Volume in one
second (FEV;), Forced Vital Capacity(FVC) and the ratio of Forced Expiratory Volume in one second
to Forced Vital Capacity(FEV,/FVC%) were assessed in randomly selected 60 healthy, non-
smoking, non-obese male subjects 15-30years of age, that included athletes, singers and sedentary
individuals and grouped as such. The mean FEV, for singers (3.33+0.11) and athletes 3.3940.13
was significantly higher (p=0.007 and p=0.002 respectively) than that for sedentary control
(2.8340.09). The mean FVC for singers (4.07+0.12) and athletes (4.17+0.14) was significantly
higher (p=0.015 and p=0.003 respectively) than that for sedentary group (3.5710.11). The
difference in means of FEViand FVC between athletes and singers were of no statistical
significance. There was no significant difference in the mean FEV;/FVC% amongst the groups,
79.68+1.66, 82.40+2.43 and 81.63+2.15 for sedentary, singers and athletes respectively. Singers
and athletes had a higher body weight than sedentary, but the mean age for the sedentary control
was higher. In conclusion, the study showed a better pulmonary function in both athletes and
singers compared to sedentary control with a positive correlation to weight. Singers did not differ

in pulmonary functions when compared to athletes.
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INTRODUCTION

Physical activities in the form of sports and exercise if
performed regularly have beneficial effects on the
various systems of the body by improving their
functions. There is usually an increase in metabolic
activities during exercise for instance, therefore the
functions of the cardiopulmonary systems is
increased, increasing ventilation and cardiac output.
Several studies (Belman & Mittman, 1980;Nourryet
al., 2005; Robinson & Kjedlgaard,
1982;Wassermannet a/.,1995) have shown that
exercise improves pulmonary function by increasing
pulmonary capacity as the strength of respiratory
muscles are increased. Similarly, some other studies
have shown non-significant change in pulmonary
function following exercise (running) (Kuppu Raoet
al, 1998;Hamilton& Andrew, 1976; Doherty&
Dimitriou, 1997) when compared to non-athletes.
Pulmonary ventilation and hence function depends on
lung volumes and capacities and mechanics of
breathing which is determined by the strength of
respiratory muscles, compliance of the chestwall and
elastic recoil of the lungs. Pulmonary Function Tests
(PFTs) assess defects in airflow (ventilatory
functions), lung volumes and gas exchange, and aid
in diagnosis and management of respiratory
disorders. They (PFTs) provide quantitative and
qualitative evaluation of pulmonary function and are
therefore of definitive value in the diagnosis and
therapy of patients with cardiopulmonary disorders,
especially those with obstructive and restrictive lung
diseases (Belman & Mittman, 1980; Robinson &

Kjeldgard, 1982). The three aspects of PFTs are: (1)
Spirometry for assessing air flow (2) spirometric
volumes and body plethysmography for measurement
of lung volumes and capacities, and (3) testing the
diffusing capacity of the lung for carbon monoxide
(OL,CO) for assessing gas exchange function. (Ranu
et al, 2011).

The parameters used to describe lung functions are
lung volumes and capacities. While the various lung
volumes reflect the individual’s ability to increase the
depth of breathing, the capacities is simply a
combination of two or more volumes (Adegoke &
Arogundade, 2002). Physiological determinants of
lung volumes/capacities are: age, gender,
anthropometric measures, ethnicity, altitude and
physical activities (Lufti, 2017).

Spirometry is a physiological test that measures how
an individual inhales or exhales volumes of air as a
function of time and is used as a screening test of
general respiratory health. Spirometry assess the
integrated mechanical function of the lungs,
chestwall, and respiratory muscles by measuring the
total volume of air expired from a full lung(Total Lung
Capacity [TLC]) to maximal expiration (Residual
Volume [RV]) and Forced Expiratory Volume in one
second (FEV,), Forced Vital Capacity (FVC) and
FEV,/FVC%. Vital capacity (VC) is the maximum
volume of air that can be expired from the lungs after
maximal inspiration, FVC is the total volume of air
expired forcefully with greatest force after maximal
inspiration i.e.
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VC with maximal forced expiratory effort. FEV;is the
total volume of air expired in the first second during
maximal effort from a position of full inspiration. FEV,
manoeuvres assess abnormalities in airway resistance
(in obstructive airway diseases) indirectly. It measures
airflow rate, the most useful test to detect generalized
airway obstruction. Lung volumes indirectly assess
abnormalities of compliance (in restrictive lung
diseases). VC indicates strength of respiratory
muscles, used to assess the ability of a person to put
up maximum inspiration and expiration (Miller et al.,
2005b).

FEV1/FVC ratio aid in the identification of obstructive
or restrictive ventilatory defects. An obstructive defect
is indicated by a low FEV1/FVC ratio (with reduced
FEV; and normal or reduced FVC), which is defined as
less than 70% (GOLD criteria) or below the fifth
percentile of predicted value orlower Ilimit of
normal(LLN) based on data from the Third National
Health and Nutrition Examination Survey (NHANES
III) in adults, and less than 85% in patients 5 to 18
years of age (American Thoracic Society [ATS]). A
restrictive pattern is indicated by an FVC below the
fifth percentile based on NHANES III data in adults, or
less than 80% in patients 5 to 18 vyears of
age.FEV1/FVC ratio is normal or increased.A low
FEV1/FVC ratio and FVC indicates a mixed defect
(Pellegrino et al. 2005; Moore, 2012; Vestbo et al.
2013;Johnson & Theurer, 2014).

Respiration has a key role to play in singing, like the
voice or speech which is produced from the vocal

cords and involve the wuse of respiratory
structures/muscles and inspiratory and expiratory
manoeuvres (Petterson, 2005).Thus, classically

trained singers exhibit efficient breath management
and greater use of their lung capacity than non-
singers (Collyeret al, 2008).

Both obstructive (OLD) and restrictive lung diseases
(RLD) have shown increased prevalence, incidence,
morbidity and mortality rate around the world.
RLDsare associated with diminished pulmonary
compliance while OLDs are characterized by airflow
limitation.Sincephysical activities are known to be
beneficial to the whole body, and a component of
pulmonary rehabilitation especially in obstructive lung
diseases like COPD, it could, together with singing
serve as adjunct in the therapy of pulmonary
diseases. Many studies found a positive correlation
between exercise/physical activities and improved
lung function but very few studies have investigated
the effect singing has on pulmonary function.

This study was aimed at determining the effect
singing and athletics have on the lung functions as
compared to sedentary lifestyle and whether athletes
differ in lung functions from singers using Ahmadu
Bello University, Zaria as the study population. Lung
functions were also matched with anthropometric
indices to see if there is any correlation.

MATERIALS AND METHODS

Subjects

This study was conducted in the Department of
Human Physiology, Faculty of Medicine, Ahmadu Bello
University Zaria.The study population comprised of
athletes, singers and sedentary individuals selected
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randomly from Ahmadu Bello University, Zaria.
Athletic group consisted of runners, footballers,
basketball players, and those who play American
football, who haveall been into athletics for an
average of O9years. Singers were made up of
choristers that rehearsed very frequently at a mean of
8.7 years,while sedentary group comprised of
subjects with leisure-time physical activity or activities
done for less than 20 minutes or fewer than three
times per week.Smokers and subjects with
contraindications as described in the American
Thoracic Society (ATS)/European Respiratory Society
(ERS)guidelines and recommendations (Miller et al.,
2005a)were exempted from the study.

A total of 60 healthy male volunteers aged 17 to 28
years took part in the study.They were grouped into
athletes (n=20), singers (n=20) and sedentary
individuals (n=20). The age ofsubjects were
estimated to their last birthdays. Informed consent
was obtained before commencement of procedures.
Information was gathered regarding personal history,
smoking,recent respiratory illness, medications used
e.t.c. Anthropometric measurements; height in meters
(m) and weight in kilogram (kg) of each subject was
measured before the test procedure. The Body Mass
Indices (BMI) of the subjects were also calculated
using the formula: BMI= weight/height (kg/m?).
Pulmonary Function Tests

Spirometry was carried out with the assistance of a
well-trained laboratory technician using the Wedge
BellowsVitalograph Spirometer, in accordance with
ATS/ERSGuidelines 2005 (Miller et al, 2005b).Each
participant was well informed about the instrument
and the technique demonstrated prior to
commencement of test. Measurements were taken
between 11am and 4pm to avoid diurnal variations in
lung functions.Spirometry was done on all subjects in
a standing position.Each subject was asked to take a
convenient standing position, then asked to take a
deep breath and expire maximally and forcefully into
the tube. Parameters analysed are FEV;, FVC, and
FEV,/FVC ratio.

STATISTICAL ANALYSIS

All data were expressed as mean + SEM (standard
error of mean). Statistical analysis was done using
IBM SPSS version 21 (USA). One way analysis of
variance (ANOVA) was used to see if the groups differ
in any of the parameters followed by7ukey post
hocmultiple comparison test.P<0.05 was considered
significant.

RESULTS

Mean of Anthropometric Indices

The age in years of the sedentary group was
significantly higher than those for athletes as shown
on Table 1. Weightsofathletes and singers were
significantly higher than those for sedentary group. All
groups had similar heights and BMIs.

Pulmonary Function Tests: FEV,, FVC and
FEV,/FVC%

The mean FEV, for sedentary control was found to be
2.83%0.09, that for singers was 3.33£0.11, while that

for athletes was 3.39+0.13.
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The mean FVC for sedentary control was found to be
3.57+0.11, that for singers was 4.07+0.12, while that
for athletes was 4.17+0.14 The mean FEV,/FVC % for
sedentary control was found to be 79.68+1.66 that of
for singers was 82.40+2.43 while that of athletes was
81.63+2.15. FEV; for singers and athletes was
significantly ~ higher  (p=0.007 and p=0.002

respectively) than that for sedentary group. FVC for
singers and athletes was significantly higher (p=0.015
and p=0.003 respectively) than that for sedentary
group. The difference between athletes and singers
was of no statistical significance.The difference
among the groups for FEV1/FVC% were not statistical
significant.

Table 1.Mean anthropometric indices for sedentary, singers &athletes

Indices Sedentary (n=20) Singers (n=20) Athletes (n=20)
Age (years) 24+0.61° 23+0.59 22+0.56"

Weight (kg) 60.25+1.65 69.10+2.48" 68.70+2.30"
Height (cm) 173.00+1.38 181.45+3.65 180.70£2.59

BMI (kg/m?) 20.13+0.50 21.01+0.48 21.0240.51

Data are presented as mean + SEM.*= significant difference at p<0.05 compared to sedentary group
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Figure 1: Mean for FEV; among sedentary, singers and athletes.Values presented as mean + SEM, n=20.*=
Significant difference at P<0.05 compared to sedentary group
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Figure 2: Mean for FVC among sedentary, singers and athletes. Values presented as mean + SEM, n=20.*=
Significant difference at P<0.05 compared to sedentary group
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Figure 3: Mean for FEV,/FVC% among sedentary, singers and athletes. Values presented as mean + SEM,
n=20.*= Significant difference at P<0.05 compared to sedentary group

DISCUSSION

The increase in metabolic activities during physical
activity improve pulmonary function by increasing
pulmonary capacity as the strength of respiratory
muscles are increased.The results of the present
study showed that both singers and athletes had
abetter lung function than the sedentary group. This
is evident in the significantly higherFEV;and FVCthan
that for sedentary group.Akhade and
Muniyappanar(2014);Sable, et a/ (2012),andVedala,
et al(2013), also observedhigherFEVi;and FVC in
athletes than in sedentary groups. The difference
between athletes and singers was of no statistical
significance. This supports the study of Prakash et
al(2007) who compared two different physical
activities and found athletes and yogis to have a
higher pulmonary function compared to the sedentary
group.

The difference among the groups for FEVi/FVC%
were not statistically significant.Akhade and
Muniyappanar(2014) also made a similar observation
in there study. Even though not significant, singers
had the highest FEV,;/FVC ratio. This could be related
to the depth and intensity of respiratory manoeuvres
involved in phonation and vocalization in singing. It
has also been observed that some particular sport
disciplines improve the lung function better than
others, these include swimming, basketball, water
polo and rowing (Lazovic et. al 2015; Doherty &
Dimitriou, 1997). Lazorovic-Popovic et a/2016 also
found swimmers to have a higher FEV;/FVC ratio than
footballers and sedentary control individuals.
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