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ABSTRACT
Background and purpose: Chronic Obstructive Pulmonary Disease (COPD) is a major cause of

morbidity and mortality in India. It is characterized by dyspnoea and limited exercise capacity. It
has been proved that breathing exercises spontaneously reduce dyspnoea and mechanical work of
breathing in subjects with COPD, thus gaining an important part in pulmonary rehabilitation. The
aim of this study was to determine the energy expenditure in people with COPD before and after
performing three commonly used breathing exercises by using the Physiological Cost Index (PCI)
as a tool. Study Design: Experimental pre test —post test. Materials and Methods: The PCI of
30 male patients were studied on two occasions, before performing exercise and after performing
two commonly used breathing exercise viz, Diaphragmatic Breathing (DB) and Pursed Lip
breathing (PLB). Results: Following the breathing exercise the PCI decreased in 22 patients, in 6
patients it was unchanged and in 2 patients it was increased. The mean PCI value before
breathing exercise was .3099(range .13 - .67) and that after breathing exercise was .2387(range
.07 -.75). Conclusion: The Physiological Cost Index (PCI) of subjects suffering from Chronic
Obstructive Pulmonary Disease (COPD) was seen to decrease after performing two commonly
used breathing exercises, thus indicating a favourable decrease in energy expenditure following
the breathing exercises.

Keywords:Chronic Obstructive Pulmonary consequence of both an increased
Disease (COPD), Energy expenditure, ventilatory requirement and a decreased
Physiological Cost Index (PCI), breathing ventilatory  capacity. The increased
exercises. ventilatory requirement arises from the
elevated wasted ventilation fraction of each
INTRODUCTION breath and hypoxemia secondary to
The term Chronic Obstructive Pulmonary ventilation- perfusion mismatching, both of
Disease (COPD) refers to chronic disorders which stimulate minute ventilation to
that disturb airflow. COPD is a major cause increase %,
of morbidity and mortality in India’. The The reduced ventilatory capacity is
principal symptoms are dyspnoea and primarily the result of airflow obstruction,
limited exercise capacity. Patients with which causes an increased work of breathing

COPD demonstrate exercise limitation as a 5. Due to their increased ventilatory
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demands, people with COPD have a higher
resting oxygen consumption than do people
without pulmonary disease.* ® This higher
resting oxygen consumption may be
explained by increased mechanical work of
breathing or reduced ventilatory muscle
efficiency, or both, in patients with severe
COPD. Consequently, hyperinflation of the
lungs and the chest wall causes the
diaphragms to become depressed, which
contributes further to breathing inefficiency
and increased metabolic cost °”.

To help relieve the symptoms and physical
limitations of patients with COPD, physical
therapists have been teaching breathing
exercise in the form of Diaphragmatic
Breathing (DB) and Pursed Lip
Breathing(PLB)® °*° .The overall effects of
these two types of breathing exercise are to
improve ventilation gas exchange, decrease
work of breathing, maintain or improve
mobility of chest wall, reduce the respiratory
rate, increase tidal volume, reduce dyspnoea,
improve gas mixing at rest and facilitate
relaxation™* Controlled breathing
manoeuvres appear to be widely used in the
physical therapy management of patients
with COPD, both individually and in
pulmonary rehabilitation programs*?*/:*819,
The energy expenditure in patients with
COPD is an interesting subject that has not
been studiedextensively. Better
understanding of breathing patterns in
people without pathology and in patients
who are prone to ventilatory distress, such as
those with COPD ,could yield information
about enhancing non-invasive physical

therapist interventions used to reduce the
mechanical work of breathing and to
improve ventilatory efficiency.

In this study the energy expenditure before
and after the breathing exercise is
calculated. The energy expenditure is
calculated by using a simple tool, the
Physiological Cost Index (PCI). The PCl is a
simple tool wused to measure energy
expenditure during walking. The PCI was
formulated by Macgregor (1979)* ?° who
recognized the need for a simple, functional
and non-invasive method of measuring the
physiological cost of walking that could be
equally applied in domiciliary and clinical
environments.  Mechanical  work in
biological systems is achieved when a force
applied to a structure results in movement.
The amount of work produced is the product
of the force applied and the distance moved.
The PCI is founded on the principle that
heart rate and walking speed are linearly
related to oxygen consumption (VO,) at sub
maximal levels of exercise (Astrand and
Rodahl,1986)."* While the measurement of
VO, is the conventional means of
determining energy expenditure , a major
drawback is its requirement to collect
expired gas. This involves the use of
equipment that is cumbersome to wear and
often  unavailable in the clinical
environment. The PCIl offers a practical
alternative; it is an empirical index and is
defined by Mac Gregor (1979) as follows

PCI (beats/meter) =Walking Heart Rate (WHR) — Resting Heart Rate (RHR){beats/minute}

Walking speed {meter/minute}

The use of the PCI as a measure of energy
expenditure in subjects with COPD has not
been studied with the importance it

deserves. This study aims at determining the
value of the PCl as a simple tool for
measuring energy expenditure and thereby
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also to determine the positive effects of
breathing exercise on energy expenditure in
subjects

METHODS
Subjects
This study was approved by the Institutional
Ethical Committee of Nitte Institute of
Physiotherapy. 30 male subjects from the
outpatient department of K S Hegde Medical
Academy Mangalore, who were diagnosed
by the physician as having COPD were
selected for the study. The diagnosis was
confirmed by assessment with the COPD
assessment form. Subjects were included if
their forced expiratory volume in 1 second
(FEV1) was < 60% of the predicted value.
Written  consent was taken before
conducting the study. The subjects were
excluded if they had recent respiratory
exacerbation, significant cardiac disease,
resting pulse oximetry < 85%, a diagnosis of
cor pulmonale, orthopaedic exercise
limitations or were on supplemental oxygen.
Experimental design
Resting heart rate (RHR) was recorded after
the subject had been seated for 15 minutes™.
After measuring the RHR the patient was
made to walk up and down the 100-ft
walkway at a comfortable walking speed for
6 minutes .The heart rate and walking speed
at the end of 6 minutes was recorded. The
RHR and WHR was measured by
ambulatory pulse meter (PM 60 Am. Pulse
oximeter). After this procedure PCl was
calculated with the above mentioned
equation.
After calculating the value, two breathing
exercises were given; the patients were
positioned in a treatment couch in long
sitting position with back rested on adequate
pillows. The exercises were Diaphragmatic
Breathing and Pursed Lip Breathing.

Diaphragmatic breathing occurs when there
IS a conscious appreciation of inspiring air to
the lung bases with slight forward
abdominal displacement and passive relaxed
expiration. The instruction given to the
patient was “breathe in slowly through your
nose and aim at getting the air to the lower
part of your lungs; remember to relax your
tummy and upper chest allow the air to go
under here (the investigator put his hand on
the subjects epigstric/sub costal region).
Then relax and let all air out through your
mouth, allowing your tummy to sink
gently”. ™

Pursed lip breathing in this study consisted
of each patient’s normal pattern of
inspiration, but expiration was performed by
gently blowing through pursed lips. The
instruction given to the patient was “Breathe
in through your nose and exhale by blowing
gently against your loosely closed lips, like
blowing a candle flame, so that it bends but
doesn’t blow out™.*®

Patients were observed while performing the
breathing exercise to ensure that each
exercise was performed as instructed. No
other verbal instruction or encouragement
was given during the recording. Each
breathing exercise was performed 5 times.
After a 3-minute rest, PCl was again
calculated by the above- mentioned method.

RESULTS

The mean age of the subjects who
participated in the study was 60.1 with SD £
5.4 (range 43-70). 44% of the patients were
of the age group 55-60 years and 43% of the
age group 60-65. Only 3% of the subjects
were of age group 40-45. (Table 1,Figure 1).
All the 30 patients who were selected for the
study completed the procedure. The mean
age of the thirty patients was 60 (range= 43-
70), standard deviation was 5.40. (Table 2)
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The mean PCI value before breathing
exercise was 0.3099 (range 0.13-0.67) with
a standard deviation 0.1299. The mean PCI
after breathing exercise was 0.2387 (range
0.07 — 0.75) with standard deviation 0.1404.
(Table 3, Figure 2) Following the breathing
exercise the PCI decreased in 22 patients, in
6 patients it was unchanged and in 2 patients
it was increased.

Among the 30 patients, 9 patients had no
change in resting heart rate, 3 patients had
increase in resting heart rate and 18 patients
had a decrease in resting heart rate after
performing the breathing exercise. The
walking heart rate of 26 patients were
decreased, those of 2 patients increased and
those of 2 patients remained unchanged after
performing the breathing exercise. (Figure
3)

In the paired sample testing, the mean of
pre- treatment to post treatment difference in
PCI was seen to be 7.120E-02 with standard
deviation 9.922E-02. The difference was
found to be very highly significant (p =
0.001) (Table 4)

DISCUSSION
The significant difference obtained between
the mean PCI before breathing exercise
(0.3099+.1291) and the mean PCI after
breathing exercise (.2387,SDz.1404)given
in table Il reflects the decrease in energy
expenditure of walking in the subjects after
doing the breathing exercise. Since there
was no difference in walking speed before
and after the breathing exercise, the
difference in PCI can be attributed to the
lowering of both resting heart rate and heart
rate during walking after breathing exercise.
In  people suffering from COPD,
hyperinflation of the lung and chest wall
causes the diaphragm to become depressed,
which contributes further to breathing

inefficiency and increased metabolic cost.
The mechanical stress and work of breathing
is more in people with COPD. This
increased physiological work of breathing
may lead to an increased resting heart rate
and heart rate during walking in people with
COPD. Due to increased ventilatory
demands in patients with COPD, the heart
has to pump more blood to deliver oxygen to
the harder- working ventilatory muscles.
This increased work of the heart leads to
increased heart rate both during rest and
during activities in patients with COPD.

18 patients had a decrease in resting heart
rate and 9 patients had no change in resting
heart rate after performing the breathing
exercise. This can be explained in the
following manner: breathing exercise in the
form of diaphragmatic breathing and pursed
lip breathing help to relieve the symptoms
and physical limitations of patients with
COPD. A study by Gosselink proved that
deep breathing exercise which includes
diaphragmatic breathing and pursed lip
breathing resulted in immediate decrease in
heart rate, respiratory rate anxiety and
dyspnoea *°. The stress and mechanical work
of breathing will reduce after performing
breathing  exercises.  This  decreased
physiological work of breathing may lead to
decreased resting heart rate.

Among the 30 patients, the heart rates
during walking of 26 patients were
decreased.  Evidence indicates  that
diaphragmatic breathing and pursed lip
breathing appears to be an effective way to
decrease dyspnoea and improve gas
exchange in patients with COPD. Walking
after performing breathing exercise causes a
lesser energy expenditure because the
dyspnoea is reduced, thereby reducing the
work of breathing. There is lack of
conclusive evidence as to the mechanism
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behind the reduction of the heart rate
following breathing exercises.

A few studies have demonstrated positive
effects during diaphragmatic breathing
exercise. Evidence suggests that
diaphragmatic breathing does not change
regional ventilation in people with COPD.
These techniques may increase total
ventilation but if so, the evidence suggests
this may be due to the slower, deeper
breathing patterns that may occur during
diaphragmatic breathing rather than an
exaggeration of abdominal motion. Some
authors have noted an increase in the work
of breathing; this may be due to increased
paradoxical rib motion during diaphragmatic
breathing.

One of the limitations of the study was that
the sample size of 30 patients may not have
been enough to provide the statistical
weightage needed to establish the results.
Rose et al (1991) have shown that when
calculating the PCI the resting heart rate is
sensitive and must be measured with
accuracy. In this study the extrinsic factors
which may have influenced the resting heart
rate (for instance administration of drugs
like antihypertensive, bronchodilators, beta
blockers etc and intake of caffeine in the diet
may have substantial effects on the resting
heart rate) were not considered when
including patients in the study

Scope for further study

The changes in the energy expenditure
following individual breathing exercises can
be further studied to determine which
breathing exercises would be most
beneficial to patients undergoing pulmonary
rehabilitation.

The exact mechanism behind the reduction
of heart rate following exercise and the
relationship between the change in heart rate

and breathing exercise can be studied in
more detail.

Studies could be conducted to evaluate the
correlation between energy expenditure
measured by PCI and energy expenditure
measured by laboratory techniques like
calorimetry.

CONCLUSION

The PCI of subjects suffering from COPD
was seen to decrease after performing two
commonly used breathing exercises, viz,
diaphragmatic breathing and pursed lip
breathing. The PCI has established value as
a measure of energy expenditure. The
lowering of PCI following the breathing
exercise may provide a better understanding
of the effects of breathing exercise, and go
on to prove that a reduction of dyspnoea is
not all that is achieved by breathing
exercises, thus reinforcing their role in a
pulmonary rehabilitation program. The
value of the PCI as a simple tool to measure
energy expenditure can be highlighted,
especially in contrast to the conventional
methods, which can often be expensive and
cumbersome.
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Table 1. Age distribution

Age | Frequency | Percent
40-45 | 1 3.3
50-55 | 3 10..0
55-60 | 13 43.3
60-65 | 13 43.3
Total | 30 100.0

Figure 1.Age distribution among the subjects in the study

0 40-45
B 50-55
[055-60
[0 60-65
Table 2.Descriptive statistics of Age
N | Minimum | Maximum | Mean | Std.Deviation
Age | 30 | 43.00 70.00 60.100 | £5.4034
Table 3.Descriptive Statistics of PCI
N | Minimum | Maximum | Mean | Std.deviation
PRE |30 .13 .67 .3099 | +.1299
POST | 30 | .07 .75 .2387 | +£.1404
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Figure2.Comparison of PCI values before and after breathing exercises
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Figure 3.Comparison of RHR and WHR before and after exercise
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Table 4.Paired sample testing
Paired Difference T P
Mean SD
PRE- POST 7.120E-02 | 9.922E-02 | 3.931 | .001 vhs
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