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ABSTRACT The respiratory system becomes less efficient as the age advances. PEFR is a convenient method of

measurement of the efficiency of respiratory movements. PEFR is known to decline as age advances. It is

highest in mid twenties and subsequently falls to lower mean values. Beyond the age of 50 the decline is

more. This has a potential to compromise the tissue oxygenation. In the present study we made an effort

to study the usefulness of controlled exercise in improving the respiratory mechanics in geriatric age

group and compared the same parameter before the exercise regimen in the same group of subjects as

control.

This study revealed that the PEFR improved in all the subjects when they did exercise for 3 months, 6

months and 9 months (ANOVA, p< 0.001) in each three age groups’ 50-59 years; 60-69 years & 70+

years. While both aerobic exercise as well as yoga asana practice (Yogic Postures as prescribed in ancient

Indian literature by Sage Patanjali) individually produced improvement in the performance of PEFR test,

a combined effect of these viz.yoga and exercise yielded significantly better results. However the PEFR

increase in age group 70 and above was not as marked as the other two groups.  This study suggests that

the respiratory efficacy greatly improves after exercise even in elderly, which will go a long way in healthy

living. Elderly people must be trained in systematic physical activity, under the suitable guidance to im-

prove the quality of life.
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INTRODUCTION
The efficiency of respiratory system and ventilation

declines as age advances.  This is general observation and
it may be due to decreased elasticity of the lung tissue
and reduced muscular power.  A declined mechanical ef-
ficiency decreases alveolar ventilation.  In effect the oxy-

genation of the tissues will be less than that seen in the
young healthy individuals.  Studies have revealed signifi-
cant reduction of ventilatory capacity above the age of
fifty years(1,2).  And further to this, the rate of deteriora-
tion of PEFR is more in the following decades.  Thereaf-
ter the capacity of respiratory system becomes very low
in the old age above 70 years.  A compromised respira-
tory efficiency reduces the individuals’ stress tolerance
and in the old age which affect the quality of life. To
ameliorate this situation, we decided to give regular regi-
men of controlled exercise to the geriatric subjects of
the old age home and conducted a follow up study of
their respiratory efficiency using the peak expiratory flow
rate PEFR. PEFR is a simple test for the efficacy of respi-
ratory system. It is the largest expiratory flow rate
achieved with a maximally forced effort from a position
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of maximal inspiration, expressed in litres per minute
(American Thoracic Society).  PEFR was introduced by
Hadorn in 1942(3), and was accepted in 1949 as an in-
dex of spirometry(4).  Yoga asana,  pranayama and chants
are advocated to improve pulmonary function, includ-
ing meditation and mental chanting of “OM” also may
be useful in improving pulmonary function.

In the present study we estimated the PEFR in ge-
riatric subjects and compared  the results with their data
before the exercise regimen, for a period up to 9 months
with a controlled and guided  “yoga asana” practice and
regulated exercise. The results are discussed in this ar-
ticle.

Subjects and methodology
Males and females of age 50 years and above who

attended the yoga and exercise programme for 5 days /
week at Kasturba Medical College, Attavar and Bejai Hos-
pital were included in this study voluntarily. They were
divided into 3 groups according to the age group; 50-59
years, 60-69 years & 70+ years. Youngest subject was 50
years and oldest was 78 years. Exclusion criteria is sub-
jects who had history of chronic cardiac and/or respira-
tory illnesses.

Control: Since we conducted this procedure in ap-
parently healthy elderly people, their PEFR values at the
beginning of schedule was taken as the control value (this
is because the values from elderly subjects will not be
comparable to those from the young healthy adults). All
recording procedures were followed in the same manner

before and after the exercise regimen.
Before the commencement of the procedures, all

the subjects were individually briefed about the proce-
dures and an informed consent was obtained. The par-
ticipation was absolutely voluntary. However a thorough
medical check up was carried out before the inclusion of
each subject for the study. All the exercise regimen and
yoga were done under the strict supervision of trained
personnel. The whole study was noninvasive in nature.
This study was meticulously carried out by qualified doc-
tor strictly adhering to ethical practice.

Procedure
The measurement of peak Expiratory Flow Rate

was carried out using Mini - Wright Peak Flow Meter(5).
The graduations are for every 10 liters per minute. Sys-
tematic procedure is followed for recording. Base line
recording was noted on commencement of the regimen
as control value.

One hundred and twenty two subjects of age group
50 to 80 were selected to participate in this study. Twenty
two male and 19 female subjects did 14 of “yoga asanas”
under a qualified yoga teacher.  Twenty males and 18
females did aerobic exercise by cycling in the laboratory.
Twenty three males and twenty females did cycling exer-
cise and yogic postures giving a pause in-between by
chanting of   “AUM” (“OM”) and prayers for 15 min-
utes.  After 3 months of this procedure, PEFR was re-
corded giving10 minutes of rest in each subject and rep-
resented as litres/min (Table 1).

Table 1 Effect of yoga, aerobic exercise separately and added effects of both together on PEFR.

Group N PEFR before PEFR after

Male

Yoga 22 428 ±  31.2 462.3 ± 34.2*

Aerobic 20 430 ± 47.4 486.6 ± 42.3*

Yoga+aerobic 23 431.9 ± 61.5 524.6 ± 31.7*

Female

Yoga 19 348.2 ± 52.4 372.1 ± 44.1*

Aerobic 18 342.1 ± 49.1 374.1 ± 48.3*

Yoga+aerobic 20 339.4 ± 39.2 393.2 ± 33.4*

* p < 0.01
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A follow up study was also conducted for 6 months
and 9 months duration and 100 subject complied.  There
was a dropout of 22 members.  In each of these subjects
PEFR was recorded at the end of 6 months and 9 months
(Table 2).

Statistical analysis was done by mean ± SD or me-
dian.  Student’s t-test, one way analysis of variance
(“ANOVA”) followed by were applied  and p < 0.05 was
considered significant in t- test and ANOVA test p < 0.01
was considered statistically significant.

RESULTS
The PEFR from the study groups were compared

before and after the training period showed that there is
significant increase in the exercise group compared to
their own pre exercise performance (Table 1, unpaired
‘t’ test p < 0.001).  And also the PEFR in males was
significantly more than that in female subjects (p < 0.001).
PEFR in subjects who did yoga practice alone when com-
pared to the data from those who did exercise only, did
not show statistically significant difference. But subjects
who did both Yoga and exercise had remarkably higher
PEFR. (p < 0.001; Table 1).

As age advanced the PEFR declined, it was reduced
in the age group >70 years when compared to those of
the 50-60 years age group (Table 2) .

Repeated measures ANOVA revealed the incremen-
tal changes in the PEFR after 3, 6 and 9 months along
with the basal PEFR showed a significant increase at each
interval, but the increase in the initial period of exercise
regimen is more than the subsequent time periods. How-
ever, all the periods the increase seen in PEFR were highly
significant (Table 2, p<0.001). Comparison of the in-
crease in the PEFR in 50-59, 60-69 and 70-above in the
study group did not show any noticeable difference in

the above trend. The increase in each group was compa-
rable to one another. (Table 2)

DISCUSSION
Since time immemorial Indian thinkers have shown

that yoga has tremendous beneficiary effects on the
health. Same is also true for the aerobic exercise. Both of
these can improve the efficiency of respiratory system
and in effect oxygenation of tissues. From our study it is
clear that there is significant improvement in the PEFR
in those who were performing Yoga & exercise regu-
larly. This showed improvment over a time period and
after 3 months, 6 months and 9 months follow up. Aero-
bic exercise and yoga combination worked better than
performing yoga asana alone (Table 1). Exercise increases
the respiratory muscle strength(6).  It is possible to train
the respiratory muscles of normal subjects for increased
endurance(7,8).  This paper showed that yoga improved
exercise tolerance, recovery and control of dyspnea dur-
ing exercise.  There is evidence to show that Nadi-
Shodhana pranayama showed beneficial effects on car-
diovascular function(9).  The elite military athletes with
an average age of 27.3 year, with height 174.2 cm showed
PEFR of mean value of 620 litres/min whereas non-
athletes of similar age group and same height showed
the mean PEFR of 593 litres/min also strengthens this
fact(10).  All these studies defend that yoga and exercises
help the improvement of airway strength.

PEFR mainly depends upon height, chest size and
physical fitness of the individual.  These factors result in
greater values of males than of females.  In this study,
males had a mean PEFR value of 458.9 litres/min
whereas females of same age group showed a value of
333.3 litres/min.  A study on PEFR in South Indian
young adults of mean age 22.5 years had given a mean

Table 2 Showing the increased PEFR compared to basal, in the 3 consecutive trimesters of aerobic exercise with yoga

Age Basal 3 months 6 months 9 months

50-59 (n=50) 431.3 ± 38.3** 465.6 ± 41.5** 492.2 ± 36.5** 505.9 ± 42.5**

60-69(n=35) 418 ± 35.3** 463.2 ± 34.7** 487.6 ± 41.0** 503.2 ± 43.9**

70+( n=15) 382 ± 38.8** 420 ± 51.3** 444 ± 37.5** 475 ± 44.8**

Data inter-group is not statistic significant

** p<0.001
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value of 538 litres/min in males whereas in females of
same age group it was 403 litres/min(11).

In our study, we found that the baseline PEFR in
the older people were below the normal baseline and in
comparison to the normal young adult healthy control
subjects (431.3 litres/min vs 538 litres/min).  This is in
agreement with the previous observations(2).  A study on
healthy medical students showed 587 litres/min in the
mean age group 18.3 year and 541 litres/min in the age
group of 24.3 year(12).  However, there was gender dif-
ference in decline of PEFR also. In males the decline
begins by 30 years and in females by around 26 years(1,4).
It was demonstrated that PEFR value correlates best with
age in elderly above 50 years of age.

As early as 1967 Jain, et al.(13) reported that there
was a stiffness of thoracic cage and also loss of elastic
recoil of lungs in elderly people.  So there was deteriora-
tion in the strength of respiratory muscles.  They also
showed the loss of elastic recoiling prevents the closure
of the respiratory bronchioles during expiration.  Vari-
ous factors were responsible for reduction in ventilatory
function in elderly age group(14).

It has been demonstrated that the maintenance of
regular aerobic exercise for an extended time interval was
associated with greater cardio respiratory benefits among
older age group(15).  PEFR gradually increased as the
duration of exercise was increased.  There was a 10-15%
improvement in PEFR after 4 weeks of aerobic exercise.
It was earlier proved in an initial pilot study of 12 weeks
exercise programme, a 10% improvement in cardio- res-
piratory capacity(16).  We also found that the increase in
PEFR was comparable in the different age groups viz.
50-59, 60-69 and 70 and above.  Thus it suggested that
the beneficial effects of Yoga and controlled exercise are
uniformly favorable for the maintenance of respiratory
health. This is of great value in the geriatric medicine,
where often the weakness of the respiratory system re-
sults in compromised ventilation.

From this study it appears to be of great help for
the elderly people to do regular exercise to improve the
respiratory performance and the quality of life. Though
the sample size is small and the instrument had low sen-
sitivity, there was significant regularity in the results which
we are convinced that it is of importance. A larger study
group will reveal the exact nature of these benefits with
more accurate.  Pulmonary function tests will definitely

reveal more useful effects and benefits of Yoga as well as
excercise.  Therefore we suggest that all the old age
homes, the medical and paramedical people in charge of
such facilities should encourage the regulated exercise
among the residents and help in the improvement in the
quality of life in the old age by reducing the health risk.
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