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Abstract
Purpose Underweight (BMI < 18.5) and obese (BMI ≥ 30)
patients may not tolerate coronary artery bypass graft
(CABG) surgery as well as other patients. High and low
body mass indices seem to pose a substantial risk of devel-
oping post-operative pulmonary complications in subjects
undergoing cardiac surgery. To what extent body mass in-
dex (BMI) influences postoperative pulmonary complica-
tions has not yet been defined.
Methods Patients posted for CABG were divided into 4
groups based on the BMI. Before and after the surgery
chest physiotherapy was administered; pulmonary func-
tion tests (PFT) were performed preoperatively and on
the 7th postoperative day. Six-minute Walk test
(6MWT) was performed preoperatively and postopera-
tively on the 5th day. The values were analysed and
compared among the groups.
Results Forced expiratory volume in one second (FEV1),
Forced vital capacity (FVC) and Vital Capacity (VC) were
significantly lesser in underweight and obese groups
(p = 0.001). In 6MWT the maximum reduction in the distance
covered was in the underweight group.

Conclusion The underweight group experienced the greatest
reduction in pulmonary function test values and 6MWT
values after CABG.

Keywords BMI . Chest physiotherapy . CABG

Introduction

Coronary artery bypass graft (CABG) is the most widely
used coronary revascularization procedure and is the most
commonly performed open heart surgery. With a strong
foundation, and advancement in technology now CABG
has become a standard treatment for severe coronary artery
disease. It is a first option therapy in cases of coronary
artery diseases [1]. In India, approximately 60% surgeries
are off-pump and some major centres including the present
study centre carry out 98% of their cases as off pump cor-
onary artery bypass graft (OPCAB). The midline
sternotomy is by far the most common incision used for
performing CABG.

Among the complications seen after cardiac surgery, post-
operative pulmonary complications (PPCs) have been sug-
gested to be the most common. These pulmonary problems
may be caused by effect of general anaesthesia, mechanical
changes in the thoracic wall caused by the incision and inter-
nal mammary artery harvesting, and postoperative pain and
lack of mobility. PPCs negatively affect the course of the
postoperative period and may unduly prolong discharge [2, 3].

Chest physiotherapy is often prescribed to patients under-
going cardiac surgery in order to prevent or diminish postop-
erative complications.

Chest physiotherapy can start as soon as the patient’s con-
dition has stabilised, usually 24 to 48 h after infarct or bypass
surgery. Chest physiotherapy is used to clear secretions,
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prevent collapse of alveoli and prevent pneumonia. It is an
integral part of pre-surgical and post-surgical care of cardiac
patients, preventing pulmonary complications and facilitating
bronchial hygiene and expansion of the lung [4–6].

The physical programme given after surgery includes early
ambulation, frequent position changes, deep breathing tech-
niques and assisted bronchial hygiene techniques including
coughing, mechanical assistive devices like the incentive spi-
rometer and positive expiratory pressure devices (PEP) are
also used to help in improving cardiopulmonary status of the
patients [7].

Pulmonary function test is a valid and reliable method to
measure lung volumes. It is a non-invasive method that can be
handled without any inconvenience to the patient especially
after surgery [8].

The 6MWT was originally developed to assess the func-
tional exercise capacity of patients with pulmonary and cardi-
ac condition. Later it was learnt to be a valid and reliable tool
to assess the extent of functional limitation in a variety of
patient populations. The benefits of the 6MWTare its similar-
ity to normal activities of daily living, when compared to
bicycle treadmill exercise testing, it’s simplicity to administer,
low cost and safety. The simplicity of the test usually makes it
well acceptable to patients and easy to administer [9].

The BMI is a simple, safe, non-invasive, and cheap way of
estimating body fat percentage and assessing a person’s health
and nutritional status. The BMI is one ofmany anthropometric
indices, but it is by far the most popular. Indeed, it is an
internationally accepted index for defining obesity. The con-
cept of the BMI dates back to the Belgian statistician Adolphe
Quetelet, who in 1832, observed that an individual’s weight is
approximately related to the square of their height (kg/m2)
[10]. BMI is both highly correlated with adiposity and largely
uncorrelated with height.

Obesity was thought to be a risk factor for both developing
cardiovascular disease and for bad prognosis after cardiac sur-
gery. It is accepted that the risk factors for cardiovascular
disease such as hypercholesterolemia are more prevalent in
the obese, but the data available on morbidity and mortality
in obese subjects undergoing cardiac surgery is inconclusive.
Several researchers have reported no association between obe-
sity and bad prognosis in cardiac surgery [11, 12].

Though the general consensus has been that obesity is a risk
factor for complications after cardiac surgery, some recent liter-
ature has shown that obesity might actually have a protective
effect against postoperative complications and postoperative
mortality. In fact, subjects with BMIs up to 36 kg/m2 have been
shown to have the least risk of dying within a 30-day period after
cardiac surgery. In contrast underweight subjects have the most
risk of bothmortality andmorbidity during the same period [13].

Metabolic abnormalities and general organ function of pa-
tients can be related to the BMI of the patient. A low BMI can
predict low nutritional status and thereby adverse outcomes in

patients. Low BMI in older patients can cause sarcopenia and
functional debility by adversely affecting nutritional status.
Subjects with low BMI are susceptible to illness, falls and frac-
tures which can require emergency care and hospitalisation [14].

Need for the study

Pulmonary function test values and functional exercise capac-
ity is the most common and reliable outcome measures fol-
lowing coronary artery bypass graft. Even though cardiac re-
habilitation is routinely practised, there is a dearth of literature
regarding the influence of body mass index on pulmonary
function test and 6MWT values in coronary artery bypass
graft patients and the importance of chest physiotherapy in
Phase I cardiac rehabilitation.

Experimental methodology

Purpose of the study

The influence of BMI on pulmonary complications and
functional exercise capacity after CABG as well as the
impact of BMI on the effect of chest physiotherapy after
CABG is still under research. There is a marked lacuna in
the literature studying the relationship between BMI and
pulmonary function test and 6MWT values after CABG.
Hence, the present study aimed at determining whether
and to what extent BMI of the subjects influences the
pulmonary function test and 6MWT values after CABG
and the response of these values to chest physiotherapy.

We included both males and females posted for CABG, in
the age group between 40-70 years, undergoing isolated off-
pump CABG and with the ability to understand instuctions
and provide informed consent. We excluded the subjects with
known respiratory disease, on pump CABG, Bilateral internal
mammary artery grafted patients, high risk patients undergo-
ing CABG, those on prolonged ventilatory or BiPAP support
and those with congenital and valve problems (Fig. 1).

Participants

The study design was cohort design. Two hundred and forty-
six subjects were recruited who were posted for CABG by
using purposive sampling; subjects were selected from the
population group satisfying the inclusion criteria for the pa-
tients of the Department of Cardiothoracic Surgery, from a
medical college hospital. The approval of the University
ethics committee was obtained. All the subjects were required
to sign an informed consent form after being explained the
study. Informed consent form was given in the local language
to those who required it.
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BMI of patients posted for Coronary artery bypass grafting
was calculated by the Quetelet Index [10]i.e.,

BMI ¼ Mass kgð Þ
Height m2ð Þ

and divided into 4 groups. Group I BMI < 18.5, Group II BMI
18.5–24.9, Group III BMI 25–30 and Group IV BMI >30.

Prior to the surgery all the patients were seen by a phys-
ical therapist who was unaware of the study, who explained
the need for physiotherapy after surgery and helped to clear
secretions from the lung. Preoperative chest physical ther-
apy (Incentive spirometer, coughing, huffing, chest manip-
ulations, segmental expansion and mobilisation) was giv-
en, and the patients were informed what to expect in phys-
ical therapy postoperatively.

Postoperatively the chest physiotherapy started 1 hour after
extubation. Chest physiotherapy was given twice daily post-
operatively and included lung expansion therapy, change of
position, breathing exercises and coughing techniques [15].
Day 1 exercises included diaphragmatic breathing exercises,
incentive spirometry, re-expansion respiratory exercises,
pursed lip breathing, splinted coughing, and huffing, sitting
on the edge of the bed and active exercises to all extremities.
Day 2 exercises included all the Day 1 exercises, ambulation
around the bed, sitting on the back supported chair, spirometry
in sitting position, chest percussion and vibration. Day 3

exercises included all the Day 2 exercises, ambulation 60 m,
thoracic and shoulder mobilisation in standing position.

Day 4 exercises included all the Day 3 exercises, up and
down 5 steps, side flexion, all the limb exercises and trunk
exercises. Day 5 exercises included all the Day 4 exercises and
ambulation 120 m. Day 6 exercises included all the Day 5
exercises and climbing up and down 15 steps. Day −7 exer-
cises included Day 6 exercises, exercise prescription,
explaining the dos and don’ts. All the above mentioned exer-
cises were continued till the discharge. The frequency of the
exercises was 2 sessions and duration 20–30 minutes.

Pulmonary function was measured before surgery and
seven days after surgery using TrueFlow by ndd
(CE0120) Switzerland. The PFT was performed in the
morning time one hour after chest physical therapy.
Calibration of the equipment was done every day before
the measurement was taken. The patient sat on a chair
with the nose clipped and the procedure was done accord-
ing to the method recommended by the European
Respiratory Society. The best of three readings, which
were taken according to the correct technique, was taken
as the final reading. At the outset, the vital capacity (VC)
was measured using an inspiratory manoeuvre. After that
the forced vital capacity (FVC) and forced FEV1 were
measured [16, 17].

Measurements taken using the handheld spirometer
have shown good reliability and validity when compared
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to the gold standard pulmonary function laboratory tests.
These measurements also have been shown to be good
early indications of pulmonary complications [18].

The 6-min walk test was performed preoperatively and
postoperatively 5th day, the test was performed in morn-
ing time 1 hour after chest physiotherapy. The subjects
were instructed to walk as much as possible over the
50 m marked corridor for six minutes. Subjects were
asked to walk back and forth around the blocks kept in
the corridor. Measurements of heart rate, blood pressure
and rate of perceived exertion were taken at the begin-
ning and the end of the test. No verbal or other encour-
agement was given during the test. The distance walked
in the six minutes was calculated by using lap counter
and markings in a corridor in meter with fractions of less
than 6 in. rounded to previous unit and more than 6 in. to
the next [19, 20].

The 6MWT has been seen to have a high test–retest reli-
ability with an intra-class correlation of 0.90, 0.88, 0.91at
baseline, 18 weeks and 43 weeks respectively when studied
in a cohort of subjects with heart failure. The content validity
of the 6MWT has also been established in subjects with pace-
makers and severe heart failure [21, 22].

Results

Using SPSS software (IBM SPSS Version 20), the principal
investigator first described the demographic, preoperative and
postoperative evaluation data of each group using means and
SDs for all variables.

Table 1 shows the demographic data and baseline
clinical characteristics of the participants of the study.
When the gender of the participants in various groups
was compared, number of both males and females in the
four groups was found to be significantly different, that
is, males and females were not equally distributed in the
four groups.

The mean age of the participants when compared be-
tween the groups was not significant, indicating that the
four groups were age matched. When the mean BMI of
the groups were compared there was a significant differ-
ence seen. Similarly, a significant difference was seen in
the LVEF between the groups. The difference in the
member of smokers in the groups was not significant.
The difference in number of hypertensive subjects and
those with diabetes mellitus was also not significant
among the groups.

Table 1 Baseline clinical characteristics of the subjects

Clinical Characteristics Underweight N = 53 Normal weight N = 69 Overweight N = 52 Obese N = 50 P value

Sex Male 33 (62.3) 64 (92.8) 48 (92.3) 39 (78.0) 0.001*

Female 20 (37.7) 05 (7.2) 04 (7.7) 11 (22)

Age (years) (Mean ± SD) 53.91 ± 8.85 54.94 ± 8.67 55.17 ± 8.14 57.84 ± 7.20 0.101*

BMI (Mean ± SD) 17.47 ± .89 22.27 ± 1.90 26.50 ± 1.26 31.18 ± 1.02 0.001*

LVEF (Mean ± SD) 47.34 ± 9.04 53.57 ± 8.01 51.94 ± 9.03 44.62 ± 6.19 0.001*

Smokers 39 (73.58) 51 (73.91) 40 (76.92) 38 (76) 0.925

Hypertension 21 (39.62) 27 (39.13) 19 (36.53) 18 (36) 0.982

Diabetes Mellitus 35 (66.03) 44 (63.76) 35 (67.30) 33 (66) 0.977

*Significant

Table 2 Paired ‘t’ test for pre to postoperative comparison of FEV1

Mean S.D. Mean
Change%

95% Confidence Interval for Mean t value p value

Lower Bound Upper Bound

Group 1 FEV1 pre 2.604 0.613 48.79 2.434 2.77 14.708 0.001 *

FEV1 post 1.333 0.335 1.241 1.43

Group 2 FEV1 pre 3.113 0.506 26.78 2.991 3.23 13.307 0.001 *

FEV1 post 2.279 0.303 2.206 2.35

Group 3 FEV1 pre 2.669 0.599 35.48 2.502 2.83 11.371 0.002 *

FEV1 post 1.722 0.380 1.616 1.828

Group 4 FEV1 pre 2.544 0.490 29.87 2.405 2.68 10.044 0.001 *

FEV1 post 1.784 0.310 1.696 1.872

*Significant, FEV1- Forced expiratory volume in one second
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Results of pulmonary function test

Table 2 shows pre and postoperative comparison of FEV1,
which shows a highly significant difference in the postopera-
tive values in all the four groups. The underweight group
(Group 1) had the most change in the value postoperatively
(48.79%) followed by obese group (35.48%).

Table 3 shows the postoperative changes of FEV1 among
the groups. The difference between Group 1 and Groups 2 and
3 was significant, but from Group 2 to 3, Group 2 to 4, and
from Group 3 to 4 there is no significant difference.

Table 4 shows the preoperative to postoperative changes of
FVC; a highly significant change was seen in post operative
FVC values when compared to preoperative FVC values in all
the groups. Underweight group (Group 1) showed more
changes (54.73%) when compared to the other groups.

Table 5 shows the comparison of preoperative to postoper-
ative FVC between groups. There was a significant difference
between underweight to normal weight groups and over-
weight to obese groups. There was no significant difference
between the other groups.

Table 6 shows pre- to post- comparison of vital capacity.
All groups had a highly significant reduction in vital capacity
pre to postoperatively, and maximum changes were seen in
underweight group followed by the obese group.

Table 7 shows the comparison of pre- to post- differences
of VC between the groups. There was a highly significant
difference seen between Group 1 and Group 2, Group 2 and
Group 4, and Group 3 and Group 4.

When the FEV1 comparison between groups was done,
the difference between underweight to normal weight and
underweight to overweight was highly significant
(p = 0.001). The difference between underweight to obese
was significant (p = .024), but there was no significant
difference between the other groups.

On comparison of FVC between groups, the difference was
highly significant (p=.001) between under weight to normal
weight and underweight to overweight and there was a signif-
icant difference between underweight to obese. There was no
significant difference between the FVC values of other
groups. In the comparison of VC the difference between un-
derweight to normal weight was highly significant
(p = 0.000); the difference between normal weight to obese
and over weight to obese was also highly significant.

Results of 6-MWT

Table 8 shows that preoperative to postoperatively the changes
in distance walked had significantly changed in all the four
groups and more changes occurred in the underweight group
when compared to the other groups.

Table 9 shows the between group comparison of 6MWT.
There was highly significant difference between Group 1 to
Group 2, Group 3 and Group 4. When the comparison was
done between Group 2 and Group 3 the difference was highly
significant; no other groups shows significant difference.

6MWT was performed preoperatively and on 5th post-
operative day. Postoperatively the distance covered by the
patients significantly reduced in all the four groups, with
the underweight group showing the most reduction. When
the groups were compared, the difference between the

Table 3 Bonferroni test for comparison between the groups of FEV1

Mean difference Std. Error P

Group 1 Group 2 0.437 0.104 0.001*

Group 3 0.323 0.111 0.024*

Group 4 0.510 0.112 0.001*

Group 2 Group 3 −0.113 0.105 1.000

Group 4 0.074 0.106 1.000

Group 3 Group 4 0.187 0.113 0.594

*Significant

Table 4 Paired ‘t’ test for pre to postoperative comparison of FVC

Mean S.D. Mean
Change%

95%Confidence Interval for Mean t value p value

Lower Bound Upper Bound

Group 1 FVC pre 3.30 0.697 54.73 3.112 3.496 16.944 0.002*

FVC post 1.40 0.416 1.381 1.611

Group 2 FVC pre 3.81 0.499 35.18 3.692 3.932 18.733 0.001*

FVC post 2.47 0.431 2.367 2.574

Group 3 FVC pre 3.33 0.562 36.14 3.170 3.483 17.741 0.002*

FVC post 1.902 0.320 1.813 1.991

Group 4 FVC pre 3.16 0.516 42.83 3.018 3.312 15.840 0.001*

FVC post 2.021 0.176 1.971 2.071

*Significant, FVC- Forced vital capacity
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underweight group to normal weight overweight and
obese groups were all highly significant (p = 0.000).
Normal weight to obese group also there was a highly
significant difference.

Discussion

The result of the present study showed decreased lung
volumes in the patients with high and low BMI. Obesity
was seen to decrease lung volumes after surgery; one of
the reasons for decreased expiratory volumes could be the
flattening of the diaphragm due to the pressure exerted by
excessive abdominal fat, which decreases the total space
available for lung expansion.

Chen et al. (2007) [23] found pulmonary function and BMI
of overweight and obese subjects to be correlated. The in-
creased intra abdominal pressure affecting diaphragmatic ex-
cursion was postulated by them to be the cause for this nega-
tive effect of BMI on pulmonary function.

Melo et al. (2014) [24] in their systematic review found that
obesity caused reduction in lung volumes and capacities in-
cluding FEV1 and FVC.

Another possible reason for lung function in obese people
getting adversely affected is the deposition of fat tissue over
the rib cage, visceral cavity and abdomen, thus affecting the

bucket handle and pump handle movements of the chest wall.
The excessive load on the chest wall is probably the most
important cause for reduced lung volumes. The excessive fat
deposits in the abdomen also make downward movement of
the diaphragm difficult.

Shah et al. (2012) [25] investigated dynamic lung function
in underweight adolescent boys and found that nutritional sta-
tus plays a major role in dynamic lung function. Diminished
lung function is seen at both extremes of body mass (under-
weight or obese) and remains normal within the normal range
of BMI.

Patients in the underweight BMI group experienced the
greatest pulmonary complications after CABG in this
study. It was seen that those with low BMI were at a
higher risk to develop post-surgical complications when
compared to those with normal BMI or even those with
morbidly high BMIs. Underweight status and micronutri-
ent deficiencies have been seen to cause a decrease in the
efficiency of the immune system. This may have affected
the lung function of the underweight subjects in the pres-
ent study thus causing more of pulmonary complications.
Diaphragmatic muscle mass, respiratory muscle mass and
diaphragmatic excursion have been seen to reduce in un-
derweight populations [26, 27]. Under nourishment re-
duces diaphragm contractility by reducing diaphragmatic
muscle mass. The mass of other respiratory muscles is
also seen to be decreased in underweight subjects.

The 6MWTwas well tolerated in all patients. The 6MWTis
commonly used to measure mobility using functional limita-
tion to predict mobility. It has been shown that the 6MWTcan
be used as an overall predictor of disability. In the present
study, distance walked by the underweight patients were the
least, followed by the obese patients. This was true both pre-
operatively and post-operatively.

Fiorina et al. (2007) [28] stated that the 6-min walk
distance which expresses the functional capacity is re-
duced significantly in a short period after cardiac

Table 5 Bonferroni test for comparison between the groups of FVC

Mean Difference Std. Error p value

Group 1 Group 2 0.467 0.114 0.001*

Group 3 0.383 0.122 0.011*

Group 4 0.664 0.123 0.001*

Group 2 Group 3 −0.084 0.114 1.000

Group 4 0.197 0.116 0.541

Group 3 Group4 0.281 0.123 0.142

Table 6 Paired ‘t’ test for pre and postoperative comparison of VC

Mean Std. Dev. Mean
change%

95% Confidence Interval for Mean t value p value

Upper Bound Lower Bound

Group 1 VC pre 3.355 0.701 41.07 3.162 3.549 12.107 0.001*

VC post 1.978 0.437 1.857 2.098

Group 2 VC pre 3.926 0.465 33.45 3.814 4.038 21.093 0.001*

VC post 2.613 0.323 2.535 2.690

Group 3 VC pre 3.360 0.559 23.02 3.204 3.515 16.728 0.001*

VC post 1.984 0.315 1.896 2.072

Group 4 VC pre 3.202 0.525 40.94 3.053 3.351 7.561 0.001*

VC post 2.465 0.405 2.350 2.580

*Significant, VC- vital capacity
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surgery. They also recorded that it quickly improves af-
ter physical training, irrespective of baseline parameters
like age, gender, co-morbid conditions and initial func-
tional capacity.

Underweight or low BMI causes a proportionate de-
crease in muscle mass of the diaphragm as well as the trunk
and limb muscles. Fast fibres are affected more by under
nutrition than slow fibres, and the atrophied muscle cross-
section reveals a greater percentage of slow oxidative fi-
bres. The tension of muscles generated during basal and
low intensity activities may be preserved in underweight
subjects, but maximal and sub-maximal power output of
the muscles may be affected. This could result in poor
performance of sub maximal activities like the 6MWT.

Donahoe et al. [29] found an increased consumption of O2

in the ventilatory muscles in underweight patients suffering
from chronic obstructive pulmonary disease. This increase in
oxygen consumption of the ventilatory pump could be an
exercise limiting factor in the underweight subjects by reduc-
ing the amount of total oxygen available to the working limb
muscles, and thus affecting the performance in the 6MWT.

According to Enright, et al. [30], in overweight people,
walking can be affected because the workload is increased
for a given amount of exercise, thus causing the 6-min walk
distance to be reduced with increased BMI or body weight.

In this study the pulmonary complications followed by
CABGwas more in the underweight group followed by obese
group. It is a well-accepted fact that obesity is a major risk
factor for developing diabetes and cardiovascular diseases.
But it has also been shown that high BMI can be associated
with less chance of mortality and better prognosis in many
chronic diseases and health disorders. This strange and unlike-
ly protective effect that obesity has on some diseases is known
as the Bobesity paradox^ or Breverse epidemiology .̂ Due to
the obesity paradox, overweight and obesity in patients suf-
fering from chronic conditions like CAD may actually have a
favourable prognosis [31].

In their investigation of how the obese body mass index
affected hospital outcomes after CABG, Engel et al. [32]
found that compared to those with obese BMI, underweight
patients were at a greater risk to suffer from complications or
mortality after CABG surgery. On the other hand, they did not
find obesity to be able to independently predict morbidity or
mortality after CABG.

Chang et al. [33] studied the protective effect of high BMI,
i.e., the obesity paradox in Asians having undergone cardiac
surgery and oxygenation of arterial blood during mechanical
ventilation. They found overweight patients to have a better
prognosis when compared to both underweight and normal
weight.

Those with obesity also demonstrated better outcomes
when chest physiotherapy was given. The elderly reported
more prominent obesity paradoxes. The obesity paradox is
probably due to the protective effect of better nutritional status
in overweight and obese elderly people and the adverse effect
of under nutrition in underweight subjects.

Age and nutritional status are well known determinants
of the obesity paradox, but other factors which contribute
to it have also been discussed. They are favourable body
composition, less risky lower body obesity and Cardio
respiratory fitness levels. It is a matter which needs to
be discussed whether the term Bobesity paradox^ is an

Table 7 Bonferroni test for comparison between the groups of VC

Mean Difference Std. Error p value

Group 1 Group 2 0.641 0.120 0.001*

Group 3 0.065 0.130 1.000

Group 4 0.003 0.128 1.000

Group 2 Group 3 0.576 0.122 1.000

Group 4 −0.062 0.121 0.001*

Group 3 Group4 0.638 0.130 0.001*

*Significant

Table 8 Paired ‘t’ test for pre to postoperative comparison of 6MWT

Mean Std. Dev. Mean
change%

95%Confidence Interval for Mean t value p value

Lower Bound Upper Bound

Group 1 6MWT Pre 367.45 45.134 20.47 355.01 379.89 11.397 0.001*

6MWT Post 292.25 55.930 276.83 307.66

Group 2 6MWT Pre 385.94 47.560 5.67 374.52 397.37 7.566 0.001*

6MWT Post 364.06 50.848 351.84 376.27

Group 3 6MWT Pre 386.98 40.571 13.06 375.69 398.28 9.136 0.001*

6MWT Post 336.44 46.845 323.40 349.48

Group 4 6MWT Pre 367.82 45.022 10.36 355.02 380.62 6.827 0.001*

6MWT Post 329.70 56.019 313.78 345.62

*Significant, 6MWT-six-minute walk test
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appropriate term to represent the protective effect of obe-
sity. A different form which represents the factor which
has a protective effect in each specific condition needs to
be considered.

The precise pathophysiological mechanism of the obe-
sity paradox is not known, but it is likely that the obese
patients have associated conditions like diabetes and hy-
pertension and are probably on drugs to aggressively con-
trol these conditions. The drugs they are likely to be on
include beta blockers, statins and angiotensin II antago-
nists which are likely to improve cardiac outcome.

It is especially important to remember that in between
the discussions over the obesity paradox, the proven effect
of obesity as a risk factor to develop cardiovascular and
metabolic diseases should not be underestimated. The
need of comprehensive strategies to prevent and manage
these diseases should be given utmost importance. It is
also worth remembering that though the overweight and
obese subjects had better cardiopulmonary outcomes than
the underweight subjects, it was the subjects within nor-
mal BMI limits who had the most favourable outcomes.
So, even though the adverse effects of underweight and
obesity should be discussed and educated to the patients
and the general public, the importance of maintaining a
healthy weight should never be under-emphasised.

Conclusion

Lower-than-normal body weight (BMI < 18.5 kg/m2) should
be taken as a risk factor when considering patients for cardiac
surgery. Being underweight is a risk for developing complica-
tions and should be given due importance by clinical health
providers. The findings of the present study emphasise the
relevance of underweight status in patients undergoing
CABG. Though underweight status is seen less frequently,
those with underweight are more likely to undergo prolonged
periods of hospitalisation after cardiac surgery. Overweight
and obesity have since long been widely accepted as causes
for poor prognosis in subjects undergoing cardiac surgery, but
the underweight status of patients as a poor prognostic

indicator has not been widely studied nor is common knowl-
edge among clinicians working with cardiac surgery patients.
In the light of these facts the results of the present study gain
importance. The frequency and duration of physical therapy
treatment can be increased in underweight and obese patients
during hospital inpatient period after CABG.

Limitations

The limitations which have to be kept in mind while
interpreting the results of the present study are as follows:
Firstly, the medications taken by the patient and other
parameters such as different intra operative procedures
were not controlled. Secondly, the physiotherapy inter-
ventions were carried out only during the hospital inpa-
tient phase, so long term pulmonary outcome could not be
measured. Finally, evaluating the presence of atelectasis
by chest x-ray as opposed to computed tomography scan
and evaluating added sounds by stethoscope instead of
ultrasonography was also a limitation of the study. In ad-
dition, the following factors may have confounded the
results of the study to varying levels: the presence of
COPD was not studied post operatively, though the pa-
tients who presented with COPD pre operatively were
excluded. The incidence of low cardiac output syndrome
was not ruled out post operatively, and the smoking status
of the study subjects was not considered when including
them in the study.

Scope for the further work

Further investigation can focus on randomised controlled trial
to find out the pulmonary outcome after Phase II and Phase III
cardiac rehabilitation; with these we can find out the long term
effect of physical therapy after CABG. Future studies can
measure long term functional outcome after CABG. Future
investigations can focus to find out the intensity of pain and
extent of pulmonary complications after CABG.
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Table 9 Bonferroni test for multiple comparisons of 6MWT

Mean difference Std.Error p value

Group 1 Group 2 53.32 6.93 0.001*

Group 3 24.67 7.40 0.006*

Group 4 37.09 7.48 0.001*

Group 2 Group 3 −28.65 6.97 0.001*

Group 4 −16.23 7.04 0.133

Group 3 Group 4 12.41 7.52 0.599

*Significant, 6MWT-six-minute walk test
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