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ABSTRACT
Objective Coronary heart disease (CHD) is a major
cause for mortality and morbidity in India but the focus
on lifestyle interventions is very low. This study aims to
evaluate the role of a multidisciplinary CHD prevention
programme in southern India.
Methods All patients enrolled between May 2014 and
March 2016 with CHD (disease group) or with risk
factors but no CHD (risk group) were included.
Participants attended one–two sessions per week for
6–12 weeks; each session lasted 90–120 min, including
exercise and education, and was adapted to the
participants’ sociocultural requirements. Resting heart
rate, systolic and diastolic blood pressure, body mass
index (BMI), waist circumference (WC) and functional
capacity (FC) were documented at start and end of
programme.
Results Disease group was older (61±10 vs 51±14
years, p<0.01), had lower BMI and WC (26±4 vs 30
±7 kg/m2, p<0.01; 39±4 vs 42±5 inches, p<0.01),
attended more sessions (12±7 vs 6±3, p<0.0001) and
had higher completion rates (82% vs 53%, p=0.02)
than the risk group. Programme-completers (n=45,
67%) showed significant improvement in health-related
behaviour, angina threshold (in all 8 subjects with stable
angina), BMI (p=0.03), WC (p<0.01) and FC (p<0.01).
Follow-up for a period of 16±6 months showed
continued adherence to the healthy behaviour (n=44,
1 lost to follow-up) and maintenance of anthropometric
and FC parameters.
Conclusions A multidisciplinary approach to preventing
CHD is lacking in India. This study shows that a
comprehensive lifestyle intervention programme has
significant benefits and can be incorporated in the
routine management of all patients and at-risk
individuals in the region.

INTRODUCTION
Non-communicable diseases, particularly cardiovas-
cular diseases (CVDs), are a global health burden
and a growing threat to low and middle income
countries (LMICs). The WHO recently reported
that CVDs and diabetes are together responsible
for 26% of all deaths in India and their incidence is
steadily increasing each year.1 Coronary heart
disease (CHD), the leading cause of cardiovascular
mortality and morbidity, is taking a toll on lives
irrespective of age, gender and socioeconomic
strata and the implementation of effective preven-
tion strategies is the need of the hour.2

A combination of behavioural and conventional
risk factors such as abnormal lipids, hypertension,
diabetes, obesity, physical inactivity, insufficient
intake of fruits and vegetables, smoking, excessive
alcohol intake and psychosocial factors account for

most of the CHD cases in India, even among indi-
viduals below 60 years of age.3 4 While primordial
prevention is key to curbing the CHD epidemic,
risk-factor management by targeted pharmacother-
apy and lifestyle intervention forms the cornerstone
of prevention of CHD and its complications.5–7

The recent advances in coronary revascularisa-
tion techniques have clearly enhanced the outcome
of acute coronary syndromes but there remains a
lacuna in educating patients and their families on
relevant issues such as CHD risk factors,
health-related behaviour, cardiovascular drugs, and
time expectations to resume normal physical,
social, and sexual activities. Despite a strong
message by key professional bodies to incorporate
cardiac rehabilitation (CR) programmes in the sec-
ondary prevention of CHD in all eligible patients
(class I recommendation),8 there is both a lack of
CR services in India as well as a dearth of studies
demonstrating its efficacy.9 This study aims to
analyse the role of a multidisciplinary approach in
the prevention of CHD in Chennai, a major metro-
politan city in southern India.

METHODS
Study subjects
The study cohort consisted of patients enrolled in
the programme between May 2014 and March
2016 with established CHD (disease group) or with
documented risk factors and no CHD (risk group).
Patients with ischaemic heart disease, stable angina,
compensated heart failure, and those with history
of percutaneous coronary intervention (PCI) and
coronary artery bypass graft (CABG) surgery were
included, while patients with unstable angina,
serious arrhythmias and uncontrolled heart failure
were excluded. The procedures followed were in
accordance with the ethical standards of the Indian
Council of Medical Research and with the
Declaration of Helsinki. Written informed consent
was obtained from all patients at the time of enrol-
ment. The study was approved by the ethical com-
mittee of our institute.

Clinical evaluation
A complete medical and family history was docu-
mented for all patients. Prior records of hospitalisa-
tion, investigations, medications, intervention and
surgery were reviewed and relevant information
noted. Resting heart rate, systolic blood pressure
(SBP), diastolic blood pressure (DBP), body mass
index (BMI), waist circumference (WC) and func-
tional capacity (FC) were documented at baseline
and at end-of-programme. Six-minute walk test
(6MWT) was performed to assess the FC of partici-
pants and the 6 min walk distance (6MWD) was
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documented.10 Treadmill test (TMT) using the (modified) Bruce
protocol was performed (RMS Vega 201 system) and the meta-
bolic equivalents (METS) documented in participants who
opted for this test. Target heart rate was calculated using the
Karvonen formula, adjusting for β-blocker usage.

CHD risk factors were assessed as follows: already diagnosed
with or currently under treatment for diabetes, hypertension
and abnormal lipids, overweight/obesity (BMI>25 kg/m2 and/or
WC >40 inches in men and >35 inches in women), inadequate
physical activity (<150 min/week of aerobic exercise), insuffi-
cient intake of fruits and vegetables (<400 g/day of fruit and
vegetable consumption), smoking (ex-smoker or current smoker
of any form of tobacco), excessive alcohol consumption (history
of binge drinking or habitual consumption of several drinks of
alcohol) and presence of psychosocial factors (chronic stress,
anxiety or depression). Verbal questioning and/or questionnaires
were used to assess health-related behaviour. Metabolic syn-
drome was diagnosed based on the ATP III criteria.11

Programme design
A multidisciplinary team of healthcare professionals including a
physician, physiotherapist, nutritionist and psychologist pro-
vided the programmes. The core components of the programme
included exercise training, nutritional counselling, goal-setting
to promote behaviour modification, psychosocial counselling,
and education about risk factors, adherence to treatment, resum-
ing normal activities and self-management. A typical centre-
based programme (1–2 sessions per week for 6–12 weeks) was
provided to patients living within 2 hours from the centre
whereas the option of attending a modified programme with 1–
2 sessions per month with more home-based components was
offered for those with more than 2 hours travel time to the
centre.

Each session consisted of an education/counselling component
(30–40 min) and an exercise component (40–50 min), which
included a warm-up period (7–10 min), an active exercise
period (30–40 min, combination of treadmill walking, recum-
bent cycling, resistance exercises with free weights and thera-
band and floor exercises) and a cool-down period (7–10 min).

Based on the risk profile and personal preference of patients,
they were provided group or individual exercise sessions. Rating
of perceived exertion (Borg scale) and heart rate were used to
assess cardiovascular response during exercise. The education/
counselling sessions usually consisted of small groups (four to
eight participants) in which the participants’ family members
were encouraged to participate.

An individualised programme was drafted for each participant
upon enrolment with provision for rescheduling only in case of
unavoidable absences. A record was maintained on attendance,
session details and clinical progression. Adherence to the pro-
gramme was considered good if a participant attended 50%
or more of the planned sessions and poor if less than that.
Baseline assessment was performed upon enrolment and
end-of-programme evaluation upon completion of all planned
sessions. A completion report outlining the nature and number
of sessions attended and the outcomes was handed to the parti-
cipants to share with their physicians.

Adaptations to suit patient population
The following adaptations were made to the programme to suit
the sociocultural needs of our patient population:
▸ First, as family members often provided care and support to

individuals with heart disease, they were strongly encouraged
to attend the education and counselling sessions. As women

and elderly participants were typically accompanied by a
family member, they were also routinely included in the
interactive sessions.

▸ Second, not all participants were comfortable wearing
workout clothes. Hence, exercise sessions were made safe
and convenient for participants wearing saree or dhoti,
which are traditional southern Indian costumes. While mixed
gender exercise groups were commonplace, women-only ses-
sions were also provided based on participants’ preference.

▸ Third, nutritional counselling was adapted to the local
cooking and eating habits. Some tactics employed were
replacing a green leafy salad with ‘sundal’ (dried beans and
pulses boiled and mixed with chopped raw onions, tomatoes,
mangoes, cucumber, etc), encouraging iron-rich ingredients
in everyday cooking like drumstick leaves, spinach, tofu,
dates, dried fruits and nuts and encouraging whole wheat
‘rotis’ (Indian flat bread) and brown or parboiled rice.

▸ Fourth, psychosocial counselling was aimed at addressing
unresolved, longstanding and sensitive issues both at home
and at work. For instance, issues arising out of strained rela-
tionships were dealt through additional focused sessions
involving the participants and the concerned family
members.

Statistical analysis
Categorical data are expressed as numbers (n) and percentages
(%) and continuous data as mean and SD. Data were tested for
normality and parametric and non-parametric statistics applied
accordingly. χ2 test and unpaired t-test or Mann-Whitney test
were used to compare categorical and continuous variables of
the disease and risk groups at baseline, respectively. Baseline and
end-of-programme characteristics were compared using paired
t-test or Wilcoxon signed-rank test for normally distributed and
non-normally distributed data, respectively. A p value <0.05
was considered statistically significant.

RESULTS
Patient characteristics
The age of the subjects (n=67) was 56±13 years with the
youngest a 16-year-old female and the oldest an 81-year-old
male. There were 49 (73%) males. The demographic distribu-
tion of the study cohort is shown in table 1.

Vegetarians (n=18) and ovo-vegetarians (n=3) constituted
31% of the cohort. The disease group was older and had lower
BMI and WC than the risk group (table 2).

Inadequate intake of fruits and vegetables was documented in
62 (92%) subjects, psychosocial risk factors in 59 (88%) sub-
jects, insufficient physical activity in 53 (79%) subjects, hyper-
tension in 47 (70%) subjects, overweight/obesity in 45 (67%)
subjects, dyslipidaemia in 32 (48%) subjects, diabetes in 31
(46%) subjects, smoking in 9 (13%) and excessive alcohol con-
sumption in 6 (9%) subjects. Metabolic syndrome was present
in 23 (34%) subjects. Figure 1 shows the prevalence of the
various risk factors in the two groups and figure 2 depicts the
proportion of subjects with multiple risk factors.

In the risk group (n=34), 29 (85%) subjects were treated for
diabetes, hypertension and/or dyslipidaemia. Subjects presenting
primarily for obesity management (n=5, 15%) were not on any
therapy.

In the disease group (n=33), acute coronary syndrome was
documented in 23 (70%) subjects among which 9%, 26% and
65% had single, double and triple vessel disease respectively.
Apart from antidiabetic and antihypertensive medications, sub-
jects were receiving a combination of antiplatelets,
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anticoagulants, statins and other lipid-lowering drugs, nitrates,
β-blockers, and drugs that inhibit the renin–angiotensin system.
Stable angina (Canadian Cardiovascular Society, grade II) was
documented in eight (24%) subjects in this group. Left ventricu-
lar ejection fraction (LVEF) evaluated by echocardiogram prior
to enrolment was below normal (36–49%) in seven (21%)
subjects.

Time from CHD diagnosis to programme initiation was
<2 years (5.7±6.7 months) in 21 subjects, 2–10 years (6.3±
2.7 years) in 8 subjects and >10 years (19.5±7.9 years) in 4
subjects. A history of revascularisation procedure was present in

10 (30%) subjects. PCI had been performed in 5 subjects; time
from PCI to programme initiation was 18±21 months (range
1–51 months). CABG had been done in 5 subjects and time
from CABG to start of programme was 12±6 years (range
3–21 years).

Programme characteristics
Tamil and English were the languages of instruction and all par-
ticipants were fluent in one or both languages. A typical centre-
based programme was attended by 60 subjects (89%) and a
modified home-based programme by seven subjects (11%). A
total of 30 (45%) subjects had a family member involved in the
programme: 16 subjects had their spouse, parent or child
enrolled in the programme and 14 subjects had a non-enrolled
family member join most of the education/counselling sessions.

The subjects attended 606 exercise sessions (9±6 sessions per
subject) and 545 education/counselling sessions (8±6 sessions
per subject) during the study period. The topics covered per-
tained to risk factors of CHD and its management (2.2 sessions
per subject), heart-healthy diet (2 per subject), exercise and its
benefits (1.6 per subject), psychosocial issues (1.3 per subject)
and goal-setting and group discussion (1 session per subject).
Fifty-one subjects (76%) showed good adherence and 45 sub-
jects (67%) completed the programme. Subjects in the disease
group attended more sessions (12±7 vs 6±3, p<0.0001), had
more participants attending 50% or more of the planned ses-
sions (91% vs 62%, p<0.01) and had better completion rates
(82% vs 53%, p=0.02) than the risk group.

Programme outcomes
End-of-programme evaluation was performed in all subjects
who completed the programme (n=45). They had attended 503
(11±6) exercise sessions and 447 (10±6) education/counselling
sessions over a period of 3±2 months. Improvement in exercise
pattern, dietary behaviour and stress management was documen-
ted in all subjects. Angina threshold improved in all those (n=8)
presenting with stable angina. There was a significant difference
in BMI, WC and FC at the end of the programme (table 3).

Improvement in FC was assessed using 6MWT in 37 subjects
and TMT in 6 subjects; change in FC could not be assessed in
two subjects. The 6MWT appears to be a simple, efficient and
reliable tool for assessing patients in an outpatient preventive
cardiology setting. All the participants who completed the pro-
gramme gave positive feedback about the various components
of the programme and felt that the programme adequately

Table 1 Demographic characteristics of the study subjects

Demographic variable Study subjects (n=67)

Age in years, n (%)
<20 1 (1.5)
20–39 5 (8)
40–59 35 (52)
60–79 25 (37)
>80 1 (1.5)

Marital status, n (%)
Married 59 (88)
Single 3 (5)
Widowed 5 (7)

Mother tongue, n (%)
Tamil 60 (90)
Telugu 4 (6)
Kannada/Urdu/Punjabi 3 (4)

Education, n (%)
(Post)graduation 42 (63)
School education 21 (31)
Not attended school 4 (6)

Employment, n (%)
Working 28 (25)
Retired 25 (37)
Homemaker 13 (19)
Student 1 (1)

Travel time to reach centre, n (%)
<2 hours 50 (75)*

>2 hours, suburbs of city 12 (18)
Out of city 5 (7)

*Three participants, a couple and another individual, from outside the city decided to
stay in the city for the duration of the programme and are included in this group.

Table 2 Baseline clinical characteristics of the study subjects and differences between the two groups

Characteristics Study subjects (n=67) Disease group (n=33) Risk group (n=34) p Value

Age, years (mean±SD) 56±13 61±10 51±14 0.001
Male, n (%) 49 (73) 28 (85) 21 (62) ns
Heart rate, bpm (mean±SD) 77±12 75±11 80±13 ns
SBP, mm Hg (mean±SD) 133±17 133±17 134±17 ns
DBP, mm Hg (mean±SD) 78±9 76±8 79±9 ns
BMI, kg/m2 (mean±SD) 28±6 26±4 30±7 0.004
WC, inches (mean±SD) 40±5 39±4 42±5 0.0006
Functional capacity
6MWD, metres (mean±SD) 420±122 (n=56) 420±124 (n=29) 419±116 (n=27) ns
TMT, METs (mean±SD) 5±2 (n=11) 5±2 (n=4) 5±2 (n=7) ns

6MWD, 6 min walk distance; BMI, body mass index; DBP, diastolic blood pressure; METs, metabolic equivalents; ns, not significant; SBP, systolic blood pressure; TMT, treadmill test;
WC, waist circumference.
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complemented their routine medical management. No injuries,
accidents or acute cardiac events occurred during the exercise
sessions.

Of the 22 participants who failed to complete the pro-
gramme, 6 subjects belonged to the disease group and 16 to the
risk group. Three participants in the disease group had com-
pleted >90% of planned sessions but due to unexpected travel
abroad in one subject, sudden change in family circumstances in
one and development of unstable angina requiring CABG in
one subject, did not attend the end-of-programme evaluation;
other reasons were long commute time in two subjects and job
transfer out of state in one subject.

Busy work life (n=6), long commute time (n=5), unexpected
circumstances in the family (n=2), chronic untreated depression
(n=2) and non-coronary death (n=1) were the primary reasons
for non-completion in the risk group.

Follow-up
After programme completion (n=45), centre-based follow-up
was done in 20 (44%) subjects and phone follow-up was carried
out in 24 (53%) subjects as they could not visit the centre. One
subject (2%) was lost to follow-up. The total follow-up period
from end of programme was 16±6 months. Two patients with
reduced LVEF succumbed to heart failure 8 and 16 months after
programme completion, respectively. Time interval from pro-
gramme completion to first centre-based follow-up was 5.7±
5 months; anthropometric measurements and FC did not differ
from end-of-programme values.

DISCUSSION
This study reports the outcomes of a comprehensive
exercise-cum-education programme for the prevention and
rehabilitation of CHD in India. While a multidisciplinary
approach to CHD prevention is yet to gain momentum in the
country, this study highlights the fact that a CR programme tai-
lored to the sociocultural, psychological and linguistic needs of
patients is an effective and valuable addition to the existing
armamentarium. The outcomes of the programme, namely posi-
tive changes in health-related behaviours and significant
improvement in angina threshold, anthropometrics and FC,
demonstrate that multidisciplinary programmes work well in
South Asians and should be incorporated in the primary and
secondary prevention strategies.

The drop-out rate in CR programmes is reported to be
around 20–40% globally as well as in India.12–14 In this study,
which included patients with established CHD as well as at-risk
patients, 76% of the participants showed good adherence to the
programme and 67% completed the programme. Several studies
originating from English-speaking countries have reported on

Figure 2 Grouping of subjects based on the number of cardiovascular
risk factors harboured.

Figure 1 Prevalence of cardiovascular risk factors in the study
subjects.

Table 3 Results of the programme in subjects who completed all planned sessions

All (n=45) Disease group (n=27) Risk group (n=18)

Variable Pre Post p Value Pre Post p Value Pre Post p Value

Heart rate, bpm (mean±SD) 76±11 76±14 ns 74±11 73±11 ns 79±11 82±16 ns
SBP, mm Hg (mean±SD) 135±18 129±15 ns 132±17 126±12 ns 140±18 135±16 ns
DBP, mm Hg (mean±SD) 79±9 82±10 ns 77±9 79±9 ns 82±11 86±9 ns
Weight, Kg (mean±SD) 74±14 73±13.9 0.008 70±10 69±9 ns 79±18 79±18 ns
BMI, kg/m2 (mean±SD) 27.76±5.87 27.49±5.72 0.02 26.14±3.84 25.7±3.68 0.004 30.25±7.43 30.16±7.2 ns
WC, inches (mean±SD) 40±4 39±4 0.0 39±4 38±4 0.0 40±5 40±5 0.003
6MWD, metres (mean±SD) 426±120 (n=37) 489±132 (n=37) 0.0002 411±124 (n=23) 493±147 (n=23) 0.001 448±112 (n=14) 496±124 (n=14) ns
TMT, METs (mean±SD) 6±2 (n=6) 8±2 (n=6) 0.047 5±2 (n=3) 8±3 (n=3) ns 7±2 (n=3) 8±1 (n=3) ns

6MWD, 6 min walk distance; BMI, body mass index; DBP, diastolic blood pressure; METs, metabolic equivalents; ns, not significant; SBP, systolic blood pressure; TMT, treadmill test;
WC, waist circumference.
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the relatively lower levels of participation of South Asians in CR
programmes.15 The programme reported here was designed
based on established international guidelines and modified to
suit the local population. The adaptations made to the exercise,
education and counselling sessions made it possible for the
patients to participate in the programme with ease. The study
by Rajendran et al13 had reported improvement in FC,
anthropometrics and blood metabolites after a 3-month CR pro-
gramme in CABG patients from southern India. The main dif-
ference between that study and the present one is that the latter
employed a structured exercise-cum-education programme with
the participants attending more sessions over a similar time
period. This is also the first study, to our knowledge, focusing
on both primary and secondary prevention of CHD in India.
While cardiopulmonary exercise testing is the gold-standard in
FC assessment, the TMT and the 6MWT are used interchange-
ably for the same purpose in outpatient CR settings.16 The use
of the TMTwas limited especially in female participants and the
elderly in this study, while the 6MWT proved to be a simple
and reliable tool.

Follow-up over a period of 16±6 months showed that most
of the participants who completed the programme were adher-
ent to the healthy lifestyle behaviours adopted during the
programme. This was confirmed by the anthropometric and
FC measures that did not differ significantly from the
end-of-programme values.

This being the only programme of this kind at the time of this
study for prevention of CHD in the state of Tamil Nadu, with a
population of close to 70 million, it is not surprising that diffi-
cult access was the prime barrier for programme completion.
Also, individuals with fewer risk factors and a busy work-life had
a tendency to drop out, which together with the lesser number
of sessions attended, possibly accounts for the lack of significant
improvement in the risk group. Digital media and telemonitor-
ing, which have shown some promise in improving adherence to
prevention programmes,17 might be effective in delivering
sessions and monitoring adherence in low-risk patients in the
Indian setting. This however needs to be confirmed. In our
neighbours China and Pakistan too, there seems to be a paucity
of CR programmes in large medical centres and attendance rates
are suboptimal due to lack of easy access.18 19 And it has also
become clear that less than 40% of the world’s countries have an
established CR programme in spite of the overall improvement
in medical and surgical treatment modalities.20

Last but not the least, patients themselves have to pay for the
programmes due to lack of medical insurance coverage and gov-
ernment aid for such preventive services. This is one of the
major differences between CR programmes in LMICs and that
in higher income countries. While there is some evidence to
show cost-effectiveness of exercise-based CR in the latter
group,21 the common model for delivering CR services based
on 36 sessions of supervised, exercise-based outpatient rehabili-
tation, faces major cost and access challenges in LMICs.22 The
most plausible solution appears to be shorter secondary preven-
tion programmes, those based in a general practice set-up, and
those staffed by generalists as proposed by Clark et al23 and as
implemented in this study. The benefits of such a prevention
programme, not only to the affected individuals and their fam-
ilies but also to the society and the nation at large, should be
studied in detail through large-scale medical research efforts,
which in turn could help convince policymakers and insurance
companies to include it in their healthcare plans. Thus, in short,
we believe that just like developed countries, growing economies
also need a patient-centred, multidisciplinary secondary

prevention programme for CHD, delivered through locally
acceptable, easily accessible and cost-effective formats.24 25

Strengths and limitations
The observational design of the study together with the asso-
ciated selection bias, small sample size, lack of controls and rela-
tively short follow-up are limiting factors that might have
influenced the study outcomes. Despite the limitations, the out-
comes of the study are promising and provide for a working
model of a multidisciplinary CHD prevention programme for
India and neighbouring countries. The authors plan to conduct
a prospective multicentre study involving tertiary hospitals in
India to validate the study findings and to follow the partici-
pants on an ongoing basis to assess the long-term impact of the
programme.

CONCLUSIONS
India is in the brink of a cardiovascular disease epidemic and the
current treatment modalities, namely pharmacotherapy and
revascularisation techniques, are not poised to reverse this trend
on their own. A multidisciplinary approach to prevention that is
based on international guidelines but sensitive to the needs of the
local population appears to be a valuable addition to the current
strategy to improve the cardiovascular health of the nation.

Key messages

What is already known about this subject?
A multidisciplinary approach has been proven effective and has
been incorporated in the routine management of patients with
coronary heart disease in many developed countries. There is
both a lack of awareness and a dearth of facilities providing
such services in India and other Asian countries, where the
mortality and morbidity due to the disease is rapidly rising.

What this study adds?
This study highlights the fact that a multidisciplinary programme
tailored to the sociocultural, psychological and linguistic needs
of the target population is well attended, has good outcomes
and is an effective addition to the existing treatment modalities
of coronary heart disease.

How might this impact on clinical practice?
This study will enlighten healthcare professionals about the
benefits of systematic lifestyle interventions including supervised
exercise, nutritional guidance and psychosocial counselling in
the primary, secondary and tertiary prevention of coronary heart
disease in India, thereby encouraging referral to and an increase
in availability of such services.
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