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Application of the Transtheoretical Model to
Exercise Behavior and Physical Activity in Patients
after Open Heart Surgery
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Purpose: To assess exercise behavior and physical activity levels after open heart surgery.

Methods: This prospective cohort study included 130 patients (70.8% male, aged 61.0 + 12.2 years, 53.8%
coronary bypass grafting) who underwent open heart surgery. The exercise behavior and physical activity of these
patients were assessed at the 3- and 6-month follow-up appointments. Additional interviews were also conducted
to further assess exercise behavior. Physical activity duration and metabolic equivalents were calculated from
self-reported questionnaire responses. Moreover, possible related demographic factors, clinical features,
participation in cardiac rehabilitation programs, and physical activity levels were additionally evaluated.

Results: Six months after hospital discharge, most patients were in the action (39.2%) and maintenance (37.7%)
stages. Other subjects were in the precontemplation (11.5%), contemplation (5.4%), and preparation (6.2%)
stages. The average physical activity level was 332.6 + 377.1 min/week and 1198.1 + 1396.9 KJ/week. Subjects in
the action and maintenance stages exercised an average of 399.4 + 397.6 min/week, significantly longer than those
in other stages (116.2 + 176.2 min/week, p = 0.02). Subjects that participated in outpatient cardiac rehabilitation
programs after discharge may have the better exercise habit. Gender had no significant effect on exercise behavior
6 months after hospital discharge.

Conclusions: Most subjects following open heart surgery may maintain regular exercise behavior at 6 months after
hospital discharge. Physical activity levels sufficient for cardiac health were achieved by subjects in the active and
maintenance stages. Outpatient cardiac rehabilitation programs are valuable for encouraging exercise behavior

after heart surgery.
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INTRODUCTION

Heart disease is the leading cause of death world-
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wide. Numerous studies have demonstrated a better
prognosis in cardiac patients who engage in regular ex-
ercise.””? Recent scientific and position statements on
the secondary prevention of cardiovascular disease have
reinforced the importance of physical activity (PA) in a
population with cardiac disease.>* These studies recom-
mended that patients should strive for 30-60 min/day of
moderate-intensity PA, for at least 5 days/week (150
min/week) to reduce cardiovascular risk.>

Previous studies identified lower PA levels as a sig-
nificant determinant of coronary heart disease and car-
diac-related and all-cause mortality.”” Sesso et al. evalu-
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ated PA in 12516 middle-aged and older men. They ob-
served lower PA levels (< 4200 KJ/week) in approxi-
mately 35% of the participants. Some studies examined

. . . 8-10
PA levels in cardiac patients,

though the exercise be-
havior associated with exercise adherence and mainte-
nance of an active, healthy lifestyle was still unknown.
Evaluating exercise behavior in cardiac patients may
help to determine the stages and processes of change
essential for further health promotion. Open heart sur-
gery is performed to correct cardiac disorders and to im-
prove cardiac functional capacity. After open heart sur-
gery, patients often participate in structured, in-hospital
cardiac rehabilitation (CR) programs to increase physical
ability and to learn how to lead a more active lifestyle;
however, whether they maintain regular exercise and
achieve adequate PA levels after discharge remains un-
known.

The Transtheoretical Model (TTM), proposed by
Prochaska, DiClemente, and Norcross,ll'13
work for assessing and addressing readiness for behav-
ioral changes. This model has been validated in numer-
ous studies of addiction cessation and lifestyle changes
related to diet,14'16 smoking,”’19 weight Ioss,zo’21
abuse,22 and exercise.”*?* Moreover, TTM has been used
to explore how individuals adopt and maintain physical
activity.>**' TTM application may be useful in identifying
specific regular exercises required for successful modifi-
cation of patient behavior essential for cardiac health
promotion. Understanding the stages of change out-
lined in TTM may help healthcare providers to improve
programs and improve strategic planning for patients
who need to lead a more active lifestyle.

This study aimed to assess exercise behavior and PA
levels using TTM in patients undergoing open heart sur-
gery. Moreover, factors contributing to exercise be-
havior and PA levels were evaluated.

is a frame-

alcohol

MATERIALS AND METHODS

Sample

This was a prospective cohort study which consecu-
tively recruited 633 individuals who were one week af-
ter hospital discharge from a recent open heart surgery
from November 2010 to December 2011. Subjects < 18
years of age, or who refused to join the study, or experi-

enced verbal communication challenges were excluded.
All patients received inpatient CR and were provided
with lifestyle modification instruction and information
regarding risk factors by physical therapists before dis-
charge. This study was approved by the hospital’s Insti-
tutional Review Board.

Measures
Based on the definitions of stages of change in

TTM,*>*! questions were developed regarding engage-

ment in and adherence to moderate-to-vigorous exer-

cise programs. These questions were included in a self-
administered questionnaire*>* designed to investigate
current exercise behavior. According to their responses,

subjects were classified into one of the following 5

stages of exercise behavior:

1. Pre-contemplation: subjects not exercising and not in-
tending to start in the next 6 months.

2. Contemplation: subjects not exercising, but intending
to start in the next 6 months.

3. Preparation: subjects who exercised, but not regu-
larly. Regular exercise was defined as vigorous exer-
cise for > 20 min per session for three or more ses-
sions per week.

4. Action: subjects exercising regularly, but for < 6 months.

5. Maintenance: subjects exercising regularly for > 6
months.

Moreover, the International Physical Activity Ques-
tionnaire (IPAQ), a validated self-report instrument
adapted from the Seven-day Physical Activity Recall
Questionnaire,36 was used to assess PA levels in all sub-
jects. PA levels were quantified as total energy con-
sumption in metabolic equivalent times (MET) min/
week and total number of PA minutes per week for each
participant. An average MET score was derived for each
type of activity listed in TTM as follows: walking = 3.3
METs, moderate PA = 4.0 METs, and vigorous PA = 8.0
METs. Using these values, 4 continuous scores were
defined:

e Number of walking MET min/week = 3.3 x walking
minutes x walking days.

e Number of moderate MET min/week = 4.0 x moder-
ate-intensity activity minutes x moderate activity days.

e Number of vigorous MET min/week = 8.0 x vigorous
activity minutes x vigorous activity days.

e Total physical activity MET min/week = sum of scores
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for walking + moderate + vigorous MET min/week.

Total PA of > 600 MET min/week was defined as
moderate PA group. Total PA of > 1500 MET min/week
was considered high PA group. Subjects with PA levels
below moderate PA group were categorized as low PA.

TTM and IPAQ questionnaires were administered
preoperatively and subsequently at 3- and 6-month fol-
low-ups after discharge. Medical charts were reviewed
to determine possible demographic (e.g., age and sex)
factors and preoperative clinical characteristics (e.g.,
heart function and cardiac functional status as per New
York Heart Association classification) related to cardiac
health. Heart function was categorized based on left
ventricular ejection fraction. Preserved heart function
was indicated by a left ventricular ejection fraction of >
50%. Mild, moderate, and severe heart dysfunction
were designated as left ventricular ejection fraction of
41-49%, 35-40%, and < 35%, respectively. Participation
in an outpatient CR program was also evaluated in this
study.

Statistical analyses

Descriptive statistics were used to summarize study
subject characteristics and to quantify their exercise be-
havior and PA levels. Measurement scaling, means, and
standard deviations were determined for continuous
variables, and percentages (%) were determined for cat-
egorical variables. Possible factors influencing exercise
behavior and PA levels at 6 months after discharge were
evaluated using Fisher’s test. Independent variables in-
cluded demographic information, clinical characteristics,
and preoperative exercise behavior and PA levels. The
significance level was set at 0.05.

RESULTS

Of the 633 subjects, 6-month follow-up was com-
pleted in 130 individuals whose data were included in
the analysis. The reasons for exclusion included refusal
or incomplete questionnaires. Subjects were mostly
male (70.8%), most were between the ages of 61.0 *
12.2 years, and most received coronary bypass grafting
(53.8%; Table 1).

During the study, the average daily cumulative PA in
all patients in the sample was 865.74 + 959.22 METs/
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week. Most cardiac patients intended to exercise (con-
templation stage: 27.8%). Other subjects were in the
precontemplation (22.2%), preparation (16.7%), action
(5.6%), and maintenance (22.2%) stages. At the 6-month
follow-up, most cardiac patients were in the action
(39.2%) and maintenance (37.7%) stages. Other subjects
were in the precontemplation (11.5%), contemplation
(5.4%), and preparation (6.2%) stages. The average exer-
cise time was 332.6 £ 377.1 min/week and the average
energy expended was 1198.1 + 1396.9 METs-min/week,
indicating that 57.7% respondents fell into the moder-
ate- and high-PA group. Subjects in the action and main-
tenance stages exercised for an average of 399.4 + 397.6
min/week, significantly longer than those in other stages
(116.2 £ 176.2 min/week, p = 0.02).

Most cardiac patients in the contemplation (41.4%)
or maintenance (41.4%) stages preoperatively were
drifting toward the action (39.2%) and maintenance
(37.7%) stages at the 6-month follow-up (Figure 1). Sig-
nificant differences in PA levels were observed between
subjects who preoperatively were in the low (63.5%),

Table 1. Demographic characteristics of subjects

Subjects enrolled Subjects excluded

Characters
(n =130) (n = 550)

Age (years) 61.0+12.2 62.3+12.1
Male 92 (70.8%) 369 (67.2%)
Height (cm) 162.3+15.4 161.9+10.8
Weight (kg) 66.8+12.6 65.5+12.9
Preoperative LV function

Preserved 92 (70.8%) 362 (66.3%)

Mild dysfunction 13 (10.0%) 61 (11.2%)

Moderate dysfunction 10 (7.7%) 34 (6.2%)

Severe dysfunction 14 (10.8%) 69 (12.6%)

Heart surgery

CABG 69 (53.1%) 273 (49.6%)

Valve Surgery 45 (34.6%) 189 (34.4%)

Others 16 (12.3%) 88 (16.0%)
Preoperative NYHA functional class

I/ 59 (45.4%)" 295 (53.6%)"

/v 51 (39.2%)" 197 (35.8%)"
Joined outpatient CR 63 (48.5%) 147 (26.9%)*

Data was presented as mean + SD or n (%).

CABG, coronary artery bypass graft; CR, cardiac rehabilitation;
LV, left ventricular; NYHA, New York Heart Association
functional classification.

* p <0.05, by chi-square test; #20 missing data; 58 missing
data.
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moderate (32.7%), and high (3.8%) PA group at 6-month
follow-up (p = 0.01; Figure 2).

No significant differences in exercise behavior at
6-month follow-up were evident in subjects of different
genders (p = 0.16) and preoperative left ventricular
function (p = 0.68). Subjects who participated in outpa-
tient CR may have superior exercise habits six months
after discharge (p = 0.02; Table 2).

DISCUSSION

This study indicated that most subjects had regular
exercising habits 6 months after discharge from open
heart surgery. Most subjects (57.7%) were in the moder-
ate and high categories on IPAQ, indicating that their PA
levels were sufficient for cardiac health, and satisfied
the criteria established by the American Heart Associa-
tion and the American College of Cardiology.> However,
23.1% of subjects had not altered their lifestyles to
achieve adequate PA levels. Medical professionals must
undertake more intensive efforts to encourage such pa-

100%
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u Action
0% Preperation
40% » Contemplation
30% ® Precontemplation
20% b.2%
= B
0%
Preoperation 6 months after discharge
Figure 1.  Trans-theoretical model based exercise behavior before and

6 months after surgery.

tients to exercise more to achieve the recommended PA
levels and ensure good cardiac health.

Compared with the results of another trial in which
most participants were in the active and maintenance
stages at baseline,™ the current study population repre-
sented more variations in pre-operative status. These
patients may have been reluctant to participate in exer-
cise programs or undertake vigorous PA because of their
more fragile preoperative status compared with those
under medication or those undergoing percutaneous
coronary angioplasty. Despite the fact that 44.7% of the
patients were classified as level Il or IV in New York
Heart Association classification system, most patients
advanced to a more active stage at the 3- and 6-month
follow-up. This result not only indicated good patient
compliance but also represented good in-hospital health
promotion. However, 23% of the population was still in
pre-contemplation, contemplation and prepare stages
which means they didn’t exercise to a sufficient extent.
And 39.2% of the patients were in the action stage,
which implied that they didn’t maintain for a sufficient
length of time.

The TTM model has been widely applied to improve

" HM’(
¥ Moderate
= Low

Preoperation 6 months after discharge

Figure 2. Physical activity level before and 6 months after surgery.

Table 2. Factors influencing exercise behavior after open heart surgery at 6 months after discharge

Factors Pre-contemplation  Contemplation Preparation Action Maintenance p* value

Attained CRIl  No 11 (16.7%) 2 (3.0%) 3 (4.5%) 31 (47.0%) 19 (28.8%) 0.02
Yes 3 (4.8%) 5(7.9%) 5(7.9%) 20 (31.7%) 30 (47.6%)

Gender Male 10 (10.9%) 7 (7.6%) 6 (6.5%) 31 (33.7%) 38 (41.3%) 0.16
Female 5(13.2%) 0 (0%) 2 (5.3%) 20 (52.6%) 11 (28.9%)

Age 2> 65y/o 8 (15.4%) 2 (3.8%) 0 (0%) 25 (48.1%) 17 (32.7%) 0.04
<65vy/o 7 (9.0%) 5 (6.4%) 8(10.3%) 26 (33.3%) 32 (41.0%)

LV function Preserved 10 (10.9%) 5(5.4%) 4 (4.3%) 36 (39.1%) 37 (40.2%) 0.68
Impaired 4 (10.8%) 2 (5.4%) 4 (10.8%) 15 (40.5%) 12 (32.4%)

CR I, out-patient cardiac rehabilitation; LV, left ventricle.

* p value was obtained by comparing the maintenance stage and other behavior stages (Fisher’s exact test).
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health-related behavior, including exercise.”*** Beha-
vioral change interventions should assist clients in
resolving their ambivalence and reluctance to change by
addressing the cognitive, behavioral, and environmental
factors involved. Understanding exercise behavior in pa-
tients after open heart surgery helps medical profes-
sionals to support them in cultivating more active and
healthier lifestyles. Further studies may be needed to
explore the optimal intervention for subjects in different
stage of TTM.

As Marcus et al. reported,*® measuring and under-
standing the processes of exercise behavior change may
assist health professionals in designing and testing spe-
cific interventions to help individuals move more quickly
from one exercise stage adoption to another. Compared
to non-participants, patients participated in an outpa-
tient CR was more in maintenance stage and less in
pre-contemplation in our study. This result showed that
attending a CR program may influence patient exercise
behavior after discharge. Pinto et al.’ followed-up car-
diac patients for 12 months. They observed that pa-
tients in the telephone-based intervention group re-
ported higher PA levels than those in the control group
at 6 months (240 min/week versus 160 min/week), al-
though patients in both groups exceeded PA guidelines.
These differences became significant at 12 months, indi-
cating that as the time after discharge increased, exer-
cise levels in the control group decreased. Stevenson et
al.’ observed increased PA levels during the early stages
of outpatient CR programs; however, coronary risk re-
duction targets were not achieved when patient partici-
pation stopped. Moreover, these studies demonstrated
that participation in such programs helped to maintain
good exercise habits, preventing regression in motiva-
tional readiness for exercise and improving physical
function.

Exercise requires structural, planned, and repetitive
bodily movements. Positive correlations have been ob-
served between these movements and physical fit
ness.”” Previous studies reported that certain psycholog-
ical constructs, adequate social support, and problem-
solving abilities reduced exercise barriers and influenced
the maintenance of good exercise habits in women and
sedentary participants.38'41 Participants in outpatient CR
programs may have overcome some exercise barriers
through structured exercise plans developed in collabo-
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ration with physical therapists after discharge. They had
significantly better exercise habits at 6 months after dis-
charge than the non-participants in these programs.
Thus, keeping people engaged is a critical first step in
changing behavior and making exercise a regular part of
patients’ lifestyle after open heart surgery.

This study had some limitations. First, the relatively
small sample may not have represented the condition of
all patients after open heart surgery. The cases enrolled
for analysis had higher CR attendance rate than cases
excluded (Table 1), which may limit the extrapolation.
Nevertheless, there were still half of the studied cases
not joining CR; the results would have the clinical impli-
cation. Secondly, a longer follow-up period may be
needed to evaluate postoperative adherence behavior
and exercise involvement. Thirdly, socio-economic sta-
tus, such as income, education, urban/rural residence,
and family support was not collected in the analysis,
which may be key factors to affect outpatient CR atten-
dance and exercise behavior in advance. Further study
may be needed to examine the relationship between
socio-economic status and exercise maintenance after
open heart surgery.

CONCLUSIONS

Most subjects maintained a regular exercise regi-
men at 6-month follow-up after open heart surgery. Ac-
tive and maintenance stage subjects achieved sufficient
PA levels essential for cardiac health. The current study
results provide a meritorious argument for the value of
outpatient CR programs to establish good exercise hab-
its in patients after heart surgery. Referral to such pro-
grams and support for more active involvement in PA af-
ter discharge are important interventions to be provided
by clinical medical staff.
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