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Abstract
Background—Older adults with poor functioning preoperatively are at risk for delayed recovery
and more impaired outcomes following CABS.

Purpose—To determine if a 6-week early recovery telehealth intervention, designed to improve
self-efficacy and management related to symptoms following CABS, was effective in improving
outcomes (physical activity, physiological and psychological functioning) for older adults (> 65 years
old) with higher disease burden.

Design—A descriptive, repeated measures experimental design was used. Follow-up data was
collected at 3- and 6-weeks and 3-months after CABS.

Sample—Subjects were drawn from a larger randomized clinical trial (RCT). Parent study subjects
who had high disease burden preoperatively [physical component score of <50 on the Medical
Outcome Study Short Form 36 (MOS SF-36) and a RISKO score of > 6], were included (N=55);
with 23 subjects in the early recovery intervention group and 31 subjects in the usual care group
(n=31). Subjects ranged from 65–85 years old (M=71.6 + 5.1).

Findings—There was a significant main effect by group [F(1,209)=4.66, p<.05), the intervention
group had a least square means of 27.9 kcal/kg/day of energy expenditure compared to the usual care
group of 26.6 kcal/kg/day per the RT3® accelerometer. Both groups had significantly improved
physical [F(2,171)=3.26, p<.05] and role-physical [F(2,171)=6.64, p<.005] functioning over time.

Conclusions—The subgroup of CABS subjects with high disease burden was responsive to an
early recovery telehealth intervention. Improving patients’ physical activity and functioning can
reduce morbidity and mortality associated with poor functioning after cardiac events.
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INTRODUCTION
Following coronary artery bypass surgery (CABS), many older adults are able to return to a
comparable or improved health-related quality of life (HRQoL) as compared to their
preoperative status.1–4 Some older adults do not achieve the beneficial outcomes that can be
realized from revascularization due to preexisting pre-procedural factors. Those older adults
who are at risk for poor outcomes after revascularization are less physically active;5–8 have
coexisting cardiac disease and other comorbidities;9,10 have poor functional capacity11 and
have physical functioning impairments prior to their cardiac procedure.12 Regardless, older
adults with heart disease and a compromised health status can derive significant cardiovascular
benefits and improved HRQoL from physical activity and exercise.13 Several studies have
examined interventions, including cardiac rehabilitation participation, to improve outcomes
after CABS.14–24 Only a limited number of studies have specifically investigated cardiac
patients at risk for poor outcomes, such as multiple comorbidities or multiple cardiovascular
risk factors.16,17,25–27 No studies to date have specifically examined the influence of post-
CABS interventions on those patients with high coronary artery disease burden (patients with
compromised physical functioning and multiple CAD risk factors), who are at risk for impaired
functioning and delayed recovery after CABS. It is important to further study patients at risk
for poor outcomes after CABS in order to develop interventions that can minimize delays in
recovery or avert morbidity and mortality after CABS. Specifically, this paper will examine a
subgroup of CABS patients who had high disease burden preoperatively to determine the
effects of an early recovery telehealth intervention on physical activity and physical and
psychosocial functioning.

RELATED LITERATURE
Functioning improvements after cardiac revascularization appear to improve linearly over
time.1,3,28,28–30 However, recent studies indicate that pre-procedural comorbidities9,10,31,
illness severity,2,32 daily functioning abilities33 and functional status34,35 can predict health-
related quality of life (HRQoL) and recovery of functioning after cardiac revascularization.
These findings corroborate the conclusion that there are cardiac patients who do not experience
improved health status or HRQoL, and may actually experience impaired or delayed recovery
of functioning, as well as have disability after CABS.2,10,28,34,36

Physical activity and exercise are the foundation for improving functioning outcomes for
patients after cardiac rehabilitation, particularly for those patients at risk for poor outcomes.
23,37,38 Multiple factors are associated with the lack of physical activity and exercise by older
adults after CABS. Factors contributing to ongoing physical inactivity after cardiac
revascularization include patients’ relatively short hospitalizations, which limits the time for
patient education and gaining an understanding of their physical activity prescription. Older
adults have lower rate of cardiac rehabilitation (CR) program participation39 related to the lack
of physician referral, CR program costs, access, low patient motivation; as well as being
physically inactive and having a sedentary lifestyle, disability related to pre-existing
comorbidities, caregiving responsibilities and lack of transportation.5–8,40,41 Older adults’
physical activity and exercise are further limited by fatigue,7,42 lack of social support, beliefs
that older people cannot change or exercise,43,44 low outcome expectations,45 dislike of
exercise, perceptions of physical activity as too strenuous43 and costs (e.g., exercise facility
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fees).5,46 Interventions that can help high risk older adults initiate a more physically active
lifestyle after CABS may reduce the delays in recovery and associated adverse effects
associated with poor functioning after CABS.

The purpose of this study was to conduct additional analyses of a randomized clinical trial
(RCT) to determine if there were differences in response to an early recovery telehealth
intervention among elderly patients (≥ 65 years old) with high disease burden in the early
recovery period after CABS (3- and 6-weeks, and 3- and 6-months). The specific aims of this
study were to determine if there were differences by group (intervention group or usual care
group only) on: a) physical activity and b) physical and psychosocial functioning.

CONCEPTUAL FRAMEWORK
The early recovery telehealth intervention in this study focused on using symptom management
strategies to improve physical activity and functioning outcomes after CABS. The conceptual
framework used for this study and the development of the intervention was based upon the
health outcomes research 47 and the symptom management 48 conceptual models. In the
symptom management model, it is assumed that the person, environment and health and illness
domains are affected by specific knowledge, skills, self-efficacy and outcome expectations
which effect the patient’s ability to manage his/her symptoms and promote improved outcomes.
In this study, the early recovery telehealth intervention provided patients with strategies and
reinforcement to manage commonly occurring symptoms, and did not just focus on the use of
physical activity and exercise after CABS. The outcomes targeted in the study were improving
physical activity and functioning (physiological and psychosocial); which are relevant HRQOL
outcomes as supported by Donabedian.47 See Figure 1. For example, following CABS, patients
need to know how to assess their symptoms such as pain (onset, location, duration, intensity
frequency); have the skills to monitor their symptoms; and have self-efficacy in their ability
to assess their symptoms accurately and take action (e.g., take analgesic, rest, elevate
extremities) based upon their assessment. Outcomes resulting from patients’ use of strategies
to manage their symptoms include improved functioning.

METHODS
Design

In the parent study, a randomized, two-group (N = 280) repeated measures design was used;
with one group receiving the early recovery telehealth intervention plus usual care (UC) and
the comparison group received usual care only. Data measurements were obtained prior to
discharge (baseline measures), 3- and 6-weeks, and 3- and 6-months postoperatively among
older adults (≥ 65 years old) who had undergone CABS. The 6-week symptom management
telehealth intervention, developed by the investigators,49 was delivered by a telehealth device,
the Health Buddy®, that connected to the subject’s telephone line. The 42-daily sessions of
the intervention were designed to improve patients’ self-efficacy and skills related to self-care
management of early recovery symptoms and improve outcomes (physical activity and
functioning). In the daily intervention sessions, subjects responded to assessment queries and
were provided with strategies (e.g., sleep hygiene techniques, relieving anxiety, monitoring
individual progress in response to increasing physical activity as per exercise prescription)
based upon the subject’s responses of the symptoms he/she was currently experiencing.
Information and detail specific to the intervention used in this study has been published and
can referenced for further description of the intervention components and how the intervention
was tailored based upon subjects’ responses to the daily sessions.49
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Sample
In the parent study, 280 subjects, recruited from tertiary, Midwestern hospitals provided written
informed consent and participated in the study. Data analysis from the parent study was
conducted on 232 subjects; as there were 34 (23.8%) subjects in the intervention group and 15
(11%) subjects in the usual care group that did not receive the allocated intervention or study
follow-up as planned, due to: a) subject burden (n=36), b) rehospitalizations or transfer to
extended care facility (n=4), c) equipment malfunction (n=3), d) inability to reach subject per
telephone for follow-up data collection (n=2); and e) inability to complete the intervention
protocol (n=3).

In this study, a sub-analysis was conducted on data from the parent study, and included 55
subjects from the parent study who met the criteria of preoperative high disease burden; and,
therefore were included in the data analysis. There were 24 subjects in the early recovery
telehealth intervention group, and 31 subjects in the usual care (routine care) group. Criteria
for preoperative high disease burden were having a RISKO Heart Hazard Appraisal score ≥ 6
and a MOS SF-36 physical component score < 50. Having a lower than median score on the
physical component scale of the MOS SF-36 has been used to predict physical functioning at
6-months after cardiac revascularization (i.e., PCI) by other researchers.50 The RISKO Heart
Health Hazard Appraisal51 has been used as a measure of coronary artery disease (CAD)
burden; with higher scores associated with more impaired functioning prior to CABS.52 RISKO
evaluates the four most modifiable heart disease risk factors (blood pressure, body weight,
serum cholesterol level, and use of tobacco). Scores on the RISKO can range from 0 to 27 and
risk adjusted if the patient has Diabetes Mellitus, which increases the score; with higher RISKO
scores indicating higher risk of heart disease.

The sample in this study was comprised of 84% men (n=46) and 16% women (n=9); with 87%
of the sample being married. The mean age of subjects was 71.6 (± 5.1) years. The majority
of the sample was Caucasian, with only one non-Caucasian participant. Overall 49% of the
subjects reported working outside of the home at the time of their CABS. There were no
statistically or clinically significant group differences on demographic (e.g., age, hospital
length of stay, marital status) or baseline clinical variables (e.g., body mass index, cardiac risk
factors). After hospitalization, 82.4% of the subjects (N=55) participated in a cardiac
rehabilitation (CR) program; there were no statistically significant differences in CR program
participation by group (treatment group=79.2%, usual care group=85.2%).

Data Collection
Data was obtained by the research nurse while the subjects were hospitalized and included the
demographic and clinical characteristics data from subject report and hospital record, as well
as per subject interview to complete the baseline measures of the MOS SF-36 and the Modified
7-day activity interview. At the follow-up times of 3-and 6-weeks and 3- and 6-months after
CABS, physical activity was measured by having subjects wear an RT3® accelerometer
(Stayhealthy, Inc., Monrovia, CA) for three consecutive days (2 weekdays and 1 weekend day)
and complete a self-report of activity diary for the same 3-day period. Follow-up survey data
were collected by telephone interview conducted by the same research nurse at each time period
(6-weeks and 3- and 6-months after CABS) to obtain their responses to the measures of
psychosocial and physiologic functioning using the MOS SF-36 tool.

Measurement of Variables
a. Modified 7- Day Activity Interview measured the subject’s reported baseline physical

activity level that they were capable of before undergoing CABS (total kcal/day
expended, average kcal/kg/day expended, average minutes/day spent in moderate or
greater activity).53 The total kilocalories per kg of body weight expended per day and
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total calories expended per day were derived from subjects’ reported number of hours
per day in sleep and in light, moderate, hard and very hard activity (based on metabolic
equivalent [MET] levels). The original 7-day activity interview instrument54 had a
reported two-week test-retest reliability of 0.67 for kcal/day.55 Significant differences
(z=−6.14, p<.0001) between the measured kcal/kg/day comparing active and inactive
groups of older adults demonstrated concurrent validity.53. Construct validity of the
instrument was supported by the significant differences (z=−3.06, p<.005) between
the kcal/kg/day from week 1 to week 12 during CR participation of older adult
subjects; the significant correlation between change in mean kcal/day expended and
estimated VO2max (Spearman’s rho=.28, p<.05); and the significant correlation
(Spearman’s rho=0.31, p<.05 at week 1 and r=.50, p<.001 at week 12) between the
subjects’ global self-estimate of physical activity and their kcal/kg/day measured by
the tool.56 In comparing the rank ordering of energy expenditure of active (n=30) and
inactive (n=30) older adults using both the original 7-day interview and modified 7-
day interview, there was a greater discrimination (a greater dispersion of scores)
among the activity levels of the subjects using the modified 7-day interview, due to
the inclusion of lower intensity activities included in the modified version of the tool.
53

b. RT3® Accelerometer, a triaxial accelerometer, measures body motion (specifically,
the electrical energy of acceleration and deceleration) during activities that involve
energy cost. It provided an objective measure of subject’s physical activity. The RT3®
is approximately the size and weight of a pager. Subjects wore the accelerometer
continuously, except during sleeping times, for three consecutive days each data
collection period. Accelerations are detected from three plane (vertical, horizontal,
and anterior-posterior) and are internally stored and converted to quantifiable digital
signals, referred to as “activity counts”; these counts were converted to kcals expended
to derive measures of average daily activity counts, kcals expended/day, and kcal/kg/
day expended. Triaxial accelerometers have documented validity, with correlations
between the Triaxial accelerometer and indirect calorimetry ranging from .86–.
96,57,58 of .85 with SVO 259 and .95 with V02.60 Generalizability coefficients (ICCs)
for the RT3® based on a 3-day period of data collection at three data collection points
over time were high (.85 – .97).61

c. Activity Diary was completed by subjects. They recorded the amount of time they
spent in various physical activities (light, moderate, hard, very hard) and sleep.
Categories to group physical activities were adapted from the Modified 7-Day
Activity Interview.53. The diary was used on the same three days that subjects wore
the RT3® accelerometer at follow-up times. The diary provided data on: a) mean
number of minutes spent in light, moderate, hard, and very hard levels of physical
activity, b) types of exercise modes used, c) time of day of exercise sessions and d)
duration and distances (if applicable) of exercise sessions. Three-day activity diaries,
such as the one used in this study, are commonly used to obtain activity data.62.

Physical and Psychosocial Functioning—The Medical Outcomes Study Short Form-36
(MOS SF-36, version 2.0)63 is comprised of 36-items and was used to measure the physical
and psychosocial functioning. It measures eight health concepts, assessing both psychosocial
and physical functioning. Physiological subscales include: physical functioning, limitations in
role functioning due to physical problems (role physical), bodily pain, and general health.
Psychosocial subscales include: limitations in role functioning due to emotional problems (role
emotional), vitality, social functioning and mental functioning. Subscale scores have a range
of 0 to 100, with higher values indicating better or higher functioning. Satisfactory reliability
has been estimated by Cronbach’s alpha between .78–.93.64,65 For 92.5% of all tests, item-
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scale correlations exceeded correlations with other scales by more than two standard deviations
supporting item-discriminant validity .65. In addition to the eight subscale scores, there are also
two component summary scores for the MOS SF-36 (one for overall physical health and one
for overall mental health). The physical component score (PCS) is derived from physical
functioning, role-physical, bodily pain and general health. The mental component score (MCS)
is summed from vitality, social functioning, role-emotional, and mental health. The summary
scores are standardized to the general United States population (Mean score=50, SD=10).66

The physical component score has demonstrated utility as a preoperative predictor of mortality
for patients undergoing CABS.28

In this study, physical functioning was measured using three subscales: physical functioning
(10 items), role-physical functioning focused on role limitations due to physical problems (4
items), and vitality functioning evaluating the perceptions of energy and fatigue (4 items).
Psychosocial functioning was measured using: mental health (5 items), social (2 items), and
role limitations due to emotional problems (3 items) functioning subscales. Cronbach’s alphas
in this study for the both physical subscales (physical, role physical and vitality) and the
psychosocial subscales (role emotional, mental and social) for all data collection time periods
ranged from 89–90.

Data Analysis
Data analyses in this study were conducted using descriptive and using repeated measures
analysis of covariance (RM ANCOVA), with the baseline (prior to CABS) measures of the
physical activity and functioning variables as the covariates. In this study, it is assumed that
the variance-covariance matrix of each outcome is unstructured for the RM ANCOVA
analyses. The mixed model was used because each observation is correlated and thus need to
take the variance-covariance matrix of each outcome into account for these analyses.

RESEARCH FINDINGS
Physical activity

In this study, physical activity was measured at baseline using the Modified 7-day Activity
Interview, which provided baseline data (prior to having CABS) on the subject’s average kcal/
kg/day expended, average number of minutes spent exercising/week and average minutes/day
spent in moderate or greater activity. At 3- and 6-weeks and 3- and 6-months physical activity
and exercise was measured by the RT3® accelerometer (Stayhealthy, Inc.) providing average
kcals/kg/day expended, which is an estimate of energy expenditure (EEE). A diary was also
completed by subjects during the same follow-up times to collect average daily minutes in
activity of moderate or greater intensity, average number of minutes spent exercising/day and
the estimate of EEE (average kcals/kg/day).

There were no significant interactions for total mean Kcal/Kg/day expended, as measured by
the RT3®, using baseline mean number of minutes exercising per day, as measured by the
Modified 7-day Activity Interview, as the covariate. Overall, regardless of time, there was a
significant main effect by group [F (1,209)=4.66, p=.03]; the least square means of kcal/kg/
day expended or estimated energy expenditure (EEE) for the intervention group was 27.9 kcal/
kg/day and 26.6 kcal/kg/day for the usual care group. There was also a significant main effect
of time [F (3,209)=9.79, p<.0001], with increases in EEE for all subjects, regardless of group.
Figure 2 shows the adjusted mean (least mean squares) kcal/kg/day expended by the groups at
each follow-up time measured by the RT3® accelerometer. Similarly, the average kcal/kg/day
as measured by the Activity Diary demonstrated no significant interactions, but there was a
significant main effect by group [F(1,210)=6.43, p<.01]; with the least square means of kcal/
kg/day expended of 28.4 kcal/kg/day for the intervention group and 26.7 kcal/kg/day for the
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usual care group (see Figure 3). Both groups had significantly increased EEE over time [F
(3,210)=15.1, p<.0001], as measured by the Activity Diary, regardless of group.

There were no significant interactions for number of minutes per day spent in moderate or
greater intensity of physical activity, as measured by the Activity Diary, using baseline reported
levels of physical activity of moderate or greater levels of intensity, as measured by the
Modified 7-day Activity Interview, as the covariate. There was a significant main effect by
group [F(1,210)=5.99, p<.05]; the least square means of moderate or higher levels of activity
per day were 190.6 minutes/day for the intervention group and 148.2 for the usual care group.
There was also a significant main effects for time [F (3,210)=14.5, p<.0001] with subjects
having increased levels of moderate or higher physical activity over time regardless of group.
Figure 4 depicts the moderate and higher levels of activity by group over time.

There were no significant interactions or main effects for intervention group or time for mean
number of minutes exercised per day, as measured by the Activity Diary and using baseline
mean number of minutes exercised per day, as measured by the Modified 7-day Activity
Interview, as the covariate.

The findings for physical activity and exercise in this study, demonstrate some interesting
findings. Overall the early recovery telehealth intervention group expended more kcal/kg/day
as evidenced by both the RT3® and the activity diary; and additionally had higher levels of
physical activity at moderate or greater levels of intensity. Although not significant group by
time interactions, it is apparent from Figures 1–3, that most group differences were noted at
three months.

Functioning
In this study, physical and psychosocial functioning was measured at baseline (based on
preoperative levels of functioning) and follow-up times (6-weeks, and 3- and 6-months) after
CABS. There were no significant interactions or group effects for any of the physical
functioning measures (physical, role-physical and vitality functioning) or for psychosocial
functioning measure (mental, social and role-emotional functioning). There were significant
time effects for physical [F(2,171)=3.26, p<.05] and role-physical functioning [F(2,171)=6.64,
p<.005], with subjects’ physical and role physical functioning improving over time, regardless
of group. The adjusted (least square mean) functioning scores for both physiological and
psychosocial functioning at each follow-up time are summarized in Table 1.

DISCUSSION
Physical well-being is very important for patients with chronic conditions such as heart disease;
as declines in physical ability and functioning are associated with higher health care utilization,
morbidity and mortality.9,67 Cardiac revascularization as compared to medical management
can reduce overall mortality among older adults;68 although the beneficial outcomes realized
from revascularization may be impeded by persistent physical inactivity and lack of exercise.
In this study, those patients with higher disease burden, as reflected by more CAD risk factors
and impaired physical functioning prior to CABS, were studied to determine if an early
recovery telehealth intervention had an effect on outcomes to improve physical well-being
(physical activity, exercise and functioning). Findings indicated that the high disease burden
subjects in the intervention group had higher levels of physical activity, as indicated by
significantly higher adjusted estimated energy expenditure (kcal/kg/day expended) and higher
levels of physical activity at moderate or higher levels of intensity, regardless of time. Subjects
in the usual care group reached a plateau in their estimated energy expenditure by 3-months
after CABS, while the intervention group was experiencing a peak at this same time period.
The estimated energy expenditure patterns among older adults in the usual care group is
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consistent with findings from Reid and colleagues 27 showing the plateauing of physical
activity between 2- to 6-months after surgery.

Older adults have difficulty in maintaining increased exercise after a cardiac event, as only 15–
50% of patients are still exercising six months after cardiac rehabilitation.20,69,70 This finding
may support the need to consider a booster intervention before the six month period to reinforce
the need for physical activity and exercise. Additionally, conclusions by other researchers
indicate that there may be more benefits for cardiovascular health by supporting older adults
to lead a more physically active lifestyle, rather than just emphasizing the use of exercise alone
after a cardiac event.71,72

Other researchers have noted that cardiac patients may have delayed recovery34 or experience
disability and have limitations in their functioning after their cardiac events.36. In this study,
psychosocial functioning outcomes were similar to findings by other researchers,1,73 and
subjects demonstrated very little impairment of mental, social or role-emotional functioning,
perhaps reflective of the ceiling effect noted in the findings. Physiological functioning (role-
physical, physical, bodily pain and vitality functioning) of study participants also showed a
trend of improvement over time; regardless of group.

In this study, the levels of reported physiological functioning for subjects in both groups was
very comparable to findings from other studies of older cardiac patients after heart
revascularization.1,30 While it might have been assumed that subjects with higher disease
burden would have had more impaired functioning after their CABS, perhaps the subjects’
perception that they had such impaired status prior to their CABS and then following CABS
their functioning was much improved over preoperative status compelled subjects to respond
to their functioning as measured by the MOS SF-36 to be much higher than anticipated based
on their preoperative impaired functioning. It should also be noted that the majority of subjects
had participated in cardiac rehabilitation, which may also account for the improvements in
functioning as reported by subjects in this study.

LIMITATIONS
Findings from this study are limited given this is a sub-analysis of a larger, RCT. In addition,
the early recovery intervention examined in this study had not specifically been designed for
CABS patients who had higher disease burden; therefore, the effect of the intervention may
not have had as much of an impact as a more tailored intervention for this population. Another
study limitation is the use of self-report measure of functioning using the MOS SF-36 tool;
although this instrument is a robust measure widely used to measure physical and psychosocial
functioning reflective of HRQOL.

CONCLUSIONS AND RECOMMENDATIONS
Despite preexisting impairments and higher risk for poor outcomes, older adults with heart
disease can derive significant cardiovascular benefits and improved HRQoL from physical
activity and exercise.13,74,75 Researchers have previously found a major determinant of the
level of physical activity achieved and whether cardiac patients will maintain exercise, is based
upon their level of activity and exercise prior to their cardiac event.19 Thus patients with higher
disease burden, who have lower levels of physical activity and exercise, may need supportive
interventions after their cardiac event to establish and maintain increased levels of physical
activity. In summary, findings from this study indicate that after CABS, patients with high
disease burden have lower levels of physiological functioning compared to those patients with
less impaired preoperative status. In addition, the use of the early recovery telehealth
intervention was associated with improvements in estimated energy expenditure from physical
activity at 3-months after CABS; albeit the levels of physical activity declined by 6-months
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after surgery. This finding shows the promise of using such interventions, which could be
further tailored to the needs of older adults with high disease burden after cardiac
revascularization to integrate the habitual use of physical activity, so that it is an inherent part
of daily life.
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Figure 1.
Conceptual framework used for the Study
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Figure 2.
Adjusted Mean kcal/kg/day Expended by Group as measured by the RT3
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Figure 3.
Adjusted Mean kcal/kg/day Expended by Group as measured by the Activity Diary
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