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Abstract
This study determined whether pre-operative exercise and education (PREHAB) improves the
frailty status and physical activity behaviour of older adults undergoing elective cardiac surgery,
more than standard care (StanC). Using a subset of patients from a multi-centre trial
(NCT02219815), twenty-six patients over the age of sixty were randomized to receive StanC
(n=12) or PREHAB (n=14). Blinded research assistants collected data at baseline prior to
randomization and one week pre-operatively. Changes in frailty were assessed using a 30-item
functional frailty index (FFI); whereas, changes in physical activity behaviour were assessed
using accelerometers. Baseline data was not different between groups. Frailty status improved by
17%, 5% and 35% amongst StanC, PREHAB “non-completers” and PREHAB “completers”,
respectively. No changes in moderate to vigorous physical activity were found pre-operatively.
These data suggest that the PREHAB intervention is feasible to implement and may result in
improved frailty status amongst frail older adults awaiting elective cardiac surgery.
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Chapter 1: Introduction
Cardiovascular disease is the number one cause of mortality worldwide, accounting for up to
30% of deaths globally and nearly 17% of total hospitalizations in Canada.1,2 Collectively, the
term cardiovascular disease comprises a group of disorders originating in the heart and blood
vessels, which includes coronary artery disease (CAD), cerebrovascular disease (CVD) and
peripheral vascular disease (PVD), among others. The economic impact of cardiovascular
disease in Canada is estimated to be in excess of $20.9 billion annually.2 This statistic is
troubling, as it is estimated that up to 80% of cardiovascular disease can be prevented by
modifiable risk factors, including physical activity, tobacco usage and dietary choices.1
Treatment strategies for patients with cardiovascular disease typically include lifestyle
modification and a variety of pharmacological interventions, which, when combined have
demonstrated increased efficacy beyond monotherapy alone.3 However, in patients with severe
cardiovascular disease, surgical intervention is often necessary. Among the most common
cardiac surgical procedures are coronary artery bypass graft (CABG) surgery and valve
repair/replacement, as well as less invasive, non-surgical interventions such as percutaneous
coronary intervention and transcatheter procedures. Cardiac surgery has been demonstrated to
reduce long-term morbidity and mortality when compared to medical therapy alone, particularly
in high-risk patients with cardiovascular disease.4 A meta-analyses combining observational
study data from 205,717 patients undergoing isolated CABG surgery reported in-hospital
mortality to be 1.7% and the incidence of non-fatal myocardial infarction (MI) to be 2.4%,5
while long-term survival following CABG is reported to be 89% and 80% at 5- and 8-years postoperatively, respectively.6 However, due to an aging demographic and advances in surgical
procedures, older patients with multiple comorbidities, previously believed to be unsuitable for a
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surgical intervention, are now frequently being referred for cardiac surgery. For example, the
proportion of patients aged 75 years of age and older undergoing cardiac procedures increased
from 16% in 1990 up to 25% in recent estimates made in 2012.7 These patients have the potential
for higher rates of perioperative complication and often experience prolonged recovery periods.8
While chronological age has been demonstrated to be associated with poor outcomes after
surgery,9–11 emerging evidence has identified several non-traditional, modifiable risk factors,
including frailty,12 physical activity behaviour13–21 and aerobic capacity22,23 as equally important
prognostic indicators of surgical success.
Despite the Canadian Physical Activity Guidelines (CPAG)24 and the Canadian Cardiovascular
Society (CCS) Heart Failure Management Guidelines25 recommending moderate to vigorous
intensity physical activity (MVPA) to improve cardiovascular health, it has been documented
that cardiac patients accumulate insufficient physical activity prior to their surgical
procedure.15,18,20,26,27 Based on the structure of the modern health care system resulting in “wait
lists” prior to elective surgery and the data indicating that cardiac patients are often inactive,
there is a strong rationale to investigate strategies for pre-operative risk factor optimization,
particularly in an already deconditioned cohort of frail, older adults. Furthermore, since the
phenotype of frailty is characterized by reductions in muscle mass, strength and physical activity
levels, cardiac rehabilitation (CR) may be a suitable intervention to counteract these impairments
and optimize risk pre-operatively.28 Traditional CR is an interdisciplinary program prescribed to
post-operative cardiac surgery patients that has been demonstrated to be safe in older adults13,29–
31

and result in robust reductions in mortality and major morbidity.32–36 However, few studies

have investigated the utility of implementing CR programming during the pre-operative period
as an optimization strategy prior to surgery. The following literature review will introduce the
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concept of frailty in the context of the modern surgical patient and evaluate the importance of
physical activity in patients with established or unrepaired cardiovascular disease. This literature
review will also highlight the efficacy of CR and provide a rationale for implementing a “prehabilitation” program prior to elective cardiac surgery to optimize pre-operative risk factors in a
frail cohort of older adults.
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Chapter 2: Review of Literature
Defining the Concept of Frailty
Frailty is a syndrome characterized by decreased physiologic reserve and is defined by an
increased vulnerability to stressors (Figure 1).28,37 The term is often used to describe a vulnerable
subset of the population that is at a high risk for adverse health outcomes, including falls,
admission to long-term care facilities and mortality.37 While frailty is not necessarily
synonymous with age, it is more prevalent among older adults and is also more common in
women and in patients with cardiovascular disease.28

Figure 1. Diagrammatic Representation of Frailty

The top line represents a robust individual that, following a stressor (e.g. cardiac surgery,
infection) has a minor deterioration in functional status and then returns to baseline levels
quickly thereafter. The bottom line represents a frail individual that experiences a
disproportionate deterioration in functional status following a stressor event and subsequently
does not regain baseline functioning.
Reprinted from Lancet, 381(9868), Andrew Clegg, John Young, Steve Iliffe, Marcel O. Rikkert,
and Kenneth Rockwood, Frailty in elderly people, 752-762, Copyright (2013) with permission
from Elsevier.
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The precise physiological underpinnings leading to the progression of frailty have yet to be
fully elucidated. It is generally accepted, however, that the frailty syndrome results from several
sub-threshold decrements to interrelated physiological systems, including the development of
cardiovascular disease, sarcopenia and insulin resistance (Figure 2). Under normal
circumstances, redundancies exist in organ systems to compensate for age-related declines and
perturbations to homeostasis that commonly occur with disease and other physiological
stressors.38 For example, more neurons in the brain and excess myocytes in skeletal muscle are
present than are adequately required for survival.39 However, the accumulation of widespread
cellular damage in frail individuals results in a loss of redundancy and an inability to overcome
small disturbances in health status that may occur with disease or an acute stressor such as
cardiac surgery.
Data collected from epidemiologic studies support the notion that frailty involves dysregulation
across interrelated physiological systems. In the Women’s Health and Aging Studies I and II,
several systemic abnormalities were investigated, including inflammation, hormonal
dysregulation, adiposity, neuromuscular and micronutrients.40 Interestingly, study authors
reported that the mean number of impaired systems nonlinearly predicted frailty status; one to
two systems (OR: 4.8 95% CI 1.1-21.1), three to four systems (OR: 11.0 95% CI 2.5-47.9) and
five ore more systems (OR: 26.0 95% CI 3.7-183.3). Additionally, the mean number of impaired
systems increased progressively in non-frail (1.3 impaired systems 95% CI 1.1-1.4), pre-frail
(1.8 impaired systems 95% CI 1.7-1.9) and frail (2.7 impaired systems 95% CI 2.4-3.0)
individuals. The most frequent combination of disease states in frail patients include
cardiovascular disease, chronic kidney disease (CKD), pulmonary disease, anemia and
depressive symptoms.41 Collectively, this data suggests that the number of systems, not the
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individual system itself, is predictive of frailty status and this results in an impaired ability to
respond appropriately to homeostatic perturbations. One proposed physiological mechanism
leading to dysregulation of interrelated physiologic systems involves chronic inflammation.42 In
fact, compared to middle quartiles, individuals in the lowest quartile of basal Interleukin 6 (OR:
0.48 95% CI 0.31-0.74) and tumor necrosis factor alpha (OR: 0.59 95% CI 0.38-0.90) were less
likely to be classified as frail.42 Additionally, high levels of C-reactive protein have been
associated with an increased risk of frailty (OR: 1.82 95% CI 1.19-2.80) in cross-sectional
studies of community-dwelling older adults, as have increased levels of the glycoproteins
transferrin and fibrinogen.43 Although the precise physiologic milieu leading to the progression
of frailty has yet to be discovered, it appears that chronic inflammation may contribute to the
general dysfunction associated with the frailty syndrome.

Figure 2. Pathophysiology of the Frailty Syndrome

Reprinted from The Journal of the American College of Cardiology, 63(8), Jonathan Afilalo,
Karen P. Alexander, Michael J. Mack, Mathew S. Maurer, Philip Green, Larry A. Allen, Jeffrey
J. Popma, Luigi Ferrucci, and Daniel E. Forman, Frailty Assessment in the Cardiovascular
Care of Older Adults, 747-762, Copyright (2014) with permission from Elsevier.
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Recent literature has also examined the intricate relationship between frailty and impaired
cognitive function, defining the term “cognitive frailty” as being the simultaneous occurrence of
physical frailty and impaired cognition, in the absence of diagnosed dementia.44,45 Interestingly,
results from the longitudinal Gait and Brain Study indicate that frail individuals over the age 65
are more likely to experience cognitive decline when compared to non-frail peers (77% vs. 54%,
p=0.02).46 Additionally, results from this observational study identified a unique manifestation of
cognitive-frailty, such that individuals with slow gait speed and cognitive impairment had the
highest risk for progression to dementia over a 5-year follow-up (HR: 35.9 95% CI 4.0-319.2).
Several cross-sectional studies have also demonstrated elevated rates of cognitive impairment
amongst frail individuals, where up to 22% of community-dwelling frail individuals meet the
criteria for cognitive impairment, compared to just 12% and 10% in the pre-frail and non-frail
groups, respectively (p<0.001).47 A recent narrative review suggested a causal mechanistic link
between cognitive impairment and frailty, such that chronic inflammation, androgen imbalances,
cardiovascular disease and the presence of neurofibrillary tangles and plaques may underlie the
development of the cognitive-frailty syndrome.48 Even so, authors of this review acknowledge
the lack of quality experimental evidence examining the possible pathophysiologic pathways
leading to the progression of frailty.
Measuring Frailty
Currently, there does not exist a universally accepted definition of frailty, which is likely a
result of the substantial overlap that exists between the interrelated concepts of disability,
comorbidity and sarcopenia. For example, comorbidity is defined by the presence of two or more
diagnosed diseases in an individual, which coincides with many of the characteristics of frailty.37
In fact, in 2576 community dwelling adults from the Cardiovascular Health Study over the age of
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65 with 2 or more diagnosed diseases, 249 (9.6%) were also considered frail.37 Moreover, the
phenotype of frailty is characterized by reductions in muscle mass, strength, endurance and
activity level,28 which encompasses the progressive loss of skeletal muscle mass in patients with
sarcopenia.28,49 Thus, frailty and sarcopenia are not mutually exclusive, which makes it
challenging to distinguish the frailty syndrome from several interrelated concepts in the
literature. There are two dominant methods of assessing frailty in the literature: (1) the
phenotype model proposed by Fried and colleagues;28 and, (2) the accumulation of deficits
model originally proposed by Rockwood and colleagues.50 The following sections will review
the phenotype model and the accumulation of deficits model, in addition to introducing two
emerging tools; the Clinical Frailty Scale (CFS; originally based on the frailty index model)51
and the Short Physical Performance Battery (SPPB).52,53 These tools are becoming increasingly
relevant frailty assessments due to their ease of implementation in a clinical setting.
The Phenotype Model
In a seminal study, Fried and colleagues prospectively examined data from 5317 communitydwelling men and women enrolled in the Cardiovascular Health Study.28 Demographically,
participants were 65 years of age and older, and frailty was defined by the presence of three or
more of the following characteristics: 1) unintentional weight loss (i.e. 10 lbs in past year); 2)
exhaustion (i.e. self-report); 3) weakness (i.e. grip strength in lowest 20% for gender and body
mass index); 4) slow walking speed (i.e. slowest 20% on time to walk 15 feet); and 5) low
physical activity (i.e. lowest quintile of kilocalories expended per week). Notably, the prevalence
of frailty was up to two-fold higher in women compared to men and prevalence increased
progressively with each 5-year age category. Participants who were defined as frail also had
higher rates of comorbidities, including cardiovascular disease, pulmonary disease and diabetes.
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Furthermore, intermediate frailty (i.e. pre-frail patients), defined as possessing one or two frailty
characteristics, conferred an increased risk of becoming frail over a 4-year follow up period (OR:
2.63 95% CI 1.94-3.56), compared to those individuals classified as robust at study entry.
Patients who were frail also reported difficultly in mobility tasks (71.7% in frail vs. 16.0% in
non-frail) and instrumental activities of daily living (59.7% in frail vs. 13.5% in non-frail).
Collectively, this data suggests that disability is an outcome of frailty, while the presence of
comorbidities such as cardiovascular disease confers an increased risk of developing frailty. The
phenotype model provides a standardized definition of frailty amongst community-dwelling
older adults with established predictive validity (see Frailty Confers an Increased Risk of
Mortality below). Major limitations of the phenotype definition of frailty include the feasibility
of implementation in a clinical setting and the exclusion of certain characteristics that may
contribute to frailty, such as cognitive dysfunction or mental health disorders. Furthermore, the
phenotype definition of frailty may experience a ceiling effect in severely frail patients
presenting with all five characteristics.
The Accumulation of Deficits Model
The accumulation of deficits model, originally proposed by Rockwood and colleagues,
provides a quantitative measure of frailty and can be used to stratify a heterogeneous population
of older adults on a continuous scale.50 To develop the original 92-item frailty index, Mitnitski et
al. obtained prospective data from 10,263 men and women over the age of 65 enrolled in the
Canadian Study of Health and Aging. Study authors developed an index of frailty by dividing the
number of deficits present by the total number of deficits in the index. Thus, an individual with
few deficits was classified as robust; whereas, an individual with many deficits was classified as
frail. Notably, the cut-point of 0.25 has been used previously in the literature to classify an
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individual as frail,54 while an index of 0.67 is generally the highest frailty index observed in any
setting and indicates imminent risk of death.55 The frailty index model has been proposed as a
broad indicator of aging and can be adapted to include many different variables, provided that
the variables are deficits associated with health status, generally increase in prevalence with age
and the index must contain a minimum of 30 total deficits.56 This makes the accumulation of
deficits model attractive for implementation in research and clinical settings, as the variables that
comprise an index can be modified to include measures collected as part of routine clinical care.
In fact, Rockwood and colleagues reported that 1000 iterations of the frailty index using a
random sample of 50-75% of 91 total variables (i.e. both self-report and clinical measures)
collected as part of the Canadian Study of Health and Aging showed little overlap between
frailty quartiles in both men and women.57 This suggests that the frailty index is a robust and
replicable strategy for assessing frailty and that the individual variables included within an index
can be flexibly adapted to include a range of clinical and self-report characteristics.
The phenotype model and the accumulation of deficits model demonstrate a moderately strong
correlation (r=0.65), with frailty index scores, increasing progressively in robust individuals with
no phenotype characteristics (Average Frailty Index=0.12), pre-frail individuals with one or two
characteristics (Average Frailty Index=0.30) and frail individuals with three or more
characteristic (Average Frailty Index=0.44).54 Both measures demonstrate exponential increases
with age, increased prevalence in women and associations with poor self-reported health status.58
The primary advantage of the accumulation of deficits model is that the index covers a range of
characteristics related to aging and physiological decline and as such, may be more accurate in
predicting adverse health outcomes when compared to other models of frailty. In fact, data from
the Cardiovascular Health Study revealed that in frail individuals, the phenotype model
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underestimated the risk of death by 67%; whereas, the accumulation of deficits model
underestimated the risk of death in just 12% of participants.59 Even so, the accumulation of
deficits model is burdensome to implement in a clinical setting due to the number of variables
that must be collected and may be less effective in identifying individuals with activities of daily
living (ADL) limitations. A cross-sectional analysis of 4096 adults over the age of 50 enrolled in
the National Health and Nutrition Examination Survey identified that 97.8% of individuals
classified as frail by the phenotype model and 56.6% of frail individuals according to the index
also had an ADL disability.58 Thus, there are practical limitations to both of the frailty models
described above and to feasibly implement frailty screening in routine clinical practice, new tools
must be developed.
The Clinical Frailty Scale (CFS)
The 7-point CFS was originally developed by Rockwood and colleagues in 2305 patients
enrolled in the Canadian Study of Health and Aging II as a predictive tool to evaluate frailty in a
clinical setting.51 Physicians subjectively assign patients a score ranging from 1 (i.e. Very Fit) to
7 (i.e. Severely Frail), with each incremental increase in CFS score being associated with an
increased 70-month mortality (~0.8 for a score of 1-3, ~0.6 for a score of 4, ~0.45 for a score of
5 and ~0.4 for a score of 6-7). The CFS is highly correlated with the frailty index (R=0.80) and
also incrementally predicts admission to institutional care. Thus, the CFS presents a promising
screening tool that can be feasibly implemented in a clinical setting and may be predictive of
long-term adverse health outcomes. Recent modifications to the CFS have added two additional
categories of frailty (i.e. very severely frail and terminally ill) to the original 7-point scale to
accommodate for the ceiling effect often observed in severely frail patients (9-point scale shown
in Figure 3).
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Figure 3. Clinical Frailty Scale

Used with permission from Geriatric Medicine Research, Dalhousie University, Halifax,
Canada. Reprinted from The Canadian Medical Association Journal, 173(5), Kenneth
Rockwood, Xiaowei Song, Chris MacKnight, Howard Bergman, David Hogan, Ian McDowell,
and Arnold Mitnitski, A global clinical measure of fitness and frailty in elderly people, 489-495.
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The Short Physical Performance Battery (SPPB)
The SPPB includes a series of physical performance tests that assess lower extremity function
and disability, not frailty specifically.52 However, the SPPB has been increasingly used as a
practical indicator of frailty in the literature.60,61 The test itself includes three physical
performance measures: 1) balance test (side-by-side, semi-tandem and tandem stances); 2) time
to walk 8 feet; and 3) time to rise from a chair and return to a seated position 5 times. Each
measure is scored out of 4, with 0 indicating an inability to complete the task and 4 indicating
completion within the allotted time, for a cumulative total of 12 points. Notably, the SPPB is
moderately correlated (r=0.33) with the Fried criteria, while a cut-off score of 9 on the SPPB
demonstrated good sensitivity (92%) and specificity (80%) in identifying frailty in a cohort of 60
Canadians aged 65 to 74 (AUC=0.81).61 Major limitations of the SPPB include the ceiling effect
that occurs in robust individuals and an emphasis on lower body functional ability to the
exclusion of cognitive function, upper body function and several other aspects of physiological
decline that contribute to the development of the frailty syndrome.
Prevalence, Risk Factors and the Health Impacts of Frailty
Patients who are classified as frail are at an increased risk of adverse health outcomes,
including mortality, major morbidity, falls and institutionalization. The following section will
outline the prevalence and health impacts of frailty in addition to investigating the association
between cardiovascular disease and frailty.
Prevalence of Frailty
The prevalence of frailty varies based upon the definition and the specific population that is
investigated. For example, in a cross-sectional analysis of 18,227 community-dwelling adults
over the age of 50 enrolled in the Cardiovascular Health Study, 4.1% were classified as frail
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according to the phenotype criteria and 37.4% were classified as pre-frail (i.e. 1 or 2 criteria).62
This prospective study of older adults also revealed that women (5.2%) were more frequently
frail than men (2.9%), and in the 7510 individuals over the age of 65, 17% were classified as
being frail. Thus, the prevalence of frailty appears to increase with age and is more commonly
diagnosed in women.63,64 Shamliyan and colleagues recently conducted a systematic review
compiling 24 population-based studies examining frailty in community-dwelling adults over the
age of 65 and reported the pooled prevalence of frailty to be 14% according to the phenotype
criteria,63 which is consistent with other reports.64 Interestingly, when the accumulation of
deficits model was used, the prevalence of frailty in the pooled population increased to 24%.
Prevalence of frailty also increased with age (age 65-70, 3%-6% phenotype, 5%-15%
accumulation of deficits; age 70-80, 5%-12% phenotype, 8%-17% accumulation of deficits) with
individuals over the age of 85 having the highest prevalence of frailty (26% phenotype, 50%56% accumulation of deficits). These data demonstrate that the prevalence of frailty increases
with age, while the accumulation of deficits model appears to estimate the prevalence of frailty
to be slightly higher than the phenotype model. This discrepancy is likely a result of the breadth
of variables collected by the accumulation of deficits model compared to the five specific
markers evaluated by the phenotype criteria.
Frailty Confers an Increased Risk for Mortality
Literature suggests that patients who are classified as frail are at an increased risk of mortality
and major morbidity compared to non-frail peers. In Shamliyan et al.’s systematic review
compiling data from 92,813 community-dwelling older adults, compared to non-frail peers,
frailty as defined by the phenotype model increased mortality by 50%; whereas, frailty defined
by the accumulation of deficits increased mortality by 15%.63 Evidence from the Population
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Health Survey of Canada also suggests that increases in frailty, defined by the accumulation of
deficits model incrementally predicts mortality, suggesting a dose-response relationship. For
example, individuals over the age of 65 with a frailty index of 0.25 or greater have a 10-year
survival probability of 27%, compared to 70% in individuals with a frailty index less than 0.08.65
The association between frailty and impaired survival remains significant in both men and
women and the association is strongest over a 4-year follow-up period.63
Cardiovascular Disease as a Risk Factor for Frailty
In the context of cardiovascular disease, frailty is more prevalent in patients with established
heart disease. For example, in 223 patients (mean age 71) with heart failure, 21% were classified
as frail according to the phenotype criteria and 48% were considered pre-frail,66 which is higher
than prevalence estimates in the general population of older adults.63 In 4735 communitydwelling older adults enrolled in the Cardiovascular Health Study, cardiovascular disease was
associated with an approximately 3-fold increase in the prevalence of frailty (OR: 2.79 95% CI
2.12 to 3.67).67 However, both of these studies failed to investigate the temporal sequence of
frailty and cardiovascular disease. More simply stated, it is not well understood whether frailty
precedes the development of cardiovascular disease, or the reverse, if cardiovascular disease
leads to the progression of the frailty syndrome. The Women’s Health Initiative Observational
Study was the first to suggest that cardiovascular disease preceded the development of frailty.68
In fact, in 28,181 women between the ages of 65 and 79 who were not classified as frail at
baseline, CAD (OR: 1.47 95% CI 1.25-1.73), stroke (OR: 1.71 95% CI 1.24-2.36) and
hypertension (OR: 1.18 95% CI 1.08-1.29) were predictive of frailty over a 3-year follow-up
period. Thus, it appears that cardiovascular disease may be a pre-cursor to the development of
frailty in older adults. A recent systematic review conducted by Afilalo and colleagues
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established the association between frailty and cardiovascular disease by compiling 9 studies and
data from 54,250 participants.69 Study authors reported that cardiovascular disease was
associated with an increased risk of prevalent (i.e. total number of frail patients; OR: 2.7-4.1) and
incident frailty (i.e. number of newly diagnosed frail patients; OR: 1.5). Results from the
Cardiovascular Health Study also support the role of cardiovascular disease as a pre-cursor to the
development of frailty.67 In this study, participants with cardiovascular disease were 2.8-fold
more likely to be classified as frail compared to those without cardiovascular disease, with
congestive heart failure (CHF) being the strongest predictor of frailty status (OR 7.51 95% CI
4.66-12.12). Furthermore, after adjusting for age, gender and race, individuals with systolic
blood pressure (BP) ≥125 mmHg (OR: 1.15 95% CI 1.05-1.26), ankle-arm index <0.8 (OR: 3.56
95% CI 2.03-6.24), major electrocardiography abnormalities (OR: 1.58 95% CI 1.10-2.26) and
left ventricular mass ≥ 140 grams (OR: 1.16 95% CI 1.03-1.31) were more likely to be frail.
Thus, subclinical cardiovascular disease is predictive of frailty status, presenting an opportunity
for early intervention strategies in this population.
Pre-Frailty as a Risk Factor for Cardiovascular Disease
Recent evidence from the Progetto Vento Anziani population-based prospective cohort study
conducted in two separate geographic regions of Italy suggests that frailty is also a risk factor for
the subsequent development of cardiovascular disease.70 In this study, a sample of 1,567 study
participants aged 65 years and older without frailty (i.e. robust or pre-frail) at baseline were
followed longitudinally for a period of 4.4 years. Study authors reported that pre-frailty (i.e.
defined as having one or two characteristics of the Fried phenotype criteria), was significantly
associated with the subsequent development of cardiovascular disease. Individuals expressing
one frailty characteristic (HR: 1.25 95% CI 1.05-1.64) and two frailty characteristics (HR: 1.79
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95% CI 1.27-2.52) were more likely to experience hospitalization for MI, CVD or heart failure
compared to individuals expressing no frailty characteristics. This study is in contrast to previous
literature presented in this review suggesting that subclinical cardiovascular disease is a precursor to the development of the frailty syndrome.67,68 Taken together, the literature likely
suggests that a bi-directional relationship exists between frailty and cardiovascular disease, such
that both syndromes exacerbate simultaneously or have synergistic effects within vulnerable
individuals.
Frailty is a Risk Factor for Adverse Outcomes Following Cardiac Surgery
Markers of decreased physiologic reserve have also been investigated as risk indicators in
patients undergoing cardiac procedures, where up to 54.1% of patients can be classified as
frail.69,71 The first study to demonstrate an association between frailty and adverse post-operative
outcomes was conducted by Lee and colleagues, which retrospectively evaluated frailty in 3826
patients undergoing cardiac surgery.72 Study authors reported that frail patients had a 1.5-fold
greater risk of all-cause mortality, and frailty status (i.e. defined as an impairment in ADL,
ambulation or documented history of dementia) was an independent predictor of in-hospital
mortality (OR: 1.8 95% CI 1.1-3.0) and institutional discharge post-operatively (OR: 6.3 95% CI
4.2-9.4). While many studies have used composite definitions of frailty, Afilalo and colleagues
demonstrated the singular measure of gait speed as an independent predictor of major morbidity
and mortality (OR: 3.05 95% CI 1.23-7.54) and discharge to a health care facility (OR: 3.19 95%
CI 1.40-8.41) following coronary artery bypass graft (CABG) or valve replacement surgery in
patients over the age of 70.73 This study is highly pragmatic in that the single measure of gait
speed could be routinely implemented in clinical practice with limited burden on health care
resources. Frailty status has also been associated with longer post-surgical hospital length of stay
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(LOS; 9 ± 6 days in frail vs. 6 ± 5 days in non-frail) and is independently associated with 1-year
mortality (HR: 3.5 95% CI 1.4-8.5) following transcatheter aortic valve replacement (TAVR)
surgery.74 While risk stratifying tools such as the European System for Cardiac Operative Risk
Evaluation (EuroSCORE)75 and Society of Thoracic Surgeons Predicted Risk of Morality (STSPROM)76–78 are used routinely in clinical practice, incorporating a frailty screening tool may be
beneficial in stratifying a patient’s risk profile prior to cardiac surgery. In fact, the addition of
frailty to the STS-PROM (AUC 0.73-0.76) as a risk stratification tool in older adults over the age
of 70 provides incremental value and improved model discrimination compared to using the
STS-PROM alone (AUC 0.68-0.72).7 This is supported by results from a recent systematic
review conducted by Sepehri and colleagues, which suggests that frailty status, defined using
multiple criteria, had a strong positive relationship with the risk of cardiac and cerebrovascular
events following cardiac surgery (OR: 4.89 95% CI 1.64-14.60).12 Another review conducted by
Beggs et al. confirms this association between frailty and an increased likelihood of adverse
perioperative outcomes in a variety of surgical populations, including cardiac, vascular,
abdominal and orthopedic procedures.79 For an overview of studies specific to cardiac surgery
compiled by Sepehri et al.,12 refer to Table 1.7,72,74,80–82
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Table 1. Frailty and Post-Operative Outcomes
Study

Population

Frailty Measure

Outcomes
Measured

Association

Lee (2011)72

Patients undergoing
cardiac surgery
(n=3826)

Katz Index of
Activities of Daily
Living, independence
in ambulation and
dementia

In-hospital mortality,
midterm all-cause
mortality, discharge
to institution, inhospital outcomes

Sundermann (2011)80

Patients ≥ 74 years
undergoing cardiac
surgery (n=400)

Comprehensive
Assessment of Frailty

1-year all-cause
mortality, major
adverse cardiac and
cerebrovascular
events

Afilalo (2012)7

Patients ≥ 70 years
undergoing CABG or
valvular surgery
(n=152)

Post-operative
mortality, major
morbidity

Green (2012)74

Patients ≥ 60 years
undergoing
transcatheter aortic
valve replacement
(n=159)
Patients ≥ 70 years
undergoing
transcatheter aortic
valve implantation
(n=100)

5-item
Cardiovascular
Health Study Frailty
Scale, 7-item
Cardiovascular
Health Study Frailty
Scale, Gait Speed, 4item MacArthur
Successful Aging
Modified Fried
Criteria

Frailty associated
with increased inhospital mortality
(OR: 1.8 95% CI
1.1-3.0, p=0.03),
prolonged
institutional care
(OR: 6.3 95% CI
4.2-9.4, p=0.0001)
and increased
midterm mortality
(HR: 1.5 95% CI
1.1-2.2, p=0.01)
Frailty associated
with increased 1year mortality
(OR: 1.11 95% CI
1.05-1.17,
p<0.001)
Gait speed
associated with
increased
mortality or major
morbidity (OR:
2.63 95% CI 1.25.9, p<0.05)

Stortecky (2012)81

Schoenenberger
(2013)82

Patients ≥ 70 years
undergoing
transcatheter aortic
valve implantation
(n=119)

All-cause mortality,
procedural outcomes

Modified Multidimensional Geriatric
Assessment

All-cause mortality,
major adverse cardiac
and cerebrovascular
events

Modified Geriatric
Baseline
Examination

Functional decline,
mortality

Frailty associated
with increased 1year mortality
(HR: 3.16 95% CI
1.3-7.5, p=0.009)
Frailty associated
with increased 1year mortality
(OR: 3.68 95% CI
1.2-11.2, p=0.02)
and increased
major adverse
cardiac and
cerebrovascular
events (OR: 4.89
95% CI 1.6-14.6,
p=0.003)
Frailty associated
with functional
decline or death
(OR: 4.46 95% CI
1.9-10.8, p=0.001)

Reprinted from The Journal of Thoracic and Cardiovascular Surgery, 148(6), Aresh Sepehri,
Thomas Beggs, Ansar Hassan, Claudio Rigatto, Christine Shaw-Daigle, Navdeep Tangri, and
Rakesh C. Arora, The impact of frailty on outcomes after cardiac surgery: A systematic review,
3110-3117, Copyright (2014) with permission from Elsevier.
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Modifying Frailty with Exercise
It has been estimated that up to 5% of deaths in older adults could be delayed by preventing the
onset of frailty.63 While the efficacy of exercise at preventing adverse outcomes such as falls83
and cognitive decline84 have been previously reported in systematic reviews, the precise role of
exercise in preventing or reversing frailty has yet to be fully elucidated. A systematic review
examining exercise interventions and frailty conducted by Theou and colleagues concluded that
multi-modal exercise interventions of longer duration (i.e. >5 months) performed 3 times per
week provided superior results in the management of frailty.85 However, definitions used to
evaluate frailty in many of the 47 studies identified by this systematic review were inconsistent.
Only three of the included studies cited utilized validated measures of frailty. Thus, more quality
research is needed in this area.
Faber and colleagues conducted a multi-centre, randomized controlled trial of moderate
intensity exercise in older adults and used the Fried phenotype criteria to evaluate frailty.86
Specifically, the trial evaluated two exercise programs: (1) the first program focused on
developing balance and mobility (n=54); and, (2) the second program utilized Tai Chi to improve
balance, coordination and muscular strength (n=70). Both programs were delivered once per
week for four weeks, followed by twice-weekly exercise sessions for 16-weeks thereafter.
Although study authors did not evaluate the effect of the program on frailty status directly, they
did report that falls risk in the pre-frail subgroup decreased by 61%; whereas, the intervention
increased the risk of falls in the frail subgroup (HR: 2.95 95% CI 1.64-5.32). Paradoxically, this
study indicates that pre-frail patients may derive the most benefit from an exercise intervention
compared to those at the extreme continuum of frailty. A study by Peterson and colleagues
evaluated the effectiveness of a 6-month telephone counseling intervention, consisting of

21
behaviour change techniques and goal setting activities, in frail patients and reported that the
intervention group had an 18% reduction (p = 0.08) in the proportion of frail to non-frail
participants at a 6-month follow up, as defined by the Fried criteria.87 However, this study
combined both frail and pre-frail individuals into a single category; therefore, the intervention is
difficult to generalize to the frail population specifically.
Recently, the multi-centre Lifestyle Interventions and Independence for Elders Pilot (LIFE-P)
randomized controlled trial investigated a 12-month physical activity intervention in 424
community dwelling older adults (ages 70-89) at risk for mobility disability.88–90 The 12-month,
progressive intervention consisted of aerobic, strength, flexibility and balance components
combining both centre-based and home-based sessions. In contrast, individuals randomized to
the control arm were provided weekly health education sessions for 26 weeks, followed by
monthly education sessions for the remainder of the 12-month study. Study authors reported the
baseline prevalence of frailty to be approximately 23% as defined by the Fried phenotype
criteria.90 Interestingly, the 12-month physical activity intervention was found to improve
physical performance,88 attenuate the incidence of major mobility disability89 and reduce the
prevalence of frailty in the intervention group (10% 95% CI 6.5-15.1%) relative to controls
(19.1% 95% CI 13.9-15.6%).90 Furthermore, differences in the mean number of frailty criteria
between the intervention and control groups existed at the 6-month (-0.23 95% CI -0.42 to -0.04)
and 12-month assessments (-0.27 95% CI -0.47 to -0.06).90 Thus, evidence from the LIFE-P trial
indicates that the frailty syndrome is modifiable through an interdisciplinary, progressive
physical activity intervention.
Perhaps the most rigorous study evaluating the effectiveness of exercise in modifying frailty
status comes from Cameron and colleagues.91,92 In the single centre Frailty Intervention Trial
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(FIT), 216 participants were randomized to a 1-year interdisciplinary, individualized health
intervention including nutrition, social engagement, physiotherapy and exercise components. The
control arm received standard care, including consultations with a general practitioner or medical
specialist as required, with no specific exercise prescription. Although no differences in frailty
were identified at the 3-month assessment, study authors reported a lower prevalence of frailty,
as defined by the phenotype criteria, in the intervention group compared to controls (absolute
difference 14.7% 95% CI 2.4-27.0%) at a 12-month follow-up. Furthermore, scores on the
SPPB declined in the control group by an average of 0.98 over 12-months; whereas, SPPB scores
increased in the intervention group by an average of 0.52 (between group difference 1.44 95% CI
0.80-2.07). However, due to the multidisciplinary nature of the intervention, it is difficult to
attribute these improvements in frailty status and physical function to the exercise program
specifically. Even so, this trial supports the results of the multi-centre LIFE-P study, suggesting
that frailty status is indeed modifiable following a 12-month, interdisciplinary intervention.
Further research is needed to determine if intensive exercise interventions of shorter duration
may have a similar influence on frailty status in various clinical populations, including those
with cardiovascular disease.
Physical Activity, Exercise Capacity and Cardiovascular Disease
Regular physical activity confers an array of cardiovascular benefits, is an established
characteristic in the phenotype model of frailty28 and is recommended as a strategy in both the
primary and secondary prevention of CAD.93 In a meta-analysis conducted by Sofi and
colleagues combining results from 26 studies and 513, 472 patients, high (RR: 0.73 95% CI
0.66-0.8) and moderate levels (RR: 0.88 95% CI 0.83-0.93) of leisure time physical activity
conferred a cardio-protective effect against the subsequent development of CAD.94 Specific to
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secondary prevention, leisure-time physical activity has been demonstrated to be an independent
predictor of survival in patients with CAD, where sedentary individuals with CAD have a 1.6fold greater risk of long-term mortality (HR: 1.63 95% CI 1.34-1.97) compared to active
counterparts.95 In apparently healthy subjects, physical activity is associated with a risk reduction
of 35% (95% CI 30-40%) in relation to cardiovascular mortality and 33% (95% CI 28-37%) in
all-cause mortality;96 this association remains significant even in older adults accumulating low
doses (RR: 0.78 95% CI 0.71-0.87) and in older adults adhering to recommended physical
activity guidelines (RR: 0.72 95% CI 0.65-0.80).97 While even modest amounts of physical
activity can confer health benefits, there appears to be a dose-response relationship relating to
physical activity and cardiovascular disease risk. In patients with established cardiovascular
disease, an energy expenditure of 1600 kcal per week has been demonstrated to be effective in
halting the progression of CAD; whereas, an energy expenditure of 2200 kcal per week is
associated with plaque reduction.98 Further evidence of a dose-response relationship comes from
a meta-analysis conducted by Williams, which reported that with each percentile increase in
physical activity, there is an associated -0.0031% reduction in relative risk of developing CAD.93
Related to the accumulation of physical activity, exercise capacity has also been demonstrated
as an important prognostic indicator of long-term adverse health outcomes in apparently healthy
individuals99 and in patients with cardiovascular disease.100 For example, in 6213 men referred
for exercise testing, every 1-Metabolic Equivalent of Task (MET) increase in exercise capacity
was associated with a 9% improvement in survival (HR: 0.91 95% CI 0.88-0.94 for each 1-MET
increment) over a mean follow-up period of 6.2 years.99 Additionally, Kavanagh and colleagues
conducted an observational study of 12,169 men referred for CR and reported that maximal
oxygen uptake (VO2max) was a predictor of cardiac mortality, where individuals with a VO2max of
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15 to 22 and >22 mLO2/kg/minute had 38% and 61% reductions in the risk of cardiac death,
respectively, compared to individuals with a VO2max under 15 mLO2/kg/minute.100 Thus,
interventions aimed at increasing the accumulation of physical activity and improving physical
fitness amongst patients with cardiovascular disease are warranted.
Cardiac Rehabilitation
More than a half century ago, patients who suffered from an acute coronary event were
restricted to eight weeks of bed rest to prevent the occurrence of another MI.101 This dogma
persisted until the 1950’s, when it was discovered that patients with cardiovascular disease
experienced significant deconditioning by remaining sedentary,102 leading to the initiation of
several studies in the 1960’s investigating the therapeutic potential of exercise following major
cardiac events.103,104 Today, CR has developed into a formal, interdisciplinary, medically
supervised program for post-surgical and post-MI patients combining exercise, education and
counseling components. Collectively, these secondary prevention programs aim to prevent future
hospitalization and cardiac mortality through the modification of behavioural and biological risk
factors. Since the frailty phenotype is characterized by reductions in muscle mass, strength,
endurance and activity levels, CR is ideally suited to counteract these impairments and improve
frailty status.28 In fact, a recent narrative review of randomized trials concluded that
interdisciplinary programs such as CR are a promising therapeutic strategy for frail older
adults;85 however, none of the trials included in this review targeted pre-operative cardiac
patients. As such, the utility of CR programming in the pre-operative setting warrants further
investigation.
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Health Benefits of Cardiac Rehabilitation
Attendance at CR confers an array of cardiovascular benefits, including improvements in
aerobic capacity, BP and blood lipid levels. For example, a systematic review conducted by
Taylor and colleagues revealed that compared to usual care, CR resulted in reductions in total
cholesterol (-0.37 mmol/L 95% CI -0.63 to -0.11 mmol/L), systolic BP (-3.2 mm Hg 95% CI -5.4
to -0.9 mm Hg) and self-reported smoking (OR: 0.64 95% CI 0.50-0.83).32 These results have
also been confirmed in patients with chronic heart failure. In fact, the Exercise Rehabilitation
Trial (EXERT) compared standard care with a 12-month exercise program in 181 patients with
heart failure.105 The intervention consisted of 3-months of supervised aerobic exercise,
prescribed at 60-70% of maximum heart rate, followed by home-based exercise to be completed
3-times per week for the duration of the 12-month study. Study authors reported that exercise
training resulted in significant improvements in peak oxygen uptake compared to the control
group at 3-months (0.104 ± 0.026 vs. 0.025 ± 0.023 L/min) and 12-months (0.154 ± 0.074 vs.
0.024 ± 0.027 L/min). Similar results were obtained by Lavie and colleagues in a prospective
analysis of 92 older adults (mean age 70.1 years) attending CR.106 Notably, attendance at CR
resulted in significant improvements in aerobic capacity (+1.9 METs), body mass index (BMI; 0.4 kg/m2), percent body fat (-1.5%) and high-density lipoprotein cholesterol (+2.6 mg/dl),
compared to baseline values.
While the benefits of traditional, moderate intensity exercise have been well-documented,
recent evidence suggests that high-intensity interval training may confer a superior
cardiovascular benefit in patients with CAD. In fact, a systematic review conducted by Cornish
and colleagues reported that interval training increases aerobic capacity, endothelial function and
ejection fraction to a greater extent than moderate intensity, continuous aerobic training in
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patients with established CAD.107 More specifically, a study conducted by Rognmo and
colleagues reported that 10-weeks of supervised treadmill exercise at 80-90% of VO2peak resulted
in a 17.9% (p= 0.012) increase in aerobic capacity; whereas, cardiac patients training at 50-60%
of VO2peak increased their aerobic capacity by 7.9% (p=0.038).108 The adaptation to training was
significantly greater in the CAD patients performing high intensity exercise (p=0.011). In a
seminal study, Wisløff and colleagues randomized 27 post-infarction heart failure patients (mean
age 75.5 ± 11.1 years) to either moderate continuous training (i.e. 70% peak heart rate) or
aerobic interval training (i.e. 95% peak heart rate) three times per week for a period of 12weeks.109 Maximal aerobic capacity increased to a greater extent in the interval training group
compared to patients in the moderate intensity group (46% vs. 14%, p < 0.001), increasing from
a baseline of 13.0 mL/kg/min to 19.0 mL/kg/min. Furthermore, interval training resulted in a
47% increase in vastus lateralis peroxisome proliferator-activated receptor gamma coactivator 1alpha protein content (p < 0.01), increased maximal calcium reuptake into the sarcoplasmic
reticulum by 60% (p < 0.01), induced reverse left ventricular remodeling, increased relative
ejection fraction by 35% (p < 0.01) and increased stroke volume by 17% (p < 0.01).
Collectively, this data indicates that participation in CR reduces several common risk factors
associated with cardiovascular disease and significantly improves maximal aerobic capacity.
Furthermore, incorporating high intensity interval training may result in superior improvements
in aerobic capacity and cardiac function compared to moderate intensity continuous training in
patients with established CAD.
Mental Health Benefits of Cardiac Rehabilitation
Literature investigating the influence of CR programming on health-related quality of life
(HRQoL) and mental health has been largely inconclusive, however several studies indicate a
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potential benefit. Notably, Duarte Freitas and colleagues conducted a prospective analysis of 101
patients (mean age 65 ± 12 years) participating in a short, 4-week intensive CR program
completed five days per week.110 Following completion of the program, study authors reported a
25% improvement in quality of sleep as assessed by the Pittsburgh Sleep Quality Index, a 14%
improvement in mental health score (p < 0.0001) on the Short Form-36 Quality of Life
questionnaire, a 32% decrease in depression (p < 0.0001) and a 29% decrease in anxiety (p <
0.0001) as assessed by the Hospital Anxiety and Depression Scale. Similarly, Milani and Lavie
retrospectively assessed symptoms of depression in 522 coronary patients enrolled in CR and in
a control group consisting of 179 patients who entered CR, but dropped out within 2 weeks.111
Notably, 17% of all patients identified depressive symptoms upon entry into CR, as assessed by
the 92-item Kellner Symptoms Questionnaire. Interestingly, the prevalence of depressive
symptoms was decreased by 63% (from 17% to 6%, p < 0.0001) following attendance at CR;
however, this study failed to report changes in depressive symptoms in the control group and
thus, it is difficult to determine if CR program attendance was responsible for the observed
improvement in mental health status. A meta-analysis conducted by Rutledge and colleagues
confirmed a small to moderate effect size (d = 0.23 95% CI 0.10-0.35) in relation to CR
programming and subsequent improvement in the severity of depressive symptoms.112 The
efficacy of CR in reducing depression severity was irrespective of program duration, suggesting
that indeed, CR programming may have beneficial effects on the mental health status of patients
with CAD.
Cardiac Rehabilitation Reduces Mortality and Major Morbidity
Several clinical trials, cohort studies and meta-analyses have demonstrated that CR reduces
rates of mortality and morbidity after major cardiac events. In fact, a meta-analysis of

28
randomized controlled trials conducted by Taylor and colleagues reported that patients attending
CR have a 20% and 26% relative reduction in all-cause mortality and cardiac mortality,
respectively, as compared to patients not attending CR.32 Similarly, a Cochrane review
conducted by Joliffe and colleagues reported a 27% reduction in all-cause mortality and a 36%
reduction in major cardiac events in patients attending CR, compared to those not attending
CR.33 The benefits of CR have also been demonstrated in patients undergoing surgical and nonsurgical procedures, such as percutaneous coronary intervention. In a secondary analysis of 2395
patients undergoing percutaneous coronary intervention, participation in CR resulted in a 46%
relative reduction in in all-cause mortality (HR: 0.54 95% CI 0.41-0.71) over a median follow up
of 6.3 years, compared to patients not attending CR.34 The protective effect of CR on mortality
has also been confirmed in patients undergoing combined heart valve and CABG procedures,
where all-cause mortality over a 6.8 ± 2.8 year follow-up is reduced by 52% (HR: 0.48 95% CI
0.27-0.83) in patients attending CR programming.113 Thus, it is well established that CR
programs result in improved rates of survival after major cardiac events and following acute
surgical interventions.
Long-term benefits of CR programming on mortality have also been demonstrated in patients
with chronic heart failure. Belardinelli and colleagues were the first to establish the benefits of
moderate intensity exercise training in patients with chronic heart failure, demonstrating
reductions in mortality (RR: 0.37 95% CI 0.17-0.84) and hospital readmission (RR: 0.29 95% CI
0.11-0.88) following 12-months of CR programming.35 More recently, the Heart Failure: A
Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) trial was a multicentre, randomized controlled trial of aerobic exercise conducted in 2331 medically stable
patients (median age 59 years) with heart failure.36 The intervention consisted of 3-months of
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supervised aerobic exercise at an intensity corresponding to 60-70% of heart rate reserve
performed 3-times per week. Following the supervised exercise program, patients were provided
with home exercise equipment, heart rate monitors and were instructed to exercise 5-times per
week for 40 minutes. In contrast, participants in the usual care group were not provided with a
formal exercise prescription, however they were provided with educational material on physical
activity. Interestingly, participation in the aerobic exercise intervention resulted in an 11%
reduction in all-cause mortality or hospitalization (HR: 0.89 95% CI 0.81-0.99) and a 15%
reduction in cardiovascular mortality or heart failure hospitalization (HR: 0.85 95% CI 0.740.99) over a median follow-up 30-months, after adjusting for baseline characteristics. Thus, it
appears that patients with heart failure may also derive significant long-term benefits from
participating in formal CR programs.
Cardiac Rehabilitation Reduces Mortality in Older Adults
The majority of studies investigating the efficacy of CR programs have been conducted in lowrisk, middle-aged patients, excluding older adults from the study population. Despite this
literature gap, several studies have demonstrated CR to be effective in older patients as well. In
fact, a longitudinal study conducted by Onishi and colleagues evaluated the long-term effects
over a 10-year follow-up of CR in patients over the age of 65.29 Notably, all-cause mortality was
attenuated in patients attending CR compared to the control group not attending CR (14% vs.
28%) and the incidence of a major cardiovascular event was also reduced (HR: 0.43 95% CI
0.20-0.91). Another retrospective study conducted by Suaya and colleagues investigated five
year mortality rates in 601,099 patients over the age of 65 that were hospitalized for coronary
conditions or cardiac revascularization.30 Study authors reported a 58% relative reduction in 1year mortality and a 34% reduction in 5-year mortality amongst patients attending CR compared
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to patients not attending CR. This study also demonstrated a significant dose-response
relationship in older adults attending CR. In fact, patients attending greater than 25 CR sessions
were 19% less likely to die over a period of 5-years compared to CR users attending 24 or fewer
sessions. Data from Suaya et al.30 and and Onishi et al.29 indicate that older patients with
cardiovascular disease derive similar benefits from CR programs as middle-aged participants.
Furthermore, there may be a dose-response relationship governing improved clinical outcomes in
this population, with 25 sessions representing a benchmark for attendance.
Aerobic Capacity Prior to Surgery is Associated with Improved Outcomes
The pre-operative functional capacity of patients undergoing cardiac surgery has been
demonstrated to influence post-operative outcomes. For example, Cook and colleagues evaluated
four components of fitness, including aerobic capacity, grip strength, elbow flexion strength and
body fat percentage in 200 patients prior to CABG surgery using the Veterans Specific Activity
Questionnaire, a dynamometer and skin-fold assessments, respectively.22 A composite fitness
score of zero to four was developed for each individual patient by assigning a value of one to
represent normal function and zero to represent a deficiency in that particular parameter. Patients
with a high body fat percentage (i.e. men > 26%, women > 33%), low grip strength (i.e. men <
32 kg, women < 20.5 kg) and low aerobic capacity (i.e. < 5 METs) experienced a longer hospital
LOS post-operatively (mean ± SD 13.4 ± 15.9 days vs. 5.8 ± 2.5 days, p = 0.001) and were also
more likely to suffer from at least one serious complication (52.4% vs. 31.4%, p = 0.017; defined
as re-operation, deep sternal infection, stroke, ventilation > 1 day, renal failure, arrhythmia,
multi-system organ failure, readmission within 30-days), as compared to patients with low body
fat percentages, normal grip strength and a high aerobic capacity. Similarly, Smith and
colleagues conducted a retrospective analysis of 596 patients (mean age 62.8 ± 10 years)
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undergoing an isolated CABG procedure and reported an inverse relation between
cardiopulmonary fitness and short-term complications after surgical intervention.23 Using a
multivariate analysis, study authors reported that patients achieving < 5 METs (n=78) on a
symptom-limited exercise test were more likely to experience prolonged ventilation beyond 48
hours (OR: 2.13 95% CI 1.01-4.55), operative mortality (OR: 6.75 95% CI 1.73-26.4) and 30day mortality (OR: 5.60 95% CI 1.50-20.8) compared to patients achieving ≥ 5 METs (n=518).
Despite the limitations of retrospective data collection and potential underestimation of aerobic
capacity in patients that terminated the test prematurely, Smith and colleagues provide robust
evidence suggesting an independent association between pre-operative aerobic capacity and postoperative outcomes. This finding is consistent with other studies identifying pre-operative
cardiorespiratory fitness as being predictive of short-term perioperative health outcomes in
patients undergoing abdominal aortic aneurysm repair, bariatric surgery, non-cardiopulmonary
surgery, liver transplantation and in older adults undergoing intra-abdominal surgery.114–119
Pre-Operative Physical Activity Behaviour is Associated with Improved Outcomes
Evidence from several observational studies indicates that pre-operative physical activity
behaviour influences post-operative outcomes in patients undergoing CABG surgery. For
example, in a prospective analysis of 202 patients undergoing CABG surgery, Nery and Barbisan
investigated the effects of pre-operative leisure time physical activity on hospital LOS and
subsequent risk of major cardiovascular events.15 Patients were assigned to either active (i.e.
33% of participants) or sedentary (i.e. 67% of participants) groups based on data from the
Baecke Usual Physical Activity Questionnaire. Notably, individuals who self-reported engaging
in 30 minutes or more of physical activity, 3-4 times per week experienced a 33% reduction in
hospital LOS post-operatively (HR: 0.67 95% CI 0.49-0.93), compared to individuals classified
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as sedentary. Furthermore, active individuals were less likely to suffer a major cardiovascular
event (OR: 0.22 95% CI 0.09-0.51), defined as death, acute MI or re-operation. Similarly, a
study conducted by Rengo and colleagues in 683 older adults (>70 years) undergoing CABG
reported 60-month survival rates to be 65% and 96% (log rank = 49.460, p < 0.0001) in less
active and active groups, respectively, as assessed by the Physical Activity Scale for the
Elderly.13 A cox survival analysis also demonstrated a significant, nonlinear association between
increasing physical activity scores and survival (PASE Score 40, HR: 3.13 95% CI 3.03-3.32;
PASE Score 50, HR: 2.83 95% CI 2.74-3.01; PASE Score 60, HR 2.32 95% CI 2.24-2.49; PASE
Score 70, HR: 1.96 95% CI 1.89-2.10; PASE Score 80, HR: 1.73 95% CI 1.67-1.85; PASE Score
90, HR: 1.57 95% CI 1.51-1.67; PASE Score 100, HR: 1.45 95% CI 1.41-1.54). While Rengo et
al. provide the strongest evidence for an association between pre-operative physical activity and
long-term survival, study results may have been influenced by a selection bias, as patients with
severe physical limitations and medical comorbidities were excluded from the analysis.
Noyez and colleagues also investigated the role of sedentary behaviour in predicting rates of
in-hospital and early mortality after cardiac surgery using the Coronary Surgery Radboud
Hospital Database.18 Of the 3150 patients undergoing elective cardiac surgery, 58% were
classified as active; whereas, 42% were classified as sedentary according to the criteria of the
Corpus Christi Heart Project. Specifically, this project characterized five levels of physical
activity, ranging from sedentary (i.e. no physical activity above minimum demands of daily
living) to vigorous (i.e. ≥1 dynamic activities performed 3 times/week, 20 minutes/session, hard
exertion). The first two categories (i.e. sedentary and minimal) were classified as sedentary,
while the upper three categories were classified as active (i.e. mild, moderate and vigorous) for
the purposes of dichotomizing the exposure variable in the study. Interestingly, in-hospital
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mortality (1.1 vs. 0.4%, p=0.014) and 30-day mortality (1.5 vs. 0.6%, p=0.006) were
significantly higher in the sedentary group compared to those classified as active; however,
sedentary lifestyle was not identified as an independent predictor of hospital or 30-day mortality
following logistic regression analysis. Low-self reported physical activity has also been
associated with post-operative complications such as atrial fibrillation,20 renal insufficiency,18
sternal wound problems,18 perioperative MI,19 prolonged intensive care unit (ICU) stay,14,18
prolonged hospital stay15,16 and re-operation15. However, conflicting results17,19 and design
limitations of research in this field make it challenging to confirm an association, as many
studies have failed to statistically control for confounders such as age and disease severity in
active and inactive groups. Furthermore, the use of self-report tools to quantify physical activity
behaviour in these populations may be inappropriate, as a previous reports indicate no correlation
between self-report and objectively measured physical activity levels.120,121 A recent systematic
review conducted by Kehler and colleagues (unpublished) highlighted the inconsistent
associations between pre-operative physical activity and perioperative health outcomes in adults
undergoing cardiac surgery; for an overview of studies compiled in this systematic review, refer
to Table 2. 13–19
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Table 2. Pre-Operative Physical Activity and Post-Operative Outcomes
Outcome Measured

First author,
year
Nery (2007)15
Martini
(2010)16

Major adverse cardiac
and cerebrovascular
events (MACCE)

Rengo
(2010)12

Association
Physical activity is associated with
reduced MACCE 2 years
postoperatively
Physical activity is not associated with
mortality, re-hospitalization,
cerebrovascular events, or MI
(combined events) 2 years
postoperatively
Physical activity is associated with a
reduction in all-cause and cardiac and
mortality 5 years postoperatively

Markou
(2007)18

Physical activity is associated with
peri-operative MI, but not reoperation
or other postoperative events (wound
infection, renal, neurological,
pulmonary, gastrointestinal)

Nery (2010)14

Physical activity is associated with a

30 day
morbidity/Mortality

Number of events per
group
Active: 8/25 (31%);
Inactive: 17/30 (57%),
p=0.04
Active: 9/66 (14%);
Inactive: 31/119 (26%),
p=0.18

Odds ratio (OR) or hazard ratio (HR) and 95%
confidence interval (CI)
NR

NR

Adjusted Multivariable Cox proportional hazard for
all-cause mortality:
Exp(B) 0.248 (95% CI 0.141-0.434), p<0.001

Perioperative MI:
Active: 4/226 (2%);
Inactive: 11/202 (5%),
p=0.03
Reoperation:
Active: 15/226 (7%);
Inactive: 9/202 (5%),
p=0.32
Wound infection:
Active: 3/226 (1%);
Inactive: 7/202, p=0.14
Renal: Active: 3/226;
Inactive: 7/202, p=0.14
Neurological:
Active: 3/226 (1%);
Inactive: 0/202 (0%)
Pulmonary:
Active 13/226 (6%);
Inactive: 13/202 (6%),
p=0.76
Gastrointestinal:
Active: 4/226 (2%);
Inactive: 3/202 (2%),
p=0.81
Mortality:

NR

Adjusted Multivariable Cox proportional hazard for
cardiac-related mortality:
Exp(B) 0.272 (0.133-0.555), p<0.001
NR

Univariate OR for being active:
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reduction in 30 day morbidity and
mortality

Noyez
(2013)17

Length of Hospital
Stay

Physical activity is associated with 30
day morbidity and mortality, but after
adjustment, PA is no longer associated
with hospital mortality or 30 day
mortality

Markou
(2007)18

Physical activity is not associated with
a reduced post-operative hospital LOS

Nery (2007)15

Physical activity is associated with a
reduced post-operative hospital LOS

Active: 0/66 (0%);
Inactive: 7/136 (5%),
p=0.098
MI:
Active: 1/66 (2%);
Inactive: 6/136 (4%),
p=0.431
Reoperation:
Active: 0/66 (0%);
Inactive: 1/136 (0.5%),
p=1.0
Hospital mortality:
Active: 7/1815 (0.4%);
Inactive: 15/1335
(1.1%), p=0.014
30 day mortality:
Active: 10/1815 (0.6%);
Inactive: 20/1335
(1.5%), p=0.007
Reoperation:
Active: 105/1815
(5.8%); Inactive:
68/1335 (5%), p=0.40
Stroke:
Active: 9/1815 (0.5%);
Inactive: 12/1335
(0.9%), p=0.17
Renal insufficiency:
Active: 32/1815 (1.8%);
Inactive: 39/1335
(2.9%), p=0.03
Sternal wound:
Active: 10/1815 (0.6%);
Inactive: 17/1335
(1.3%), p=0.03
Ventilation >2 days:
Active: 31/1815 (1.7%);
Inactive: 54/1335
(4.0%), p=0.001
Active: 6.9 ± 8.2 days;
Inactive: 7.3 ± 7.1 days,
p=0.6
Active: 12 ± 5 days,
median 9 days (IQR 8-

NR
Multivariate OR for being active:
0.22 (95% CI 0.09-0.51, p=0.001)

Univariate OR for being inactive:
NR
Hospital mortality multivariate OR for being inactive:
1.20 (95% CI 0.4-3.5, p=0.617)
30 day mortality multivariate OR for being inactive:
1.10 (95% CI 0.5-2.7, p=0.70)

NR
NR
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Nery (2010)14
Intensive Care Unit
Length of Stay

Markou
(2007)18
Cacciatore
(2012)13
Noyez
(2013)17

Physical activity is associated with a
reduced post-operative hospital LOS
Physical activity is not associated with
a reduced ICU LOS
Physical activity is associated with a
reduced proportion of patients
requiring a prolonged ICU LOS (i.e.
ICU stay > 3 days)
Physical activity is associated with a
reduced ICU LOS and a reduced
proportion of patients requiring a
prolonged ICU LOS (i.e. ICU stay > 5
days)

15); Inactive: 15 ± 8
days, median 12 (IQR 919), p=0.03
NR
Active: 2.2 ± 5.3 days;
Inactive: 2.1 ± 3.5 days,
p=0.76
NR

Active: 1.3 ± 1.9 days;
Inactive 3.0 ± 41.8 days,
p=0.001

HR: 0.67 (95% CI 0.49-0.93, p=0.018)
NR

Univariate OR: 0.984 (95% CI 0.977-0.992, p<0.001)
Multivariate OR: 0.992 (95% CI 0.983-1.000,
p=0.042)
NR

ICU > 5 days: Active:
19/1815 (1.0%);
Inactive: 46/1335
(3.4%), p=0.001

NR, not reported; MI, myocardial infarction; PA, physical activity; LOS, length of stay; IQR, interquartile range; ICU, intensive care
unit
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Surgical Wait List Times Increase Mortality and Negatively Influence Quality of Life
Due to a high volume of patients and modern medical systems mandating wait lists for elective
procedures, individuals undergoing non-urgent cardiac surgery are often placed on waiting lists
for extended periods of time. Based on the severity of symptoms, and the structural/functional
abnormalities present in the coronary anatomy, patients are classified as either: (1) Urgent and
Emergent; (2) Semi-Urgent; or, (3) Elective. Typically, urgent cases receive surgical intervention
within hours; whereas semi-urgent cases are placed on a wait-list for approximately one month.
In contrast, elective cases are placed on a waiting list ranging from 43 to 180 days in most cases,
as locally defined by the Winnipeg Regional Health Authority Cardiac Sciences Program.
Interestingly, extended wait-list times have been demonstrated to increase rates of mortality in
patients undergoing cardiac surgery. In a prospective analysis of 8966 patients undergoing semiurgent or elective CABG surgery, the odds of death were 64% greater in patients with a wait-list
time of greater than one month (OR: 1.64 95% CI 1.02-2.63) compared to patients waiting less
than one month.122 It has also been demonstrated that the risk of death in patients waiting for
CABG increases by approximately 11% every month, with patients waiting for 3-months
experiencing a 37% increased risk of mortality while on the wait-list compared to the time they
were accepted for surgery.123 In a population-based registry study, Sobolev and colleagues
examined in-hospital mortality in 9593 patients undergoing coronary revascularization in British
Columbia using the Canadian Institute for Health Information Discharge Abstract Database.124
Interestingly, this study utilized two pre-specified targets for surgical intervention: (1) as
published by the CCS Access to Care Working Group,125 where patients requiring
revascularization should wait no longer than 2 weeks for semi-urgent procedures and 6 weeks for
elective procedures; and, (2) provincial guidelines mandating semi-urgent procedures be
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completed within 6 weeks and elective procedures within 12 weeks. After adjusting for preoperative risk score in a logistic regression model, it was reported that individuals classified as
having short delays (i.e. meeting CCS guidelines) were 68% less likely to experience in-hospital
death (OR: 0.32 95% CI 0.20-0.51); whereas, individuals experiencing prolonged delays (i.e.
meeting provincial guidelines, but not CCS targets) were just as likely (OR: 0.78 95% CI 0.381.63) to die in-hospital as individuals having an excessive delay (i.e. not meeting provincial
guidelines). Collectively, this evidence indicates that extended waiting lists for cardiac
procedures result in an increased risk of perioperative mortality. This is likely a result of the
deconditioning that patients experience during the pre-operative period, as it has been
documented both objectively and anecdotally that patients are inactive during this period of
time.13,18,27,120,121 While this evidence would appear to promote more rapid surgical procedures,
waiting lists for elective procedures are often required due to resource constraints and to ensure
more urgent cases are managed in a timely fashion. As such, strategies to optimize risk during
the waiting period experienced by elective patients are warranted.
Surgical wait-list times also negatively influence HRQoL in patients requiring surgical
revascularization. For example, patients waiting for CABG surgery for a period exceeding 97
days experience reduced physical functioning, social functioning and mental health as assessed
by the Short Form-36 Quality of Life questionnaire, compared to patients waiting less than 97
days.126 Given that modern health care systems are moving towards extended waiting lists for
elective procedures, it is imperative that the health care team identifies novel strategies to
maintain the cardiovascular and mental health status of patients while on the wait-list for cardiac
surgery.
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How Active are Patients while on the Wait-List?
There is a paucity of published literature examining the pre-operative physical activity
behaviour of patients undergoing cardiac procedures, with most studies employing self-report
methods to quantify physical activity accumulation.15,18 A study by Nery and Barbisan classified
physical activity behaviour according to the Baecke Usual Physical Activity Questionnaire,
which investigates physical activity during the past 12 months.15 Study authors classified 33% of
participants as active, reporting leisure time physical activity three or more times per week for
30-minutes or more; whereas, the other 67% of participants were classified as sedentary.
Similarly, Noyez and colleagues classified 58% of elective cardiac patients as active according to
criteria used in the Corpus Christi Heart Project, which classifies five categories of physical
activity ranging from sedentary to vigorous.18 However, both of these studies utilized self-report
to quantify physical activity behaviour, which is a method susceptible to recall bias. In fact, selfreporting physical activity has been demonstrated to over estimate aerobic physical activity
accumulation by as much as 300%.127 In contrast to the self-report methods referenced in the
studies above, Kehler utilized accelerometers to quantify MVPA in elective CABG patients on
the wait-list for surgery.128 In this pilot randomized controlled trial, it was reported that patients
on the wait-list accumulate a mean ± Standard Error of 46 ± 26 minutes of MVPA per week (i.e.
6.6 minutes per day), accumulated in bouts of 10 minutes or more. This result is slightly higher
than reference values for MVPA in older adults aged 60-69 (mean ± Standard Error for males 6.5
± 1.1, females 5.8 ± 0.9 min/day),129 but remained considerably less than the 150 minutes of
MVPA per week recommended by the CPAG for older adults.24 The paucity of literature in this
area represents a significant knowledge gap requiring further investigation.
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Utilization of Pre-operative Interventions in Various Surgical Populations
Despite evidence indicating that pre-operative fitness and physical activity promotes positive
health outcomes in cardiac patients, there are few published studies examining the effects of
exercise interventions for improving physical fitness or function prior to cardiac surgery.26,130–132
Even so, pre-operative exercise interventions have demonstrated efficacy in patients undergoing
orthopaedic, thoracic and abdominal surgeries, which is supported by results from various
systematic reviews.133–135 This section will review the use of pre-operative exercise interventions
in various surgical populations, followed by a review of studies investigating pre-operative
interventions in cardiac surgery.
Exercise therapy prior to orthopaedic surgery appears to promote improvements in functional
capacity and patient health. For example, a study by Rooks and colleagues investigated the
effectiveness of a 6-week pre-operative exercise intervention in 108 patients undergoing hip and
knee arthroplasty.136 The intervention consisted of 3-weeks of resistance training followed by 3weeks of cardiovascular, strength and flexibility exercises administered by a physical therapist.
Study authors reported that participation in the pre-operative exercise intervention 3-times per
week increased muscular strength by up to 20% pre-operatively, compared to no change in the
control group. Furthermore, participation in exercise pre-operatively reduced the risk of
discharge to a rehabilitation facility (OR: 0.27 95% CI 0.074-0.998) post-operatively; however,
no persistent changes in functional outcomes were reported at 8 and 26-week follow-up time
points. In contrast, Topp and colleagues investigated pre-operative resistance training and
flexibility exercises in 54 patients undergoing total knee arthroplasty using a combination of
hospital-based and home-based sessions. It was reported that attendance at a pre-operative
exercise intervention 3-times per week improved sit-to-stand performance 1-month post-
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operatively and also increased performance on several functional tasks 3-months postoperatively.137 Although both of these studies used small sample sizes, results indicate that preoperative exercise interventions in patients undergoing orthopaedic surgery may result in
improved clinical outcomes after surgery.
In a study conducted by Bobbio and colleagues, authors investigated the effectiveness of a preoperative cardiopulmonary rehabilitation intervention in 12 patients undergoing thoracic surgery
for lung cancer.138 The 4-week interdisciplinary intervention consisted of inspiratory muscle
training, aerobic cycle training at up to 80% of maximal work rate, smoking cessation and
optimization of pharmacological treatment. Notably, VO2max was increased by a mean of 2.8
mLO2/kg/min (from 13.5 ± 1.3 to 16.3 ± 1.9 mLO2/kg/min). In addition to reaching statistical
significance, this was considered to be a clinically meaningful improvement, as the study
reported that all patients with a pre-operative VO2max under 15 mLO2/kg/min also experienced a
post-operative cardiopulmonary complication. Jones and colleagues also conducted a study of
pre-operative aerobic cycle exercise in patients undergoing thoracic surgery and found evidence
for a dose-response relationship.139 Notably, in patients who achieved greater than 80%
adherence to the intervention, VO2peak increased 3.3 mLO2/kg/min (95% CI 1.1-5.4
mLO2/kg/min), compared to no change in patients achieving less than 80% adherence.
Further evidence of pre-operative exercise interventions in the literature comes from patients
undergoing abdominal surgery. Dronkers and colleagues investigated a 4-week therapeutic
exercise program combining resistance training, inspiratory muscle training, aerobic exercise
(55-75% of maximum heart rate) and functional activities in 42 older adult patients undergoing
elective abdominal surgery.140 Compared to the control group, which received exercise advice
but no formal exercise programming, intervention participants improved respiratory muscle
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endurance. However, no changes in hospital LOS or functional capacity were observed between
groups following surgery. This study highlights the importance of designing pre-operative
interventions that are of sufficient duration to bring about clinically meaningful improvements in
exercise capacity and functional ability.
Utilization of Pre-operative Interventions in Cardiac Surgery Patients
Patients undergoing cardiac procedures may experience anxiety prior to their surgery and are
often sedentary and at a heightened risk of cardiovascular deconditioning.27 As such,
interventions aimed at promoting physical activity and improving cardiovascular fitness during
the pre-operative period are warranted. Despite this, few clinical trials have evaluated preoperative exercise interventions in patients undergoing cardiac procedures. Herdy and colleagues
conducted a randomized controlled trial in 56 patients undergoing CABG, where participants
randomized to a cardiopulmonary rehabilitation group (n=29) received a minimum 5-day preoperative and 5-day post-operative progressive exercise program.130 Exercise was initially
prescribed to elicit an energy expenditure of 2 METS and was progressively increased to 4
METS. Notably, participants randomized to the intervention group presented with attenuations in
atelectasis (RR: 0.15 95% CI 0.03-0.8), atrial fibrillation (RR: 0.2 95% CI 0.05-0.8) and reduced
their average post-operative hospital LOS (5.9 ± 1.1 vs. 10.3 ± 4.6 days). Although it is difficult
to determine the effect of pre-operative exercise in isolation in this study design, it appears that
perioperative exercise interventions may be a viable and safe approach to promote improved
clinical outcomes in patients undergoing cardiac procedures.
Several studies have investigated the efficacy of inspiratory muscle training and breathing
exercises in patients undergoing cardiac procedures, although none were conducted in the frail,
older adult population. A Cochrane review conducted by Hulzebos and colleagues compiled
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results from eight randomized controlled trials of pre-operative physical therapy in 856 patients
undergoing cardiac procedures.131 Notably, five of the studies utilized interventions consisting of
inspiratory muscle training and three studies implemented a multi-modal intervention combining
aerobic and breathing exercises. Results of the systematic review demonstrated that patients
receiving pre-operative physical therapy have a reduced risk of post-operative atelectasis (RR:
0.52 95% CI 0.32-0.87) and pneumonia (RR: 0.45 95% CI 0.24-0.83), but no changes in rates of
post-operative mortality. Furthermore, patients receiving pre-operative physical therapy also
experience reductions in hospital LOS post-operatively (-3.21 days, 95% CI -5.73 to -0.69).
Thus, evidence suggests that pre-operative physical therapy in the form of breathing exercises
may contribute to a reduced risk of post-operative pulmonary complications and prolonged
hospital LOS following cardiac surgery.
Perhaps the strongest evidence supporting pre-operative exercise interventions in patients
undergoing cardiac surgery comes from a randomized trial conducted by Arthur et al., which
investigated an 8-week supervised exercise program in 249 low-risk patients undergoing
CABG.132 The intervention consisted of individualized aerobic exercise training (prescribed at
40-70% of functional capacity) twice-weekly, in addition to education on risk factor
modification and monthly telephone calls for support. In contrast, individuals randomized to the
usual care group did not receive formal exercise programming. The primary outcome of the
study investigated post-operative hospital LOS, while secondary outcomes examined exercise
capacity, HRQoL and anxiety levels. Notably, patients randomized to the intervention group
reduced their hospital LOS by a median of one day (95% CI 0 .0 to 1.0 day, p=0.002) and spent
an average of 2.1 less hours (95% CI -1.2 to 16 hours, p=0.0001) in the ICU. Furthermore,
participation in the intervention resulted in improvements in HRQoL at 6-months post-
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operatively and more patients from the intervention group elected to participate in post-operative
CR compared to control group (70% vs. 57%). The study also included a brief economic
analysis, reporting that the pre-operative intervention resulted in a net cost savings of
approximately $133 dollars per patient, per day. The trial by Arthur et al. provides quality
evidence that pre-operative exercise interventions are well tolerated and can result in costsavings through a reduction in hospital LOS. However, this study did not report on exercise
capacity, physical activity behaviour and was also conducted in a relatively low-risk population
undergoing CABG surgery, making it difficult to generalize to the contemporary, older adult
cardiac patient. A recent study conducted by Rideout and colleagues examined 12-year health
outcomes in elective CABG patients randomized to either a pre-surgical nurse-led CR program
or standard care.141 The intervention consisted of monthly health education and motivational
interviewing, which was demonstrated in the initial study to result in improvements in BMI,
systolic BP, diastolic BP and HRQoL.142 Although at a 12-year follow-up there was residual
survival benefit resulting from the intervention, the sample size was determined to be insufficient
to demonstrate a statistically significant effect.141 Even though the result did not reach statistical
significance, a positive signal suggests that the benefits of pre-operative interventions in cardiac
surgery patients may be extend beyond the immediate post-operative time period.
In a pilot study of pre-operative rehabilitation conducted at the St. Boniface Hospital, Kehler
and colleagues randomized 17 elective CABG patients to standard care (n=9) or intervention
(n=8), consisting of individualized aerobic (prescribed at 85% of VO2max) and resistance exercise
twice a week for a minimum of 4-weeks.26 Additionally, participants randomized to the
intervention group attended 12 education sessions on healthy lifestyle choices and cardiovascular
risk factor reduction. Standard care consisted of a single, 3-hour cardiac pre-assessment
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appointment, where patients were counseled on healthy lifestyle behaviours by an
anesthesiologist and nurse. Data was collected at baseline, 1-week pre-operatively and 3-months
post-operatively. Walking distance on a 6-minute walk test (6MWT) remained unchanged in the
standard care group; whereas, intervention participants walked +132 and +145 meters more than
baseline at the pre-operative and 3-month post-operative assessments, respectively. Additionally,
5-metre gait speed improved by 27% pre-operatively and 33% 3-months post-operatively, with
no concurrent change in the standard care group. However, no statistically significant changes
were observed in MVPA as assessed objectively by accelerometers from baseline to preoperatively or 3-months post-operatively.26,128 This non-significant result in MVPA between
groups was likely a result of the small sample size, as pre-operative accelerometer data was
available in just four participants in the intervention arm. Even so, this novel pilot data from
demonstrates the feasibility and potential functional benefit of pre-operative rehabilitation in
elective CABG patients.
Literature Knowledge Gap and Study Justification
Based on the evidence presented in this literature review, pre-operative fitness22,23 and physical
activity behaviour13–19 are predictive of adverse post-operative outcomes in patients undergoing
cardiac surgery. A review of literature also reveals that patients that are frail pre-operatively are
at an increased risk of mortality and major morbidity after cardiac surgery,7,12,72–74,80–82 which is
a characteristic that may be modified by structured exercise interventions.86,87,90,91 Since the
phenotype of frailty is characterized by reductions in muscle mass, strength and endurance,28
interdisciplinary CR programming is ideally suited to counteract these impairments and improve
an individual’s pre-operative frailty status. While several studies utilizing pre-operative exercise
interventions in cardiac patients have demonstrated reductions in hospital LOS130,132 and
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improvements in functional capacity,26 there is a paucity of literature examining pre-operative
frailty status and physical activity behaviour in patients on the wait-list for elective cardiac
surgery. Furthermore, studies employing pre-operative exercise interventions in cardiac patients
have been conducted in relatively young, low-risk patients and have excluded frail, older
adults.26,132 Given that the demographic of patients undergoing cardiac surgery is shifting to
include more older adults,7,143 we will address a gap in the literature and determine if attendance
at an interdisciplinary exercise and education intervention: (1) decreases the severity of frailty;
(2) increases the amount of physical activity accumulated; and, (3) increases the functional
walking ability of frail, older adults waiting for elective cardiac surgery. We anticipate that the
results of this trial will challenge dogma and stimulate a significant change in practice by
providing a strategy to optimize pre-operative risk factors in the modern cardiac surgery patient.
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Chapter 3: Study Design
Rationale, Objectives and Hypotheses
Based on the review of literature presented, there exists a novel opportunity to implement an
exercise and education rehabilitation intervention in frail patients awaiting elective cardiac
surgery. To date, no high quality study has prospectively examined the impact of pre-operative
CR in the frail, older adult population undergoing cardiac surgery. There is also a paucity of
literature examining interventions targeting the modification of frailty and physical activity
behaviour in patients undergoing elective cardiac surgery. Thus, the Pre-operative Rehabilitation
for Reduction of Hospitalization After Coronary Bypass and Valvular Surgery (PREHAB) study
(Clinical Trials Registry Number: NCT02219815) was a randomized controlled trial comparing a
pre-operative, interdisciplinary, exercise intervention to current standard of care (StanC).144 The
PREHAB trial was a multi-centre, randomized controlled trial using assessor blinding and
intention-to-treat analysis. The trial was conducted at two academic hospitals (i.e. St. Boniface
Hospital Winnipeg, MB and Queen Elizabeth II Health Sciences Centre Halifax, NS) and one
non-academic hospital (i.e. Saint John Regional Hospital Saint John, NB) that perform cardiac
surgery. Additionally, each of these hospitals are partnered with a community-based CR facility,
which provided the infrastructure and programming expertise necessary to deliver the
intervention. The primary objectives of the trial were:
1. To determine if the PREHAB intervention decreases the severity of frailty, from
baseline to pre-operatively, as assessed by a 30-item Functional Frailty Index (FFI).
2. To determine if the PREHAB intervention increases the amount of objectively
accumulated MVPA in bouts of 10-minutes or more, from baseline to pre-operatively.
Additionally, we characterized changes in total physical activity in 10-minute bouts,
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light physical activity in 10-minute bouts, sporadic MVPA, sporadic total physical
activity and sporadic light physical activity from baseline to pre-operatively. We also
examined changes in sedentary time from baseline to pre-operatively in both PREHAB
and StanC groups.
3. To determine if the PREHAB intervention influences functional walking ability, as

assessed by a 6MWT and muscular strength/physical function as assessed by the SPPB.
We hypothesized that patients attending the PREHAB intervention would decrease their
continuous FFI score and increase their accumulation of MVPA in 10-minute bouts significantly
more than patients receiving StanC. Additionally, we hypothesized that the PREHAB
intervention would: (1) increase total physical activity in 10-minute bouts; (2) increase light
physical activity in 10-minute bouts; (3) increase sporadic MVPA; (4) increase sporadic total
physical activity; (5) increase sporadic light physical activity; (6) decrease sedentary time; (7)
improve functional walking ability; and, (8) increase muscular strength/physical function, more
than patients receiving StanC. Note that the larger PREHAB trial (NCT02219815) is ongoing
and will seek to investigate the effect of a pre-operative exercise and education program on
hospital LOS; whereas, the present dissertation specifically investigated the effect of the
intervention on the above noted primary and secondary outcomes. The results of the trial were
reported according to the Consolidated Standards of Reporting Trials (CONSORT) statement,
which is an evidence-based, minimum set of recommendations for reporting randomized trials.145
Ethics Approval
The study protocol was reviewed and approved by the appropriate institutional review board or
ethics committee for each participating centre. Locally, the University of Manitoba Health
Research Ethics Board (H2014:208, Appendix A) and the St. Boniface Hospital Research
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Review Committee (RRC/2014/1413, Appendix B) reviewed and approved the study protocol
and participant information forms.
Recruitment, Eligibility Criteria and Screening
We began recruiting for this study in March of 2015 at the St. Boniface Hospital (Winnipeg,
MB), Saint John Regional Hospital (Saint John, NB) and the Queen Elizabeth II Health Sciences
Centre (Halifax, NS). From March 2015 to January 2016, we recruited 26 patients that were
scheduled to undergo elective CABG, valve repair/replacement or combined procedures. While
1192 patients underwent elective cardiac surgery during the study recruitment period, a total of
199 patients were eligible for enrollment in the study. Note that the PREHAB randomized
controlled trial is actively recruiting patients and will target a final sample size of 244 elective
cardiac surgery patients; however, this dissertation will examine the first 26 patients enrolled in
the trial. Refer to Figures 4 and 5 for an overview of the study design and for a flow of patient
recruitment.
The inclusion criteria for the study was as follows:
1) Patients, aged 60 years or older, undergoing elective isolated CABG, aortic valve
repair/replacement for moderate aortic stenosis or severe regurgitation, mitral valve
repair/replacement for moderate stenosis or severe regurgitation or combined/valve
procedures.
2) Patients with a CFS ≥3 (managing well) and < 7 (8 = very severely frail, approaching
end-of-life or 9 = terminally ill) at time of acceptance for cardiac surgery.
3) Patients with an estimated ≥ 4-week surgical waitlist time.
The following patients were excluded from participating in the study:
1) Patients with unstable or recent unstable cardiac syndrome as defined by:
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a. Severe heart failure (New York Heart Association Class IV) or angina (CCS Class
IV) symptoms.
b. Critical left main coronary disease.
c. Hospitalization for arrhythmias, CHF or acute coronary syndrome prior to
randomization.
2) Patients with severe left ventricular obstructive disease as defined by:
a. Severe aortic or mitral stenosis (aortic or mitral valve area <1.0cm2 or mean
gradient > 40 mmHg or > 10mmHg respectively).
b. Dynamic left ventricular outflow obstruction.
3) Patients demonstrating exercise induced ventricular arrhythmias or having experienced
a recent hospitalization for arrhythmias.
4) Patients who had cognitive deficits that would preclude rehabilitation.
5) Patients with physical limitations that would preclude rehabilitation.
6) Patients that were unable to attend the PREHAB program.
Patient eligibility for the study was determined by reviewing hospital medical charts prior to
the patient arriving in clinic. During an initial meeting with a cardiac surgeon, eligible and
interested patients were approached by a research assistant who provided the patient with further
details of the study. The patient was informed of the trial by the research assistant and was
provided with a copy of the patient information and consent form at this time. Patients were
provided with an adequate amount of time to consider their participation in the trial and were
given an opportunity to ask questions. All patients enrolled in the study provided written
informed consent prior to the baseline assessment and randomization. The patient information
and consent form can be viewed in Appendix C.
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Our strategy for rapid screening of frailty in incoming surgical patient consults utilized the 9point CFS (Figure 3).51 We defined a CFS score of greater than or equal to 3 (classified as
“managing well”) as an initial indication of frailty. Following training, clinicians completed a
CFS score for every new cardiac surgery consult at each of the participating study sites. Patients
with a CFS of 3 to 6 were eligible for enrollment in the trial. We excluded severely frail patients
with a CFS greater than or equal to 7 due to physical limitations that would preclude
participation in an exercise program. Following this initial indication of frailty, patients were
subject to further frailty testing using a modified version of the Fried phenotype criteria28 to
ensure final eligibility for the study. Namely, a patient was deemed frail and thus eligible for the
study if they met greater than 3 of the following 7 criteria: (1) slowness based on a 5-metre gait
speed test73; (2) weakness assessed by grip strength146,147; (3) self-reported weight loss; (4)
Exhaustion based on the two-item Center for Epidemiologic Studies Depression Index; (5)
Depression assessed using the 5-Point Geriatric Depression Scale148,149; (6) Low physical activity
assessed by the Paffenbarger Physical Activity Index150; and, (7) Cognitive impairment using the
Montreal Cognitive Assessment151,152.
Data Collection Schedule
All participants met with research staff at three time points during the course of the study:
twice at the time of enrollment (i.e. baseline assessment, safety assessment/randomization) after
the patient was referred for their surgical procedure and once approximately 1-week preoperatively. At these time points, participants were provided with an accelerometer, instructions
on how to use the device, underwent several physical performance tests and completed a written
questionnaire package. In an attempt to avoid missing accelerometer data in patients that were
called for their surgical procedure prior to their anticipated date, we also provided participants
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with an accelerometer 4-weeks following initial randomization. This 4-week accelerometer data
was only included in the analysis if pre-operative data was missing/unavailable. Demographic
data collection occurred from both written and electronic medical record sources (i.e. patient
information systems). Existing surgical and hospital databases were queried to capture patient
demographics (i.e. age, gender, comorbidities and medications), physical measures and
procedural urgency.
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Figure 4. Overview of Study Design
Patients aged 60+ with a CFS 3-6 scheduled
for elective cardiac surgery
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Figure 5. Patient Flow of Recruitment
Total elective CABG,
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and combined procedures
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(n=199)
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(n=199)
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(n=44)
Surgical Procedure
Complete (n=26)
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(n=993)
Non-Frail (n=203)
Age < 60 (n=290)
AVA < 1.0 (n=270)
Surgery < 4 weeks (n=123)
Other (n=243)
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Saint John (n=9)

Baseline data collection
(n=26)
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Intervention vs. Standard Care
Randomization
After the consent process and baseline safety assessment, randomization (with concealed
allocation) to study arms occurred on a 1:1 basis in permuted blocks via a pre-prepared,
computer generated, randomized number. An independent biostatistician at the George and Fay
Yee Centre for Healthcare Innovation (Winnipeg, MB) developed the randomization scheme,
while a research assistant that was independent from the PREHAB study and not involved in
data collection prepared opaque envelopes. All participants were free to withdraw from the study
at any time without prejudice to future medical treatment.
Standard Care Arm (StanC)
The twelve patients randomized to the StanC arm received a standard, three-hour cardiac preassessment prior to their surgery, where a nurse practitioner and anesthetist individually assessed
each patient’s risk profile and cardiac status. Advice provided by the cardiac surgeon at the
consult visit varied, however the majority of patients were advised to rest and participate in
minimal amounts of light intensity physical activity prior to their surgery.
Intervention Arm
The fourteen patients randomized to the intervention group received, in addition to the above
StanC, a four- to eight-week interdisciplinary, exercise and education program at a communitybased CR facility. Adherence to the intervention was monitored by a swipe card system. For data
collection purposes, completion of a minimum 8 sessions over 4-weeks was required to be
categorized as completing the intervention. This pre-defined intervention length was based on
pilot data indicating significant functional benefit (+174 meters, 43% improvement on 6MWT)
after just four weeks of CR programming in a pilot study of pre-operative exercise and education
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conducted at the St. Boniface Hospital.128 Furthermore, the intervention was designed to include
intensive exercise therapy and education within the first four weeks, followed by less-structured
programming for the remaining four weeks to promote maintenance and sustained behaviour
change. Thus, it was determined that that patients would likely derive significant health benefits
from participating in the intervention for a period of four weeks.
All enrolled participants (i.e. intervention and StanC) were required to complete an intake
health status assessment by the CR team at their respective site and complete a symptom-limited,
graded exercise stress test supervised by a cardiologist using the modified Bruce protocol.153
This intake assessment established the participant’s safety to engage in physical activity and
provided the basis for exercise prescription, which included an individualized, symptom-limited
exercise program. Patients randomized to the intervention were required to complete a minimum
of two sessions of supervised exercise per week for a period of four- to eight-weeks. Participants
completed a warm-up program of approximately 15 minutes at the beginning of each session.
Subsequently, aerobic exercise was prescribed at 40-60% of heart rate reserve (i.e. Karvonen
Formula) based on baseline exercise stress test performance.154 Aerobic exercise was prescribed
for approximately 10-30 minutes, depending on individual tolerance and level of conditioning.
Aerobic prescription was subsequently progressed to high intensity exercise in the context of
symptom-limited, interval training up to 85% of maximal aerobic capacity based upon
recommendations by a cardiologist, CR staff and individual tolerance.155 All individual exercise
sessions were concluded with a 10-minute cool down period. In addition to the prescribed
exercise program, patients were required to attend and participate in 4 educational sessions
tailored to self-management for CR and healthy living practices. These education sessions were
designed to be directly relevant to the study population and covered a range of topics, including
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risk factor reduction, medication use, cardiovascular physiology, smoking cessation, healthy
eating, stress management and promotion of self-managed care.
Risks Associated with the Intervention
The project was designed in consultation with experts from the Canadian Association of
Cardiovascular Prevention and Rehabilitation (CACPR), the Winnipeg Regional Health
Authority (WRHA), the Reh-Fit Centre, the Wellness Institute, the Cardiac Sciences Program at
the St. Boniface Hospital and the Cardiovascular Health Research in Manitoba group. Based on
prior studies,26,132 we determined that an exercise therapy program would likely decrease a
patients’ overall surgical risk and improve post-operative outcomes. Indeed, previous literature
has confirmed the safety of CR outpatient programs, reporting the incidence of MI to be one per
293,990 patient hours and one per 783,972 patient-hours for fatalities.156 Even so, participants
were informed of the risks associated with participation in any exercise program, including the
described PREHAB intervention. However, these risks were mitigated by the exclusion of
participants with exercise-induced arrhythmias, unstable cardiac syndrome, severe left
ventricular obstructive disease and any other physical limitations that would preclude
participation in physical activity. All participants underwent a baseline exercise stress test
supervised by a cardiologist, which was used to identify exercise-induced arrhythmias or other
adverse symptoms occurring in response to physical activity. Furthermore, all exercise classes
were supervised by qualified instructors at local CR sites, which were staffed by medical
professionals to ensure safety of participants (e.g. nurses, physicians, dietitians, exercise
specialists).
During the consent process and at any point during the conduct of the study, patients had the
right to refuse participation. All potential subjects were encouraged to read through the consent
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forms thoroughly prior to agreeing to participate in the study. Additionally, patients were
excluded from the study if medical staff at either the local CR site or the participant’s treating
hospital determined that study participation could adversely influence their health status.
Compensation
All procedures performed as part of this study were provided at no cost to the participant.
Patients randomized to the intervention arm were provided with parking passes (if required at the
local site) at their respective CR facilities to minimize the burden of participating in the
intervention.
Primary Outcome Variable
The study contained co-primary outcomes, including: (1) a change in frailty from baseline to
pre-operatively; and, (2) a change in MVPA accumulated in 10-minute bouts, from baseline to
pre-operatively.
Change in Frailty
Changes in frailty were assessed using a 30-item FFI that was developed utilizing the original
model proposed by Rockwood and colleagues.56,157 A frailty index was chosen over a frailty
phenotype in the present study, as the frailty phenotype was hypothesized to be less sensitive to
change in response to an exercise intervention. Briefly, the FFI in the present study was
comprised of 30 variables, spanning a broad range of health indicators, including physical
competency, self-reported ADL’s, mood status and cognitive function. Variables were eligible
for inclusion in the index if they were measured at both baseline and pre-operative assessments,
and were selected for inclusion based on the criteria recommended by Searle et al.56 Namely,
variables included in the FFI were determined to be associated with health status, covered a
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range of physiologic systems, generally increased in prevalence with age and did not saturate
early. Recoding of individual variables within the index was conducted for categorical, ordinal
and interval data such that variables could be scored from 0-1, where 0 represents absence of a
deficit and 1 indicates full expression of a deficit. Several variables were coded using cut-points
previously established in the literature where applicable; whereas, others were intuitively coded
based on the number of possible responses to a question. Previous literature has confirmed that
the specific composition of variables included within a frailty index does not influence its
validity,57 provided that the variables are related to health status, cover a range of domains,
increase in prevalence with age and do not saturate early.56 Additionally, all variables included in
the present FFI have been used in previously published variations of the frailty index.56,58,71 In a
secondary analysis of three diverse longitudinal studies of community-dwelling adults (i.e. Nova
Scotia Health Survey, Survey of Health, Aging and Retirement in Europe and the Yale
Precipitating Events Project), Peña and colleagues also confirmed that variables within a frailty
index can be coded as either dichotomous or continuous with negligible impact on the tool’s
ability to predict mortality.158 For an overview of the variables included in the FFI, refer to
Appendix D.
To establish the concurrent validity of the present FFI, we compared baseline frailty using both
the current 30-item variation and a previously published index.71 Notably, the index used to
established concurrent validity has previously been demonstrated to be predictive of postoperative delirium, a transient state of severe confusion resulting from rapid changes in brain
function. In a prospective cohort study of elective cardiac surgery patients conducted at the St.
Boniface Hospital, frailty scores ≥ 0.3 were associated with a 3-fold increased risk of postoperative delirium (OR: 3.72 95% CI 1.39-9.92). Therefore, we used this previously published
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frailty index as a comparator to establish the concurrent validity of the present tool. To further
investigate the concurrent validity of the FFI developed as part of this dissertation, we also
examined the agreement and association between the FFI and the well-established phenotype
model of frailty.28
Change in Physical Activity Behaviour
Multi-directional accelerometers, considered the gold standard for assessing physical activity
behaviour,159 were used to objectively assess physical activity intensity and duration over a
period of seven consecutive days at both baseline and pre-operative time points. Specifically, we
used Actical accelerometers (Phillips – Respironics, Oregon, USA), which are highly accurate in
assessing the duration and intensity of physical activity, have been validated in both children and
adults,160 and have demonstrated superior reliability compared to other common accelerometer
models.161 These devices utilize a piezo-electric accelerometer to detect motion in three
directions, converting accelerations in the range of 0.05 to 2.0 G into an electrical charge and
summing the counts over a specified time interval, commonly referred to as an epoch.162 As
such, accelerometers classify intensity based on the number of counts occurring within a given
time period.
The cut points used in this project to identify MVPA were based on the work of Hooker and
colleagues, who conducted an accelerometer cut-point validation study in community-dwelling
middle-age (i.e. 45-64 years) and older adults (i.e. over 65 years).163 Specifically, accelerometer
data was analyzed in 10-minute intervals over 30-second epochs, using a cut point of 532.5
counts per 30-seconds. Patients were asked to wear the accelerometer over their right hip on an
elasticized belt during waking hours for a period of 7-consecutive days. A valid file for data
analysis was defined as including a minimum of 4 days with at least 10 hours per day of wear
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time, as previously published in the literature.164 Non-wear time was defined as at least 120
consecutive minutes of sedentary time (0 to 49.5 counts per 30-seconds).165 Wear time was
calculated by subtracting non-wear time from 24 hours.
The MVPA cut point of 532.5 counts per 30-seconds was chosen based on the similarities of
the present study to the participant population and accelerometer model used by Hooker et al.163
While a higher cut point (i.e. 1535 counts per minute)166 was used to analyze MVPA in the
Canadian Health Measures Survey,164 their study population was considerably younger (ages 2079) and healthier than the population investigated in the present study. A recent systematic
review conducted by Gorman et al. highlights the importance of utilizing population-specific cut
points in accelerometer studies, suggesting that due to age-related declines in physical fitness,
lower MVPA cut points are required for studies investigating older adults.167 Notably, study
authors have reported MVPA cut points ranging from 574 to 3250 counts per minute in the
literature, with the most commonly utilized cut point being 1952 counts per minute. Even so, we
selected the cut point of 1065 counts per minute (i.e. 532.5 counts per 30-seconds) due its
validation in community-dwelling adults over the age of 65.163 Additionally, we decided to use
the cut point proposed by Hooker and colleagues163 instead of the cut point proposed by
Copeland and colleagues168 due to its validation in the Actical accelerometer model, which is the
model that was used in the present study. A summary of accelerometer calibration studies in
adults, using both the Actical and ActiGraph (Pensacola, Florida, USA) models can be viewed in
Table 3.
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Table 3. Examples of Accelerometer Cut Point Calibration Studies in Adults
Study
Hooker (2011)163
Colley (2011)166
Giffuni (2012) 169
Heil (2006)160
Welk (2004)170
Swartz (2000)171
Copeland (2009)168
Freedson (1998)172
Yngve (2003) 173
Lopes (2009)174

Accelerometer
Model
Actical
Actical
Actical
Actical
Actical
ActiGraph
ActiGraph
ActiGraph
ActiGraph
ActiGraph

Study Population
Ages 45-84 (n=73)
Age 18+ (n=26)
Ages 18-63 (n=29)
Mean age 37 (n=24)
College age (n=38)
Ages 19-74 (n=70)
Ages 64-77 (n=38)
Ages 18+ (n=50)
Ages 18+ (n=28)
Mean age 63 (n=26)

MVPA Cut Point
(counts/min)
1065
1535
1726
1200
1969
574
1041
1952
2260
2400

Secondary Outcome Variables
Other Assessments of Physical Activity
Additional accelerometer data parameters assessed included ten-minute bouts of total physical
activity (TotalPA10min), light physical activity in 10-minute bouts (LightPA10min), sporadic
MVPA (MVPAspor), sporadic total physical activity (TotalPAspor), sporadic light physical activity
(LightPAspor) and sedentary time. Sedentary time was defined as 0 to 49.5 counts per 30-seconds;
whereas, light physical activity was classified based on the MVPA cut-point described in the
primary outcome variable, namely, activity between 49.5 and 532.5 counts per 30-seconds.
Sporadic physical activity was assessed in bouts of 30 seconds or greater, as this is the minimum
bout for data collection purposes using a 30-second epoch length. In addition to accelerometer
parameters, all participants randomized to the intervention arm maintained a standard exercise
log monitoring intensity, duration and modality of both aerobic and resistance exercise
programming.
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Phenotype Frailty
As an additional marker of frailty, we also investigated changes in the Fried phenotype
criteria28 from baseline to pre-operatively in both intervention and StanC groups. Cut-offs for
individual variables within the criteria have been previously published,28,37 and individuals were
classified as frail if they possessed at least three of the following seven criteria: (1) Shrinking; (2)
Weakness; (3) Exhaustion; (4) Slowness; (5) Low Physical Activity; (6) Depression; and, (7)
Cognitive Impairment. Standardized questionnaires, including the Paffenbarger Physical Activity
Index150 and the two-item Center for Epidemiologic Studies Depression index were used to
assess physical activity behaviour and exhaustion, respectively. Weight loss over the past year
was assessed via self-report; whereas, slowness and weakness were assessed objectively using
the 5-metre gait speed test73 and a grip strength dynamometer146,147. To measure grip strength, a
calibrated, Jamar hand dynamometer (Lafayette Instrument Company, USA) was used.
Participants were asked to position their elbows in 90-degree flexion and their hand in a semipronated position. The participant was then instructed to squeeze with as much force as possible
for two to three seconds, or until the needle stopped rising, and the research assistant then
recorded this value to the nearest kilogram. The best result of three trials with either the
dominant or non-dominant hand was used for data analysis purposes. To assess normal walking
speed, three separate trials of the 5-metre gait test were administered to each patient, with the
average of the three trials being used for data analysis purposes. Patients were instructed to walk
“at a comfortable pace” while a research assistant began timing at the first footfall following the
0-metre line. The timer was subsequently stopped at the first footfall after the 5-metre line and
the final time was recorded in seconds. Depression and cognitive impairment were assessed
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using standardized questionnaires, including the Geriatric Depression Scale (GDS-5)148,149 and
the Montreal Cognitive Assessment (MoCA), respectively.151,152
Functional Walking Ability
Changes in functional walking ability from baseline to pre-operatively were assessed using a
standard 6MWT. All patients enrolled in the study performed the 6MWT indoors on a flat
surface. The test was conducted in accordance with the guidelines provided by the American
Thoracic Society, where participants were instructed to cover as much distance as possible
during the six-minute time interval without running or jogging.175 Study patients were permitted
to use their walking aid if the aid was being used as part of everyday living. Additionally,
patients were informed that they could stop and rest or terminate the test at any time throughout
the assessment. Research assistants did not provide verbal encouragement and patients were only
provided with the elapsed time of the test at 1-minute intervals. Total distance covered was
recorded in meters.
The 6MWT has been used previously in patients with heart failure,176,177 pulmonary
disease,178,179 and a variety of cardiac populations.180,181 Notably, cardiac patients who walk less
than 300 meters on a 6MWT are at a 3.7-fold increased risk of dying compared to those who
walk greater than 450 meters,182 while an improvement of 50 meters is generally considered to
be a clinically relevant change in physical performance.183 Furthermore, Ross and colleagues
evaluated the ability of the 6MWT to predict VO2peak in cardiopulmonary patients and reported a
high correlation (R=0.82) between a maximal graded treadmill test and 6MWT results.184 The
6MWT has also been used previously to evaluate changes in physical fitness following preoperative exercise interventions in elective CABG patients.26
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Physical Function and Muscular Strength
Changes in physical function and muscular strength from baseline to pre-operatively were
assessed using the SPPB (Appendix E). The SPPB is a composite score combing results from a
balance test, gait speed assessment and chair stand test. Scores range from 0 (i.e. worst) to 12
(i.e. best), and participants can be classified as having severe (0-3), moderate (4-6), mild (7-9) or
minimal (10-12) limitations in physical function based on their final composite score.52 Notably,
there is a stepwise decline in the age and sex-adjusted rates of mortality and nursing home
admission associated with increasing scores on the SPPB.52 Furthermore, a 0.3 to 0.8 point
change on the SPPB has been deemed to be a small, but clinically relevant change in physical
performance.183,185
Physical Measures
The research staff collected the following physical measures at the baseline assessment in all
study patients: resting BP, resting heart rate, height and weight.
Statistical Analysis and Sample Size Calculation
Descriptive statistics, including mean ± standard deviation for continuous variables and
percentages for dichotomized variables, were computed to characterize baseline demographics
and surgical parameters. Group comparisons at baseline for continuous variables were compared
using an independent t-test or Mann-Whitney U-test for parametric and non-parametric data,
respectively. Categorical variables were compared using chi-square or Fisher exact tests. The
primary outcomes of frailty and MVPA in 10-minute bouts were analyzed using a two-way
ANOVA with one repeated measure (i.e. time) and one between group comparison (i.e. control
or intervention arm). If the statistical analysis returned a significant value (p ≤ 0.05), a NewmanKeuls method post hoc analysis was performed to identify significant differences between
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specific means. To examine longitudinal changes in binary variables over time, a generalized
estimating equation was used. Time points for the study included baseline and pre-operative
assessments, with an intent-to-treat analysis being utilized to handle drop-outs/missing data
points. Patients randomized to the PREHAB arm were considered to have completed the
intervention if they attended a minimum of 8 sessions over a period of at least four-weeks. To
compare the concurrent validity of the FFI and a previously published frailty index at baseline,71
a Bland-Altman plot was used to visually analyze the observed agreement between the two
measurement approaches.186,187 A Cohen’s kappa coefficient188 was also calculated to establish
agreement between the two measurement approaches using the dichotomous frailty cut-off of
0.25 to distinguish frail and non-frail individuals.54 We also utilized a Cohen’s kappa coefficient
and Spearman correlation to examine the strength of agreement between the FFI and the
phenotype frailty criteria. All study participants that were randomized to the intervention or
StanC arms were included in the final analyses, according to an intention-to-treat approach. All
statistical analyses were conducted using Statistica software (StatSoft Inc., Dell Software, Tulsa,
USA) and SPSS version 17.0 (IBM Corp., Armonk, USA).
Preliminary data demonstrated that in 4 PREHAB patients, the amount of MVPA accumulated
in 10-minute bouts increased by 107 minutes from baseline to pre-operatively.128 Based on this
pilot data, a sample size of 10 individuals (i.e. 5 per study arm) would be required to detect a
statistically significant change. However, based on the Physical Activity Guidelines Advisory
Committee Report189 an increase of 56 minutes of MVPA per week (i.e. 8 minutes per day) in
previously sedentary individuals decreases the risk of mortality by 9%. Therefore, we decided to
use this value as a minimal clinically important difference. Thus, a sample size of 30 individuals
(i.e. 15 per study arm) were determined to be required for a two-tailed alpha test of 0.05 and a
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power of 80% to detect a change of 56 minutes per week between groups. Based on the work of
Arthur et al.,132 we anticipated a 20% dropout rate and intended to recruit 36 patients (i.e. 18 in
each study arm) to achieve an eventual sample size of 30 after dropout. Since the present study
contained co-primary outcomes, we also conducted a sample size calculation to determine the
anticipated sample size required to detect a statistically significant change in the FFI between
intervention and StanC groups. To our knowledge, there is no existing literature that has
examined the magnitude of change in the frailty index following an exercise intervention;
however, many studies have previously suggested that deficits accumulate at a rate of 0.03 per
year.56,157,190 Based on this information and the literature suggesting that the “cut-off”
distinguishing frail patients from non-frail patients is 0.25 (i.e. 7.5 deficits out of 30), we decided
to use an absolute difference of 0.03 in the FFI as a clinically relevant change in frailty status
following an exercise intervention. A sample size of 36 patients (i.e. 18 per study arm) was
determined to be required for a two-tailed alpha test of 0.05 and a power of 80% to detect an
absolute change of 0.03 in the FFI. Due to a slower than expected rate of recruitment, we
analyzed data from the first 26 patients enrolled in the larger PREHAB randomized controlled
trial. Based on our sample size calculations, we acknowledge that it is possible that our small
sample size would not have the statistical power to provide insights about the effectiveness of the
PREHAB intervention. Nonetheless, we determined that an interim analysis of the first 26
patients would provide valuable insight related to the effectiveness of the intervention and
provide preliminary evidence to guide future program initiatives.
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Chapter 4: Results
Baseline Characteristics
Medical chart reviews were conducted for all study participants to collect baseline
demographics and relevant personal characteristics, including cardiovascular risk factors,
medication usage, lab values and comorbidities (Table 4). Basic patient demographics, including
age, gender, BMI, CFS, education level and smoking status did not differ between StanC and
PREHAB groups. Relevant risk factors for cardiovascular disease and other comorbidities were
also similar in both experimental groups. These risk factors included ejection fraction, BP, CCS
Class, previous MI, diabetes, CVD, PVD, hypertension, dyslipidemia and cognitive impairment.
Additionally, medication usage did not differ between groups, including the prescription of
nitrates, beta-blockers, anti-platelet agents, angiotensin converting enzyme (ACE) inhibitors,
calcium channel blockers (CCB), statins and anticoagulants. Values for serum albumin were
significantly higher in the PREHAB group compared to the StanC group (36.6 g/L vs. 30.2 g/L;
p<0.05); in fact, StanC group patients had slightly lower serum albumin concentrations than
what is considered normal (i.e. 35 to 50 g/L), which may be an indicator of overall nutritional
status, liver or kidney damage. However, other lab values did not differ between groups,
including hemoglobin, glycated hemoglobin, white blood cell (WBC) count, platelet count and
creatinine. The study population achieved a baseline MET level of 5.3 ± 2.7 and 5.4 ± 1.9 on a
stress test in StanC and PREHAB groups, respectively. While these values are considerably
lower than reference values for Canadian adults over the age of 60,191 the average aerobic
capacity of patients in our cohort is consistent with data from Kavanagh et al. who previously
reported an average of 5.5 ± 1.3 METs amongst CABG patients.100
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Table 4. Comparison of Baseline Characteristics Between StanC and PREHAB Patients.
StanC (n=12)

PREHAB (n=14)

p-value

Demographics
Age (years)
Gender (% female)
Height (cm)
Weight (kg)
BMI
MET Level
CFS
Education (% College)
Current Smoker
Smoking History

70.3 ± 5.4
3 (25.0%)
171.3 ± 7.1
89.2 ± 14.4
30.6 ± 6.7
5.3 ± 2.7
4.0 ± 0.9
3 (25.0%)
2 (16.7%)
5 (41.7%)

72.8 ± 7.1
3 (21.4%)
170.4 ± 11.6
85.7 ± 18.4
29.3 ± 4.7
5.4 ± 1.9
3.3 ± 0.7
8 (61.5%)
0 (0%)
10 (71.4%)

0.32
1.00
0.82
0.61
0.56
0.89
0.06
0.11
0.16
0.16

Cardiac Status
Ejection Fraction (%)
CCS Class
Resting Diastolic BP
Resting Systolic BP
Resting Heart Rate
CHF
Previous MI
Atrial Fibrillation
Prior Angioplasty or Stent
Pacemaker
Defibrillator
Cardiogenic Shock
Endocarditis

57.5 ± 8.9
2.7 ± 0.5
73.5 ± 10.8
132.1 ± 14.0
68.8 ± 15.4
4 (33.3%)
4 (33.3%)
2 (16.7%)
3 (25.0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

54.0 ± 16.5
2.4 ± 0.5
72.3 ± 16.3
138.6 ± 21.5
70.7 ± 17.0
3 (25.0%)
3 (25.0%)
0 (0%)
2 (16.7%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

0.59
0.43
0.86
0.46
0.80
1.00
1.00
0.48
1.00
1.00
1.00
1.00
1.00

Comorbidities
Diabetes Mellitus
CVD
PVD
COPD
Asthma
Arthritis
CKD
Dialysis
GI Disease
Dyslipidemia
Pulmonary Hypertension
Hypertension
Visual Impairment
Hearing Impairment
Liver Disease
Cirrhosis

6 (50.0%)
3 (25.0%)
0 (0%)
0 (0%)
1 (8.3%)
3 (25.0%)
1 (8.3%)
0 (0%)
0 (0%)
11 (91.7%)
0 (0%)
10 (83.3%)
4 (33.3%)
0 (0%)
0 (0%)
0 (0%)

7 (53.8%)
0 (0%)
1 (7.7%)
2 (15.4%)
0 (0%)
5 (38.5%)
0 (0%)
0 (0%)
3 (23.1%)
7 (53.8%)
3 (23.1%)
10 (76.9%)
5 (38.5%)
2 (15.4%)
0 (0%)
0 (0%)

1.00
0.09
1.00
0.48
0.48
0.67
0.48
1.00
0.22
0.07
0.22
1.00
1.00
0.48
1.00
1.00
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Cancer
Dementia
Cognitive Impairment
Clinical Depression
Anxiety/Panic Attacks
Lab Values
Hemoglobin (g/L)
HbA1c (%)
WBC Count (billion cells/L)
Platelet Count (billion/L)
Creatinine (µmol/L)
Albumin (g/L)

1 (8.3%)
0 (0%)
1 (8.3%)
1 (8.3%)
0 (0%)

1 (7.7%)
0 (0%)
0 (0%)
1 (7.7%)
1 (7.7%)

1.00
1.00
0.48
1.00
1.00

127.2 ± 13.0
6.6 ± 1.2
7.4 ± 1.6
202.3 ± 57.2
89.1 ± 26.5
30.2 ± 3.7

125.6 ± 20.5
6.7 ± 1.5
9.8 ± 4.2
192.6 ± 61.0
67.8 ± 35.6
36.6 ± 3.2

0.83
0.94
0.10
0.71
0.14
0.02

Medications
Nitrate
9 (75.0%)
10 (71.4%)
1.00
Acetylsalicylic Acid
9 (75.0%)
9 (64.3%)
0.68
Anti-Platelet
4 (33.3%)
5 (35.7%)
1.00
Beta-Blocker
8 (66.7%)
9 (64.3%)
1.00
ACE Inhibitor
5 (41.7%)
5 (35.7%)
1.00
ARB
2 (16.7%)
5 (35.7%)
1.00
CCB
7 (58.3%)
6 (42.9%)
0.70
Statin
7 (58.3%)
6 (42.9%)
0.70
Anticoagulant
3 (25.0%)
5 (35.7%)
0.68
Benzodiazepine
2 (16.7%)
4 (28.6%)
0.65
Anti-depressant
2 (16.7%)
4 (28.6%)
0.65
Anti-arrhythmic
2 (16.7%)
4 (28.6%)
0.65
Diuretic
5 (41.7%)
6 (42.9%)
1.00
Steroid
2 (16.7%)
4 (28.6%)
0.65
Insulin
4 (33.3%)
5 (35.7%)
1.00
Proton Pump Inhibitor
2 (16.7%)
4 (28.6%)
0.65
Antibiotic
3 (25.0%)
4 (28.6%)
1.00
Continuous variables expressed as mean ± standard deviation. Categorical variables expressed in
frequencies (percentage of group). Statistical comparisons were calculated using χ2 or Fisher
exact test for categorical variables and t test for continuous variables. BMI, body mass index;
MET, Metabolic Equivalent of Task; CFS, Clinical Frailty Scale; CCS, Canadian cardiovascular
society angina score; BP, blood pressure; CHF, congestive heart failure; MI, myocardial
infarction; CVD, cerebrovascular disease; PVD, peripheral vascular disease; COPD, chronic
obstructive pulmonary disease; CKD, chronic kidney disease; GI, gastrointestinal; HbA1c,
glycated hemoglobin; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker;
CCB, calcium channel blocker.
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Surgical Parameters
Table 5 presents data collected for relevant surgical parameters. Although the intent of this
dissertation was to investigate pre-operative risk factors, several surgical parameters were
compared to establish that experimental groups were indeed similar with respect to the operative
procedure itself. Time on wait list, procedural type, ICU LOS and hospital LOS did not differ
between StanC and PREHAB groups. Patients enrolled in the study experienced a median (IQR)
procedural wait time of 55 (39.8-81.3) and 60 (47.5-71.5) days in StanC and PREHAB groups,
respectively. These average wait times are representative of the elective patient population in
Manitoba, where wait times range from 43 to 180 days. The majority of study patients (i.e. 60%
StanC, 58.3% PREHAB) underwent isolated CABG procedures, whereas a small number of
patients underwent isolated valve (i.e. 0% StanC, 25% PREHAB) and combined procedures (i.e.
40% StanC, 16.7% PREHAB). Operative complications in the StanC group included four
distinct incidents of atrial fibrillation, two occurrences of prolonged ventilation (i.e. ventilation >
24 hours), and one occurrence of stroke, gastrointestinal event, conduction disturbance and reoperation. Similarly, the PREHAB group experienced six individual occurrences of atrial
fibrillation as well as one patient that experienced pneumonia, minor acute kidney injury and a
gastrointestinal event. There were no differences in the number of patients experiencing
operative complications between StanC and PREHAB groups.
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Table 5. Comparison of Surgical Parameters for StanC and PREHAB Patients.
StanC (n=12)

PREHAB (n=14)

p-value

Surgical Characteristics
Time on Wait List (days)
55.0 (39.8-81.3)
60.0 (47.5-71.5)
0.83
Procedural Type
0.17
Isolated CABG
6 (60%)
7 (58.3%)
Isolated Valve
0 (0%)
3 (25%)
CABG + Valve
4 (40%)
2 (16.7%)
Operative Complications
8 (66.7%)
7 (50%)
0.45
ICU Length of Stay (hours)
32.8 (19.9-82.6)
21.9 (19.4-42.5)
0.42
Length of Hospital Stay (days)
8.0 (5.3-19.5)
7.0 (6.5-8.5)
0.62
Continuous variables expressed as median (interquartile range). Categorical variables expressed
in frequencies (percentage of group). Statistical comparisons were calculated using χ2 or Fisher
exact test for categorical variables and Mann-Whitney test for continuous variables. CABG,
coronary artery bypass graft; ICU, intensive care unit.

Cardiac Rehab Attendance Data
Intervention attendance was monitored via a patient specific swipe card system at each
individual study location and was collected in all patients randomized to the PREHAB
intervention (n=14; Table 6). PREHAB patients were enrolled in the intervention for an average
of 7.7 ± 5.5 weeks, accumulating a mean 6.7 ± 6.0 sessions over this period. Based on a previous
pilot study128 indicating significant functional benefit following an intervention duration of fourweeks, we defined intervention completion as consisting of attendance at eight sessions (i.e. two
per week) over a minimum of four-weeks. Using this definition of intervention completion,
28.6% of PREHAB patients completed the interdisciplinary CR program. Additionally, using the
patient’s time on the wait-list and assuming two sessions per week as a target attendance rate, we
determined that 28.6% of patients achieved at least 50% attendance, while 57.1% of patients
attended 25% of total possible PREHAB sessions.

73
Table 6. PREHAB Intervention Attendance Data.
PREHAB (n=14)
Attendance Data
Mean time in Intervention
(weeks)

7.7 ± 5.5

Sessions Attended
6.7 ± 6.0
Completed Intervention
4 (28.6%)
75% Completion
4 (28.6%)
50% Completion
4 (28.6%)
25% Completion
8 (57.1%)
Continuous variables expressed as mean ± standard deviation. Categorical variables expressed in
frequencies (percentage of group). Intervention completion defined as attending PREHAB for a
minimum 8 sessions for a period of 4 weeks or more. Percentage completion determined by the
following equation ((Actual Attended Sessions/Expected Attendance)*100).
Patient Safety and Adverse Events
Overall, the exercise intervention was well tolerated with few incidences of adverse events.
Our cohort experienced a total of four adverse events, however, these events were determined to
be unrelated to the exercise intervention itself. In the PREHAB group, two patients were
hospitalized for serious adverse events, including one occurrence of unstable angina and one
incidence of post-operative stroke. It should be noted that the patient hospitalized for unstable
angina had attended a PREHAB session more than 72 hours prior to the occurrence of the event.
As such, an independent data safety monitoring board determined that this event did not occur as
a result of the intervention. The occurrence of stroke in a patient randomized to the PREHAB
group was also determined to be unrelated to the exercise intervention by an independent data
safety monitoring board, as the incident occurred post-operatively. In the StanC group, two
patients were hospitalized for serious adverse events, with one patient experiencing a postoperative stroke and another patient suffering worsening angina. As these patients were
randomized to the StanC arm, an independent data safety monitoring board determined that
neither adverse event occurred as a result of their enrollment in the study. Of the 26 patients
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enrolled in the study, two StanC and two PREHAB patients had their surgical procedure
advanced due to worsening symptoms experienced while on the wait list.
Changes in Frailty
Concurrent Validity of the Functional Frailty Index
As described previously, the FFI was specifically developed as part of this dissertation to
provide a measure of frailty that would be both sensitive to change and also appropriately
represent the frailty status of an individual patient. To establish the concurrent validity of the
FFI, we compared baseline frailty to a previously published index developed by Jung and
colleagues.71 Note that the previously published index by Jung and colleagues could not be used
as a marker of changes in frailty in the present study, as not all variables were collected at both
pre- and post-operative time points. Using a cut-off of 0.25 to distinguish frail and non-frail
patients,54 the observed agreement was 88% with a kappa statistic of 0.75, which is classified as
a moderately strong level of agreement.192 This level of agreement can be observed visually in
the Bland-Altman plot illustrated in Figure 6, where all but one data point falls within two
standard deviations of the mean. We also demonstrated a significant association (r=0.80; p<0.05)
between the FFI developed for the present study and the Jung frailty index using a Pearson
correlation (Figure 7, Panel A). To further establish the concurrent validity of the FFI, we
compared our frailty tool to the well-established frailty phenotype criteria using both a Cohen’s
kappa coefficient and a Pearson correlation. Although the kappa statistic of 0.24 indicated a
minimally strong level of agreement, we demonstrated a significant correlation (r=0.84; p<0.05)
between the FFI and the phenotype frailty criteria (Figure 7, Panel B).
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Figure 6. Bland-Altman Plot Representing the Visual Agreement Between Functional
Frailty Index and Jung Frailty Index at Baseline.
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Figure 7. Associations Between Functional Frailty Index, Jung Frailty Index and
Phenotype Frailty. Functional Frailty Index and Jung Frailty Index at Baseline (n=26; Panel A).
Functional Frailty Index and Phenotype Frailty (n=52; Panel B). Significant associations for and
Jung Frailty Index (p=0.0001) and Phenotype Frailty (p=0.0001).
A. Jung Frailty Index
r = 0.80
p < 0.05

B. Phenotype Frailty
r = 0.84
p < 0.05
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Functional Frailty Index and Phenotype Frailty
Patients enrolled in the study had average baseline FFI scores of 0.27 ± 0.09 and 0.22 ± 0.08 in
PREHAB and StanC groups, respectively. We also assessed frailty using the well-established
phenotype model. Patients randomized to the StanC group expressed an average of 3.6 ± 1.2
deficits, whereas patients in the PREHAB group expressed 3.3 ± 1.5 deficits at baseline. No
differences were observed for either the FFI or the phenotype frailty criteria at baseline (Table
7). Similarly, StanC and PREHAB were not different when FFI was analyzed pre-operatively;
however, there was a significant improvement in FFI from baseline to pre-operatively when both
StanC and PREHAB groups were combined (main effect of time; p < 0.05). A main effect of
time (p<0.05), such that Pre-Operative < Baseline was also observed for phenotype frailty. To
further examine the effect of the PREHAB intervention in specific cohorts of patients, we
dichotomized patients at different FFI cut-offs (i.e. ≥ 0.2, ≥ 0.25, ≥ 0.3). There were no
significant differences in the proportion of patients classified as frail by any cut-off at any time
point; however, there was a trend (p=0.07) towards a significant reduction in the proportion of
patients with an FFI ≥ 0.25 in the PREHAB group pre-operatively.
To examine which specific variables within the FFI were modified from baseline to preoperatively in StanC and PREHAB groups, we developed an absolute measure of percentage
change in all variables included in the index (Table 8). Variables representing the largest
absolute improvement in the StanC group included the repeated chair stand test (19.6%), selfreported physical activity (20.0%), help with housework (18.3%), as well as both parameters
related to self-reported exhaustion (35.6%, 26.7%). In contrast, PREHAB patients demonstrated
a larger absolute improvement in gait speed (15.7%), 6MWT distance walked (12.9%), selfreport physical activity (7.1%) and cognition (35.7%). Absolute percentage improvements in the
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StanC group ranged from -10.0% to 35.6% in StanC; whereas, percentage improvements in
PREHAB variables ranged from -15.4% to 35.7%.

Table 7. Comparison of Frailty Parameters Between StanC and PREHAB Patients at
Baseline and Pre-Operatively.
Baseline

Pre-Operative

0.27 ± 0.09
0.22 ± 0.08

0.22 ± 0.10
0.19 ± 0.06

FFI ≥ 0.2
StanC
PREHAB

8 (66.7%)
5 (38.5%)

5 (41.7%)
6 (46.2%)

FFI ≥ 0.25
StanC
PREHAB

6 (50%)
4 (30.8%)

4 (33.3%)
1 (7.7%)

FFI ≥ 0.3
StanC
PREHAB

4 (33.3%)
3 (23.1%)

2 (16.7%)
1 (7.7%)

Functional Frailty Index
Continuous FFI
StanC
PREHAB

Improved FFI
StanC
PREHAB

7 (58.3%)
5 (38.4%)

Fried Phenotype Frailty
Continuous Phenotype
StanC
3.6 ± 1.2
2.9 ± 1.4
PREHAB
3.3 ± 1.5
2.5 ± 1.3
Continuous variables expressed as mean ± standard deviation. Categorical variables expressed in
frequencies (percentage of group). Statistical comparisons were calculated using two-way
ANOVA and Newman-Keuls method post hoc test for continuous variables and generalized
estimating equation and Fisher exact test for categorical variables. Improvement in FFI defined
as a decrease of ≥ 0.03 from baseline to pre-operatively. Time effect for Continuous FFI and
Continuous Phenotype where Pre-Operative < Baseline (p<0.05). FFI, functional frailty index.
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Table 8. Percentage Improvement in Functional Frailty Index Variables from Baseline to
Pre-Operatively in StanC and PREHAB Patients.
Baseline

Standard Care
Pre-Op
Absolute %
Change

Baseline

PREHAB
Pre-Op

Absolute
% Change

SPPB Balance
Handgrip
Strength
Chair Stand
Gait Speed
6MWT
Self-Report PA
Help Eating
Help Dressing
Help Grooming
Help Walking
Help Getting
In/Out of Bed
Help Bathing
Help Using
Telephone

13.8%
50.0%

10%
60.0%

3.8%
-10.0%

4.7%
57.1%

3.3%
50.0%

1.4%
7.1%

52.1%
41.7%
56.3%
50.0%
0%
4.2%
4.2%
0%
4.2%

32.5%
50.0%
50.0%
30.0%
0%
0%
0%
0%
0%

19.6%
-8.3%
6.3%
20.0%
0%
4.2%
4.2%
0%
4.2%

48.2%
35.7%
55.4%
7.1%
0%
0%
0%
0%
0%

45.0%
20.0%
42.5%
0%
0%
0%
0%
0%
0%

3.2%
15.7%
12.9%
7.1%
0%
0%
0%
0%
0%

4.2%
0%

0%
0%

4.2%
0%

0%
0%

5.0%
0%

-5.0%
0%

Help
Transportation
Help Shopping
Help Cooking
Help Housework
Help Medication
Help Finances
Feel Everything
an Effort
Trouble Getting
Going

8.3%

5.0%

3.3%

3.6%

5.0%

-1.4%

16.7%
8.3%
33.3%
4.2%
0%
72.3%

10.0%
0%
15.0%
5.0%
0%
36.7%

6.7%
8.3%
18.3%
-0.8%
0%
35.6%

3.6%
0%
7.1%
0%
0%
57.2%

0%
0%
20%
0%
0%
50.0%

3.6%
0%
-12.9%
0%
0%
7.2%

50.0%

23.3%

26.7%

33.3%

40.0%

-6.7%

Unintentional
Weight Loss

25.0%

0%

25%

28.6%

40.0%

-11.4%

Weight Loss
Conclusion

25.0%

0%

25%

21.4%

10.0%

11.4%

Decline Food
Intake

33.3%

20.0%

13.3%

21.4%

30.0%

-8.6%

BMI
Pain/Discomfort
HRQoL
Depression
Anxiety
Cognition

66.7%
29.2%
40.6%
25.0%
11.1%
83.3%

65.0%
25.0%
44.5%
20.0%
16.6%
80.0%

1.7%
4.2%
-3.9%
5%
-5.5%
3.3%

71.4%
16.1%
40.0%
28.6%
19.1%
85.7%

65.0%
22.5%
36.0%
44.0%
20.0%
50.0%

6.4%
-6.4%
4.0%
-15.4%
-0.9%
35.7%

Variables expressed as percentage of total group deficit, calculated by the equation ((total group
deficit sum/sample size)*100). SPPB, Short Physical Performance Battery; 6MWT, 6-Minute
Walk Test; PA, physical activity; BMI, body mass index; HRQoL, health-related quality of life.
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Objectively Measured Physical Activity Behaviour
Physical activity was assessed objectively by accelerometer and the various parameters are
displayed in Table 9. Physical activity was analyzed in bouts of 10-minutes or longer as well as
in sporadic bouts of activity (i.e. accumulated activity in bouts of 30 seconds or longer). To be
considered a valid accelerometer file for the purposes of data analysis, a minimum 10 hours per
day of wear time across four days was required. Due to this restriction, valid accelerometer data
was available in 12 PREHAB patients and 11 StanC patients.
When accelerometer data was analyzed in 10-minute bouts (i.e. LightPA10min, MVPA10min,
TotalPA10min), there were no differences between baseline and pre-operative time points at any
intensity. StanC group patients accumulated an average of 29 ± 87 minutes of bouted MVPA at
baseline, whereas PREHAB patients achieved 6 ± 12 minutes. These data are comparable to
previous reports of objectively measured activity in cardiac surgery patients120,128 and older
adults with cardiovascular disease;29 however, it remains substantially lower than recommended
levels of physical activity for the apparently healthy Canadian adult population.24
When accelerometer physical activity was assessed using sporadic bouts of 30-seconds or
longer, there were no differences in LightPAspor or MVPAspor at any time. When valid files were
analyzed for TotalPAspor, a main group effect (p<0.05) was found, such that PREHAB patients
accumulated significantly more activity than StanC. Notably, patients in the PREHAB group
accumulated 726 ± 268 minutes and 828 ± 320 minutes of TotalPAspor at baseline and preoperative time points, respectively. In contrast, patients randomized to StanC accumulated 716 ±
326 minutes of TotalPAspor at baseline and 693 ± 301 minutes pre-operatively.
We also analyzed sedentary activity in sporadic bouts and in bouts of at least 10-minutes. A
main group effect was observed for both Sedentary10min and Sedentaryspor, where StanC <
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PREHAB (p<0.05), but this effect did not change over time. Patients enrolled in the study were
sedentary for a mean 514 ± 72 minutes per day, equating to nearly 8.6 hours of sitting.
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Table 9. Comparison of Accelerometer Physical Activity Between StanC and PREHAB
Patients at Baseline and Pre-Operatively.
Baseline

Pre-Operative

34 ± 48
11 ± 14

21 ± 30
23 ± 43

MVPA10min
StanC
PREHAB

29 ± 87
6 ± 12

31 ± 67
10 ± 14

TotalPA10min
StanC
PREHAB

63 ± 90
18 ± 17

52 ± 73
34 ± 42

635 ± 307
661 ± 239

609 ± 268
740 ± 288

MVPAspor
StanC
PREHAB

81 ± 108
65 ± 40

85 ± 77
88 ± 48

TotalPAspor
StanC
PREHAB

716 ± 326
726 ± 268

693 ± 301
828 ± 320

396 ± 49
443 ± 67

480 ± 34
537 ± 81

10-Minute Bouts (min/week)
LightPA10min
StanC
PREHAB

Sporadic Bouts (min/week)
LightPAspor
StanC
PREHAB

Sedentary Time (min/day)
Sedentary10min
StanC
PREHAB

Sedentaryspor
StanC
491 ± 40
480 ± 34
PREHAB
535 ± 89
537 ± 81
Values are means ± standard deviation. Statistical comparisons were calculated using two-way
ANOVA and Newman-Keuls method post hoc test. Main group effect for Sedentaryspor and
Sedentary10min where StanC < PREHAB (p<0.05). Main group effect for TotalPAspor where
StanC < PREHAB (p<0.05). PA, physical activity; MVPA, moderate to vigorous physical
activity.
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Functional Walking Ability
Patients in the StanC group walked an average of 297.7 ± 87.0 meters at baseline and 302.3 ±
82.7 meters pre-operatively. PREHAB patients walked an average of 332.2 ± 51.1 meters at
baseline and 366.4 ± 57.7 pre-operatively, representing a 10.3% improvement in functional
walking ability. No differences were observed for total distance walked on the 6MWT between
StanC and PREHAB at any time point (Table 10).

Table 10. Comparison of Functional Walking Ability Between StanC and PREHAB
Patients at Baseline and Pre-Operatively.
Baseline

Pre-Operative

6-Minute Walk Test (m)
StanC
297.7 ± 87.0
302.3 ± 82.7
PREHAB
332.2 ± 51.1
366.4 ± 57.7
Values are means ± standard deviation. Statistical comparisons were calculated using two-way
ANOVA and Newman-Keuls method post hoc test.
Physical Function and Muscular Strength
There were no differences between PREHAB and StanC groups in physical function, as
assessed by the SPPB, across any time point (Table 11). The average SPPB score at baseline was
7.3 ± 1.9 and 7.7 ± 1.7 in StanC and PREHAB groups, respectively. These values fall below the
summary score of 10 previously established in the literature as a marker of impaired physical
function amongst older adults.52,193 We utilized this cut-point to examine changes in the
proportion of patients with a summary SPPB score ≤ 9 at baseline and pre-operatively. However,
there were no significant changes in the proportion of physically impaired patients over time.
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Table 11. Comparison of Physical Function Between StanC and PREHAB Patients at
Baseline and Pre-Operatively.
Short Physical Performance
Battery
Continuous SPPB
StanC
PREHAB

Baseline

Pre-Operative

7.3 ± 1.9
7.7 ± 1.7

7.8 ± 1.9
8.0 ± 1.7

SPPB Score ≤ 9
StanC
11 (91.7%)
8 (66.7%)
PREHAB
10 (71.4%)
10 (71.4%)
Continuous variables expressed as mean ± standard deviation. Categorical variables expressed in
frequencies (percentage of group). Statistical comparisons were calculated using two-way
ANOVA and Newman-Keuls method post hoc test for continuous variables and generalized
estimating equation for categorical variables. SPPB, short physical performance battery.
Sub-Analysis of PREHAB Completers and Non-Completers
We conducted a sub-analysis of four PREHAB patients that completed the intervention (i.e.
PREHAB Completers) and the ten participants classified as non-completers (Table 12).
Statistically, we analyzed the data as an average percent change from baseline to pre-operatively
to create a more intuitive interpretation of the results (Figure 8). While there were no significant
differences in percent change from baseline to pre-operatively in 6MWT or TotalPAspor, we
found a significant difference between PREHAB completers and non-completers with respect to
percentage change in FFI. Notably, PREHAB completers improved their FFI by 34.6 ± 25.4%;
whereas, patients that did not complete the PREHAB intervention as intended experienced an
average FFI decline of 4.8 ± 26.5% from baseline to pre-operatively (p < 0.05). Even so, the
percentage improvement in FFI amongst PREHAB completers was not statistically different than
that observed in the StanC group (i.e. 17.1 ± 20.1%).
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Table 12. Sub-Analysis of Select Parameters in PREHAB Completers and Non-Completers
at Baseline and Pre-Operatively.
Baseline

Pre-Operative

Functional Frailty Index
Continuous FFI
StanC
PREHAB (non-completers)
PREHAB (completers)

0.27 ± 0.09
0.19 ± 0.07 #
0.28 ± 0.09 Ŧ

0.22 ± 0.10 *
0.19 ± 0.06
0.19 ± 0.08 *

Functional Walking Ability
6 Minute Walk Test
StanC
PREHAB (non-completers)
PREHAB (completers)

297.7 ± 87.0
344.4 ± 41.6
304.8 ± 66.0

302.3 ± 82.7
358.9 ± 45.0
383.3 ± 85.9

Physical Activity Behaviour
MVPA10min
StanC
PREHAB (non-completers)
PREHAB (completers)

29.3 ± 87.0
9.1 ± 14.2
0±0

30.5 ± 67.0
12.6 ± 15.5
5.9 ± 11.8

TotalPAspor
StanC
716.2 ± 326.4
693.2 ± 300.8
PREHAB (non-completers)
779.2 ± 301.1
832.1 ± 376.3
PREHAB (completers)
618.6 ± 170.4
820.1 ± 209.2
Continuous variables expressed as mean ± standard deviation. FFI, functional frailty index;
StanC, standard care; MVPA, moderate to vigorous physical activity. StanC n=12; PREHAB
Non-Completers n=10; PREHAB Completers n=4. * = different from baseline (p<0.05). # =
different from StanC (p<0.05). Ŧ = different from PREHAB Non-Completers (p<0.05). Time
effect for 6MWT where Baseline < Pre-Operative (p<0.05).
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Figure 8. Comparison of Percentage Change in Select Parameters between Baseline and
Pre-Operatively in StanC, PREHAB Non-Completers and PREHAB Completers. Values
are mean percentage change ± standard deviation. StanC n=12; PREHAB Non-Completers n=10;
PREHAB Completers n=4. Statistical comparisons were calculated using Kruskal-Wallis
ANOVA and Mann-Whitney test. Percentage Change in 6-Minute Walk Test (Panel A).
Percentage Change in FFI (Panel B). Percentage Change in Total Sporadic Physical Activity
(Panel C). * = different from PREHAB non-completers (p < 0.05).
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Correlations Between Frailty, Functional Walking Ability and Objectively Measured
Physical Activity Behaviour
We utilized Pearson correlations to examine associations between primary and secondary
outcomes, including frailty, physical activity behaviour and functional walking ability (Table 13,
Table 14, Figure 9, Table 15 and Table 16). A significant (p<0.05) association between preoperative functional walking ability, as assessed by the 6MWT, and LightPAspor (r=0.44) and
TotalPAspor (r=0.41) was detected. Other physical activity parameters, including LightPA10min,
MVPAspor, MVPA10min and TotalPA10min were not significantly associated with 6MWT results
(Table 13). In contrast, a negative association was found between functional walking ability and
pre-operative FFI score (Figure 9; r=-0.40, p<0.05), such that as an individual’s distance walked
on the 6MWT was higher, their continuous frailty index score was lower (i.e. less frail; Figure
9). Additionally, we found a significant (p<0.05) negative association between FFI score and
MVPAspor (r=-0.41) and TotalPAspor (r=-0.41; Table 14). We also found significant associations
between baseline FFI score and change in FFI score (Table 15) in the entire cohort (r=-0.48,
p<0.05) and in the PREHAB group specifically (r=-0.67, p<0.05). When changes from baseline
to pre-operatively in select parameters were computed, no significant associations were detected
between ΔMVPA10min, ΔTotalPAspor, Δ6MWT and ΔFFI (Table 16). Even so, we did observe a
trend (r=0.38, p=0.06) towards a significant association between ΔMVPA10min and ΔTotalPAspor.
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Table 13. Association Between Pre-Operative Functional Walking Ability (6MWT) and
Objectively Quantified, Pre-Operative Physical Activity Parameters.
Pearson Correlation
p-value
LightPAspor
0.44
0.02
LightPA10min
0.23
0.26
MVPAspor
0.10
0.63
MVPA10min
-0.29
0.15
TotalPAspor
0.41
0.04
TotalPA10min
-0.09
0.66
Pearson correlations and p-values shown. PA, physical activity; MVPA, moderate to vigorous
physical activity.
Table 14. Association Between Pre-Operative Functional Frailty Index Score and
Objectively Quantified, Pre-Operative Physical Activity Parameters.
Pearson Correlation
p-value
LightPAspor
-0.36
0.07
Light PA10min
-0.21
0.30
MVPAspor
-0.41
0.04
MVPA10min
-0.18
0.38
TotalPAspor
-0.41
0.04
TotalPA10min
-0.28
0.17
Pearson correlations and p-values shown. PA, physical activity; MVPA, moderate to vigorous
physical activity.
Figure 9. Association Between Pre-Operative Functional Frailty Index Score and
Functional Walking Ability (6MWT). Functional Frailty Index and Functional Walking Ability
(n=26). Significant association for Functional Walking Ability (p=0.04).

r = -0.40
p < 0.05
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Table 15. Association Between Baseline Functional Frailty Index Score and Changes in
Select Parameters in the Entire Cohort, PREHAB and Standard Care Groups.
Whole Cohort

PREHAB

StanC

ΔMVPA10min

r=0.01

r=0.04

r=0.03

ΔTotalPAspor

r=-0.25

r=-0.37

r=0.07

Δ6MWT

r=0.13

r=0.46

r=0.01

ΔFFI

r=-0.48*

r=-0.68*

r=-0.22

Pearson correlations are shown. *=p<0.05. MVPA, moderate to vigorous physical activity;
6MWT, 6-Minute Walk Test; FFI, functional frailty index.

Table 16. Association Between Changes in Physical Activity Parameters, Functional
Walking Ability and Functional Frailty Index Score.
ΔMVPA10min

ΔTotalPAspor

Δ6MWT

ΔFFI

ΔMVPA10min

X

r=0.38

r=0.18

r=0.02

ΔTotalPAspor

r=0.38

X

r=0.23

r=0.26

Δ6MWT

r=0.18

r=0.23

X

r=-0.26

ΔFFI

r=0.02

r=0.26

r=-0.26

X

Pearson correlations are shown. MVPA, moderate to vigorous physical activity; 6MWT, 6Minute Walk Test; FFI, functional frailty index.
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Chapter 5: Discussion
Evidence to Support the Safety of PREHAB in the Frail, Older Adult Population
Previous literature has confirmed that extended wait times negatively influence mortality and
HRQol amongst cardiac surgery patients.122–124,126 Indeed, observational studies have identified
that the risk of dying while on the wait-list increases by approximately 11% every month,123 and
individuals meeting CCS wait time guidelines (i.e. 6 weeks for elective procedures) are 68% less
likely to experience in-hospital death when compared to individuals not meeting the guideline.124
Based on this literature, we sought an opportunity to implement a pre-operative strategy
combining exercise and educational components in an attempt to optimize risk factors prior to
surgical intervention. Two previous studies have confirmed the safety and efficacy of exercise
interventions prior to cardiac surgery;26,132 however, the present study attempted to extend these
results to the frail, older adult population undergoing cardiac surgery. Our novel pilot data in 26
elective cardiac surgery patients indicates that a pre-operative, interdisciplinary exercise
intervention is well tolerated and does not result in increased rates of adverse events. While our
results do not support our primary hypotheses that the PREHAB intervention would reduce the
severity of frailty and increase MVPA accumulated in 10-minute bouts in the full PREHAB
group, a sub-group completer analysis indicates that high PREHAB attenders improve FFI more
than individuals that do not complete the intervention as intended. This finding is clinically
relevant because current StanC does not provide patients with a strategy to reduce frailty prior to
cardiac surgery, despite the literature clearly identifying an association between frailty and poor
perioperative outcomes.12
To enroll a patient population representative of the contemporary cardiac surgery cohort, we
specifically targeted the recruitment of frail individuals over the age of 60. Recent literature
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indicates that over 25% of cardiac procedures are now being performed in older adults7 and up to
50% of patients can be classified as frail.71 Despite this, previous studies utilizing pre-operative
exercise interventions have recruited considerably younger patients (i.e. 60 years) without
considering frailty as an inclusion criteria.26,132 Our study cohort is unique from previous trials in
that the average age of our participants was 71.6 ± 6.4 years and all patients screened positive for
frailty using the phenotype frailty model. More specifically, our cohort had an average FFI score
of 0.24 ± 0.09 while expressing a mean 3.4 ± 1.4 deficits according to the phenotype model of
frailty. Our study was also the first to include patients requiring valve repair/replacement
surgery, as previous studies have been conducted exclusively in isolated CABG patients.26,132 As
such, this dissertation extends the results of previous studies to a representative sample of cardiac
surgery patients and provides preliminary evidence that such a program is safe and feasible to
implement in this population. Our data also indicates that when the PREHAB program is
completed as intended, the intervention is effective in reducing frailty. It should also be noted
that our study is the first to examine a pre-operative exercise intervention prior to cardiac surgery
using a multi-site trial design, which enhances external validity and provides evidence that the
PREHAB intervention can be implemented in a variety of geographical locations.
Developing a Novel Tool to Assess Changes in Frailty Status
Currently, there is insufficient literature to support a “gold standard” frailty assessment tool
that can be universally implemented across disciplines. In fact, a recent systematic review
conducted by de Vries et al. identified 20 unique instruments that have been validated to assess
frailty status.194 While each tool possesses distinct strengths and limitations, the frailty index
model has been identified as one of the most suitable instrument to be implemented as an
evaluative outcome measure, likely due to its continuous scoring system, clinimetric properties
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and comprehensive approach to assessing frailty.194 Intuitively, the frailty index is also
advantageous to implement because it can be flexibly modified to include variables collected as
part of the research process and may be more sensitive to change in response to an intervention.
To explore the extent to which specific interventions influence the level of frailty, evaluative
outcome measures must be developed that will be sensitive enough to reflect a change in the
physiologic reserve of an individual.195 To evaluate changes in the frailty status of our cohort, we
developed a novel outcome measure (i.e. FFI) based on the original frailty index model and
assessed its concurrent validity with a previously published frailty index.71 Our results indicate
that the prevalence of frailty amongst our cohort was similar to the level of frailty reported by
Jung and colleagues, where 54.1% of cardiac surgery patients had a frailty index score ≥ 0.2 and
35.3% of the population had a frailty index ≥ 0.3. In comparison, 50.0% and 12.0% of our cohort
had FFI scores ≥ 0.2 and ≥ 0.3, respectively. A high correlation (i.e. r=0.80, p<0.05), level of
agreement (i.e. 88%) and kappa statistic (i.e. 0.75) between these two measures indicates that the
FFI developed as part of the present study was a valid tool to assess frailty status amongst the
cardiac surgery population. We also demonstrated a strong correlation (r=0.84, p<0.05) between
the well-cited phenotype model of frailty and our FFI, supporting the conclusion that our tool
was indeed a valid assessment of frailty. Our data adds to the existing literature because it is the
first study to examine changes in pre-operative frailty status using a modified version of the
Canadian Study of Health and Aging frailty index amongst a cohort of patients awaiting elective
cardiac surgery. Our modified FFI was also unique from published literature, as previous
iterations of the frailty index have failed to adequately capture functional parameters such as gait
speed, grip strength and impairments in mobility.56
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Frailty Status Improved Pre-Operatively
Frailty, defined as an increased vulnerability to physiologic stressors, has been identified as an
important prognostic indicator of successful recovery following cardiac procedures.28 Recent
evidence from a systematic review of observational studies identified that frail individuals are at
a nearly 5-fold (OR: 4.89 95% CI 1.64-14.60) increased risk of adverse events post-operatively12
and the addition of frailty to traditional risk stratifying tools provides incremental model
discrimination in identifying older adults at risk for major morbidity and mortality.7,71,196
Therefore, investigating the efficacy of interventions targeting the modification of the frailty
syndrome is of particular relevance to the cardiac surgery population. Our novel data
demonstrates that frailty status improved from the time of surgical consent to 1-week preoperatively in both StanC and PREHAB patients. Using the FFI score as our primary outcome,
frailty decreased from 0.27 ± 0.09 to 0.22 ± 0.10 amongst patients randomized to StanC and
from 0.22 ± 0.08 to 0.19 ± 0.06 in patients randomized to PREHAB. These pre-operative
improvements in frailty were also confirmed using the phenotype model of frailty, which
classifies individuals as frail when ≥ 3 specific criteria are present. In fact, the average number of
phenotype criteria decreased from 3.6 ± 1.2 to 2.9 ± 1.4 and 3.3 ± 1.5 to 2.5 ± 1.3 in StanC and
PREHAB groups, respectively. Due to a reduction in the severity of frailty, it can also be
inferred that the associated surgical risk in both StanC and PREHAB groups was attenuated prior
to surgical intervention. To our knowledge, our study is the first to examine changes in frailty
amongst the cardiac surgery cohort and to demonstrate that frailty status can be modified during
the pre-operative period. Consistent with our primary hypothesis, patients randomized to the
PREHAB intervention improved their FFI score by approximately 14%. However, an
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unexpected result that warrants investigation in future studies was the concurrent 18%
improvement in FFI amongst the StanC group.
There are several possible mechanisms that can be speculated to underlie this observed
improvement in frailty status in patients randomized to StanC, including the structure of care
during the pre-operative period and the associated increase in healthcare utilization at this time.
It should be noted that as part of StanC, all patients received a standard, three-hour assessment,
where a nurse practitioner and anesthetist provided advice related to healthy lifestyle choices.
This appointment often occurred weeks prior to the date of surgical intervention; thus, it is
possible that patients enrolled in our study were receptive to this advice and improved their
frailty status irrespective of group allocation. Furthermore, as a unique feature of our study, each
patient participated in an intake health status assessment supervised by a cardiologist and an
exercise professional, which was implemented to establish patient safety prior to randomization.
This appointment consisted of a graded treadmill test and a thorough risk factor assessment,
which may have been sufficient to engage patients in a process of active disease management
and subsequently improve their frailty status. Another possible explanation underlying the
observed improvement in frailty status amongst the StanC arm relates to a selection bias imposed
by study recruitment procedures. Due to institutional guidelines for the ethical recruitment of
patients in a randomized trial, research assistants were required to fully explain the details of the
PREHAB intervention to all study participants. Therefore, it is likely that we specifically
targeted the recruitment of individuals that were committed to improving their health status in
comparison to individuals declining study participation. Collectively, we speculate that an
increased number of physician contacts during the pre-operative period and a selection bias
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imposed by study recruitment procedures may account for the improved frailty status amongst
patients randomized to StanC.
Evidence Indicating a Dose-Response Relationship for PREHAB
Although we detected a time effect indicating that FFI score was improved in both StanC and
PREHAB from baseline to pre-operatively, we also conducted a sub-analysis of patients
classified as having completed the requirements of the intervention (i.e. attending a minimum of
8 sessions over 4-weeks). The decision to conduct a post hoc sub-group analysis was based on
our a priori definition of intervention completion and previous literature indicating significant
functional benefit (+174 meters, 43% improvement on 6MWT) after a minimum 4-weeks of CR
attendance.26,128,197 We determined that patients completing the intervention as intended
improved their frailty status by 34.6 ± 25.4% compared to a 17.1± 20.1% improvement and 4.8 ±
26.5% decline amongst StanC and PREHAB non-completers, respectively. Several large
epidemiological investigations have confirmed that a similar dose-response relationship exists
between the number of CR sessions attended and long-term health outcomes.30,198 In fact, older
patients (average age 74.0) with CAD attending 36 CR sessions experience a 14% (HR: 0.86
95% CI 0.77-0.97) and 47% lower mortality risk (HR: 0.69 95% CI 0.58-0.81) compared to
patients attending 24 or fewer sessions and one session, respectively.198 A similar observational
study of American Medicare beneficiaries hospitalized for coronary conditions or
revascularization procedures found that patients attending a minimum of 25 CR sessions
experienced a 19% reduction in the risk of mortality over 5-years, compared to patients attending
24 or fewer sessions.30 Although the maximum number of PREHAB sessions attended by our
cohort was 20, previous literature from Fiorina et al. indicates that CABG patients can improve
functional ability by as much as 40% following a 15-day intensive CR program.197 As such, the
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results of our sub-analysis extend the results of previous reports and demonstrate that PREHAB
reduces the severity of frailty by as much as 35% when the intervention is completed as
intended. This novel data also provides preliminary evidence that a dose-response relationship
exists in pre-operative programming, such that a minimum number of sessions are required to
glean functional benefit from the PREHAB program.
To our knowledge, our study is the first randomized trial to examine changes in frailty using
the accumulation of deficits model in any population. Previous data from the LIFE-P randomized
trial reported that a 12-month progressive exercise intervention in community dwelling older
adults reduced the prevalence of frailty (i.e. defined using the phenotype model) from 23% to
10% (95% CI 6.5-15.1%). Additional data from the FIT trial confirmed the results of the LIFE-P
trial, finding that a 12-month interdisciplinary exercise intervention reduced the absolute
prevalence of frailty relative to the control group by 14.7% (95% CI 2.4-27.0%). In contrast to
these findings, our study detected a main effect of time (p<0.05) indicating that both PREHAB
and StanC patients improved their FFI scores from baseline to pre-operatively. While PREHAB
patients were enrolled in the intervention for the duration of their time on the wait list, it is
possible that the length of the intervention was insufficient to result in significantly improved
frailty status beyond what was observed in the StanC group. It can also be speculated that the
mean number of sessions attended by our cohort was not sufficient to bring about clinically and
statistically significant improvements in frailty status in the full PREHAB group. The result of
our post hoc completer analysis supports this speculation, as PREHAB completers experienced
significantly improved FFI scores in comparison to PREHAB non-completers. Even so, our
novel data demonstrates for the first time that a frailty index (i.e. assessed by the accumulation of
deficits model) can be modified over a relatively short period of time (i.e. 4 to 8 weeks). The
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precise duration, dosage and model of delivery (e.g. resistance training, continuous aerobic,
interval training) required to effectively modify the frailty index warrants further investigation in
future studies. Indeed, previous literature using cross-sectional study designs have confirmed an
association between physical activity behaviour and frailty index scores, where the most frail
individuals (i.e. frailty index > 0.45) are more sedentary and less likely to meet MVPA
guidelines (i.e. Frail: 9.6 hours/day, 1.1% vs. Non-Frail: 8.2 hours/day, 8.3%; p<0.001) when
compared to non-frail individuals (i.e. frailty index ≤ 0.10).199 These associations must be
confirmed using rigorously controlled randomized trials.
Attendance at the PREHAB Intervention
An unexpected result of the study that warrants further discussion is the relatively poor
attendance amongst patients randomized to the PREHAB intervention. While the inclusion
criteria dictated that our cohort be older and frail by the phenotype criteria, previous
investigations of a similar nature (i.e. with younger, non-frail patients) have reported more than
double the number of sessions attended in comparison to our cohort. For example, study patients
from Arthur et al.’s trial of pre-operative exercise programming attended an average of 14
exercise sessions over a period of 11.4 weeks.132 Similarly, Sawatzky and Kehler et al. reported a
mean 19 ± 7 exercise sessions attended across 8.2 ± 2.2 weeks.26 In contrast, our PREHAB
cohort attended just 6.7 ± 6.0 sessions over a mean 7.7 ± 5.5 weeks on the wait list. Although the
average number of sessions attended by our cohort (i.e. approximately 1 session per week) is
comparable to Arthur et al.’s investigation (i.e. 1.2 sessions per week), the absolute volume of
sessions attended by PREHAB patients remained significantly less than Arthur et al.’s report (i.e.
6.7 in PREHAB vs. 14 in Arthur et al.).132 These attendance figures are concerning, as our subgroup analysis demonstrated that patients completing the intervention as intended (i.e. minimum

98
8 sessions over 4 weeks) derived additional functional benefit compared to patients classified as
non-completers. Modest rates of CR attendance and completion have been well-documented in
systematic reviews and observational studies, particularly in vulnerable older adults.200 For
example, Samayoa et al. reported that just 45.0% of men and 38.5% of women enroll in CR
programming following an acute cardiovascular event.201 Amongst older (i.e. 65 years and
above) American Medicare beneficiaries hospitalized for coronary conditions or
revascularization procedures, only 12.2% of patients utilized CR programming.30 This
observational study of older adults also found that patients attending 25 sessions or more
experienced a 19% reduced risk of mortality over 5-years, compared to patients attending 24 or
fewer sessions. Taken together, these data indicate that attendance issues are not unique to the
pre-operative period and consistent with our post hoc completer analysis, maximizing CR
attendance is integral to ensuring full health benefits are achieved. Our data highlights the
importance of maintaining consistent follow-up with local CR sites and individual patients to
ensure target attendance is maintained. Other strategies such as implementing motivational
rewards,202 active referrals by a physician or health care provider203 and reducing wait times
from referral to enrollment204 have been proposed as alternative delivery strategies to optimize
CR attendance and completion. Future studies should be designed to ensure that CR sites
maintain consistent contact with patients in addition to exploring alternative delivery strategies
that promote attendance amongst frail, older adults.
Both PREHAB and StanC Patients Were Inactive
A secondary objective of this dissertation was to examine changes in MVPA accumulated in
10-minute bouts (i.e. MVPA10min), from baseline to pre-operatively. While our results do not
support our hypothesis speculating that MVPA10min would be increased in patients randomized to
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the PREHAB intervention, there are several important clinical perspectives that can be drawn
from our results. Firstly, our data indicates that frail cardiac surgery patients accumulate just 17
± 60 minutes of MVPA10min at baseline, prior to randomization. Furthermore, just one of the 26
enrolled study patients (i.e. 4%) were actively achieving the physical activity component of the
CPAG, which recommends 150 minutes of MVPA per week in bouts of at least 10 minutes.24
This statistic is concerning, as meta-analyses demonstrate a 27% (RR: 0.73 95% CI 0.66-0.80)
and 12% (RR: 0.88 95% CI 0.83-0.93) reduction in the development of CAD amongst
individuals accumulating high and moderate levels of leisure time physical activity,
respectively.94 Additionally, energy expenditures of 2200 kcal per week have been associated
with plaque reduction amongst patients with established CAD;98 however, our study patients
were not achieving recommended levels of activity and were unlikely to obtain significant health
benefit as a result. Even more concerning is the recent evidence linking pre-operative physical
activity behaviour and various health outcomes in cardiac surgery patients. Although a
systematic review of observational studies in this area produced mixed findings (Table 2),
several studies report physical activity during the pre-operative period as being associated with
improved health outcomes.13–16,18,19 For example, Rengo and colleagues demonstrated a
significant, nonlinear association between increased levels of activity pre-operatively and postoperative survival.13 Other studies have found significant associations between pre-operative
activity and hospital LOS, where active patients have a 33% reduction in hospital LOS compared
to inactive patients (HR: 0.67 95% CI 0.49-0.93).15,16 Despite this information, our accelerometer
data revealed that study patients were not engaging in sufficient levels of physical activity to
derive health benefits.
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Our study is unique in that previous reports of pre-operative exercise programming have failed
to consistently capture changes in physical activity during the pre-operative period.26,128 To
specifically address this limitation, we implemented an interim accelerometer analysis 4-weeks
following initial randomization to achieve more complete data collection. This protocol resulted
in valid accelerometer data being collected in 23 of 26 (i.e. 88.5%) study patients. Based on the
recommendations of a systematic review endorsing age-appropriate adjustments in accelerometer
cut points,167 we implemented an MVPA cut point (i.e. 532.5 counts per 30 seconds) to
accurately determine the amount of objectively accumulated physical activity in a deconditioned
cohort of older adults based on a study published by Hooker and colleagues.163 While our results
do not allow us to conclude that the PREHAB intervention increased levels of pre-operative
activity performed in 10-minute bouts at any intensity, our study will provide a basis for guiding
future program and research initiatives. Specifically, pre-operative CR interventions may need to
be adapted to specifically target the promotion of leisure time physical activity outside of
programming hours. Future trials should aim to engage patients in a process of active selfmanagement to support physical activity beyond the confines of the structured program. This
strategy would promote the maintenance of a physically active lifestyle and result in sustained
behaviour change. Additionally, activities prescribed within CR programs must be of sufficient
intensity to specifically target increases in MVPA accumulation, as our accelerometer data
suggests that PREHAB patients were not exercising at sufficient intensities to be classified as
moderately intense activity. Despite the fact that patients were classified as being safe to engage
in physical activity based on our exclusion criteria, it is possible that local CR sites were
concerned about pushing study participants at moderate to vigorous intensities. Although this is a
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speculation on our part, concerns over patient safety and exercising at moderate intensities may
explain the lack of increased MVPA10min in our PREHAB cohort.
Although study patients did not accumulate more physical activity in 10-minute bouts (i.e.
LightPA10min, MVPA10min, TotalPA10min), we detected a main group effect (p<0.05) for
TotalPAspor, such that PREHAB > StanC. Even so, we did not observe a significant interaction
effect and thus, it is not possible to conclude that PREHAB increased TotalPAspor accumulation.
While the CPAG do not consider activity accumulated in sporadic bouts (i.e. 30 seconds or
longer), recent evidence has found significant associations between MVPAspor, physical fitness
and cardiovascular risk factors.205,206 More specifically, Mcguire et al. investigated the health
benefits associated with sporadic physical activity, and reported a strong correlation between
incidental physical activity and cardiorespiratory fitness using a multivariate analysis (r2=0.56,
p<0.01).205 Glazer et al. also provided data to support the notion that physical activity
accumulated in sporadic bouts may be beneficial to health, demonstrating that for every 10
minute increase per day in MVPAspor, there was a concurrent 0.11 mmol/L reduction in
triglyderides, 0.30 cm reduction in waist circumference, a 15% decreased obesity prevalence and
a 0.28% reduction in Framingham Cardiovascular Risk Score.206 Collectively, this evidence
indicates that activity accumulated in sporadic bouts may be nearly as effective as activity
accumulated in 10-minute bouts. This area of literature is particularly relevant to the frail, older
adult population, who spend the majority of their physically active time in light intensities and
short bouts.207 Due to the deconditioned nature of the frail, elective cardiac surgery population,
we recommend monitoring activity in sporadic bouts to ensure the accurate representation of
physical activity accumulation.
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PREHAB Did Not Improve Functional Walking Ability
Functional walking ability, as assessed by a 6MWT, is predictive of mortality and major
morbidity in patients with established cardiovascular disease. More specifically, Bittner and
colleagues reported that patients walking less than 300 meters were at a 3.7-fold (OR: 3.7 95%
CI 1.44-9.55) increased risk of mortality compared to those walking more than 450 meters.182
Similarly, Beatty et al. found that for each 104 meter decrease in 6MWT distance, there was a
concurrent 55% increased rate of cardiovascular events (HR: 1.55 95% CI 1.35-1.78) and a 54%
higher rate of mortality (HR: 1.54 95% CI 1.32-1.80) in patients with stable CAD.208 While
patients randomized to the PREHAB intervention increased 6MWT distance by 10.3% (i.e. 332.2
± 51.1 to 366.4 ± 57.7 meters) from baseline to pre-operatively, this result did not achieve
statistical significance when compared to the 1.5% (297.7 ± 87.0 to 302.3 ± 82.7 meters)
improvement amongst StanC patients. In contrast, previous data from Sawatzky and Kehler et al.
demonstrated that a similar pre-operative CR intervention in elective CABG patients increased
6MWT distance from 363 ± 22 meters at baseline to 489 ± 37 meters pre-operatively,
representing a 35% improvement.26 These conflicting results are likely due to differences in the
number of sessions attended by our cohort in comparison to earlier reports of pre-operative
programming (i.e. 6.7 ± 6.0 vs. 19 ± 7 sessions). Additionally, we speculate that the nonsignificant improvement in 6MWT amongst patients randomized to PREHAB may be a result of
the advanced age and frailty status of our patient population, limiting their potential for
improvement. Previous data from Fiorina et al. confirmed that older cardiac surgery patients
walk significantly shorter distances on the 6MWT compared to younger patients (Men < 65
years: 355 ± 80 meters; Women < 65 years: 281 ± 76 meters; Men 65-75 years: 310 ± 75 meters;
Women 65-75 years: 249 ± 71 meters; Men > 75 years: 268 ± 82 meters; Women > 75 years:
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206 ± 70 meters).197 Even so, our sub-analysis of PREHAB completers reported a 28.5%
improvement in 6MWT distance (i.e. from 304.8 ± 66.0 to 383.3 ± 85.9 meters) compared to a
2.7% and 4.3% improvement in StanC and PREHAB non-completers, respectively. This level of
improvement in functional walking ability amongst PREHAB completers is consistent with the
35-40% improvement in 6MWT distance found in previous reports;26,197 however, small sample
sizes in our sub-group analysis limited our ability to detect a statistically significant
improvement. We speculate that a higher dosage of CR programming amongst all patients
randomized to the PREHAB intervention could have resulted in significant improvements in
functional walking ability despite our cohort’s advanced age and conditioning status. Although
we did not detect a statistically significant improvement in 6MWT for the full PREHAB group,
our completer analysis supports our secondary hypothesis speculating that functional walking
ability (i.e. assessed by the 6MWT) would be improved by PREHAB. This data adds to the
literature because it was the first trial to investigate changes in functional walking ability
amongst a cohort of frail, older adults waiting for cardiac surgery.
Physical Activity was Associated with Functional Walking Ability and Frailty
Our data indicates a moderately strong correlation between TotalPAspor and functional walking
ability, as assessed by distance walked on a 6MWT (r=0.41, p=0.04). Additionally, we reported
significant associations between TotalPAspor and FFI score (r=-0.41, p=0.04), as well as
MVPAspor and FFI score (r=-0.41, p=0.04). This data supports existing literature, which has
found significant associations between various accelerometer physical activity parameters and
6MWT distance (r=0.48 to 0.61, p<0.01) in patients with a cardiopulmonary illness.209 Previous
literature also indicates a significant, independent association between the accumulation of
MVPA and frailty index scores. Cross-sectional data from the National Health and Nutrition
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Examination Survey indicates that adding 1 hour of MVPA10min per day decreases frailty index
scores by 0.045.199 A longitudinal study conducted by Savela et al. also reported significant
associations between midlife leisure time activity and frailty in apparently healthy males, as
assessed by a modified version of the phenotype frailty criteria.210 After adjusting for age,
smoking status, BMI and blood pressure, the risk of frailty was 80% lower in individuals
reporting high levels of midlife physical activity compared to those reporting the lowest levels
(OR: 0.20 95% CI 0.07-0.55). Our data adds to this body of literature by extending the
associations between objectively accumulated physical activity, frailty and functional walking
ability to a population of older adults undergoing cardiac surgery. From a clinical perspective,
this information is important as it highlights the potential for alternative models of delivering
pre-operative risk optimization strategies. Regardless of group assignment, TotalPAspor and
MVPAspor was associated with pre-operative frailty status, indicating that it may be possible to
derive benefit from increasing physical activity levels in a less structured setting. These results
may be important when developing accessible programs for patients living in a rural setting or in
individuals having issues with transportation to a site-specific CR program.211–213 Since a
primary reason for declining study participation in the PREHAB trial was accessibility,
alternative models of delivering pre-operative CR programming should be explored in future
trials.
Baseline Frailty was Associated with Changes in Frailty Status
To examine the predictive influence of baseline frailty status as a covariate on changes in select
parameters, we analyzed the association between baseline FFI and ΔMVPA10min, ΔTotalPAspor,
Δ6MWT and ΔFFI using Pearson correlations. Significant associations were detected between
baseline FFI and ΔFFI in the entire cohort (r=-0.48, p<0.05) and in the PREHAB group (r=-0.68,
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p<0.05), but not in the StanC group (r=-0.21, p=NS). This result suggests that baseline frailty
was predictive of changes in frailty status amongst patients attending the PREHAB intervention.
While we explored the option of running Analysis of Covariance to control for the effect of
baseline frailty as a covariate, our sample size was significantly underpowered to detect
differences between means using this statistical approach. Furthermore, the effect of other
covariates, such as age and gender, in addition to frailty, would need to be included in the
general linear model to robustly control for baseline characteristics. Even so, our results suggest
that more frail individuals are likely to derive enhanced benefit by attending the PREHAB
intervention. This result is in contrast to previous literature indicating that exercise appears to be
more effective in the earlier stages of frailty (i.e. pre-frailty) in comparison to individuals in
more advanced stages.85 We speculate that in our specific cohort of frail individuals requiring
cardiac surgery, a lower physiologic reserve at baseline resulted in greater potential for
improvement as a result of the intervention.
Hospital Length of Stay was Unaffected by PREHAB
Previous literature from Arthur et al. demonstrated that a pre-operative CR program
significantly reduced hospital LOS by one day (i.e. StanC median 6 [5-7] days; Intervention
median 5 [5-6] days; p=0.001) amongst elective CABG patients.132 In contrast, our study did not
detect a significant difference in post-operative hospital LOS between StanC and PREHAB
groups (i.e. StanC median 8.0 [5.3-19.5] days; PREHAB median 7.0 [6.5-8.5] days). This
discrepancy in findings is likely because this thesis project was not specifically powered to detect
changes in hospital LOS and recruited a significantly smaller sample size when compared to
Arthur et al. (i.e. 26 in PREHAB vs. 249 in Arthur et al.’s study). Notably, the slightly longer
LOS experienced by patients enrolled in our study may be due to the advanced age of our cohort
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(i.e. approximately 10 years older than Arthur et al.) and the inclusion criteria necessitating all
patients be classified as frail. Indeed, previous literature has confirmed that older patients tend to
experience higher rates of prolonged hospital LOS, with up to 58% of octogenarians requiring a
LOS exceeding 14 days after CABG.214,215 Hospital LOS has also been demonstrated to be
associated with frailty status, where frail patients are at a 2-fold (OR: 2.31 95% CI 1.15-4.65)
increased risk of experiencing a prolonged stay > 7 days.71 Collectively, these data indicate that
the median LOS amongst our cohort was consistent with previous literature given the elevated
level of risk imposed by advanced age and frailty status.
Hospital LOS is not only an important metric as it relates to health care expenditures, but has
also been demonstrated to be predictive of short- and long-term health outcomes. In fact,
reducing median hospital LOS by one day is associated with a 3% reduction in 30-day hospital
readmission,216 while each additional day spent in hospital is associated with a graded increase in
60-day mortality.217 Although the present study did not detect a significant reduction in hospital
or ICU LOS in PREHAB patients post-operatively, the outcome of prolonged hospital LOS will
be specifically addressed in future reports of the PREHAB trial when a larger sample has been
recruited. This outcome is clinically relevant and holds significant policy implications due to the
financial burden imposed by prolonged hospital LOS following cardiac surgery.
Study Limitations
It is important to acknowledge that this study had several limitations and pitfalls. Firstly, we
specifically powered our study to examine changes in FFI and MVPA10min from baseline to preoperatively. Due to a slower than expected rate of recruitment, we were limited to a sample size
of 26 elective cardiac surgery patients. We acknowledge that it is possible that our small sample
size would not have the statistical power to provide insights about the effectiveness of the
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PREHAB intervention with respect to primary and secondary outcomes. Even so, it is important
to recognize that we did detect significant differences in several primary and secondary
outcomes, including time effects (e.g. FFI, phenotype frailty), main group effects (e.g.
TotalPAspor) and trends towards significance (e.g. FFI ≥ 0.25, 6MWT). Furthermore, a post-hoc
completer analysis demonstrated a significant difference in FFI percentage improvement
between PREHAB completers and non-completers, suggesting a potential dose-response
relationship. These data will help to inform future work and guide improvements in the delivery
of pre-operative exercise and education programming in this population.
With respect to study recruitment, the inclusion and exclusion criteria utilized to identify
potential study candidates may have resulted in a selection bias. While several of the exclusion
criteria (e.g. severe heart failure, critical left main coronary disease, severe aortic/mitral stenosis)
were implemented to ensure patient safety, these restrictions limited us to 199 eligible patients
out of a possible 1192 patients (i.e. 16.7% of the total elective cardiac surgery population). We
were able to recruit 44 of these patients (i.e. 22% of eligible patients), of which 26 had
completed their surgical intervention at the time of data analysis. While outside the scope of this
dissertation, we were unable to make a comparison between enrolled patients and patients
choosing not to participate in the study, limiting our ability to generalize the observed results.
Common reasons for declining study participation included lack of time, issues related to
accessibility/travel or the patient had previously consented to another research study. To support
patient safety, we only offered the intervention at times previously established by the local CR
sites (i.e. often weekday mornings). Offering the PREHAB intervention on a more convenient
schedule or utilizing alternative models of program delivery could address some of these
limitations. For example, home-based CR has been demonstrated to be equally effective in
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improving clinical outcomes when compared to centre-based CR in low-risk patients.213 While
this would address geographical limitations associated with our study sites, alternative models of
delivery such as home-based CR or telehealth interventions would need to be adapted to ensure
patient safety. It should also be noted that our study did not capture urgent, semi-urgent and very
frail (i.e. CFS ≥ 7) cardiac surgery patients, as these individuals would be unable to complete the
intervention as proposed. Therefore, the results of our study cannot be generalized to the entire
population of patients requiring surgical intervention.
Another limitation in patient selection relates to the potential bias imposed by study
recruitment procedures. Due to institutional guidelines mandating a comprehensive explanation
of study details prior to enrollment, it is possible that a selection bias existed such that the
patients recruited to participate in the study were more interested in improving health status in
comparison to patients declining study participation. While this unavoidable selection bias is
common in exercise intervention trials, we must acknowledge this as a limitation to the
generalizability of our results.
Another limitation in our study relates to the use of accelerometers in the assessment of
physical activity behaviour. Accelerometers are considered to be superior to self-report
methods218,219 and are the best tool for physical activity assessment across levels of frailty,220,221
however, the devices fail to capture several common activities performed during CR
programming, including stationary cycling and resistance exercise. This may have resulted in a
systematic underestimation of activity accumulated by the PREHAB group. Note that we did
have patients complete self-report physical activity logs; however, the logs were inconsistently
completed and were not included in the final analysis.
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Future Research Directions
Our novel data indicates that implementing a PREHAB program amongst frail, older adults
awaiting elective cardiac surgery is well tolerated and adds to the growing body of evidence
suggesting that such an approach is feasible. Furthermore, in patients completing the intervention
as intended, optimizing pre-operative frailty status by as much as 35% is conceivable. Based on
the results of this study, we recommend that a PREHAB intervention should be implemented as
part of standard care in frail patients on the wait list for elective cardiac surgery. This
recommendation is being made based on the growing body of evidence indicating that PREHAB
is at least as effective when compared to StanC and, in patient’s attending a sufficient number of
sessions, PREHAB may be beneficial. Future research in this field should attempt to optimize the
delivery of the PREHAB model in an attempt to maximize functional benefit and promote
sustained behaviour change. More specifically, future studies will be required to determine the
optimal dosage of PREHAB resulting in improved post-operative outcomes while maintaining
implementation feasibility within the confines of a pre-specified waiting period. An unexpected
finding of our study was the challenge associated with intervention attendance. Based on our
attendance data, we speculate that the frail, older adult population will require additional support
with respect to transportation, motivational rewards202 or peer-mentoring222 to promote
adherence. Our intervention was specifically structured to contain intensive exercise and
education programming within the first four weeks, followed by less structured programming for
the remaining four weeks. We recommend that this specific cohort of patients (i.e. frail, older
adults) receive structured programming and more frequent follow-up by the health care team for
the duration of the intervention, as post-discharge health support has been previously
demonstrated to promote CR attendance following a coronary event.223 Other strategies such as
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refresher sessions, self-management programming or cognitive behavioural therapy have been
demonstrated to enhance exercise adherence in other chronic disease populations and should be
explored in future research invesitgations.224,225 Future trials must also determine whether
attendance at the PREHAB intervention is associated with improved post-operative outcomes,
including long-term mortality and patient-centred metrics such as HRQoL. These research
questions will be specifically addressed in future reports of the multi-site, PREHAB trial.
While post-operative outcomes were not investigated as part of this dissertation, it is possible
that PREHAB promotes sustained behaviour change post-operatively. For example, previous
studies have reported increased attendance at post-operative CR programming amongst patients
attending PREHAB26,132 and increased physical activity levels post-operatively.26,128 Based on
this data and the CACPR quality indicator recommending the implementation of patient selfmanagement education, future studies must ensure that effective behaviour change and
maintenance techniques are incorporated to ensure sustainability of the PREHAB
intervention.226,227 Indeed, previous research has confirmed that physical activity behaviour and
aerobic capacity decrease significantly in the years following completion of CR;228,229 therefore,
future studies of pre-operative programming must attempt to actively engage patients in a
process of self-managed care to promote maintenance of healthy lifestyle behaviours. Strategies
such as action planning, providing information about the consequences of a behaviour,
prompting rewards and facilitating social comparison have been demonstrated to be the most
effective behavior change techniques to improve self-efficacy and modify long-term physical
activity behaviour.230–232 The efficacy of incorporating these behaviour change techniques into
standard practice for both pre- and post-operative CR programming should explored in future
trials.
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Based on the review of literature presented in this dissertation, we have identified that few
well-conducted studies have examined the modification of frailty using interdisciplinary exercise
interventions.85,86,90,91 Furthermore, no previously published studies have examined the effect of
an exercise intervention on the frailty index in the context of a randomized controlled trial,
despite recent literature indicating that physically active individuals have lower frailty index
scores.199 Due to the continuous scoring system employed by the frailty index, we speculate that
this tool may be more sensitive to change when compared to dichotomous scoring tools and
should therefore be implemented as an outcome measure in future trials. Our results provide
preliminary evidence that the frailty index can indeed be modified; however, larger trials should
investigate the minimum dosage of exercise required to modify frailty and specific cohorts that
may be more responsive to an exercise intervention (i.e. pre-frail, frail, most frail). Future studies
should also aim to establish the ability of the FFI to predict mortality and major morbidity in a
large, representative database (e.g. National Health and Nutrition Examination Survey) of older
adults.
As the delivery of cardiovascular care continues to advance, interventional trials must remain
at the cutting edge to ensure that the study population is representative of the target population.
Based on the literature unequivocally identifying frailty status as a predictor of adverse postoperative outcomes,12 we sought an opportunity to implement a pre-operative strategy combining
exercise and educational components in an attempt to optimize frailty. However, more recent
literature also indicates that frailty status is an important predictor of adverse health outcomes in
patients undergoing minimally invasive procedures, such as transcatheter aortic valve
replacement surgery.74,81,82,196 As this procedure becomes more common, future trials should
attempt to develop interventions that are appropriate for the high-risk population undergoing
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transcatheter procedures. This population represents a cohort of patients that may derive
significant functional benefit from an exercise intervention; thus, this area of research should be
explored in future investigations.
To encourage researchers to enroll adequate sample sizes in future studies of pre-operative
exercise and educational programming, we conducted a post-hoc power analysis using data
collected as part of the present analysis. Using the observed effect size and standard deviation of
the change variable in the present dissertation, to detect a statistically significant improvement in
FFI, we determined that a sample size of 230 patients (i.e. 115 per group) would be required for
a two-tailed alpha test of 0.05 and 80% power. We also conducted a sample size calculation to
project the number of patients that would be required to detect a statistically significant
improvement in MVPA10min in the PREHAB group when compared to the StanC arm. A sample
size of 210 patients (i.e. 105 per group) were determined to be required for a two-tailed alpha test
of 0.05 and 80% power for the MVPA10min outcome. In the future, we hope that these sample
size calculations will be used by researchers to appropriately power studies of pre-operative
exercise programming amongst the cardiac surgery cohort. It is important to note that this
dissertation was based on preliminary evidence from the first 26 patients recruited into the
PREHAB randomized controlled trial (NCT02219815). Although the larger trial was specifically
powered to detect a change in the proportion of patients requiring a hospital LOS greater than 7
days, the final targeted sample size of 244 elective cardiac surgery patients will be sufficiently
powered to detect changes in FFI and MVPA10min based on the sample size calculations above.
Conclusions
This novel study demonstrated that PREHAB is feasible to implement in a variety of
geographical locations in Canada (i.e. Manitoba, New Brunswick and Nova Scotia) and may be
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associated with improved pre-operative risk amongst frail, older adults awaiting elective cardiac
surgery. While our results do not support our primary hypotheses speculating that PREHAB
would decrease the severity of frailty and increase MVPA10min more than StanC, several
important programming recommendations can be extracted from our data. Firstly, innovative and
consistent follow-up strategies must be implemented to ensure intervention attendance is
maintained throughout the duration of the PREHAB program. Our sub-group analysis indicated
that frailty status improved by 17% and 35% amongst StanC and PREHAB completers,
respectively; whereas, PREHAB non-completers experienced an FFI decline of 5%. As such,
program completion appears to be an integral factor when attempting to maximize pre-operative
reserve and physical function. Second, we reported significant associations between several
objectively quantified physical activity parameters and frailty status. This data supports the
recommendation that physical activity, whether engaged in through a formal intervention or
during leisure time, may be associated with decreased risk prior to surgical intervention. Third,
we developed a novel tool to assess changes in frailty status in a cohort of patients requiring
cardiac surgery. Future studies should aim to replicate our FFI in a representative sample of older
adults to examine its ability to predict mortality and improve in response to an exercise
intervention. In summary, the novel data presented in this thesis suggests that the PREHAB
intervention is feasible to implement and may result in improved frailty status amongst frail older
adults awaiting elective cardiac surgery.

114
References
1. WHO | Cardiovascular diseases (CVDs). WHO Available at:
http://www.who.int/mediacentre/factsheets/fs317/en/. (Accessed: 25th November 2014)
2. Statistics - Heart and Stroke Foundation of Canada. heartandstroke.ca Available at:
http://www.heartandstroke.com/site/c.ikIQLcMWJtE/b.3483991/k.34A8/Statistics.htm.
(Accessed: 25th November 2014)
3. Sdringola, S. et al. Combined intense lifestyle and pharmacologic lipid treatment further
reduce coronary events and myocardial perfusion abnormalities compared with usual-care
cholesterol-lowering drugs in coronary artery disease. J Am Coll Cardiol 41, 263–272
(2003).
4. Davis, K. B., Chaitman, B., Ryan, T., Bittner, V. & Kennedy, J. W. Comparison of 15-year
survival for men and women after initial medical or surgical treatment for coronary artery
disease: a CASS registry study. Coronary Artery Surgery Study. J. Am. Coll. Cardiol. 25,
1000–1009 (1995).
5. Nalysnyk, L., Fahrbach, K., Reynolds, M. W., Zhao, S. Z. & Ross, S. Adverse events in
coronary artery bypass graft (CABG) trials: a systematic review and analysis. Heart 89, 767–
772 (2003).
6. Adler, D. S. et al. Long-term survival of more than 2,000 patients after coronary artery
bypass grafting. Am. J. Cardiol. 58, 195–202 (1986).
7. Afilalo, J. et al. Addition of frailty and disability to cardiac surgery risk scores identifies
elderly patients at high risk of mortality or major morbidity. Circ Cardiovasc Qual Outcomes
5, 222–228 (2012).

115
8. Manji, R. A. et al. Long-Term Outcome and Predictors of Noninstitutionalized Survival
Subsequent to Prolonged Intensive Care Unit Stay After Cardiac Surgical Procedures. Ann.
Thorac. Surg. 101, 56–63; discussion 63 (2016).
9. Roach, G. W. et al. Adverse Cerebral Outcomes after Coronary Bypass Surgery. New
England Journal of Medicine 335, 1857–1864 (1996).
10. Mehta, R. H. et al. Influence of age on outcomes in patients undergoing mitral valve
replacement. The Annals of Thoracic Surgery 74, 1459–1467 (2002).
11. Alexander, K. P. et al. Outcomes of cardiac surgery in patients > or = 80 years: results from
the National Cardiovascular Network. J. Am. Coll. Cardiol. 35, 731–738 (2000).
12. Sepehri, A. et al. The impact of frailty on outcomes after cardiac surgery: A systematic
review. J. Thorac. Cardiovasc. Surg. (2014). doi:10.1016/j.jtcvs.2014.07.087
13. Rengo, G. et al. An active lifestyle prior to coronary surgery is associated with improved
survival in elderly patients. J. Gerontol. A Biol. Sci. Med. Sci. 65, 758–763 (2010).
14. Cacciatore, F. et al. Determinants of prolonged intensive care unit stay after cardiac surgery
in the elderly. Aging Clinical and Experimental Research 24, 627–634 (2012).
15. Nery, R. M. & Barbisan, J. N. Efeito da atividade física de lazer no prognóstico da cirurgia
de revascularização do miocárdio. Revista Brasileira de Cirurgia Cardiovascular 25, 73–78
(2010).
16. Nery, R. M., Barbisan, J. N. & Mahmud, M. I. Influence of the practice physical activity in
the coronary artery bypass graft surgery results. Brazilian Journal of Cardiovascular Surgery
22, 297–302 (2007).

116
17. Martini MR & Barbisan JN. Influence of physical activity during leisure time in patients in
the follow-up two years after CABG. Revista Brasileira de Cirurgia Cardiovascular: Orgao
Oficial da Sociedade Brasileira de Cirurgia Cardiovascular 25, 359–364 (2010).
18. Noyez, L., Biemans, I., Verkroost, M. & van Swieten, H. Is a sedentary lifestyle an
independent predictor for hospital and early mortality after elective cardiac surgery? Neth
Heart J 21, 439–445 (2013).
19. Markou AL, Lasten PJ & Noyez L. Physical activity post myocardial revascularization. Will
surgery improve my mobility?. J.Cardiovasc.Surg. 48, 201–206 (2007).
20. Giaccardi, M. et al. Postacute rehabilitation after coronary surgery: the effect of preoperative
physical activity on the incidence of paroxysmal atrial fibrillation. Am J Phys Med Rehabil
90, 308–315 (2011).
21. Min L et al. Longitudinal functional recovery after geriatric cardiac surgery. J.Surg.Res. 194,
25–33 (2015).
22. Cook, J. W. et al. The influence of patient strength, aerobic capacity and body composition
upon outcomes after coronary artery bypass grafting. Thorac Cardiovasc Surg 49, 89–93
(2001).
23. Smith, J. L. et al. Effect of cardiorespiratory fitness on short-term morbidity and mortality
after coronary artery bypass grafting. Am.J.Cardiol. 112, 1104–1109 (2013).
24. Tremblay, M. S. et al. New Canadian Physical Activity Guidelines. Appl. Physiol. Nutr.
Metab. 36, 36–46 (2011).
25. Canadian Cardiovascular Society Heart Failure Management Primary Panel et al. The 2013
Canadian Cardiovascular Society Heart Failure Management Guidelines Update: focus on

117
rehabilitation and exercise and surgical coronary revascularization. Can J Cardiol 30, 249–
263 (2014).
26. Sawatzky, J.-A. V. et al. Prehabilitation program for elective coronary artery bypass graft
surgery patients: a pilot randomized controlled study. Clin Rehabil 0269215513516475
(2014). doi:10.1177/0269215513516475
27. Mooney, M., Fitzsimons, D. & Richardson, G. ‘No more couch-potato!’ Patients’
experiences of a pre-operative programme of cardiac rehabilitation for those awaiting
coronary artery bypass surgery. Eur J Cardiovasc Nurs 6, 77–83 (2007).
28. Fried, L. P. et al. Frailty in Older Adults Evidence for a Phenotype. J Gerontol A Biol Sci
Med Sci 56, M146–M157 (2001).
29. Onishi, T. et al. Effects of phase III cardiac rehabilitation on mortality and cardiovascular
events in elderly patients with stable coronary artery disease. Circ. J. 74, 709–714 (2010).
30. Suaya, J. A., Stason, W. B., Ades, P. A., Normand, S.-L. T. & Shepard, D. S. Cardiac
rehabilitation and survival in older coronary patients. J. Am. Coll. Cardiol. 54, 25–33 (2009).
31. Audelin, M. C., Savage, P. D. & Ades, P. A. Exercise-Based Cardiac Rehabilitation for Very
Old Patients (>=75 Years): FOCUS ON PHYSICAL FUNCTION. Journal of
Cardiopulmonary Rehabilitation 28, 163–173 (2008).
32. Taylor, R. S. et al. Exercise-based rehabilitation for patients with coronary heart disease:
systematic review and meta-analysis of randomized controlled trials. Am. J. Med. 116, 682–
692 (2004).
33. Jolliffe, J. A. et al. Exercise-based rehabilitation for coronary heart disease. Cochrane
Database Syst Rev CD001800 (2000). doi:10.1002/14651858.CD001800

118
34. Goel, K., Lennon, R. J., Tilbury, R. T., Squires, R. W. & Thomas, R. J. Impact of Cardiac
Rehabilitation on Mortality and Cardiovascular Events After Percutaneous Coronary
Intervention in the Community. Circulation 123, 2344–2352 (2011).
35. Belardinelli, R., Georgiou, D., Cianci, G. & Purcaro, A. Randomized, controlled trial of
long-term moderate exercise training in chronic heart failure: effects on functional capacity,
quality of life, and clinical outcome. Circulation 99, 1173–1182 (1999).
36. O’Connor, C. M. et al. Efficacy and safety of exercise training in patients with chronic heart
failure: HF-ACTION randomized controlled trial. JAMA 301, 1439–1450 (2009).
37. Fried, L. P., Ferrucci, L., Darer, J., Williamson, J. D. & Anderson, G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved targeting and care.
J. Gerontol. A Biol. Sci. Med. Sci. 59, 255–263 (2004).
38. Clegg, A., Young, J., Iliffe, S., Rikkert, M. O. & Rockwood, K. Frailty in elderly people.
Lancet 381, 752–762 (2013).
39. Lipsitz, L. A. Dynamics of stability: the physiologic basis of functional health and frailty. J.
Gerontol. A Biol. Sci. Med. Sci. 57, B115–125 (2002).
40. Fried, L. P. et al. Nonlinear multisystem physiological dysregulation associated with frailty
in older women: implications for etiology and treatment. J. Gerontol. A Biol. Sci. Med. Sci.
64, 1049–1057 (2009).
41. Chang, S. S., Weiss, C. O., Xue, Q.-L. & Fried, L. P. Association between inflammatoryrelated disease burden and frailty: results from the Women’s Health and Aging Studies
(WHAS) I and II. Arch Gerontol Geriatr 54, 9–15 (2012).

119
42. Collerton, J. et al. Frailty and the role of inflammation, immunosenescence and cellular
ageing in the very old: cross-sectional findings from the Newcastle 85+ Study. Mech. Ageing
Dev. 133, 456–466 (2012).
43. Darvin, K. et al. Plasma protein biomarkers of the geriatric syndrome of frailty. J. Gerontol.
A Biol. Sci. Med. Sci. 69, 182–186 (2014).
44. Canevelli, M. & Cesari, M. Cognitive frailty: what is still missing? J Nutr Health Aging 19,
273–275 (2015).
45. Kelaiditi, E. et al. Cognitive frailty: rational and definition from an (I.A.N.A./I.A.G.G.)
international consensus group. J Nutr Health Aging 17, 726–734 (2013).
46. Montero-Odasso, M. M. et al. Disentangling Cognitive-Frailty: Results From the Gait and
Brain Study. J. Gerontol. A Biol. Sci. Med. Sci. (2016). doi:10.1093/gerona/glw044
47. Avila-Funes, J. A. et al. Cognitive impairment improves the predictive validity of the
phenotype of frailty for adverse health outcomes: the three-city study. J Am Geriatr Soc 57,
453–461 (2009).
48. Robertson, D. A., Savva, G. M. & Kenny, R. A. Frailty and cognitive impairment--a review
of the evidence and causal mechanisms. Ageing Res. Rev. 12, 840–851 (2013).
49. Correa-de-Araujo, R. & Hadley, E. Skeletal muscle function deficit: a new terminology to
embrace the evolving concepts of sarcopenia and age-related muscle dysfunction. J.
Gerontol. A Biol. Sci. Med. Sci. 69, 591–594 (2014).
50. Mitnitski, A. B., Mogilner, A. J. & Rockwood, K. Accumulation of deficits as a proxy
measure of aging. ScientificWorldJournal 1, 323–336 (2001).
51. Rockwood, K. et al. A global clinical measure of fitness and frailty in elderly people. CMAJ
173, 489–495 (2005).

120
52. Guralnik, J. M. et al. A Short Physical Performance Battery Assessing Lower Extremity
Function: Association With Self-Reported Disability and Prediction of Mortality and
Nursing Home Admission. J Gerontol 49, M85–M94 (1994).
53. Guralnik, J. M. et al. Lower Extremity Function and Subsequent Disability Consistency
Across Studies, Predictive Models, and Value of Gait Speed Alone Compared With the Short
Physical Performance Battery. J Gerontol A Biol Sci Med Sci 55, M221–M231 (2000).
54. Rockwood, K., Andrew, M. & Mitnitski, A. A comparison of two approaches to measuring
frailty in elderly people. J. Gerontol. A Biol. Sci. Med. Sci. 62, 738–743 (2007).
55. Rockwood, K., Mogilner, A. & Mitnitski, A. Changes with age in the distribution of a frailty
index. Mechanisms of Ageing and Development 125, 517–519 (2004).
56. Searle, S. D., Mitnitski, A., Gahbauer, E. A., Gill, T. M. & Rockwood, K. A standard
procedure for creating a frailty index. BMC Geriatr 8, 24 (2008).
57. Rockwood, K., Mitnitski, A., Song, X., Steen, B. & Skoog, I. Long-term risks of death and
institutionalization of elderly people in relation to deficit accumulation at age 70. J Am
Geriatr Soc 54, 975–979 (2006).
58. Blodgett, J., Theou, O., Kirkland, S., Andreou, P. & Rockwood, K. Frailty in NHANES:
Comparing the frailty index and phenotype. Arch Gerontol Geriatr 60, 464–470 (2015).
59. Kulminski, A. M. et al. Cumulative deficits better characterize susceptibility to death in
elderly people than phenotypic frailty: lessons from the Cardiovascular Health Study. J Am
Geriatr Soc 56, 898–903 (2008).
60. Chang, S.-F. et al. The discrimination of using the short physical performance battery to
screen frailty for community-dwelling elderly people. J Nurs Scholarsh 46, 207–215 (2014).

121
61. Da Câmara, S. M. A., Alvarado, B. E., Guralnik, J. M., Guerra, R. O. & Maciel, A. C. C.
Using the Short Physical Performance Battery to screen for frailty in young-old adults with
distinct socioeconomic conditions. Geriatr Gerontol Int 13, 421–428 (2013).
62. Santos-Eggimann, B., Cuénoud, P., Spagnoli, J. & Junod, J. Prevalence of frailty in middleaged and older community-dwelling Europeans living in 10 countries. J. Gerontol. A Biol.
Sci. Med. Sci. 64, 675–681 (2009).
63. Shamliyan, T., Talley, K. M. C., Ramakrishnan, R. & Kane, R. L. Association of frailty with
survival: a systematic literature review. Ageing Res. Rev. 12, 719–736 (2013).
64. Collard, R. M., Boter, H., Schoevers, R. A. & Oude Voshaar, R. C. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc 60, 1487–1492
(2012).
65. Song, X., Mitnitski, A. & Rockwood, K. Prevalence and 10-year outcomes of frailty in older
adults in relation to deficit accumulation. J Am Geriatr Soc 58, 681–687 (2010).
66. McNallan, S. M. et al. Measuring frailty in heart failure: a community perspective. Am.
Heart J. 166, 768–774 (2013).
67. Newman, A. B. et al. Associations of Subclinical Cardiovascular Disease With Frailty. J
Gerontol A Biol Sci Med Sci 56, M158–M166 (2001).
68. Woods, N. F. et al. Frailty: emergence and consequences in women aged 65 and older in the
Women’s Health Initiative Observational Study. J Am Geriatr Soc 53, 1321–1330 (2005).
69. Afilalo, J., Karunananthan, S., Eisenberg, M. J., Alexander, K. P. & Bergman, H. Role of
frailty in patients with cardiovascular disease. Am. J. Cardiol. 103, 1616–1621 (2009).
70. Sergi, G. et al. Pre-frailty and risk of cardiovascular disease in elderly men and women: the
pro.v.a. study. J. Am. Coll. Cardiol. 65, 976–983 (2015).

122
71. Jung, P. et al. The impact of frailty on postoperative delirium in cardiac surgery patients. J.
Thorac. Cardiovasc. Surg. (2014). doi:10.1016/j.jtcvs.2014.10.118
72. Lee, D. H., Buth, K. J., Martin, B.-J., Yip, A. M. & Hirsch, G. M. Frail patients are at
increased risk for mortality and prolonged institutional care after cardiac surgery. Circulation
121, 973–978 (2010).
73. Afilalo, J. et al. Gait Speed as an Incremental Predictor of Mortality and Major Morbidity in
Elderly Patients Undergoing Cardiac Surgery. Journal of the American College of
Cardiology 56, 1668–1676 (2010).
74. Green, P. et al. The impact of frailty status on survival after transcatheter aortic valve
replacement in older adults with severe aortic stenosis: a single-center experience. JACC
Cardiovasc Interv 5, 974–981 (2012).
75. Paparella, D. et al. Risk stratification for in-hospital mortality after cardiac surgery: external
validation of EuroSCORE II in a prospective regional registry. Eur J Cardiothorac Surg 46,
840–848 (2014).
76. Shahian, D. M. et al. The Society of Thoracic Surgeons 2008 cardiac surgery risk models:
part 3--valve plus coronary artery bypass grafting surgery. Ann. Thorac. Surg. 88, S43–62
(2009).
77. Shahian, D. M. et al. The Society of Thoracic Surgeons 2008 cardiac surgery risk models:
part 1--coronary artery bypass grafting surgery. Ann. Thorac. Surg. 88, S2–22 (2009).
78. O’Brien, S. M. et al. The Society of Thoracic Surgeons 2008 cardiac surgery risk models:
part 2--isolated valve surgery. Ann. Thorac. Surg. 88, S23–42 (2009).
79. Beggs, T., Sepehri, A., Szwajcer, A., Tangri, N. & Arora, R. C. Frailty and perioperative
outcomes: a narrative review. Can J Anaesth 62, 143–157 (2015).

123
80. Sündermann, S. et al. One-year follow-up of patients undergoing elective cardiac surgery
assessed with the Comprehensive Assessment of Frailty test and its simplified form. Interact
Cardiovasc Thorac Surg 13, 119–123; discussion 123 (2011).
81. Stortecky, S. et al. Evaluation of multidimensional geriatric assessment as a predictor of
mortality and cardiovascular events after transcatheter aortic valve implantation. JACC
Cardiovasc Interv 5, 489–496 (2012).
82. Schoenenberger, A. W. et al. Predictors of functional decline in elderly patients undergoing
transcatheter aortic valve implantation (TAVI). Eur. Heart J. 34, 684–692 (2013).
83. Chang, J. T. et al. Interventions for the prevention of falls in older adults: systematic review
and meta-analysis of randomised clinical trials. BMJ 328, 680 (2004).
84. Uffelen, J. G. Z. van, Chin A Paw, M. J. M., Hopman-Rock, M. & Mechelen, W. van. The
Effects of Exercise on Cognition in Older Adults With and Without Cognitive Decline: A
Systematic Review: Clinical Journal of Sport Medicine 18, 486–500 (2008).
85. Theou, O. et al. The effectiveness of exercise interventions for the management of frailty: a
systematic review. J Aging Res 2011, 569194 (2011).
86. Faber, M. J., Bosscher, R. J., Chin A Paw, M. J. & van Wieringen, P. C. Effects of exercise
programs on falls and mobility in frail and pre-frail older adults: A multicenter randomized
controlled trial. Arch Phys Med Rehabil 87, 885–896 (2006).
87. Peterson, M. J. et al. Effect of telephone exercise counseling on frailty in older veterans:
project LIFE. Am J Mens Health 1, 326–334 (2007).
88. LIFE Study Investigators et al. Effects of a physical activity intervention on measures of
physical performance: Results of the lifestyle interventions and independence for Elders
Pilot (LIFE-P) study. J. Gerontol. A Biol. Sci. Med. Sci. 61, 1157–1165 (2006).

124
89. Pahor, M. et al. Effect of structured physical activity on prevention of major mobility
disability in older adults: the LIFE study randomized clinical trial. JAMA 311, 2387–2396
(2014).
90. Cesari, M. et al. A Physical Activity Intervention to Treat the Frailty Syndrome in Older
Persons-Results From the LIFE-P Study. J. Gerontol. A Biol. Sci. Med. Sci. (2014).
doi:10.1093/gerona/glu099
91. Cameron, I. D. et al. A multifactorial interdisciplinary intervention reduces frailty in older
people: randomized trial. BMC Med 11, 65 (2013).
92. Fairhall, N. et al. Frailty Intervention Trial (FIT). BMC Geriatrics 8, 27 (2008).
93. Kohl, H. W. Physical activity and cardiovascular disease: evidence for a dose response. Med
Sci Sports Exerc 33, S472–483; discussion S493–494 (2001).
94. Sofi, F., Capalbo, A., Cesari, F., Abbate, R. & Gensini, G. F. Physical activity during leisure
time and primary prevention of coronary heart disease: an updated meta-analysis of cohort
studies. Eur J Cardiovasc Prev Rehabil 15, 247–257 (2008).
95. Apullan, F. J. et al. Usefulness of self-reported leisure-time physical activity to predict longterm survival in patients with coronary heart disease. Am. J. Cardiol. 102, 375–379 (2008).
96. Nocon, M. et al. Association of physical activity with all-cause and cardiovascular mortality:
a systematic review and meta-analysis. European Journal of Cardiovascular Prevention &
Rehabilitation 15, 239–246 (2008).
97. Hupin, D. et al. Even a low-dose of moderate-to-vigorous physical activity reduces mortality
by 22% in adults aged ≥60 years: a systematic review and meta-analysis. Br J Sports Med
bjsports–2014–094306 (2015). doi:10.1136/bjsports-2014-094306

125
98. Warburton, D. E. R., Nicol, C. W. & Bredin, S. S. D. Health benefits of physical activity: the
evidence. CMAJ 174, 801–809 (2006).
99. Myers, J. et al. Exercise capacity and mortality among men referred for exercise testing. N.
Engl. J. Med. 346, 793–801 (2002).
100.

Kavanagh, T. et al. Prediction of long-term prognosis in 12 169 men referred for cardiac

rehabilitation. Circulation 106, 666–671 (2002).
101.

Kenneth Mallory, G., White, P. D. & Salcedo-Salgar, J. The speed of healing of

myocardial infarction: A study of the pathologic anatomy in seventy-two cases. American
Heart Journal 18, 647–671 (1939).
102.

Levine, S. A. & Lown, B. ‘Armchair’ treatment of acute coronary thrombosis. J Am Med

Assoc 148, 1365–1369 (1952).
103.

Saltin, B. et al. Response to exercise after bed rest and after training. Circulation 38,

VII1–78 (1968).
104.

Wenger, N. K. The use of exercise in the rehabilitation of patients after myocardial

infarction. J S C Med Assoc 65, Suppl 1:66–68 (1969).
105.

McKelvie, R. S. et al. Effects of exercise training in patients with heart failure: the

Exercise Rehabilitation Trial (EXERT). Am. Heart J. 144, 23–30 (2002).
106.

Lavie, C. J., Milani, R. V. & Littman, A. B. Benefits of cardiac rehabilitation and

exercise training in secondary coronary prevention in the elderly. J. Am. Coll. Cardiol. 22,
678–683 (1993).
107.

Cornish, A. K., Broadbent, S. & Cheema, B. S. Interval training for patients with

coronary artery disease: a systematic review. Eur. J. Appl. Physiol. 111, 579–589 (2011).

126
108.

Rognmo, Ø., Hetland, E., Helgerud, J., Hoff, J. & Slørdahl, S. A. High intensity aerobic

interval exercise is superior to moderate intensity exercise for increasing aerobic capacity in
patients with coronary artery disease. Eur J Cardiovasc Prev Rehabil 11, 216–222 (2004).
109.

Wisløff, U. et al. Superior cardiovascular effect of aerobic interval training versus

moderate continuous training in heart failure patients: a randomized study. Circulation 115,
3086–3094 (2007).
110.

Duarte Freitas, P. et al. Short-term impact of a 4-week intensive cardiac rehabilitation

program on quality of life and anxiety-depression. Ann Phys Rehabil Med 54, 132–143
(2011).
111.

Milani, R. V. & Lavie, C. J. Impact of cardiac rehabilitation on depression and its

associated mortality. Am. J. Med. 120, 799–806 (2007).
112.

Rutledge, T., Redwine, L. S., Linke, S. E. & Mills, P. J. A meta-analysis of mental health

treatments and cardiac rehabilitation for improving clinical outcomes and depression among
patients with coronary heart disease. Psychosom Med 75, 335–349 (2013).
113.

Goel, K. et al. Cardiac rehabilitation is associated with reduced long-term mortality in

patients undergoing combined heart valve and CABG surgery. Eur J Prev Cardiol 22, 159–
168 (2015).
114.

McCullough, P. A. et al. Cardiorespiratory fitness and short-term complications after

bariatric surgery. Chest 130, 517–525 (2006).
115.

Smith, T. B., Stonell, C., Purkayastha, S. & Paraskevas, P. Cardiopulmonary exercise

testing as a risk assessment method in non cardio-pulmonary surgery: a systematic review.
Anaesthesia 64, 883–893 (2009).

127
116.

Epstein, S. K. et al. Aerobic capacity is associated with 100-day outcome after hepatic

transplantation. Liver Transpl. 10, 418–424 (2004).
117.

Carlisle, J. & Swart, M. Mid-term survival after abdominal aortic aneurysm surgery

predicted by cardiopulmonary exercise testing. Br.J.Surg. 94, 966–969 (2007).
118.

Snowden, C. P. et al. Cardiorespiratory fitness predicts mortality and hospital length of

stay after major elective surgery in older people. Ann. Surg. 257, 999–1004 (2013).
119.

Older, P., Hall, A. & Hader, R. Cardiopulmonary exercise testing as a screening test for

perioperative management of major surgery in the elderly. Chest 116, 355–362 (1999).
120.

Horne, D. et al. Impact of physical activity on depression after cardiac surgery. Can J

Cardiol 29, 1649–1656 (2013).
121.

Horne, D. et al. Depression before and after cardiac surgery: Do all patients respond the

same? The Journal of Thoracic and Cardiovascular Surgery 145, 1400–1406 (2013).
122.

Sobolev, B. G., Kuramoto, L., Levy, A. R. & Hayden, R. Cumulative incidence for wait-

list death in relation to length of queue for coronary-artery bypass grafting: a cohort study. J
Cardiothorac Surg 1, 21 (2006).
123.

Rexius, H., Brandrup-Wognsen, G., Odén, A. & Jeppsson, A. Mortality on the waiting

list for coronary artery bypass grafting: incidence and risk factors. Ann. Thorac. Surg. 77,
769–774; discussion 774–775 (2004).
124.

Sobolev, B. G., Fradet, G., Kuramoto, L. & Rogula, B. An observational study to

evaluate 2 target times for elective coronary bypass surgery. Med Care 50, 611–619 (2012).
125.

Graham, M. M., Knudtson, M. L., O’Neill, B. J., Ross, D. B. & Canadian Cardiovascular

Society Access to Care Working Group. Treating the right patient at the right time: Access to

128
cardiac catheterization, percutaneous coronary intervention and cardiac surgery. Can J
Cardiol 22, 679–683 (2006).
126.

Sampalis, J., Boukas, S., Liberman, M., Reid, T. & Dupuis, G. Impact of waiting time on

the quality of life of patients awaiting coronary artery bypass grafting. CMAJ 165, 429–433
(2001).
127.

Klesges, R. C. et al. The accuracy of self-reports of physical activity. Med Sci Sports

Exerc 22, 690–697 (1990).
128.

Kehler, D. S. Pre-habilitation program for elective coronary artery bypass graft surgery

patients: a pilot project. (2012).
129.

Troiano, R. P. et al. Physical activity in the United States measured by accelerometer.

Med Sci Sports Exerc 40, 181–188 (2008).
130.

Herdy, A. H. et al. Pre- and postoperative cardiopulmonary rehabilitation in hospitalized

patients undergoing coronary artery bypass surgery: a randomized controlled trial. Am J Phys
Med Rehabil 87, 714–719 (2008).
131.

Hulzebos, E. H. J., Smit, Y., Helders, P. P. J. M. & van Meeteren, N. L. U. Preoperative

physical therapy for elective cardiac surgery patients. Cochrane Database Syst Rev 11,
CD010118 (2012).
132.

Arthur, H. M., Daniels, C., McKelvie, R., Hirsh, J. & Rush, B. Effect of a Preoperative

Intervention on Preoperative and Postoperative Outcomes in Low-Risk Patients Awaiting
Elective Coronary Artery Bypass Graft SurgeryA Randomized, Controlled Trial. Ann Intern
Med 133, 253–262 (2000).

129
133.

Lemanu, D. P., Singh, P. P., MacCormick, A. D., Arroll, B. & Hill, A. G. Effect of

preoperative exercise on cardiorespiratory function and recovery after surgery: a systematic
review. World J Surg 37, 711–720 (2013).
134.

O’Doherty, A. F., West, M., Jack, S. & Grocott, M. P. W. Preoperative aerobic exercise

training in elective intra-cavity surgery: a systematic review. Br J Anaesth 110, 679–689
(2013).
135.

Valkenet, K. et al. The effects of preoperative exercise therapy on postoperative

outcome: a systematic review. Clin Rehabil 25, 99–111 (2011).
136.

Rooks, D. S. et al. Effect of preoperative exercise on measures of functional status in

men and women undergoing total hip and knee arthroplasty. Arthritis Rheum. 55, 700–708
(2006).
137.

Topp, R., Swank, A. M., Quesada, P. M., Nyland, J. & Malkani, A. The effect of

prehabilitation exercise on strength and functioning after total knee arthroplasty. PM R 1,
729–735 (2009).
138.

Bobbio, A. et al. Preoperative pulmonary rehabilitation in patients undergoing lung

resection for non-small cell lung cancer. Eur J Cardiothorac Surg 33, 95–98 (2008).
139.

Jones, L. W. et al. Effects of presurgical exercise training on cardiorespiratory fitness

among patients undergoing thoracic surgery for malignant lung lesions. Cancer 110, 590–
598 (2007).
140.

Dronkers, J. J. et al. Preoperative therapeutic programme for elderly patients scheduled

for elective abdominal oncological surgery: a randomized controlled pilot study. Clin
Rehabil 24, 614–622 (2010).

130
141.

Rideout, A., Lindsay, G. & Godwin, J. Patient mortality in the 12 years following

enrolment into a pre-surgical cardiac rehabilitation programme. Clin Rehabil 26, 642–647
(2012).
142.

McHugh, F. et al. Nurse led shared care for patients on the waiting list for coronary

artery bypass surgery: a randomised controlled trial. Heart 86, 317–323 (2001).
143.

Audelin, M. C., Savage, P. D. & Ades, P. A. Changing clinical profile of patients

entering cardiac rehabilitation/secondary prevention programs: 1996 to 2006. J Cardiopulm
Rehabil Prev 28, 299–306 (2008).
144.

Stammers, A. N. et al. Protocol for the PREHAB study-Pre-operative Rehabilitation for

reduction of Hospitalization After coronary Bypass and valvular surgery: a randomised
controlled trial. BMJ Open 5, e007250 (2015).
145.

Schulz, K. F., Altman, D. G., Moher, D. & CONSORT Group. CONSORT 2010

statement: updated guidelines for reporting parallel group randomised trials. BMJ 340, c332
(2010).
146.

Sasaki, H., Kasagi, F., Yamada, M. & Fujita, S. Grip Strength Predicts Cause-Specific

Mortality in Middle-Aged and Elderly Persons. The American Journal of Medicine 120,
337–342 (2007).
147.

Ling, C. H. Y. et al. Handgrip strength and mortality in the oldest old population: the

Leiden 85-plus study. CMAJ 182, 429–435 (2010).
148.

Hoyl, M. T. et al. Development and testing of a five-item version of the Geriatric

Depression Scale. J Am Geriatr Soc 47, 873–878 (1999).
149.

Rinaldi, P. et al. Validation of the five-item geriatric depression scale in elderly subjects

in three different settings. J Am Geriatr Soc 51, 694–698 (2003).

131
150.

Paffenbarger, R. S. & Hale, W. E. Work activity and coronary heart mortality. N. Engl. J.

Med. 292, 545–550 (1975).
151.

Cameron, J., Worrall-Carter, L., Page, K., Stewart, S. & Ski, C. F. Screening for mild

cognitive impairment in patients with heart failure: Montreal cognitive assessment versus
mini mental state exam. Eur J Cardiovasc Nurs 12, 252–260 (2013).
152.

Dong, Y. et al. The Montreal Cognitive Assessment is superior to the Mini-Mental State

Examination in detecting patients at higher risk of dementia. Int Psychogeriatr 24, 1749–
1755 (2012).
153.

Thompson, P. D., Arena, R., Riebe, D., Pescatello, L. S. & American College of Sports

Medicine. ACSM’s new preparticipation health screening recommendations from ACSM’s
guidelines for exercise testing and prescription, ninth edition. Curr Sports Med Rep 12, 215–
217 (2013).
154.

Karvonen, J. & Vuorimaa, T. Heart rate and exercise intensity during sports activities.

Practical application. Sports Med 5, 303–311 (1988).
155.

Stone, J. A., Arthur, H. M. & Canadian Association of Cardiac Rehabilitation Guidelines

Writing Group. Canadian guidelines for cardiac rehabilitation and cardiovascular disease
prevention, second edition, 2004: executive summary. Can J Cardiol 21 Suppl D, 3D–19D
(2005).
156.

Van Camp, S. P. & Peterson, R. A. Cardiovascular complications of outpatient cardiac

rehabilitation programs. JAMA 256, 1160–1163 (1986).
157.

Mitnitski, A. B., Mogilner, A. J. & Rockwood, K. Accumulation of deficits as a proxy

measure of aging. ScientificWorldJournal 1, 323–336 (2001).

132
158.

Peña, F. G. et al. Comparison of alternate scoring of variables on the performance of the

frailty index. BMC Geriatr 14, 25 (2014).
159.

Trost, S. G., McIver, K. L. & Pate, R. R. Conducting accelerometer-based activity

assessments in field-based research. Med Sci Sports Exerc 37, S531–543 (2005).
160.

Heil, D. P. Predicting activity energy expenditure using the Actical activity monitor. Res

Q Exerc Sport 77, 64–80 (2006).
161.

Esliger, D. W. & Tremblay, M. S. Technical reliability assessment of three accelerometer

models in a mechanical setup. Med Sci Sports Exerc 38, 2173–2181 (2006).
162.

Chen, K. Y. & Bassett, D. R. The technology of accelerometry-based activity monitors:

current and future. Med Sci Sports Exerc 37, S490–500 (2005).
163.

Hooker, S. P. et al. Validation of the actical activity monitor in middle-aged and older

adults. J Phys Act Health 8, 372–381 (2011).
164.

Colley, R. C. et al. Physical activity of Canadian adults: accelerometer results from the

2007 to 2009 Canadian Health Measures Survey. Health Rep 22, 7–14 (2011).
165.

Hutto, B. et al. Identifying accelerometer nonwear and wear time in older adults. Int J

Behav Nutr Phys Act 10, 120 (2013).
166.

Colley, R. C. & Tremblay, M. S. Moderate and vigorous physical activity intensity cut-

points for the Actical accelerometer. Journal of Sports Sciences 29, 783–789 (2011).
167.

Gorman, E. et al. Accelerometry analysis of physical activity and sedentary behavior in

older adults: a systematic review and data analysis. Eur Rev Aging Phys Act 11, 35–49
(2014).
168.

Copeland, J. L. & Esliger, D. W. Accelerometer assessment of physical activity in active,

healthy older adults. J Aging Phys Act 17, 17–30 (2009).

133
169.

Giffuni, J., McMurray, R., Schwartz, T. & Berry, D. Actical Accelerometry Cut-points

for Quantifying Levels of Exertion: Comparing Normal and Overweight Adults.
International Journal of Exercise Science 5, (2012).
170.

Welk, G. J., Schaben, J. A. & Morrow, J. R. Reliability of accelerometry-based activity

monitors: a generalizability study. Med Sci Sports Exerc 36, 1637–1645 (2004).
171.

Swartz, A. M. et al. Estimation of energy expenditure using CSA accelerometers at hip

and wrist sites. Med Sci Sports Exerc 32, S450–456 (2000).
172.

Freedson, P. S., Melanson, E. & Sirard, J. Calibration of the Computer Science and

Applications, Inc. accelerometer. Med Sci Sports Exerc 30, 777–781 (1998).
173.

Yngve, A., Nilsson, A., Sjostrom, M. & Ekelund, U. Effect of monitor placement and of

activity setting on the MTI accelerometer output. Med Sci Sports Exerc 35, 320–326 (2003).
174.

Lopes, V. P., Magalhães, P., Bragada, J. & Vasques, C. Actigraph calibration in

obese/overweight and type 2 diabetes mellitus middle-aged to old adult patients. J Phys Act
Health 6 Suppl 1, S133–140 (2009).
175.

ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories.

ATS statement: guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 166,
111–117 (2002).
176.

Cahalin, L. P., Mathier, M. A., Semigran, M. J., Dec, G. W. & DiSalvo, T. G. The six-

minute walk test predicts peak oxygen uptake and survival in patients with advanced heart
failure. Chest 110, 325–332 (1996).
177.

Lipkin, D. P., Scriven, A. J., Crake, T. & Poole-Wilson, P. A. Six minute walking test for

assessing exercise capacity in chronic heart failure. Br Med J (Clin Res Ed) 292, 653–655
(1986).

134
178.

Cahalin, L., Pappagianopoulos, P., Prevost, S., Wain, J. & Ginns, L. The relationship of

the 6-min walk test to maximal oxygen consumption in transplant candidates with end-stage
lung disease. Chest 108, 452–459 (1995).
179.

Starobin, D. et al. Assessment of functional capacity in patients with chronic obstructive

pulmonary disease: correlation between cardiopulmonary exercise, 6 minute walk and 15
step exercise oximetry test. Isr. Med. Assoc. J. 8, 460–463 (2006).
180.

Ingle, L., Goode, K., Rigby, A. S. R., Cleland, J. G. F. & Clark, A. L. Predicting peak

oxygen uptake from 6-min walk test performance in male patients with left ventricular
systolic dysfunction. Eur. J. Heart Fail. 8, 198–202 (2006).
181.

Zugck, C. et al. Is the 6-minute walk test a reliable substitute for peak oxygen uptake in

patients with dilated cardiomyopathy? Eur. Heart J. 21, 540–549 (2000).
182.

Bittner, V. et al. Prediction of mortality and morbidity with a 6-minute walk test in

patients with left ventricular dysfunction. SOLVD Investigators. JAMA 270, 1702–1707
(1993).
183.

Perera, S., Mody, S. H., Woodman, R. C. & Studenski, S. A. Meaningful change and

responsiveness in common physical performance measures in older adults. J Am Geriatr Soc
54, 743–749 (2006).
184.

Ross, R. M., Murthy, J. N., Wollak, I. D. & Jackson, A. S. The six minute walk test

accurately estimates mean peak oxygen uptake. BMC Pulmonary Medicine 10, 31 (2010).
185.

KWON, S. et al. WHAT IS A MEANINGFUL CHANGE IN PHYSICAL

PERFORMANCE? FINDINGS FROM A CLINICAL TRIAL IN OLDER ADULTS (THE
LIFE-P STUDY). J Nutr Health Aging 13, 538–544 (2009).

135
186.

Giavarina, D. Understanding Bland Altman analysis. Biochem Med (Zagreb) 25, 141–151

(2015).
187.

Bland, J. M. & Altman, D. G. Statistical methods for assessing agreement between two

methods of clinical measurement. Lancet 1, 307–310 (1986).
188.

Cohen, J. Weighted kappa: nominal scale agreement with provision for scaled

disagreement or partial credit. Psychol Bull 70, 213–220 (1968).
189.

Physical Activity Guidelines Advisory Committee report, 2008. To the Secretary of

Health and Human Services. Part A: executive summary. Nutr. Rev. 67, 114–120 (2009).
190.

Mitnitski, A. B., Mogilner, A. J., MacKnight, C. & Rockwood, K. The accumulation of

deficits with age and possible invariants of aging. ScientificWorldJournal 2, 1816–1822
(2002).
191.

Shields, M. et al. Fitness of Canadian adults: results from the 2007-2009 Canadian Health

Measures Survey. Health Rep 21, 21–35 (2010).
192.

McHugh, M. L. Interrater reliability: the kappa statistic. Biochem Med (Zagreb) 22, 276–

282 (2012).
193.

Guralnik, J. M., Ferrucci, L., Simonsick, E. M., Salive, M. E. & Wallace, R. B. Lower-

Extremity Function in Persons over the Age of 70 Years as a Predictor of Subsequent
Disability. New England Journal of Medicine 332, 556–562 (1995).
194.

De Vries, N. M. et al. Outcome instruments to measure frailty: a systematic review.

Ageing Res. Rev. 10, 104–114 (2011).
195.

De Lepeleire, J., Iliffe, S., Mann, E. & Degryse, J. M. Frailty: an emerging concept for

general practice. Br J Gen Pract 59, e177–182 (2009).

136
196.

Alfredsson, J. et al. Gait Speed Predicts 30-Day Mortality After Transcatheter Aortic

Valve Replacement: Results From the Society of Thoracic Surgeons/American College of
Cardiology Transcatheter Valve Therapy Registry. Circulation 133, 1351–1359 (2016).
197.

Fiorina, C. et al. The 6-min walking test early after cardiac surgery. Reference values and

the effects of rehabilitation programme. Eur J Cardiothorac Surg 32, 724–729 (2007).
198.

Hammill, B. G., Curtis, L. H., Schulman, K. A. & Whellan, D. J. Relationship Between

Cardiac Rehabilitation and Long-Term Risks of Death and Myocardial Infarction Among
Elderly Medicare Beneficiaries. Circulation 121, 63–70 (2010).
199.

Blodgett, J., Theou, O., Kirkland, S., Andreou, P. & Rockwood, K. The association

between sedentary behaviour, moderate-vigorous physical activity and frailty in NHANES
cohorts. Maturitas 80, 187–191 (2015).
200.

Cooper, A. F., Jackson, G., Weinman, J. & Horne, R. Factors associated with cardiac

rehabilitation attendance: a systematic review of the literature. Clin Rehabil 16, 541–552
(2002).
201.

Samayoa, L. et al. Sex Differences in Cardiac Rehabilitation Enrollment: A Meta-

analysis. Canadian Journal of Cardiology 30, 793–800 (2014).
202.

Pack, Q. R. et al. Improving Cardiac Rehabilitation Attendance and Completion through

Quality Improvement Activities and a Motivational Program. J Cardiopulm Rehabil Prev 33,
153–159 (2013).
203.

Arena, R. et al. Increasing Referral and Participation Rates to Outpatient Cardiac

Rehabilitation: The Valuable Role of Healthcare Professionals in the Inpatient and Home
Health Settings A Science Advisory From the American Heart Association. Circulation 125,
1321–1329 (2012).

137
204.

Russell, K. L. et al. Cardiac rehabilitation wait times: effect on enrollment. J Cardiopulm

Rehabil Prev 31, 373–377 (2011).
205.

McGuire, K. A. & Ross, R. Incidental physical activity is positively associated with

cardiorespiratory fitness. Med Sci Sports Exerc 43, 2189–2194 (2011).
206.

Glazer, N. L. et al. Sustained and shorter bouts of physical activity are related to

cardiovascular health. Med Sci Sports Exerc 45, 109–115 (2013).
207.

Jansen, F. M. et al. Physical activity in non-frail and frail older adults. PLoS ONE 10,

e0123168 (2015).
208.

Beatty, A. L., Schiller, N. B. & Whooley, M. A. Six-minute walk test as a prognostic tool

in stable coronary heart disease: data from the heart and soul study. Arch. Intern. Med. 172,
1096–1102 (2012).
209.

Nguyen, H. Q., Steele, B. G., Dougherty, C. M. & Burr, R. L. Physical Activity Patterns

of Patients With Cardiopulmonary Illnesses. Archives of Physical Medicine and
Rehabilitation 93, 2360–2366 (2012).
210.

Savela, S. L. et al. Leisure-Time Physical Activity in Midlife Is Related to Old Age

Frailty. J Gerontol A Biol Sci Med Sci 68, 1433–1438 (2013).
211.

Brual, J. et al. Drive time to cardiac rehabilitation: at what point does it affect utilization?

Int J Health Geogr 9, 27 (2010).
212.

Johnson, J. E., Weinert, C. & Richardson, J. K. Rural residents’ use of cardiac

rehabilitation programs. Public Health Nurs 15, 288–296 (1998).
213.

Dalal, H. M., Zawada, A., Jolly, K., Moxham, T. & Taylor, R. S. Home based versus

centre based cardiac rehabilitation: Cochrane systematic review and meta-analysis. BMJ 340,
b5631 (2010).

138
214.

Katz, N. M., Hannan, R. L., Hopkins, R. A. & Wallace, R. B. Cardiac operations in

patients aged 70 years and over: mortality, length of stay, and hospital charge. Ann. Thorac.
Surg. 60, 96–100; discussion 100–101 (1995).
215.

Kolh, P., Kerzmann, A., Lahaye, L., Gerard, P. & Limet, R. Cardiac surgery in

octogenarians; peri-operative outcome and long-term results. Eur. Heart J. 22, 1235–1243
(2001).
216.

Li, Y., Cai, X., Mukamel, D. B. & Cram, P. Impact of length of stay after coronary

bypass surgery on short-term readmission rate: an instrumental variable analysis. Med Care
51, 45–51 (2013).
217.

Cowper, P. A. et al. Impact of early discharge after coronary artery bypass graft surgery

on rates of hospital readmission and death. The Ischemic Heart Disease (IHD) Patient
Outcomes Research Team (PORT) Investigators. J. Am. Coll. Cardiol. 30, 908–913 (1997).
218.

Plasqui, G. & Westerterp, K. R. Physical Activity Assessment With Accelerometers: An

Evaluation Against Doubly Labeled Water. Obesity 15, 2371–2379 (2007).
219.

Prince, S. A. et al. A comparison of direct versus self-report measures for assessing

physical activity in adults: a systematic review. International Journal of Behavioral
Nutrition and Physical Activity 5, 56 (2008).
220.

Theou, O., Jakobi, J. M., Vandervoort, A. A. & Jones, G. R. A comparison of physical

activity (PA) assessment tools across levels of frailty. Arch Gerontol Geriatr 54, e307–314
(2012).
221.

Santos, D. A. et al. Sedentary behavior and physical activity are independently related to

functional fitness in older adults. Exp. Gerontol. 47, 908–912 (2012).

139
222.

Ginis, K. A. M., Nigg, C. R. & Smith, A. L. Peer-delivered physical activity

interventions: an overlooked opportunity for physical activity promotion. Transl Behav Med
3, 434–443 (2013).
223.

Soo Hoo, S. Y., Gallagher, R. & Elliott, D. Predictors of cardiac rehabilitation attendance

following primary percutaneous coronary intervention for ST-elevation myocardial
infarction in Australia. Nursing & Health Sciences 18, 230–237 (2016).
224.

Bourke, L. et al. Interventions for promoting habitual exercise in people living with and

beyond cancer. Cochrane Database Syst Rev 9, CD010192 (2013).
225.

Jordan, J. L., Holden, M. A., Mason, E. E. & Foster, N. E. Interventions to improve

adherence to exercise for chronic musculoskeletal pain in adults. Cochrane Database Syst
Rev CD005956 (2010). doi:10.1002/14651858.CD005956.pub2
226.

Grace, S. L. et al. Pan-Canadian Development of Cardiac Rehabilitation and Secondary

Prevention Quality Indicators. Canadian Journal of Cardiology 30, 945–948 (2014).
227.

Grace SL, Parsons TL, Heise K & Bacon SL. The Canadian Cardiac Rehabilitation

Registry: Inaugural Report on the Status of Cardiac Rehabilitation in Canada. Rehabilitation
Research & Practice Print 2015, 278979 (2015).
228.

Chase, J.-A. D. Systematic review of physical activity intervention studies after cardiac

rehabilitation. J Cardiovasc Nurs 26, 351–358 (2011).
229.

Ter Hoeve, N. et al. Does cardiac rehabilitation after an acute cardiac syndrome lead to

changes in physical activity habits? Systematic review. Phys Ther 95, 167–179 (2015).
230.

Michie, S. et al. A refined taxonomy of behaviour change techniques to help people

change their physical activity and healthy eating behaviours: the CALO-RE taxonomy.
Psychol Health 26, 1479–1498 (2011).

140
231.

Williams, S. L. & French, D. P. What are the most effective intervention techniques for

changing physical activity self-efficacy and physical activity behaviour--and are they the
same? Health Educ Res 26, 308–322 (2011).
232.

Olander, E. K. et al. What are the most effective techniques in changing obese

individuals’ physical activity self-efficacy and behaviour: a systematic review and metaanalysis. Int J Behav Nutr Phys Act 10, 29 (2013).

141
Appendices
Appendix A: University of Manitoba Health Research Ethics Board Approval
Appendix B: St. Boniface General Hospital Research Review Committee Approval
Appendix C: Patient Information and Consent Form
Appendix D: PREHAB 30-Item Frailty Index
Appendix E: Short Physical Performance Battery

142
Appendix A: University of Manitoba Health Research Ethics Board Approval

143

144
Appendix B: St. Boniface General Hospital Research Review Committee Approval

145
Appendix C: Patient Information and Consent Form

RAKESH C. ARORA* MD, PhD, FRCSC
Cardiac Surgeon / Intensivist
Medical Co-Director - Intensive Care Cardiac Surgery
Rudy Falk Clinician-Scientist
Assistant Professor – Department of Surgery & Physiology
*Denotes Medical Corporation

RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM
Title of Study: The Prehab Study- Pre-operative Rehabilitation for reduction of
Hospitalization After coronary Bypass and valvular surgery.
Principal Investigator:

Dr. Rakesh Arora MD PhD FRCSC FACS
Research Director – Section of Cardiac Surgery
Research Director – Translational Research – Dept. of
Surgery
St. Boniface Hospital
Ph# 204-258-1031

Co-Principal Investigator:
Dr. Todd Duhamel PhD
Associate Professor
Faculty of Kinesiology & Recreation Management
University of Manitoba
Dr. Ansar Hassan MD PhD FRCSC
Assistant Professor
Department of Cardiac Surgery
Dalhousie University
Dr. Nicholas Giacomantonio MD FRCPC
Associate Professor of Medicine
Dalhousie University
Co-Investigators:
Dr. Navdeep Tangri, Dr. Thang Ngoc Nguyen, Dr. Sarvesh Logsetty, Dr. Jitender
Sareen, Dr. Colleen Metge, Dr. Hillary Grocott, Dr. Jo Anne Sawatzky, Dr. Kenneth
Rockwood, Dr. Sean Bagshaw, Dr. Jonathan Afilalo, Dr. Jean-Francois Legare
You are being asked to participate in a research study. Please take your time to review this
consent form and discuss any questions you may have with the study staff. You may take your
time to make your decision about participating in this study and you may discuss it with your
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friends, family or (if applicable) your doctor before you make your decision. This consent form
may contain words that you do not understand. Please ask the study staff to explain any words
or information you do not clearly understand.
Purpose of the Study
This research study is being conducted to evaluate the effects of pre-operative exercise and
education on the outcomes of elective cardiac surgery. The primary purpose of this study is to
establish the safety of this program and evaluate the length of stay in hospital following
surgery. A total of 244 patients will be recruited to participate in this study.
This study has been registered on a publicly available registry databank. ClinicalTrials.gov is a
website that provides information about federally and privately supported clinical trials. A
description of this clinical trial will be available on http://ClinicalTrials.gov. This website will not
include information that can identify you. At most, the website will include a summary of the
results. You can search this website at any time.
Study Procedures
In this study, you will be randomized into one of the 2 study groups described below.
Randomized means that you are put into a group by chance, like flipping a coin. You will have
an equal chance of being placed in either group.
Standard Care Group Procedures:
If you are eligible for the ‘current standard care’ group, you will be asked to complete
the following 9 appointments with the Research Assistant over a period of approximately one
year:
Appointment #1/2: These appointments will take place within the next week and you
will be asked to come to the St. Boniface Hospital (Winnipeg, MB). During the first
appointment, you will undergo a detailed frailty assessment, a graded exercise test, and
complete a 6-minute walk test. The frailty assessment will involve a variety of questions, in
addition to several tests of physical function including a chair-stand test, balance tests, and grip
strength. For the 6-minute walk test you will be asked to walk in a hallway, at your own pace,
for a total of 6 minutes. This simple test will provide information regarding your physical fitness
level; it is routinely used for clients participating in cardiac rehabilitation programs across
Canada. The Research Assistant will also provide you with a Physical Activity Monitor, which is a
small device that is about the size of a watch and is worn on a belt. This device measures the
amount and intensity of physical activity that you complete on a daily basis. Given the small size
and placement of the accelerometer at belt level, you will be able to participate in your normal
daily routine without alteration. It is important to note that the monitor will only measure the
amount of physical activity that you accumulate and does not store personal information.
Therefore your privacy will not be adversely affected by wearing the unit. The monitor will be
given to you by the research staff at each of the three meetings and you will be asked to return
the unit to the St. Boniface Hospital seven days later. At the second appointment, you will be
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asked to complete a series of questionnaires. Each of these appointments will take
approximately 1 hour of your time.
Appointment #3: this appointment will occur approximately 4-6 weeks following initial
randomization to the intervention or control group. During this appointment, the Research
Assistant will provide you with a Physical Activity Monitor; you will be asked to wear this
monitor for a period of 7 days. This part of the pro-operative assessment appointment will take
approximately 30 minutes of your time.
Appointment #4/5: these appointments will be combined with your cardiac surgery preoperative appointment at the St. Boniface Hospital, approximately 1 week prior to your surgery.
During the fourth appointment, you will be asked to undergo a detailed frailty assessment,
complete a graded exercise test, and the 6-minute walk test. The Research Assistant will also
provide you with a Physical Activity Monitor; you will be asked to wear this monitor for a period
of 7 days. At the fifth appointment, you will be asked to complete a series of questionnaires.
Each of these appointments will take approximately 1 hour of your time.
Appointment #6/7: about 3 months after your surgery, the Research Assistant will
contact you to make two appointments to come back to the St. Boniface Hospital. During the
sixth appointment you will undergo a detailed frailty assessment, complete a graded exercise
test, and the 6-minute walk test. The Research Assistant will also provide you with a Physical
Activity Monitor; you will be asked to wear this monitor for a period of 7 days. At the seventh
appointment, you will be asked to complete a series of questionnaires. Each of these
appointments will take approximately 1 hour of your time.
Appointment #8/9: about 1 year after your surgery, the Research Assistant will contact
you to make two appointments to come back to the St. Boniface Hospital. During the eighth
appointment you will undergo a detailed frailty assessment, complete a graded exercise test,
and the 6-minute walk test. The Research Assistant will also provide you with a Physical Activity
Monitor; you will be asked to wear this monitor for a period of 7 days. At the ninth
appointment, you will be asked to complete a series of questionnaires. Each of these
appointments will take approximately 1 hour of your time.
Intervention Group Procedures:
If you are randomized to the intervention group, you will be asked to complete the
same 5 appointments outlined for the standard care group above. In addition, you will be asked
to participate in the “Pre-hab Program for Cardiac Surgery Patients” at your local, communitybased cardiac rehabilitation facility. This unique program has been developed to meet
individualized exercise and educational needs of patients waiting for cardiac surgery. Before
you start the program, you will receive a baseline health and fitness assessment by the cardiac
rehabilitation centre staff. This assessment includes a questionnaire, a graded exercise test,
lung function test, body measurements (waist, hip and body weight) and a blood test (glucose
and lipid levels). The Research Assistant will also collect these results as part of the study.
The education part of the pre-hab program will be made up of a series of 4 classes at
your local, community-based cardiac rehabilitation facility. The goal of these classes is to help
you to make improvements and/or changes in your lifestyle. Topics for these classes include
self-management strategies for cardiac rehabilitation: risk factor reduction, medication use,
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cardiovascular physiology, stress management, healthy eating and promotion of self-managed
care.
The exercise part of the pre-hab program will consist of an individualized exercise
program, based on your health assessment. If you choose to participate in the study and are
randomized to the intervention group, we will request that you commit to attending your local
cardiac rehabilitation facility for 2 supervised exercise sessions each week until you are called
for your surgery or for the duration of your 8-week program. We will also ask you to keep a
record of your visits to the facility.
There will be NO cost to you for participating in the exercise program, other than your
time and your transportation costs.
All Study Participants: If you agree to participate in this study, we will also be obtaining
information from your hospital chart. This will include information about your past medical
history and details regarding your surgery/hospital stay. Participation in the study will continue
for approximately 1 year after your cardiac surgery. If you are interested in receiving a
summary of the study results, please designate on this form below.
Risks and Discomforts
The risks to participating in this research are considered to be minimal. However, there
is a certain degree of risk involved in the initiation of any exercise program. If you are
randomized to the intervention group, you will be carefully assessed by the medical fitness
facility staff prior to the initiation of an exercise program. Additionally, the symptom limited,
graded program of exercise would be individualized according to your personal health status.
Although the exercise classes will be conducted by certified and experienced instructors, if you
have reason to believe that you would be at physical risk of harm/injury by participating in the
program, you are asked to decline participation in this project. The cardiac rehabilitation has
trained exercise specialists on site to supervise the exercise programs offered at the facility.
Additionally, trained healthcare personnel are also on site at all times. The researcher may
decide to take you out of this study if your health status changes to prevent you from being
able to continue to participate. For example, if your heart condition gets worse before your
surgery, it may not be appropriate for you to continue participating in the study. Your
participation in the study may also be discontinued upon the advice of a medical doctor.
Benefits
There may or may not be direct benefit to you from participating in this study. We
intend to use the information learned from this study to benefit other individuals who are
awaiting cardiac surgery in the future.
Costs

All procedures, which will be performed as part of this study, are provided at no cost to
you. The cost to you will be transportation to St. Boniface Hospital for the assessment
appointments.
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Confidentiality
Information gathered in this research study may be published or presented in public
forums, however your name and other identifying information will not be used or revealed.
Despite efforts to keep your personal information confidential, absolute confidentiality cannot
be guaranteed. Your personal information may be disclosed if required by law. Medical records
that contain your identity will be treated as confidential in accordance with the Personal Health
Information Act of Manitoba.
Organizations that may inspect and/or copy your research for quality assurance and
data analysis include groups such as: The University of Manitoba Health Research Ethics Board
or the St. Boniface Hospital Office of Clinical Research.
All study related documents will bear only your assigned study number. All data will be
entered into a computer and transmitted electronic to members of the research team only. All
hard copy records will be kept in a secure area and only those persons identified will have
access to these records. If any of your medical/research records need to be copied to any of the
above, your name and all identifying information will be removed. No information revealing any
personal information such as your name, address or telephone number will leave St. Boniface
Hospital. If deemed necessary by the research staff, information regarding your health status
may be shared with medical staff at the St. Boniface Hospital.
Voluntary Participation/Withdrawal from the Study
Your decision to take part in this study is voluntary. You may refuse to participate or you
may withdraw from the study at any time. However, if you decide to stop participating in the
study, we encourage you to discuss this decision with the research study staff first. There are no
consequences to withdrawing from the study. Your decision not to participate or to withdraw
from the study will not affect your care at this centre. If the study staff feels that it is in your
best interest to withdraw you from the study, they will remove you without your consent. We
will tell you about any new information that may affect your health, welfare, or willingness to
remain in this study.
Questions
You are free to ask any questions that you may have about your treatment and your
rights as a research participant. If any questions come up during or after the study or if you
have a research-related injury, contact Dr. Rakesh Arora at (204) 258-1031 or
bpambrun@sbgh.mb.ca.
For questions about your rights as a research participant, you may contact The
University of Manitoba, Bannatyne Campus Research Ethics Board Office at (204) 789-3389. Do
not sign this consent form unless you have had a chance to ask questions and have received
satisfactory answers to all of your questions.
Statement of Consent
I have read this information/consent form. I have had the opportunity to discuss this
research study with Dr. Rakesh Arora and/or his staff. I have had my questions answered by
them in a language I understand. This risks and benefits have been explained to me. I believe
that I have not been unduly influenced by any study team member to participate in the
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research study by any statements or implied statements. Any relationship (such as employer,
supervisor, or family member) I may have with the study team has not affected my decision to
participate. I understand that I will be given a copy of this consent form after signing it. I
understand that my participation in this study is voluntary and that I may choose to withdraw at
any time. I freely agree to participate in this research study.
I understand that information regarding my personal identity will be kept confidential,
but that confidentiality is not guaranteed. I authorize the inspection of any of my records that
relate to this study by The University of Manitoba Research Ethics Board and the St. Boniface
Hospital Office of Clinical Research for quality assurance purposes.
By signing this consent form, I have not waived any of the legal rights that I have as a
participant in a research study.
I agree to be contacted for future follow-up in relation to this study – YES____ NO____
I would like to receive a summary of the study findings -

YES____ NO____

If YES, please provide mailing or e-mail address:
________________________________________________________________________
Participant signature: _________________________

Date: ___________________
(day/month/year)
I, the undersigned, have fully explained the relevant details of this research study to the
participant named above and believe that the participant has understood and has knowingly
given their consent.
Printed Name: _________________________
Signature: _______________________

Date:___________________
(day/month/year)

Role in the study: _______________________
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Appendix D: PREHAB 30-Item Functional Frailty Index
Domain
1

Physical

2

Physical

3

Physical

Tool Used to
Measure
Short Physical
Performance Battery

Variable

Cut-Off Point

References/Justification

Balance (Side-by-side,
semi-tandem, tandem)

Unable to complete=1
Side-by-Side = 0.67
Semi-Tandem = 0.33
Tandem = 0

Guralnik et al. (1994)
Participants unable to hold side by
side stance for 10 seconds (HR: 3.54
95% CI 3.04 – 4.13) and those
unable to hold semi-tandem stance
for 10 seconds (HR: 1.78 95% CI
1.51-2.09) more likely to die
compared to those able to complete
the tandem balance task.

Hand Dynamometer

Handgrip Strength

Males
For BMI ≤ 24: GS ≤ 29 = 1,
GS > 29 = 0
For BMI 24.1-28: GS ≤ 30 = 1,
GS > 30 = 0
For BMI > 28: GS ≤ 32 = 1, GS >
32 = 0

Cut-offs as defined by Fried et al.
(2001) and re-published by Searle et
al. (2008)

Repeated Chair
Stand Test

Chair Stand

Females
For BMI ≤ 23: GS ≤ 17 = 1,
GS > 17 =0
For BMI 23.1-26: GS ≤ 17.3 = 1,
GS > 17.3 = 0
For BMI 26.1-29: GS ≤ 18 = 1,
GS > 18 = 0
For BMI > 29: GS ≤ 21 = 1,
GS > 21 = 0
Unable = 1
≥16.7 seconds = 0.75
13.7 – 16.6 seconds = 0.5
11.2 – 13.6 seconds = 0.25
≤11.1seconds = 0

Cooper et al. (2010)
The HR associated with a 1 kg
increase in grip strength is 0.97
(95% CI 0.96-0.98).

Cut-offs as defined by Guralnik et al.
(1994)
Cooper et al. (2010)
Compared to participants in the
highest quartile, those in the lowest
quartile (HR: 1.96 95% CI 1.562.46), second quartile (HR: 1.40
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4

5

Physical

Physical

5-metre Gait Speed
Test

6-Minute Walk Test

Gait Speed

6-Minute Walk Test

Males
Height > 173 cm: GS ≥ 6.56 s =
1, GS < 6.56 s = 0
Height ≤ 173 cm: GS ≥ 7.66 s = 1,
GS < 7.66 s = 0
Females
Height > 159 cm: GS ≥ 6.56 s = 1,
GS < 6.56 s = 0
Height ≤ 159 cm: GS ≥ 7.66 s = 1,
GS < 7.66 s = 0
Unable = 1
< 300m = 0.75
300-374.9m = 0.5
375-449.9m = 0.25
>450m = 0

95% CI 1.18-1.66) and third quartile
(HR: 1.24 95% CI 1.08-1.42) at a
higher risk of mortality.
Cut-offs as defined by Fried et al.
(2001)
Studenski et al. (2011)
Gait speed associated with survival
(HR per 0.1 m/sec: 0.88 95% CI
0.87-0.90).

Bittner et al. (1993)
Compared to patients walking at
least 450 m, patients walking less
than 300 m confers a 3.7-fold
increased risk of dying (OR: 3.7
95% CI 1.44-9.55); whereas, those
walking from 300 to 374.9 m are at a
2.8-fold increased risk of death (OR:
2.78 95% CI 1.09-7.11). The odds of
being hospitalized for chronic heart
failure is increased in patients
walking less than 300 m (OR: 14.02
95% CI 4.90-40.14), 300 to 374.9 m
(OR: 6.21 95% CI 2.14-18.08) and a
trend towards increased
hospitalization in those walking 375
to 449.9 m (OR: 1.90 95% CI 0.566.42). In a stepwise logistic
regression, distance walked remains
an independent predictor of
mortality (OR: 1.50 95% CI 1.112.03 for each 120 m decrease in
distance walked) and the combined
endpoint of death or hospitalization
for chronic heart failure (OR: 1.77
95% CI 1.38-2.26).
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6

Physical

Paffenbarger
Physical Activity
Questionnaire

Self-Report Physical
Activity

Males
< 383 kcal/week = 1
≥ 383 kcal/week = 0
Females
< 270 kcal/week = 1
≥ 270 kcal/week = 0

7

ADL

8

ADL

9

ADL

10

ADL

OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional

Beatty (2012)
For each 104 m decrease in 6MWT
distance, there is an associated 86%
higher rate of heart failure (HR: 1.86
95% CI 1.51-2.31), a 47% higher
rate of myocardial infarction (HR:
1.47 95% CI 1.15-1.89), a 54%
higher rate of mortality (HR: 1.54
95% CI 1.32-1.80) and a 55% higher
rate of any cardiovascular event
(HR: 1.55 95% CI 1.35-1.78).
As recommended by Afilalo et al.
(2014), questionnaires providing
measures of activity in kcal/week
recommended in frailty assessment
using these cut-offs.
Ainsworth et al. (1993) confirmed
validity of the Paffenbarger Physical
Activity Questionnaire in
community-dwelling adults.
Searle et al. (2008)

Help Eating

Yes = 1, With some help = 0.5, No
=0

Help Dressing

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help Grooming

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help Walking around
house

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)
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11

ADL

12

ADL

13

ADL

14

ADL

15

ADL

16

ADL

17

ADL

18

ADL

Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
OARS
Multidimensional
Functional

Help getting in/out of
bed

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help Bathing

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help Using a
Telephone

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help getting to places
out of walking distance

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help Shopping

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help with Meal
Preparations

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help with Housework

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Help taking
Medication

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)
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19

ADL

20

Exhaustion

21

Exhaustion

22

Nutrition

Assessment
Questionnaire
OARS
Multidimensional
Functional
Assessment
Questionnaire
Center for
Epidemiologic
Studies Depression
Scale
Center for
Epidemiologic
Studies Depression
Scale
Self-Report

23

Nutrition

Self-Report

24

Nutrition

Self-Report

25

Weight

26

27

Help with Finances

Yes = 1, With some help = 0.5, No
=0

Searle et al. (2008)

Feel everything is an
effort

Most of the time = 1, Moderate
amount of the time = 0.67, Some
time = 0.33, Rarely = 0

Searle et al. (2008)

Have trouble getting
going

Most of the time = 1, Moderate
amount of the time = 0.67, Some
time = 0.33, Rarely = 0

Searle et al. (2008)

Unintentional Weight
Loss in Past 3 months
Unintentional Weight
Loss more than 10 lbs
Decline in food intake

Yes = 1, No = 0

Jung et al. (2014)

Yes = 1, No = 0

Searle et al. (2008)

Yes = 1, No = 0

Jung et al. (2014)

Scale for Height and
Weight

Body Mass Index

< 18.5 or ≥ 30 = 1
25 to < 30 = 0.5
18.5 to < 25 = 0

Flegal et al. (2007)
Being underweight (BMI < 18.5)
associated with significantly
increased mortality from non-cancer
and non-CVD causes. Overweight
(BMI 25 to <30) and obesity (BMI ≥
30) combined associated with
increased mortality from diabetes
and kidney disease. Obesity
significantly associated with
increased CVD mortality and
cancers considered obesity-related.

Quality of
Life

EuroQol 5Dimension 5-Level

Pain/Discomfort

Janssen et al. (2008) confirmed
validity of EQ-5D-5L, responses
intuitively coded on 0-1 scale.

Quality of

EuroQol Visual

EuroQol Visual

Extreme pain/discomfort = 1
Severe pain/discomfort = 0.75
Moderate pain/discomfort = 0.5
Slight pain/discomfort = 0.25
No pain/discomfort = 0
1-(EQ-VAS Score/100)

Janssen et al. (2008) confirmed
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28

29

30

Life

Analogue Scale

Analogue Scale

Depression

5-Item Geriatric
Depression Scale

5-Item Geriatric
Depression Scale

Anxiety

Cognition

Generalized Anxiety
Disorder-7

Montreal Cognitive
Assessment

Generalized Anxiety
Disorder-7

Montreal Cognitive
Assessment

5 YES = 1
4 YES = 0.8
3 YES = 0.6
2 YES = 0.4
1 YES = 0.2
0 YES = 0
15-21 = 1
10-14 = 0.67
5-9 = 0.33
0-4 = 0

≥ 26 = 0
≤ 25 = 1

validity of EQ-5D-5L, responses
intuitively coded on 0-1 scale.
Hoyl et al. (1999)
GDS-5 validated in frail, older
adults. Responses intuitively coded
based on five dichotomous responses
included in questionnaire.
Spitzer et al. (2006)
As per GAD-7 scoring protocol,
scores of 5, 10 and 15 represent cutoffs for mild, moderate and severe
anxiety, respectively.
Nasreddine et al. (2006)
As per MoCA scoring protocol, a
cut-off score of 26 has a sensitivity
of 90% and a specificity of 87% in
identifying mild cognitive
impairment. This is a clinical state
that often progresses to dementia.
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Appendix E: Short Physical Performance Battery
Balance Test
[stand beside participant to supply support to prevent balance loss]
Side-by-side stand
“I want you to stand with your feet together side-by-side, for up to 10 seconds. Hold this
position until I say stop… Ready begin.”
Time:
pre:
s
Score:

pre:

pts

1 pt: ≥ 10 s
0 pts: < 10 s or unable

Semi-tandem stand [if side-by-side successful]
“I want you to stand with the side of your heel of one foot against the side of the big toe
of the other foot, for up to 10 seconds. Hold this position until I say stop… Ready begin.”
Time:
pre:
s
Score:

pre:

pts

1 pt: ≥ 10 s
0 pts: < 10 s or unable

Tandem stand [if semi-tandem successful]
“I want you to stand with your feet in a straight line, for up to 10 seconds. Hold this
position until I say stop… Ready begin.”
Time:
pre:
s
Score:

pre:

pts

2 pts: ≥ 10 s
1 pt: 3-9.99 s
0 pts: < 3 s or unable

Chair Stand Test
“Do you think you will be able to stand up from a chair without using your arms? First fold your
arms across your chest and sit so that your feet are on the floor; then stand up keeping your
arms folded across your chest. Please stand up as quickly as you are able five times. After
standing up each time, sit down and then stand up again…Ready begin.”
Able to stand up from chair five times without using armrests?
N 0
Time:

Y 1
pre:

s
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Score:

pre:

pts

4 pts: ≤ 11.19 s, 3 pts: 11.20-13.69 s, 2 pts: 13.70-16.69 s, 1 pt: ≥16.70 s, 0 pts: > 60 s or unable

Gait Speed Test
“Now I am going to observe how you normally walk. I want you to walk to the other end of the
course at your usual speed, just as if you were walking down the street. Walk all the way past the
tape before you stop… Ready, begin.” [Repeat task]
Trial 1:

s

Trial 2:

s

Avg:

.

s

SPPB: 4 pts: ≤ 6.5 s
2 pts: 8.4–11.6 s
0 pts: could not do
SPPB Score:

3 pts: 6.6–8.3
1 pt: ≥ 11.7 s

pts

Was the test performed with a walking aid (e.g. cane, walker, IV pole)?
N 0

Y 1

