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ABSTRACT
Background: Despite known associations between fitness and recur-
rent cardiovascular events, changes in cardiorespiratory fitness (CRF)
and muscle strength with long-term cardiac rehabilitation (CR) have
not been extensively examined. The objectives of this study were to (1)
examine changes in CRF and muscle strength associated with long-
term CR program enrollment in men, and (2) compare these
changes to previously published rates of decline (2.0% per year for CRF
and 2.36% per year for muscle strength in healthy age-matched
individuals).
Methods: Data were extracted from the program charts of 160 men
(64 � 9 years) who were enrolled � 1 year in a maintenance-phase CR
program and who completed � 2 exercise tests. CRF was represented
by peak oxygen consumption (VO2peak, mL/min/kg). The skeletal
muscle strength was assessed using 1-repetition maximum tests for
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R�ESUM�E
Contexte : Malgr�e l’association connue entre la forme physique et les
r�ecidives d’�ev�enements cardiovasculaires, les modifications des condi-
tions cardiorespiratoires et de la force musculaire associ�ees à la
r�eadaptation cardiaque à long terme n’ont pas fait l’objet d’�etudes
approfondies. Les objectifs de cette �etude �etaient (1) d’examiner les
modifications des conditions cardiorespiratoires et de la force musculaire
associ�ees à la participation à un programme de r�eadaptation cardiaque
à long terme pour les hommes, et (2) de comparer ces modifications aux
taux de diminution publi�es dans le pass�e (2,0 % par ann�ee pour les
conditions cardiorespiratoires et 2,36 % par ann�ee pour la force mus-
culaire chez les sujets en sant�e appari�es selon l’âge).
M�ethodologie : Les donn�ees ont �et�e extraites des diagrammes de 160
hommes (âg�es de 64 ans � 9 ans) inscrits à un programme de
r�eadaptation cardiaque en phase de maintien pendant au moins un an
Cardiovascular disease (CVD) remains the leading cause of of CR for reducing cardiovascular5 and all-cause mortality6
global mortality,1 costing the global economy USD$863
billion.2 In 2012, 17.5 million (31%) deaths worldwide were
attributed to CVD, of which over 7 million were from
coronary artery disease.1

The risk of recurrent events is high,3 but exercise-based
cardiac rehabilitation (CR) programs are well established,
medically supervised, and effective for risk factor modifica-
tion.4 Several meta-analyses have established the effectiveness
and hospital admissions.5 The exercise training component
of CR is effective in improving measures of fitness, including
cardiorespiratory fitness (CRF)7 and skeletal muscle strength.8

CRF, commonly measured by peak oxygen consumption
(VO2peak), is considered an important vital sign,8 and higher
CRF is protective against the risk of CVD and all-cause
mortality.9,10 CRF declines nonlinearly with age, at 1% per
year from 40 to 49 years accelerating to over 2.5% per year in
adults 70 years and older.11 Higher skeletal muscle strength is
also associated with improved quality of life and survival after
CVD,12 and its decline also accelerates with age, with little to
no change from 40 to 49 years of age, 1.5% per year decline
from 50 to 59 years, and 3% per year after age 60.13,14

Previous evidence supports short-term CR programs
(2-12 months), demonstrating VO2peak improvements by
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chest press, seated row, and knee extension. Mixed model analyses
with polynomial functions were used to determine changes in CRF (up
to 5.5 years) and muscle strength (up to 10 years).
Results: CRF increased nonlinearly up to 3 years (range, 0.33%-3.23%
per year) and then declined nonlinearly to the 5.5-year endpoint
(range, 1.03%-2.59% per year). Chest press and seated row strength
declined at < 1% per year over 10 years, whereas knee extension
increased nonlinearly by 0.18%-1.40% per year from baseline until 4
years and then declined nonlinearly at 1.00%-3.58% per year until the
10-year endpoint. All declines were similar to literature rates.
Conclusions: The results indicate that significant health benefits are
associated with maintenance-phase CR programs for men. Enrollment
was associated with preserved CRF and lower body muscle strength for
3-4 years.

et ayant effectu�e au moins deux �epreuves d’effort. Les conditions
cardiorespiratoires �etaient repr�esent�ees par la consommation maxi-
male d’oxygène (VO2 max, ml/min/kg). La force musculaire squelet-
tique a �et�e �evalu�ee à l’aide de tests de force maximale sans r�ep�etition
sur la presse à pectoraux, le rameur assis et l’entraîneur d’extension
des genoux. Des analyses de modèles mixtes int�egrant des fonctions
polynomiales ont �et�e utilis�ees pour d�eterminer l’�evolution des condi-
tions cardiorespiratoires (jusqu’à 5,5 ans) et de la force musculaire
(jusqu’à 10 ans).
R�esultats : Les conditions cardiorespiratoires se sont am�elior�ees de
façon non lin�eaire jusqu’à trois ans (fourchette : 0,33 % - 3,23 % par
ann�ee) puis se sont d�et�erior�ees de façon non lin�eaire jusqu’à 5,5 ans,
soit la fin de la p�eriode à l’�etude (fourchette : 1,03 % - 2,59 % par
ann�ee). La force mesur�ee à la presse à pectoraux et au rameur assis a
diminu�e au rythme de < 1 % par ann�ee au cours des 10 ann�ees, tandis
que la force d’extension des genoux a augment�e de façon non lin�eaire
de 0,18 % à 1,40 % par ann�ee du d�ebut de l’�etude jusqu’à 4 ans, puis a
diminu�e de façon non lin�eaire de 1,00 % à 3,58 % par ann�ee jusqu’à 10
ans, soit la fin de la p�eriode à l’�etude. Toutes les diminutions de taux
�etaient semblables aux taux pr�esent�es dans les publications.
Conclusions : Les r�esultats indiquent que des bienfaits importants pour
la sant�e sont associ�es aux programmes de r�eadaptation cardiaque en
phase de maintien pour les hommes. La participation aux programmes a
�et�e associ�ee aumaintien des conditions cardiorespiratoires et de la force
des muscles du bas du corps pendant 3 à 4 ans.
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11%-35%,15,16 with the largest gains seen in the least fit
individuals.17 However, much less is known about the changes
in CRF with long-term CR programs. To date, only 1 study18

has investigated changes in CRF in 43 adults with coronary
heart disease (mean entry age, 72 years) with enrollment in a
long-term CR program, which reported an overall decline in
metabolic equivalents (METs) by 2.2% per year over 12-13
years of follow-up.18

Previous studies have shown improvement in muscle
strength with short-term CR interventions.19,20 A recent
meta-analysis (22 trials, n ¼ 1095) found that 4-28 weeks of
resistance training resulted in an improved lower and upper
extremity muscle strength in individuals with coronary artery
disease.19 Short-term CR programs (<12 months) are
effective in improving knee extension strength by 35%-39%
and arm extension strength by 14%.20 However, changes in
muscle strength with long-term CR programs (>12 months)
have not been previously examined.

The objectives of this study were to (1) examine changes in
the primary outcome of CRF measured as the change in VO2peak

(mL/kg/min) and the secondary outcomes of upper and lower
body muscle strength after at least 12 months of enrollment in a
maintenance-phase CR program, and (2) compare these changes
to previously published age-specific annualized rates of
decline.11-13 Based on the literature, it is hypothesized that fitness
will increase after program commencement, but subsequently
decline at rates slower than literature comparisons.
Methods
This study was a retrospective chart review of data for

members in a community-based, maintenance phase, exercise
programefocused CR program. The study was approved by
the Hamilton Integrated Research Ethics Board
(#2017-1248).

Study eligibility

Participants’ data were included in this analysis if they had
VO2peak data from at least 2 cardiopulmonary exercise tests
(CPETs) conducted using matching modalities for each one.
Because we were interested in the effects of long-term
enrollment in CR, data were only included for individuals
with at least 12 months of enrollment.

CR program

This maintenance-phase, exercise-based CR program was
offered to community-dwelling individuals �18 years old
with CVD who have completed early-phase CR programs.
Participants were eligible to participate in the program with
cardiologist or family physician referral and after completion
of a formal CPET.

In this CR program, initial exercise prescriptions were
based on the results of CPETs and physical assessments. All
members were prescribed a comprehensive program of aerobic
and resistance training on program entry, but the initiation of
upper body resistance training was typically delayed by 6-8
weeks in individuals after surgery. Minor adjustments to the
intensity and duration of exercise prescriptions were made as
needed to accommodate for changes in fitness, health, and
functional capacity. In addition to exercise training, blood
pressure was regularly monitored and heart-healthy living
education was provided via brochures and knowledge trans-
lation seminars.

Members were recommended to perform both aerobic and
resistance exercise components at the program facility 2 times
per week under staff supervision, and encouraged to exercise 3



Member files available 
(n=599 (445 men and 154 

women), 1573 observations))

No exercise test results 
available (n=158, 158 

observations)
Only 1 exercise test 

available (n=185, 185)
observations)

Two exercise tests 
available, but non-

matching modalities 
(n=11, 17 observations)

Enrollment <12 months 
(n=46, 92 observations)

Women (n=39, 203 
observations)

Men with CRF data 
included in analysis 

(n=160, 918 observations)

Men with muscle strength 
data included in analysis 
(n=70, 505 observations)

Figure 1. Flow of data extracted and included in the analysis. CRF,
cardiorespiratory fitness.
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days per week outside the program. They were prescribed 30
minutes of aerobic training at 60%-65% of heart rate reserve.
For the resistance training component, members were
encouraged to perform 1-3 sets of 12 repetitions in all major
muscle groups 2 days per week while being supervised by staff.
Resistance training loads were prescribed at 30%-40% and
50%-60% of 1-repetition maximum (1RM) for upper and
lower extremities, respectively.

Outcomes

Assessments of VO2peak, the primary outcome, were
conducted at 2 sites. Of these, 1 site was also equipped with
equipment to assess muscle strength. Thus, strength results
were available for a subset of the CRF data (n ¼ 70/160,
44%). Testing equipment and protocols for VO2peak assess-
ment were standardized between the 2 sites. Medications were
not withheld. VO2peak (mL/kg/min) was measured using
Vmax CareFusion indirect calorimetry11 on the Ergoline cycle
ergometer and conducted by a cardiovascular technologist
with physician supervision. The workload started at 100 kpm/
min and increased by increments of 100 kpm/min every
minute until endpoint, where the single highest value of
oxygen consumed represented VO2peak. Resting and peak
heart rate (beats/min) and systolic and diastolic blood pressure
(mm Hg), and peak aerobic power (kpm/min) were also
assessed.

Skeletal muscle strength assessments were performed 30
minutes before VO2peak assessments. 1RM chest press, seated
back row, and knee extension were assessed using a stan-
dardized protocol and performed in a seated position on the
Hydrafitness Omnikinetics strength machine (Hydrafitness
Omnikinetics, Belton, TX). The technician demonstrated the
exercise motions, monitored the participant’s form and effort,
and adjusted the weight accordingly to achieve the highest lift.

Data extraction

Data from member files from January 1985 to December
2016 were extracted during the period of January to April
2017. Demographic information included age (years), height
(cm), weight (kg), date of cardiovascular event or surgical
procedure, time postevent (years), reason for enrollment, date
of exercise test(s), and duration of enrollment (years). Exercise
data were extracted for all available time points for VO2peak

(mL/kg/min), and 1RM (kg) for chest press, seated back row,
and knee extension. Resting and peak heart rate (beats/min)
and blood pressure (mm Hg), and test modality (treadmill or
cycle) were also extracted.

Statistical analysis

All analyses were performed using Stata 14 (2015;
StataCorp LP, College Station, TX). Descriptive statistics
(means � standard deviation) and frequencies (n, %) were
used to describe demographic information and baseline
characteristics.

After controlling for age, mixed model analyses for
longitudinal data were applied to address the relationship
between the dependent variables (relative VO2peak and 3
muscle strength outcomes: 1RM chest press, seated back row,
and knee extension) and the independent variable (enrollment
time [years]). Mixed model analyses were used in this study as
they are highly flexible and allow for the analysis of data with
missing measurements from person to person, unequal
number of measurements/person, and varying gaps in time
between measurements. To build the model, we first
established the relationship between the dependent variable
and enrollment time (ie, linear or nonlinear) via lowess curves
and mixed model analyses (testing for polynomial terms) and
tested for an interaction between enrollment time and co-
variate of baseline age. Finally, we identified random effects
(such as random intercepts and random slopes) and the most
appropriate covariance structure. The Bayesian information
criteria and log likelihood ratio tests were used to identify the
best-fitting mixed model.

Age-adjusted annualized rates of change in CRF and
muscle strength were calculated and compared with previously
published literature rates (�2% per year in VO2peak

11

and �2.36% per year in muscle strength 1RM chest press,
seated back row, and knee extension12,13) using 1-sample
proportion tests. Because of differing fitness declines with
each decade of life, the literature comparison rates were
weighted to the specific decade-ages of members at CR pro-
gram entry (ie, 40s, 50s, 60s, and 70s).
Results
A flowchart representing the data extraction and inclusion

process is shown in Figure 1. Data from 599 member charts
were extracted, and 199 met eligibility criteria. There were 39
women with available VO2peak data, of whom only 18 had
skeletal muscle strength data, thereby limiting the generaliz-
ability of the results. Moreover, long-term enrollment data,
particularly beyond 3 years of enrollment, were insufficient
with too much missing data to build a meaningful mixed



Figure 2. Trajectory of peak oxygen consumption (VO2peak) (n ¼ 160
men, 595 observations).
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model with nonlinear trends. Thus, women were not included
in the analysis. VO2peak data from 160 men (160/199;
80.4%) were included for analysis to examine changes in the
primary outcome of CRF over time.

Table 1 summarizes the baseline characteristics of the 160
men included in the final analysis. Members started the CR
program with an average VO2peak of 22.7 mL/kg/min, which
is lower than reference values for average healthy men without
CVD (range: 28-33 mL/kg/min).11

The mean program duration was 6.6 years, but on closer
inspection, we found that there were only 37 men (23%) with
durations exceeding 10 years for VO2peak, and thus fewer
observations towards the upper limits of enrollment time. To
maximize the nonmissing observations and thus improve
generalizability of the mixed models, VO2peak data were
truncated at 5.5 years to preserve 75% available data. Simi-
larly, muscle strengths, which contained more repeated ob-
servations and thus allowed for a longer truncation, were
truncated at 10 years to preserve 75% available data.

Figure 2 shows the lowess smoother curve depicting the
trajectory of VO2peak over the truncated 5.5 years of enroll-
ment time. The data show a nonlinear increase in VO2peak

from years 0-3 of program enrollment, followed by a
nonlinear decline beyond 3 years.

To capture the polynomial shape of these data, we added a
quadratic term in enrollment time (years2) to the mixed model
effects. Based on the Bayesian information criteria, the
Table 1. Baseline characteristics of 160 men enrolled in the cardiac
rehabilitation program

Variable n Value

Age, y 160 64.3 � 9.3
Weight, kg 136 83.8 � 13.1
Height, cm 137 174.7 � 7.2
Smoking history, n (%) 73

Never smoked 23 (31.5)
Ever smoked 50 (68.5)

Medications (yes), n (%) 156
Blood pressure 136 (87.2)
Cholesterol 118 (75.6)
Diabetes 23 (14.7)

Reason for enrollment, n (%) 160
CABG 63 (39.3)
Coronary angioplasty 36 (22.5)
Other heart surgery 9 (5.6)
Myocardial infarction 34 (21.3)
Cardiomyopathy 6 (3.8)
Other 12 (7.5)

Time postevent, y 152 1.7 (3.0)
Enrollment duration, y 160 6.6 � 5.2
Resting HR, beats/min 127 69 � 12
Resting systolic BP, mm Hg 154 127 � 18
Resting diastolic BP, mm Hg 154 77 � 11
Peak HR, beats/min 160 132 � 23
Percent of predicted peak HR achieved 160 81 � 14
Peak systolic BP, mm Hg 109 177 � 32
Peak diastolic BP, mm Hg 108 80 � 11
VO2peak, mL/kg/min 160 22.7 � 7.1
Peak aerobic power, kpm 152 915 � 292
1RM chest press, kg 70 68 � 20
1RM seated back row, kg 70 54 � 17
1RM leg extension, kg 70 57 � 17

Continuous variables are presented as means � standard deviations.
Categorical variables are presented as frequencies (percentage).

1RM, 1-repetition maximum; BP, blood pressure; CABG, coronary
bypass grafting; HR, heart rate; VO2peak, peak oxygen consumption.
polynomial model of years-years2 with random intercepts and
slopes best captured the change in VO2peak over time observed
in the lowess curve. Table 2 shows age-adjusted, nonlinear
changes in VO2peak for the truncated enrollment time (years
0-5.5) with no observed enrollment time � age interaction.
The random effects variance components in this model
included a random intercept and slope. Initial CRF levels
varied between participants; thus a random intercept was
included (variance estimate [standard error (SE)], 35.1 [4.3];
95% confidence interval [CI], 27.6, 44.6). The rate of change
in CRF after baseline also varied between participants and, as
such, a random slope was included (variance estimate [SE],
0.63 [0.18]; 95% CI, 0.42, 1.01). Furthermore, a random
effect on the years2 term was tested, but it was found to be
nonsignificant, indicating that the growth rate in CRF accel-
erated and decelerated at a similar rate in all participants
(variance estimate [SE], 3.4 � 10�21 [1.4 � 10�20]; 95% CI,
1.5 � 10�24, 8.0 � 10�18). An independent covariance
structure was identified as there was no correlation between
the random intercept and random slope in this model.

Figure 3 depicts the nonlinear changes in VO2peak over
enrollment time, and Table 3 compares time intervalespecific
changes to the literature value of �2% per year.11 CRF
Table 2. Mixed model analysis on changes in VO2peak levels over 5.5
years after controlling for age (n ¼ 160, 595 observations)

Fixed and random effects components from 0 to 5.5 y of enrollment

Fixed effects variables b (SE) 95% CI P value

IV1: years 0.912 (0.23) 0.46, 1.36 < 0.001*
IV2: years2 �0.167 (0.04) �0.26, �0.08 < 0.001*
Covariate: baseline age �0.295 (0.05) �0.40, �0.19 < 0.001*
Constant 41.9 (3.4) 35.2, 48.7 < 0.001*
Random effects variance Estimate (SE) 95% CI
Components
Slope, y 0.63 (0.18) 0.42, 1.01
Intercept 35.1 (4.3) 27.6, 44.6
Residual 6.96 (0.56) 5.9, 8.2

Model fit statistics Statistics
�2 Log likelihood �1702.5
Bayesian information criteria 3449.7

CI, confidence interval; IV, independent variable; SE, standard error;
VO2peak, peak oxygen consumption.

* Indicates P > 0.05.
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increased for the first 3 years of enrollment, and then in years
3-5.5, CRF declined at rates similar to the literature value.

Lowess smoother curves (not shown) were used to deter-
mine the trajectory of the change in 1RM chest press, seated
back row, and knee extension. Both chest press and seated
back row showed a linear decline over enrollment time.
Table 4 presents mixed model results for these changes in
1RM chest press and seated back row using a random inter-
cept model only. The rates of decline were lower, but not
significantly different, compared with previously published
rates12,13 (chest press: �0.65 vs �2.36% per year, P ¼ 0.174;
seated back row: �0.55% per year vs �2.36% per year, P ¼
0.161) (see Fig. 3 and Table 5).

In contrast, a nonlinear change in knee extension strength
was observed over time, expressed as a function of years-years2

(Table 4 and Fig. 3). In this model, we identified a random
intercept and random slope with an independent covariance
structure. Knee extension strength showed an increase in the
first 4 years of enrollment, followed by a decline at rates
similar to those previously published12,13 (Table 5).
Discussion
Our retrospective analysis of long-term CR demonstrates

that enrollment in a structured maintenance-phase, exercise-
focused CR program, with individualized exercise pre-
scriptions and supervision by trained staff, is associated with
improved trajectories of change in fitness compared with
Table 3. Computed%/y changes in VO2peak by enrollment time interval
compared with calculated age-specific literature values (�2%/y)11

Time, y Observed change, %/y Literature value, %/y P value

0-1 þ3.23 < 0.001*
> 1-2 þ1.73 < 0.001*
> 2-3 þ0.33 �2 0.018*
> 3-4 �1.03 0.212
> 4-5.5 �2.59 0.298

VO2peak, peak oxygen consumption.
* Indicates P < 0.05.
previously published rates of decline in men. These findings
support the use of long-term exercise opportunities as strate-
gies for secondary CVD risk prevention in this high-risk
population of sedentary individuals.3

There is a strong body of evidence supporting short-term
(�12 months) enrollment in CR programs for increasing
CRF7,15,16 and skeletal muscle strength,7,8,19,20 but a paucity of
analogous research for long-term enrollment in CR programs.
The lack of studies examining long-term CR may be attributed
to the methodological challenges of conducting longitudinal
research, but may also be a product of the barriers to CR service
provision. Low physician referrals, lack of financial assistance,
and lack of available and accessible programs in the community
have been contributed to low enrollment in CR.6 In fact, only 1
CR spot is available per 4.55 patients with heart disease,21 and of
the 20%-58% of eligible individuals who receive physician re-
ferrals,22,23 only 34% actually enrol.23 These low numbers in
early CR can lead to even lower enrollment rates in maintenance-
phase programs as fewer individuals can be followed over the
long term. Consequently, there is little research available on
longer term outcomes of these programs. With early CR typically
lasting only 5 months,6 the transition to maintenance-phase CR
programs is critical for maintaining healthy, active lifestyles.

The current study offers novel insight into changes in CRF
and skeletal muscle strength, which can help maintain
healthy, active lifestyles after cardiovascular events.
Specifically, we were able to identify nonlinear trajectories of
change in some outcomes. We observed increases in CRF and
lower body muscle strength (knee extension) for 3 and 4 years
of program enrollment, respectively. These results suggest that
the initial years of maintenance-phase CR programs may
successfully counteract the expected age-related declines in
fitness in individuals with CVD. It is known that cardiovas-
cular and musculoskeletal system function diminishes with
age, including reduced peripheral oxygen utilization and
skeletal muscle oxidative capacity, diminished oxygen delivery
due to reduced cardiac output and lower maximum heart
rate,24 and sarcopenia resulting in muscle fibre loss and
atrophy, decreased testosterone, and increased catabolic
hormones.25 However, exercise can improve coronary artery



Table 4. Mixed model analysis on changes in muscle strength over 10
years of program members, after controlling for age (n ¼ 70, 411
observations)

Fixed and random effects components from 0 to 10 years of enrolllment

Chest press

Fixed effects variables b (SE) 95% CI P value

IV: years �0.448 (0.18) �0.79, �0.10 0.011*
Covariate: baseline age �1.21 (0.22) �0.1.63, �0.80 < 0.001*
Constant 146 (13) 119, 173 < 0.001*
Random effects variance Estimate (SE) 95% CI
Components

Intercept 203 (38) 141, 295
Residual 94.0 (7.2) 81, 109

Model fit statistics Statistics
�2 Log likelihood �1604.8
Bayesian information

criteria
3245.6

Seated back row

Fixed variables b (SE) 95% CI P value

IV: years �0.310 (0.15) �0.61, �0.01 0.041*
Covariate: baseline age �0.945 (0.17) �1.28, �0.61 < 0.001*
Constant 116 (11) 94, 138 < 0.001*
Random effects variance Estimate (SE) 95% CI
Components

Intercept 131 (24) 91, 190
Residual 70.3 (5.4) 61, 82

Model fit statistics Statistics
�2 Log likelihood �1540.4
Bayesian information

criteria
3110.9

Knee extension

Fixed effects variables b (SE) 95% CI P-value

IV1: years 1.17 (0.41) 0.36, 1.98 0.007*
IV2: years2 �0.177 (0.04) �0.26, �0.09 < 0.001*
Covariate: baseline age �0.960 (0.18) �1.32, �0.60 < 0.001*
Constant 120 (12) 97, 143 < 0.001*
Random effects variance Estimate (SE) 95% CI
Components

Intercept 151 (28) 104, 218
Slope, y 0.67 (0.35) 0.25, 1.8

CI, confidence interval; IV, independent variable; SE, standard error.
* Indicates P < 0.05.
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blood flow and fitness26,27 after CVD by reducing myocardial
oxygen demand, which prevents the development of ischemia
via decreased rate pressure product during physical exertion.27

Exercise-related preservations in muscle strength may be due
to improved protein turnover,28 blood flow, and oxidative
Table 5. Computed %/y changes in 1-repetition maximum muscle
strength outcomes compared with the calculated age-specific
literature value (�2.36%/y)12,13

Time Observed change, %/y Literature value, %/y P value

Chest press, y
0-10 �0.65 0.174

Seated back row, y
0-10 �0.56 0.161

Knee extension, y
0-2 þ1.40 �2.36 0.020*
> 2-4 þ0.18 0.081
> 4-6 �1.00 0.227
> 6-8 �2.22 0.468
> 8-10 �3.58 0.251

* Indicates P < 0.05.
capacity of the working skeletal muscles and reduced endo-
thelial dysfunction in skeletal muscle vasculature.28

Of note, this study is the first to report that the CRF
increased nonlinearly up to 3 years of enrollment time. In
contrast, Gayda et al.18 used a pre-post design and reported a
linear 2.2% per year decline in CRF. Arguably, the rate cited by
Gayda et al. was underestimated as the initial 5.4% increase
observed in the first year of their study was included in the
overall calculation. The current study adds to this previous work
by including a larger sample size, more CRF assessment time
points using the superior method of peak oxygen uptake with
indirect calorimetry, and using mixed model analyses to account
for random effects estimates and nonlinear trajectories. Taken
together, both of these studies suggest that it is important to use
strategies to maintain exercise and physical activity behaviours in
individuals with CVD over the long term.

The comparison rates for changes in fitness from the
literature were from values observed in healthy adults,11-13 as
there are no established analogous rates available in CVD. We
postulated that at minimum, these comparisons would be
conservative, as individuals with CVD engage in less physical
activity and thus are less fit than their non-CVD counter-
parts.3 Emerging longitudinal evidence suggests no differences
in CRF changes by physical activity level.11,24,29

The retrospective design of the current study prevented the
examination causal links and insights to be gained through
program attendance, adherence, and physical activity records
as this information was not available. As a retrospective design,
we were limited by the sample size and acknowledge that
follow-up data for clinical events were not available. However,
the dataset provided a high number of repeated observations,
thereby permitting mixed model analyses, which were not
possible in previous pre-post studies. The analysis allowed for
identification of random effects and a method of modeling a
more complete picture of the nonlinear changes over time,
thus improving the interpretability and generalizability of the
observations and conclusions.

This was the first study to report increases in both CRF
and muscular strength during the first several years of long-
term, maintenance-phase CR program enrollment in men,
and subsequent rates of decline that were comparable to, or
slower than, literature values. Prospective cohort studies are
warranted to confirm the findings, identify potential
mechanisms, and study the association between observed
fitness changes in long-term CR and clinical outcomes.
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