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ABSTRACT 52 

Objectives: To describe: (1) the amount of physical activity (PA) in cardiac rehabilitation (CR) 53 

graduates by sex, and (2) the correlates of their PA.  54 

Design: Secondary analysis of baseline data from a randomized trial was undertaken. Graduates 55 

were recruited from 3 CR programs. Participants completed a questionnaire which assessed 56 

constructs from the Socio-ecological model (i.e., individual-level, social and physical-57 

environmental levels). PA was measured objectively using an ActiGraph GT3X accelerometer. 58 

Multi-level modeling was performed.  59 

Results: 255 patients consented, of which 200 (78.4%) completed the survey and provided valid 60 

accelerometer data. Participants self-reported engaging in a mean of 184.51±129.10 (standard 61 

deviation) minutes of moderate-to-vigorous-intensity PA (MVPA) per week (with men engaging 62 

in more than women, p<.05). Accelerometer data revealed participants engaged in 63 

169.65±136.49 minutes of MVPA/week, with 43 (25.1%) meeting recommendations. In the 64 

mixed models, the socio-ecological correlate significantly related to greater self-reported MVPA 65 

was self-regulation (p=.01; 95%CI=.07-.43); the correlate of accelerometer-derived MVPA was 66 

neighborhood aesthetics (p=.02; 95%CI=.03-.39).  67 

Conclusions: Approximately one-quarter of CR program completers are achieving MVPA 68 

recommendations, although two-thirds perceive they are. CR programs should exploit 69 

accelerometry, and promote self-regulation skills, namely self-monitoring, goal-setting, positive 70 

reinforcement, time management and relapse prevention. Patients should be encouraged to 71 

exercise in pleasing locations. 72 

Keywords: Cardiovascular Disease, Physical Activity, Secondary Prevention, Socio-ecological 73 

model  74 
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INTRODUCTION 76 

Cardiovascular disease (CVD) is among the leading causes of mortality in North 77 

America.1,2 Patients with CVD are at high risk of subsequent events, and thus secondary 78 

prevention is crucial. This includes smoking cessation, as well as eating a heart-healthy diet and 79 

engaging in regular physical activity.3,4 With regard to the latter, guidelines recommend that 80 

patients accumulate at least 150 minutes of moderate- to vigorous-intensity physical activity 81 

(MVPA) per week,3,4  preferably through exercising for 30 minutes a day on most days of the 82 

week.  83 

Cardiac rehabilitation (CR) promotes cardiovascular health through delivery of the above 84 

prevention strategies.5 Patients who participate in CR have a 20% lower mortality and 85 

morbidity.6 Exercise training is a key contributor to CR-related mortality reductions.7 In most 86 

Canadian CR programs, patients participate in 45-60 minute exercise classes twice weekly.1  87 

They are also prescribed independent exercise on non-CR days, such that, cumulatively, they 88 

achieve the recommended 150 minutes of MVPA each week. Promoting independent exercise 89 

during CR also serves to facilitate their engagement in, and maintenance of, their exercising 90 

lifestyle in their home or community environments post-program.  91 

Surprisingly little has been published regarding the volume of PA achieved through CR.8 92 

While it may be expected that patients would meet and exceed PA targets by the end of their CR 93 

program, many programs do not assess PA outside of CR (despite recommendations by learned 94 

CR associations to do so)5,8 such that overall volume of MVPA is unknown. In the few 95 

observational studies assessing weekly total volume of MVPA during CR in the literature, results 96 

show that not all patients meet guideline recommendations, and that they engage in significantly 97 

greater amounts of PA on CR than non-CR days.9,10,11 To our knowledge,8 there are only two 98 
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studies reporting total weekly volume of PA in relation to guideline recommendations at the end 99 

of CR in the literature.12,13 First, Stevenson et al.12 assessed MVPA in 22 patients via 100 

accelerometer, and results showed patients engaged in an average of 131 minutes/week of 101 

moderate-intensity PA at program exit and no vigorous-intensity activity. Finally, Arthur et al.13 102 

assessed MVPA via the self-report Godin Leisure-Time Exercise Questionnaire14 in 157 women 103 

at the end of CR. Scores ≥24 on the Godin scale were considered to demonstrate sufficient 104 

MVPA to derive health benefit, and the mean score at CR end was 27. Therefore, there is only 1 105 

study in the literature reporting MVPA in relation to guideline targets using objective 106 

measurement,8,12 and hence is less biased by social desirability.  107 

Socio-Ecological Model 108 

Previous research has examined the determinants of PA at the end of, or after, CR,15 but 109 

few have done so in a theoretically-informed manner. The socio-ecological model16 is a relevant 110 

framework that can be used to understand the correlates of PA in the CR setting,17 particularly as 111 

patients are encouraged to exercise both in and outside of CR.  A socio-ecological perspective 112 

suggests that individuals vary in their behavior (i.e., PA), based on their social and physical 113 

environments. The model posits that there are individual (e.g. knowledge, attitudes, and skills), 114 

social-environmental (e.g., friends, family, and social networks) and physical-environmental 115 

(e.g. home, neighborhood and community characteristics, weather) factors that influence PA.18,19 116 

Through this model, modifiable aspects of a patients’ environment related to greater PA at the 117 

end of CR, a crucial patient transition point to other PA settings, can be identified.  118 

In sum, while participation in CR programs results in greater PA,10,12 surprisingly there 119 

are few studies that consider the attainment of PA targets necessary to positively impact health 120 

outcomes in CR graduates, nor the theoretical aspects related to this PA.8 Therefore, the purpose 121 
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of this study was to: (1) describe the amount of PA in male and female CR participants at the end 122 

of their CR program; and (2) understand the correlates of subjectively-reported and objectively-123 

measured PA in CR graduates, in a theoretically-informed manner. 124 

METHODS 125 

Design and Procedure 126 

We performed a secondary analysis of the baseline data from the randomized controlled 127 

trial entitled “ECologically OPtimizing exercise maintenance in men and women following 128 

Cardiac Rehabilitation” (ECO-PCR; clinicaltrials.gov NCT01658683).  The design of this 129 

secondary analysis was cross-sectional.  130 

Study coordinators at each site attended the second last and final CR classes to solicit 131 

patient interest.  Consenting participants were provided with a self-report survey to complete, 132 

which assessed socio-demographic characteristics, PA, and elements of the socio-ecological 133 

framework.16  134 

Participants were also asked to wear an ActiGraph GT3X accelerometer (ActiGraph, 135 

Pensacola, FL).20,21 All participants were instructed to wear the monitor on their right hip using 136 

the waist belt during waking hours for nine consecutive days.  A 15-second sampling epoch was 137 

used and converted into 60-second epochs (counts∙min-1 [cpm]).   138 

Participants and Setting 139 

Participants were recruited from three CR programs in Ontario, Canada (one institution 140 

offered programs at two sites). These comprehensive CR programs ranged in duration from eight 141 

weeks to six months. Across all programs, participants received individualized exercise 142 

prescriptions, and participated in supervised exercise sessions two times/week. While there were 143 
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some differences in the timing and delivery format of patient education between programs, each 144 

program was based on the Canadian CR Guidelines1 and hence consistent. Participants were 145 

provided an updated exercise prescription at program exit. 146 

Patients were included in the study if they were currently participating in an on-site CR 147 

program of ≥ 8-weeks duration, had attended ≥ 75% of scheduled CR sessions (i.e., they would 148 

be graduating), had a documented diagnosis of coronary artery disease (CAD), were ≥18 years 149 

old, and were able to walk unaided at 2 mph. Patients who had New York Heart Association 150 

class III or IV heart failure,22 were pregnant, lactating or planning to become pregnant during the 151 

study period, or were unable to read and understand English or French were excluded. 152 

Measures 153 

Sociodemographic characteristics were obtained through self-report questionnaires. 154 

Clinical characteristics of participants were obtained from CR records. The socio-ecological 155 

correlates of PA were assessed as outlined below, and as shown in Figure 1.   156 

Individual Level 157 

Correlates at the individual-level included many of the sociodemographic and clinical 158 

characteristics. Other individual-level correlates were assessed through psychometrically-159 

validated, self-report scales. This included depressive symptoms, functional status, barrier self-160 

efficacy, PA intention and planning, PA self-regulation, task self-efficacy, and exercise benefits 161 

and barriers. These are described in the online supplement. 162 

Social-environmental Level 163 

The interpersonal-level correlates assessed were living arrangements (e.g., residing with 164 

family or not, residing with someone who requires caregiving), marital status (self-reported as 165 

well), social support, subjective norm, and autonomy support. The latter are described in the 166 

online supplement. 167 
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Physical-environmental Level 168 

The correlates at the physical-environmental level included participants’ home exercise 169 

equipment availability, neighborhood environment, season and mixed-land use. The former are 170 

described in the online supplement. 171 

The season variable was derived based on whether participants completed their survey in 172 

the months of December, January, and February (i.e., winter) in comparison to other months of 173 

the year. Lastly, mixed-land use was assessed. Participants were asked to report the type of 174 

neighborhood in which they reside as residential, mixed commercial residential or mainly 175 

commercial.  176 

Dependent Variable 177 

A modified and validated version23 of the Godin Leisure-Time Exercise Questionnaire14 178 

was administered to ascertain the self-reported average weekly MVPA of the participants. 179 

Participants were asked, “How many days in a typical week … did you do moderate (e.g., fast 180 

walking, easy bicycling, easy swimming, dancing) PA for at least 10 minutes at a time?” and, 181 

“On the days when you did moderate PA, how many minutes on average did you spend per day 182 

doing this activity?”. The same two questions assessed the frequency and duration of vigorous-183 

intensity (e.g., running, jogging) activities. To calculate the total MVPA score, the frequency of 184 

moderate-intensity PA was multiplied with the duration of moderate-intensity PA, which resulted 185 

in the total minutes per week of moderate-intensity PA. The same equation was applied in order 186 

to calculate the total number of minutes the participants engage in vigorous-intensity PA. The 187 

total minutes of MVPA per week was then summed.  Additionally, in order to determine the 188 

proportion of people meeting the recommended guidelines of 150 minutes of MVPA per week,3,4 189 

a dichotomous variable was computed (i.e. < or ≥ 150 minutes). 190 

Accelerometer Data Reduction 191 
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A valid day was defined as ≥10 hours of wear time, and participants were required to 192 

have a minimum of five valid days to be retained in the analyses.  For participants with >7 valid 193 

days, the first day was removed (to minimize reactivity), and the subsequent seven days used for 194 

the average.  Wear time was calculated by subtracting non-wear time from 24 hours.  Non-wear 195 

time was defined as at least 60 minutes of consecutive zeros for counts, with an allowance of up 196 

to two minutes of counts between zero and 150.24  197 

MVPA was defined using a cut-point of ≥2690 cpm for use with vector magnitude,21,25,26 198 

with bouts ≥10 minutes. Weekly averages were calculated by multiplying the daily average 199 

(minutes/day) by seven, for those with at least five valid days.  MVPA was also analyzed as 200 

those meeting recommendations of ≥30 minutes/day on ≥5 days/week (yes/no). 201 

Statistical Analysis 202 

All analyses were performed using SPSS version 23.0.27 To test for differences in the 203 

sociodemographic and clinical characteristics of the sample compared to the broader cohort, t-204 

tests and chi-square analyses were performed. 205 

To test the first objective, the mean Godin score and accelerometer-derived minutes of 206 

MVPA were described, overall and by sex.  To assess the second objective, Pearson’s 207 

correlations, Analysis of Variance or Student’s t-tests were computed between MVPA/week and 208 

each of the socio-ecological correlates (including sex, as per objective one), as appropriate. The 209 

continuous variables were used to optimize variability. These analyses of association were 210 

undertaken with the self-reported MVPA (i.e., the revised Godin score) and accelerometer-211 

derived MVPA.  212 

Finally, variables which were significantly related to MVPA were then entered into a 213 

linear mixed-effects model, with MVPA as the dependent variable, and site as a hierarchical 214 

variable. All socio-ecological variables could not be entered as this would contravene the rule-of-215 
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thumb of 10 cases per variable.28  For the first model, minutes of MVPA/week on the revised 216 

Godin served as the dependent variable, and for the second model the accelerometer data were 217 

used. The latter model was adjusted for wear time. Confidence intervals were computed.  218 

RESULTS 219 

Respondent Characteristics 220 

A total of 1374 patients were approached, of which 740 patients (54%) were deemed 221 

ineligible. Patients were considered ineligible for the following reasons: 297 (40.2%) patients did 222 

not have a documented CAD diagnosis, 160 (21.6%) patients had attended less than 75% of the 223 

CR classes or did not graduate from CR, 144 (19.4%) patients could not walk 2 mph to complete 224 

stress test, 26 (3.5%) patients did not read or understand English or French, 21 (2.9%) patients 225 

were planning to leave the province or region in the next 12 months, 10 (1.4%) participants were 226 

considered unable to participate in unsupervised exercise by the qualified clinical investigator, 8 227 

(1.1%) participated in program of less than eight weeks duration, four (0.5%) patients had a New 228 

York Heart Association class III or IV,29 and 70 (9.5%) were excluded for other reasons. Two 229 

hundred and fifty-five (40.0%) of the 634 eligible participants consented to participate. Two 230 

hundred and twenty-two (87.1%) participants completed the post-CR survey, and 200 (78.4%) 231 

participants also provided sufficient valid accelerometer data to be included and hence comprised 232 

the sample. The accelerometer assessment started an average of 10 days from CR graduation.  233 

The sociodemographic and clinical characteristics of participants are described in Table 234 

1.  These characteristics were compared between the consenting sample and those with valid 235 

survey and accelerometer data whom comprised the sample. As shown, participants included in 236 

the sample were historically more physically active, were not currently smoking (however 237 
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caution is warranted in over-interpretation as there were so few smokers), and more often had 238 

arthritis than those not included.  239 

Amount of MVPA 240 

With respect to the first objective, participants self-reported engaging in a mean of 241 

184.51±129.10 minutes of MVPA per week (median=175), with accelerometer data showing 242 

they engaged in 169.65±136.49 minutes of MVPA per week (median=143). With respect to the 243 

recommended guidelines, 134 (62.9%) participants self-reported engaging in ≥150 minutes of 244 

MVPA per week, with accelerometer data suggesting 43 (25.1%) participants engaged in ≥30 245 

minutes of MVPA per day, ≥5 days per week.  246 

Mean self-reported and accelerometer-derived MVPA is reported in Table 2 by socio-247 

ecological construct. With respect to the recommended guidelines, 101 (64.6%) male participants 248 

self-reported engaging in ≥150 minutes of MVPA per week, with accelerometer data suggesting 249 

47 (30.4%) participants engaged in ≥30 minutes of MVPA per day, five days per week. Among 250 

women, 23 (51.2%) participants self-reported engaging in ≥150 minutes of MVPA per week, 251 

with accelerometer data suggesting 8 (18.4%) female participants engaged in ≥30 minutes of 252 

MVPA per day, five days per week. Men self-reported engaging in significantly more MVPA 253 

than women (t=2.12, p=0.04); no sex difference was observed with accelerometer data.  254 

Socio-Ecological Correlates of MVPA 255 

The socio-ecological constructs are reported in Tables 1 and 2. Mean scores for the 256 

psychometrically-validated scales are shown in Table 2. 257 

Univariate associations with self-reported and objectively-measured MVPA at CR exit 258 

are presented in Table 2. At the individual-level, there were positive, significant associations 259 
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between self-reported MVPA and being male, having fewer depressive symptoms, higher 260 

functional status, engaging in greater self-regulation, higher PA intentions, higher PA planning, 261 

higher barrier self-efficacy, as well as perceiving greater exercise benefits and fewer exercise 262 

barriers. Positive and significant associations were also found between objectively-measured 263 

MVPA and engaging in greater self-regulation, higher PA intentions, higher PA planning, higher 264 

barrier self-efficacy, as well as perceiving greater exercise benefits, and having a lower body 265 

mass index. 266 

There were no significant social-environmental level correlates identified with respect to 267 

either self-reported or objectively-measured MVPA at CR completion. Figures 1 and 2 display 268 

the physical-environmental level constructs. In the home environment (Figure 1), willingness to 269 

use aerobic work-out videos was significantly associated with self-reported MVPA. In the 270 

neighborhood environment (Figure 2), willingness to use playing fields was significantly 271 

associated with greater self-reported MVPA; Willingness to use golf courses and swimming 272 

pools were significantly associated with objectively-measured MVPA. Lastly, neighborhood 273 

aesthetics was the only variable found to be significantly correlated, in a positive direction, to 274 

both self-reported and objectively-measured MVPA (Table 2).  275 

Given the dependent variables were slightly positively skewed (i.e., outside of acceptable 276 

limits of ±2),30 a log transformation was applied to each. The results of the mixed model 277 

predicting self-reported MVPA are reported in Table 3. The exercise benefits variable was 278 

excluded as it was highly correlated with exercise barriers, which could introduce 279 

multicollinearity. Greater functional status and self-regulation were significantly associated with 280 

MVPA at CR completion. The results of the mixed model predicting objectively-measured 281 

MVPA are reported in Table 4. Better neighborhood surroundings or aesthetics was significantly 282 
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associated with greater MVPA recommendation at CR completion. No other correlates were 283 

significant.  284 

DISCUSSION 285 

Herein the amount of MVPA at CR completion in the largest sample of graduates yet 286 

reported in the literature is characterized,8 and this is considered by sex, using an objective 287 

measure. Approximately one-quarter were meeting the 150 minute MVPA guideline 288 

recommendation at CR completion, although two-thirds perceived they were meeting the 289 

recommendation. Clearly, all CR programs should take heed, and put greater emphasis on 290 

weekly objective monitoring of MVPA (including in the period immediately post-program), and 291 

progressing exercise prescriptions to ensure patients get to target. With regard to the socio-292 

ecological correlates, the likelihood that patients met the PA guideline was greater in those who 293 

engaged in greater self-regulation, and lived in or were proximate to more aesthetically-pleasing 294 

neighborhoods. While the association with functional status is likely due to reverse causation and 295 

neighbourhood aesthetics may be related to socioeconomic status which is not highly modifiable 296 

in later life, self-regulation skills are highly teachable. This represents an important area of focus 297 

for CR providers. 298 

Amount of MVPA 299 

The discrepancy in PA by assessment method can partially be explained by several 300 

factors, but given discordance observed in other samples,31 is likely robust. First, for self-report, 301 

how MVPA was distributed over the course of a week was not considered, but for the 302 

accelerometer it was. Second, the discrepancy is also likely related to the strengths and 303 

weaknesses inherent in each.32 For instance, the objective measure would not capture swimming, 304 

and would not very reliably capture some other forms of PA (e.g., cycling), while the subjective 305 

measure can be biased by socially-desirable responding. Third, another consideration is that 306 
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accelerometer cut-points were based on absolute rather than relative intensity. Recent research 307 

has demonstrated great variability in activity counts/minute based on fitness level.33 Finally, 308 

while subjective and objective measures of PA were administered at the same time, the 309 

discrepancy could be also due to the fact that the self-report scale queried PA in a “typical 310 

week”. That each had different correlates deserves consideration in future research, as does the 311 

role of accelerometry in educating patients of their attainment of guideline targets and how this 312 

could inform greater attainment.  313 

Despite clinical practice recommendations and participation in CR, the majority of 314 

patients do not meet the guideline recommendations for PA at program completion. Our findings 315 

are fairly consistent with the handful of other studies in this area.10,11,13,34,35 When looking at 316 

accelerometer-derived MVPA specifically, the 2 other studies in the literature reported 317 

approximately 130 minutes per week,9,12 with patients herein accruing a median of 318 

approximately 140 minutes per week. Future research is needed to investigate the initial exercise 319 

prescription of patients in relation to guideline recommendations and patient health status, how 320 

the prescriptions are increased / progressed through the program, whether exit exercise 321 

prescriptions meet guideline recommendations, and the proportion of graduates that have 322 

legitimate clinical restrictions to engaging in guideline-recommended levels of PA, to better 323 

understand this phenomenon. Considering that patients wore the accelerometer and reported their 324 

MVPA approximately 10 days post-CR, an alternative interpretation of the findings is that they 325 

met guideline recommendations at CR exit, but their PA dropped substantively the first week 326 

after program completion. Given that many patients dropout of CR and that PA decays post-CR, 327 

these results, while concerning, are also in line with the broader rates of inactivity reported in the 328 

adult population. Regardless, efforts are needed to promote guideline-recommended levels of 329 

MVPA by CR completion in all participants.  330 
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Correlates identified at the bivariate level were fairly consistent regardless of whether 331 

MVPA was assessed via self-report or accelerometer. However, it is important to note the 332 

discordance by sex. The well-established sex difference in PA, where men engage in 333 

significantly more PA than women, was observed for self-reported PA, but not where it was 334 

objectively-measured. This may suggest men’s report of PA may be more highly affected by 335 

social desirability than women, or that CR education and programming can close the sex gap. 336 

Replication is warranted.  337 

Socio-Ecological Model 338 

Previous research has examined correlates of PA at the end or after CR15 but few have 339 

done so in a theoretically-informed manner. This study was the first to apply the socio-ecological 340 

framework to assess the contributing factors underlying adherence to PA at the end of CR 341 

specifically. This study provides general support for the socio-ecological model as a framework 342 

in understanding the correlates of PA in a CR setting, though there was a lack of associations 343 

with factors at the social-environmental level, and few were sustained in the multivariate model. 344 

Indeed, within the individual-level of the model, many associations observed were 345 

consistent with those reported in previous research.36 The association identified for self-346 

regulation is an example of this. In a study by Izawa et al.37 it was found that the use of a self-347 

monitoring approach (an aspect of self-regulation) during supervised CR effectively increased 348 

exercise maintenance at CR completion. Similarly, in a study by Carels et al.38 using a self-349 

monitoring approach increased participants’ cardiorespiratory fitness, increased weekly exercise 350 

and increased kilocaloric expenditure in leisure-time PA. This is encouraging as such a strategy 351 

can be easily implemented by healthcare practitioners in the CR setting. For example, staff 352 

members could encourage participants to complete a daily exercise diary describing their 353 
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exercise type and duration, and compare this against their set goals for exercise. Patients could 354 

also use a commercially-available activity monitor, which have recently grown in accessibility 355 

and have been shown to be valid and reliable.39,40 There are also structured internet programs 356 

with social components that are designed for eliciting social support and reinforcement, as well 357 

as promoting time management and relapse prevention, both of which have been established as 358 

effective strategies in previous research.41 These tools can promote self-regulation and 359 

consequently enhance PA adherence among patients. 360 

Caution is warranted when interpreting these results. An important limitation of this 361 

study is its design. In cross-sectional studies such as this, it is not possible to infer a cause-and-362 

effect relationship between correlates and PA. However, the design is appropriate as we are 363 

interested in PA at the end of CR. Second, the objectives of this secondary study were not pre-364 

specified in the original randomized controlled trial protocol. This can lead to under-powered 365 

tests of associations.  366 

Other limitations relate to measurement. Third, there are likely other unmeasured factors 367 

which affect PA in this population. Fourth, the correlates were self-reported and therefore 368 

measurement error may be at play. Fifth, the accelerometer cut-points used for the exercise 369 

intensities were not based on CR samples, and therefore may have misclassified some PA. There 370 

are not validated cut-points to use in the CR population. Our previous work has shown that 371 

results do vary based on cut-points chosen.42 Sasaki cut-points were applied herein as they are 372 

the most widely-used, and thus results can be compared to other studies. Moreover, another 373 

indicator of MVPA was used in the current study.  374 

Sixth, many potential correlates were considered and with a correspondingly high number 375 

of comparisons made, the potential for error is inflated. However, multivariate models were 376 

computed. The final limitations relate to generalizability. The consent rate was low. Moreover, 377 
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there were some differences between participants who consented to the trial and those included 378 

in this sample. In particular, participants in the study were historically physically more active 379 

than those not included. It is unknown how the sample herein compares to the sample of CR 380 

graduates more broadly. The generalizability of the findings will be limited to those who gain 381 

access to CR and complete the program, which represents only approximately 20% of cardiac 382 

outpatients.11 Moreover, the findings may not be generalizable to other CR program models (e.g., 383 

home-based) but would be generalizable to programs of varying durations, or to jurisdictions 384 

where CR services are not reimbursed through the health care system.    385 

In conclusion, only approximately one-quarter of CR graduates meet guideline-386 

recommended levels of 150 minutes of MVPA per week. Clearly recommendations to assess PA 387 

in CR programs should be heeded, and programs must do more to promote guideline attainment 388 

in their patients. Attainment of PA targets was related to greater self-regulation; skills which are 389 

readily-teachable to CR participants. Working with patients to identify aesthetically-pleasing 390 

environments in their neighborhood where they could exercise should also be considered. 391 
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FIGURE CAPTIONS 522 

Figure 1: Socio-Ecological Correlates of Physical Activity at the Physical-environmental 523 

Level: Home Environment  524 

This figure displays the mean percentage of participants reporting they have access to specific 525 

pieces of exercise equipment, and whether they use it, as per a modified version of Sallis’ 526 

Perceived Environment Related to Physical Activity Scale. The association of this access and use 527 

to exercise is also demarcated where significant.    528 

Figure 2: Socio-Ecological Correlates of Physical Activity at the Physical-environmental 529 

Level: Neighbourhood Environment 530 

This figure displays the mean percentage of participants reporting they have access to specific 531 

facilities where they can engage in physical activity, and whether they use them, as per a 532 

modified version of the Physical Activity Neighborhood Environment Scale (PANES). The 533 

association of this access and use to exercise is also demarcated where significant.    534 



Online Supplement 

Individual-Level, Psychometrically-Validated Measures 

First, the Patient Health Questionnaire-2 (PHQ-2)1 was administered to assess depressive 

symptoms over the previous two weeks. For each item the response option ranged from 0 “not at 

all” to 3 “nearly every day”. PHQ-2 total scores ranged from zero to six, with higher scores 

indicating greater depressive symptoms.  

Functional status was assessed using the Duke Activity Status Index (DASI),2 which is a 

self-administered questionnaire that correlates highly with patients’ peak oxygen uptake. There 

were 12 items, with a yes/no response option for each. These items related to personal care, 

ambulation, sexual function and recreational activities. Higher scores on this scale denoted 

greater functional capacity.  

The barrier self-efficacy construct was measured using a modified version of the 13-item 

scale developed by Plotnikoff et al.3 This scale evaluated one’s confidence to engage in 30 or 

more minutes of moderate to vigorous physical activity (MVPA)/day on at least five days a week 

against 14 potential hindrances. Each item was scored between 0% “not at all confident” and 

100% “extremely confident”, in 10% increments.  There was also a response option of ‘not 

applicable’ for each barrier. The mean of the items was calculated to provide a total score.  

Blanchard’s two-item PA intention scale4 was administered. Each item was scored from 

one to five on a scale from “strongly disagree” to “strongly agree”. The mean of the items was 

calculated, with higher scores denoting greater intentions. PA planning was measured using a 

four-item action planning scale also developed by. Each item was again scored from one to five 

on a scale from “strongly disagree to strongly agree”. The mean of the items was computed, with 

higher scores denoting greater PA intentions and planning.  



PA self-regulation was measured using the 12-item PA Self-Regulation scale (PASR-

12).5 The items assessed self-monitoring, goal setting, eliciting social support (e.g., “I asked 

someone for PA advice or a demonstration”), reinforcement (e.g., “I reminded myself of PA 

health benefits”), time management (e.g., “I re-arranged my schedule to ensure I had time for 

PA”), and relapse prevention (e.g., “I purposely planned ways to do PA when on trips away from 

home), with two questions pertaining to each. Each item was scored on a five-point Likert scale 

with response options ranging from “never” to “very often”. The PA self-regulation score was 

calculated by computing the mean of all item responses.  

Task self-efficacy was measured using Blanchard’s seven-item scale.4 This scale assessed 

one’s confidence to continue to participate in at least 30 minutes of regular MVPA for an 

increasing number of days of the week (i.e., 1-7). Each item was scored from 10-100% 

corresponding to the range from “not at all confident” to “completely confident”. The mean of all 

items was computed to provide a total score, with higher scores denoting greater self-efficacy.  

Beliefs about the benefits and barriers to exercise were measured using the 43-item 

Exercise Benefits/Barriers scale (EBBS).6 Participants were asked to rate the degree to which 

they agree with each of the items by choosing one of four response options ranging between 

“strongly agree” to “strongly disagree”. The mean of the 14 barrier sub-scale items was 

calculated, with higher scores indicative of more barriers. The mean of the 29 benefit sub-scale 

items was calculated, with higher scores indicative of more benefits.  

Social-Environmental Level, Psychometrically-Validated Measures 

Social support from family, friends and other CAD patients or peers was measured using 

Sallis et al.’s7 13-item scale. Ten of the items in the scale related to encouragement, two of the 

items related to rewards while one item related to punishment. Each item was scored from one to 



five, ranging from “none” to “very often”. A score of eight corresponded to the option of “does 

not apply,” and was considered missing. The sum of scores was calculated separately for 

encouragement, rewards and punishment by family, friends and others with higher scores 

denoting greater social support.  

The subjective norm construct was assessed by Blanchard’s three-item scale.8 This scale 

reflected one’s beliefs about the perception of family and friends regarding the importance of 

regular PA. Each item was scored from one to five, ranging from “strongly disagree” to 

“strongly agree”. The mean of all three items was computed, with higher scores indicating the 

respondent perceives PA as more normative.   

Lastly, autonomy support from healthcare providers was measured using the six-item 

Health Care Climate Questionnaire.9 Each item was scored from one to seven ranging from “not 

at all true” to “very true”. Higher mean scores represented a higher level of autonomy support.  

Physical-Environmental Level, Psychometrically-Validated Measures 

Perceived home environment was measured using a modified version of Sallis et al.’s10 

Perceived Environment Related to Physical Activity scale. This survey assessed the types of PA 

equipment participants owned, and whether they would use them during the next week, with a 

yes/no response option.  

Places to engage in PA was measured using a modified version of the Physical Activity 

Neighborhood Environment Scale11 and the Perceived Environment Related to Physical 

Activity.10 This scale evaluated the availability and use of facilities. Each item was assessed with 

a “Yes” or “No” response. A descriptive frequency analysis was conducted to calculate the 

availability and use of each place to do PA.  



Perceptions of neighborhood characteristics were measured using a subscale of the 

Neighborhood Environment Walkability Scale developed by Saelens et al.12 There were nine 

items on this scale, with subscales for neighborhood aesthetics, perceived neighborhood crime 

rate, and street connectivity.  Each item was scored from one to four, ranging from “strongly 

disagree” to “strongly agree”. Applicable responses were averaged to ascertain subscale scores, 

with higher scores denoting more PA-friendly characteristics.   
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