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Age-Related Differences for Cardiorespiratory Fitness Improvement in Patients Undergoing Cardiac Rehabilitation
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Objective: We investigated age-related differences for peak oxygen uptake (peak VO2) improvement with exercise training during cardiac rehabilitation (CR).

Patients and Methods: This was a retrospective cohort study of the Mayo Clinic Rochester CR program including adult patients who attended CR (≥1 session) for any eligible indication between 1999 and 2017 and who had a cardiopulmonary exercise test pre and post CR with VO2 data (peak respiratory exchange ratio ≥1.0). Younger (20–49 yrs), midlife (50–64 yrs), and older adults (≥65 yrs) were compared using ANOVA for delta and percent change in peak VO2; and percentage of peak VO2 responders (>0% change).

Results: 708 patients (age: 60.8 ± 12.1 years; 24% female) met inclusion criteria. Delta and percent change in peak VO2 was lower for older adults (1.6 ± 3.2 mL.kg.min−1; 12 ± 27%) compared with younger (3.7 ± 4.0 mL.kg.min−1, p < 0.001; 23 ± 28%, p = 0.002) and midlife adults (2.8 ± 3.8 mL.kg.min−1, p < 0.001; 17 ± 28%, p = 0.04). For midlife, delta change, but not percent change in peak VO2 was significantly lower (p = 0.02) compared with younger. Percentage of responders was only different between older and younger (72 vs. 86%; p = 0.008). Sensitivity analyses in non-surgical patients showed similar differences for delta change, and differences in percent change remained significant between older and younger adults (10 ± 20% vs. 16 ± 18%; p = 0.04).

Conclusions: In CR patients, older adults had lower improvement in cardiorespiratory fitness than younger and midlife adults. While excluding surgical patients reduced age-related differences, older adults still had lower cardiorespiratory fitness improvement during CR. These findings may have implications for individualizing CR programming in aging populations to reduce future cardiovascular risk.
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INTRODUCTION

Early outpatient (phase II) cardiac rehabilitation (CR) is internationally recognized as a class 1A recommendation for patients following a cardiovascular-related event or procedure (1, 2). CR is comprehensive secondary prevention encompassing multifaceted strategies to optimize cardiovascular risk reduction, foster healthy behaviors, and promote an active lifestyle (1). While CR originated primarily for middle-aged patients with coronary artery disease, the aging spectrum for cardiac rehabilitation has broadened over time with a range of eligible diagnoses and applications. In particular, benefits for aging populations include improvements in survival, exercise capacity, frailty, body composition, quality of life, symptom management, cognition, and socialization (3, 4).

Exercise training is an integral component of CR programs (1, 2), and exerts a multi-system effect on improving cardiovascular health (5). One of the most important benefits of exercise training in CR is the improvement in cardiorespiratory fitness, referred to as peak oxygen uptake (peak VO2) when directly measured using gas exchange analysis (6). Peak VO2 reflects an integrated ability to transport oxygen around the body, encompassing pulmonary function (ventilation and diffusion), right and left ventricular function (systolic and diastolic), ventricular-arterial coupling, vascular function (to accommodate and efficiently transport blood), and the ability of muscle cells to receive and use oxygen for aerobic energy production as well as communicating metabolic demands to the cardiovascular control center (7). Cardiorespiratory fitness is a strong predictor of cardiovascular events and all-cause mortality (6, 7), and has been shown to improve risk classification beyond traditional risk factors (7). Furthermore, changes in peak VO2 during CR are highly predictive of future readmissions for cardiovascular disease and all-cause mortality, with each 1 ml.kg.min−1 increase in peak VO2 associated with a 21% reduction in cardiovascular events and a 13% reduction in all-cause mortality (8).

It is well-established that cardiorespiratory fitness declines with increasing age (9–11), however the influence of age on the trainability of cardiorespiratory fitness is less clear, with evidence suggesting either little or no difference (12–14) or a reduction (15, 16) in trainability with increasing age. There are limited data evaluating the influence of age on cardiorespiratory fitness response during a CR program, particularly using directly measured peak VO2. Banks et al. investigated percent change in peak VO2 during cardiac rehabilitation across age decades, finding those in the younger age categories (<50 years), tended to show a greater percent change in peak VO2 than adults in each other age decade (16). However, this study excluded patients that did not respond to CR with increases in peak VO2. Therefore, it is unclear how non-responders may influence the age-related differences in peak VO2 improvements in a CR population.

The purpose of our study was to investigate age-related differences in peak VO2 response to an exercise-based CR program. We hypothesized that improvements in peak VO2 during CR are attenuated with increasing age. And furthermore, that with increasing age there will be a lower proportion of patients who are peak VO2 responders (i.e., elicit a change in peak VO2 > 0%) during CR.



METHODS


Study Population

This was a historical cohort of consecutive patients residing in Olmsted County, Minnesota, who underwent CR at Mayo Clinic Rochester between June 1999 and July 2017. Patients enrolled in CR were included if they were 18 years or older and had completed a cardiopulmonary exercise test (CPET) pre and post cardiac rehabilitation, with peak VO2 data and peak respiratory exchange ratio ≥1.0 (indicative of sufficient exertion) (17). If, over follow-up, patients were enrolled in cardiac rehabilitation multiple times, only their earliest program enrollment was included. The CPET performed closest to the cardiac rehabilitation enrollment and discharge was included in the study, including CPETs for diagnostic purposes. This study was approved by the Mayo Clinic and Olmsted Medical Center (whose patients attended CR at Mayo Clinic) Institutional Review Boards and, per MN statute. Only patients who had provided authorization to use their medical records for medical research were included.



Cardiac Rehabilitation Program

The CR program at Mayo Clinic in Rochester, Minnesota is based on guidelines from the American Association of Cardiovascular and Pulmonary Rehabilitation, American Heart Association, and American College of Cardiology. It is a comprehensive secondary prevention program that encompasses core components including exercise training and physical activity counseling, weight management and nutritional counseling, cardiovascular risk factor management, medication management and adherence, stress management, depressive symptom management, and social support networking. All patients are prescribed 36 exercise sessions which were typically completed at a frequency of two to three times per week over 12–18 weeks. Each exercise session consisted of 20–45 min of structured aerobic exercise and 10–15 min of resistance training, following an individualized prescription from an exercise physiologist depending on physical capabilities and/or limitations. Exercise was commonly prescribed at a moderate intensity using ratings of perceived exertion of 12–14 on the 6–20 Borg Scale (18). On days of the week with no supervised CR sessions, patients were encouraged to engage in physical activity independently for at least 30 min consistent with the prescribed exercise program.



CPET Data Collection

Symptom-limited CPETs were conducted by trained exercise physiologists under the supervision of a cardiologist, using institutionally derived incremental exercise protocols for treadmill or cycle ergometer (19). Cardiac medications were not withheld prior to CPET. A gas exchange metabolic system (MGC Diagnostics, St Paul, Minnesota, USA) was used to quantify VO2, carbon dioxide production (VCO2), respiratory exchange ratio (RER), ventilation (VE), and ventilatory equivalent for VCO2 (VE/VCO2) according to the American Heart Association Exercise Standards Statement for Testing and Training (20). Peak values were obtained during the final minute of exercise. Predicted peak VO2 was calculated using Wasserman-Hansen and FRIEND registry prediction equations (21, 22). We further calculated the percentage of predicted peak VO2 achieved using our directly measured peak VO2. As a measure of exercise capacity, peak workload was converted to estimated metabolic equivalents (METs) using FRIEND registry equations for treadmill and cycle (23, 24). Peak oxygen pulse (mL/beat) was calculated as peak VO2 (in mL/min) divided by peak heart rate (beats/min) (25). The CPET data were extracted electronically from an institutional registry. To evaluate accuracy, a fraction of the data were reviewed by a clinical investigator (J.L.T). If relevant data were missing, electronic medical records were reviewed, and data were manually extracted.



Clinical Data Collection

Patient demographic and clinical characteristics were extracted electronically using resources of the Rochester Epidemiology Project (REP) (26), a record linkage system that captures data on health conditions (diagnoses, procedures, and other vital information) for all Olmsted County residents who receive medical care at Mayo Clinic or Olmsted Medical Center and its allied health care centers (27, 28). Clinical variables were operationalized as per the International Classification of Diseases-9 and 10 (ICD-9 and−10) (29). This data extraction approach has been previously validated and reported (30, 31). A random sample of these variables was reviewed in duplicate for validation (A.C.S, J.M.I), with an excellent inter-observer agreement (all κ > 0.85).



Statistical Analysis

The overarching aim of this analysis was to evaluate possible age-related differences in peak VO2 response from participation in an exercise-based CR program. To achieve this, differences in patient demographics and exercise testing outcomes were compared among different age groups across the lifespan (older adults ≥65 years; midlife adults 50–64 yrs; younger adults 20–49 yrs) (32, 33) and age decades. Groups were initially compared using analysis of variance (ANOVA) for continuous variables and Pearson's chi-squared for categorical data. Continuous data are reported as mean values and standard deviations (SD), and categorical data as frequencies and percentages. Age-group differences for delta and percent change in relative peak VO2 and peak workload from pre to post CR, as well as the proportion of patients classified as peak VO2 responders (i.e., >0% change in peak VO2) were also compared with ANOVA. Pre-planned post-hoc comparisons were conducted with pairwise t-test and Bonferroni correction for multiple comparisons. Due to the variation between age groups in surgical CR indications, we performed sensitivity analyses excluding patients with surgical indications to evaluate whether this influenced our results. Furthermore, we used linear regression to determine whether female sex influenced the delta or percent change in relative peak VO2, within age groups, with data reported as unstandardized estimate (95% confidence interval). We used logistic regression to determine whether female sex influenced the likelihood of a peak VO2 response within age groups, with data reported as odds ratio (95% confidence interval). A p-value <0.05 was considered statistically significant unless otherwise stated. All analyses were performed using BlueSky Statistics software v. 7.10 (Bluesky Statistics LLC, Chicago, IL, USA).




RESULTS


Patient Demographics

A total of 708 patients met the inclusion criteria for this study. Patient demographic characteristics are outlined by age group in Table 1 and age decade in Supplementary Table 1. On average, 24% of the study population were female, with the highest proportion of females in the younger adult group. With increasing age, there was a higher proportion of patients with CR indication for percutaneous coronary intervention (PCI) (p < 0.001) and a lower proportion of patients with surgical CR indications (p = 0.002), specifically related to heart transplant (p < 0.001). The proportion of patients with comorbidities increased with age (p < 0.05) with the exception of chronic heart failure, chronic kidney disease, and smoking, which were not different between groups (p > 0.05). Similarly, the proportion of patients prescribed standard cardiac medications increased with age (p < 0.05), with the exception of calcium channel blocker and anticoagulant classes, which were not different between groups (p > 0.05).


Table 1. Patient demographics by age group.
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Baseline Exercise Testing Variables

Baseline CPET characteristics are presented by age group in Table 2 and age decade in Supplementary Table 2. With increasing age, patients had a lower resting HR and peak exercise HR, and a higher systolic blood pressure at rest and peak exercise. Baseline cardiorespiratory fitness (absolute and relative peak VO2) and peak workload (in estimated METs) was similar between younger and midlife adults, but lower in older adults. In contrast, younger adults achieved a lower percentage of predicted peak VO2 compared with both midlife and older adults. On average, ratings of perceived exertion (RPE) and RER were indicative of maximal exertion (RPE: 18.2 ± 0.9; RER: 1.19 ± 0.09), and there were no differences between groups. Sensitivity analyses, which excluded surgical patients, produced similar trends and statistical results for baseline exercise variables (Table 3). On average, baseline CPET was 6.8 ± 13.5 weeks prior to cardiac rehabilitation commencement, which reduced to 3.5 ± 10.2 weeks when surgical patients were excluded from analysis.


Table 2. Exercise testing and cardiac rehabilitation variables by age group.
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Table 3. Exercise testing variables by age group—non-surgical patients.
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Post Exercise Testing and CR Program Outcomes

CR program variables and outcomes for percentage of predicted VO2, change in peak VO2, change in peak workload (in estimated METs), and proportion of peak VO2 responders are presented by age group in Table 2 and age decade in Supplementary Table 2. On average, patients improved relative peak VO2 from pre to post CR by 2.5 ± 3.7 mL.kg.min−1 (p < 0.001), with an average percent change in relative peak VO2 of 16 ± 28% (p < 0.001). All age groups significantly improved peak VO2 (p < 0.001) from pre to post CR (Table 2). However, the change in relative peak VO2 was lower with increasing age, with significant differences between younger and midlife adults (mean difference = 0.9 mL.kg.min−1; p = 0.02), younger and older adults (mean difference = 2.1 mL.kg.min−1; p < 0.001), and midlife and older adults (mean difference 1.2 mL.kg.min−1; p < 0.001) (Figure 1A). Percent change in relative peak VO2 was also lower with increasing age, although differences between groups were only significant for younger and older adults (mean difference = 11%; p = 0.002), and midlife and older adults (mean difference = 5%; p = 0.04) (Figure 1B). On average, 77% of patients showed an improvement in peak VO2 (>0% change) from pre to post cardiac rehabilitation. While response rate showed a lower trend with increasing age, the response rate was only significantly different between younger and older adults (86 vs. 72%, respectively; p = 0.008). Change in peak workload was lower for older adults compared with younger adults (0.6 ± 1.1 vs. 1.0 ± 1.2 METs; p = 0.007), however percent change in peak workload was not different between groups. On average, there was an improvement in percentage of predicted VO2 from 75 ± 22% to 83 ± 22%, however levels remained significantly lower for younger adults compared with midlife adults (74 ± 22 vs. 84 ± 24; p < 0.001) and older adults (74 ± 22 vs. 86 ± 18; p < 0.001). Older adults completed a significantly greater number of CR sessions than younger adults (30 ± 11 vs. 24 ± 14 sessions; p < 0.001) and midlife adults (30 ± 11 vs. 26 ± 13 sessions; p < 0.001), and older adults were in the program for a longer period than younger adults (17 ± 9 vs. 13 ± 9 weeks; p = 0.001). The post CPET occurred on average 15.9 ± 9.3 weeks following CR commencement, and within 0.4 ± 11.5 weeks of CR completion.
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FIGURE 1. Age-related differences in cardiorespiratory fitness as: (A) delta change in peak VO2 for all CR indications; (B) percent change in peak VO2 for all CR indications; (C) delta change in peak VO2 for non-surgical CR indications; (D) percent change in peak VO2 for non-surgical CR indications. Data are presented as box and whisker plots with median line, and minimum to maximum.


For sensitivity analyses excluding surgical patients (Table 3), the average improvement in relative peak VO2 was moderately lower (2.2 ± 3.3 mL.kg.min−1) than the primary analysis, as well as the average percent change in relative peak VO2 (11 ± 20%). Change in relative peak VO2 remained lower for older adults compared with younger adults (mean difference = 1.9 mL.kg.min−1; p < 0.001) and midlife adults (mean difference = 1.0 mL.kg.min−1; p < 0.001) (Figure 1C). Differences in the percent change of relative VO2 were less pronounced between older and younger adults (mean difference = 6%; p = 0.04), and there were no longer differences between younger and midlife adults or midlife and older adults (Figure 1D). There was no longer an effect of age group for proportion of VO2 responders. Moreover, percentage change in peak workload was not different between age groups.

In Supplementary Table 3, we display changes in peak VO2 for specific CR indications such as acute coronary syndrome (ACS), PCI, heart transplant, and coronary artery bypass graft (CABG)/valve surgery. Numerically, the ACS sub-group showed a similar trend to our non-surgical cohort. In the PCI sub-group, younger adults show a considerably higher delta and percent change in peak VO2 when compared to both midlife and older adults. In the CABG/valve and other sub-groups, delta and percent change in peak VO2 are markedly reduced in older adults compared with younger and midlife adults. In the heart transplant sub-group, all age groups showed dramatically higher delta and percent change in peak VO2 compared with other CR indications, however in contrast to other CR indications, older adults showed markedly higher improvements in peak VO2 than younger and midlife adults.

We did not find an association of female sex for delta and percent change in peak VO2, respectively, in younger adults [−0.7 (−2.3 to 0.8) ml.kg.min−1; p = 0.34 and 7.4 (−3.3 to 18.1) %; p = 0.17] or older adults [−0.2 (−1.1 to 0.7) ml.kg.min−1; p = 0.71; and 0.1 (−7.6 to 7.7) %; p = 0.98]. There was trend toward an influence of female sex in midlife adults for delta change in peak VO2 [−1.0 (−2.0 to 0.0) ml.kg.min−1; p = 0.05] but not percent change in peak VO2 [−3.1 (−10.7 to 4.5) %; p = 0.42]. There was also no influence of female sex on likelihood of peak VO2 response for younger adults [0.6 (0.2–1.9); p = 0.42], midlife adults [1.1 (0.6–2.1); p = 0.82], or older adults [1.2 (0.6–2.3); p = 0.57].




DISCUSSION

This study investigated age-related differences for improving cardiorespiratory fitness (peak VO2) and exercise capacity (as peak workload) during a CR program. All age groups significantly improved peak VO2 from pre to post CR, however when evaluating patients with any CR indication, we found significant attenuation in peak VO2 improvement with increasing age, from younger adults to midlife adults, and midlife adults to older adults. Although older adults improved peak VO2, their percent change in peak VO2 was significantly lower when compared with both younger adults and midlife adults; and older adults were less likely to show a peak VO2 response (>0% change) to the CR program compared with younger adults. When surgical patients were excluded from the analysis, age-related differences for percent change in peak VO2 were reduced, however older adults still achieved a lower improvement in cardiorespiratory fitness during CR. Percent change in peak exercise workload showed no age-related differences throughout CR.

Previous research in healthy populations has shown that cardiorespiratory fitness decreases by approximately 1-MET (equivalent to 3.5 ml.kg.min−1) with each increasing age decade (10, 34). In the current study, the differences between age-decades using directly measured peak VO2 at the beginning of CR were much less pronounced (mean difference ~ 1.0 ml.kg.min−1). Our results were similar to the differences between age-decades reported by Banks et al. (16) (mean difference in peak VO2 = 1.8 ml.kg.min−1) in their patients with coronary artery disease undergoing CR. With regards to changes in peak VO2 with exercise training, our findings were also similar to Banks et al., with older patients attending CR showing both lower delta and percent change in peak VO2. These results are in contrast to studies in healthy populations showing similar percent change in peak VO2 between age groups with exercise training (12–14). The Heritage Family Study investigated the variability in peak VO2 response to a standardized exercise training program in a healthy population. They found that while older adults had a lower delta change in relative peak VO2, the percent change from baseline was similar to younger adults (12). Robinson et al. (35) also found that healthy younger and older adults had similar percent change in peak VO2 with combined training (aerobic + resistance). In the same study, both young and older adults showed significant improvements in peak VO2 with high intensity interval training, however, the percent change was much greater in the younger adults (35). Therefore, differences in training intensity could have influenced our age-related differences in peak VO2 improvement.

Currently there are limited published data showing the influence of peak VO2 improvement during CR, as a percent change from baseline, on major adverse cardiovascular events. However, the differences in delta change for relative peak VO2 that we found between our age groups could be considered clinically meaningful, as each 1 ml.kg.min−1 increase in peak VO2 during cardiac rehabilitation has been shown to reduce cardiovascular events by 21% and all-cause mortality by 13% (8). Recent work by Carbone et al. (36) found that the percentage of predicted peak VO2 at the end of CR was a stronger predictor of long-term survival rather than change in peak VO2 during CR. While our results showed younger adults had greater improvements in peak VO2 during CR, midlife and older adults maintained a significantly higher percentage of predicted peak VO2 at the end of CR, compared with the younger adults. A potential bias with this outcome is that older adults who are able to complete a CPET pre and post CR could be more likely to have a higher fitness level and may not be representative of the average older adult attending CR.

Notably, our midlife and older adults also achieved a significantly higher percentage of predicted peak VO2 at the beginning of CR (~76–80%), compared with our younger adults (~63%). Lower baseline peak VO2 has consistently been shown to be a strong predictor for peak VO2 response with exercise training (37, 38). Although mean baseline peak VO2 was lower for older adults, the mean percentage of predicted peak VO2 was lower for younger adults, and this likely contributed to the greater improvements in peak VO2 during CR. The lower initial fitness level in our younger adults was in part related to the increased prevalence of heart transplant. Indeed, when we excluded surgical patients from the analysis, the mean relative peak VO2 at baseline increased by 2.7 ml.kg.min−1 (13%) in our younger adults and 1.8 ml.kg.min−1 (9%) in our midlife adults, with minimal change in our older adults (0.5 ml.kg.min−1; 3%). In non-surgical patients, the age-related differences between younger and midlife adults diminished. Therefore, differences in patient populations among age groups may contribute to bias that CR is less effective for improving peak VO2 with increasing age. Previous research has shown that females have a lower improvement in peak VO2 than males during CR (39). We found a trend toward female adults in midlife achieving a lower delta change for peak VO2 improvement, however, there was no significant influence of sex on peak VO2 improvement or likelihood for peak VO2 response in any age group.

Multimorbidity may have contributed to the lower improvement in peak VO2 in our older adults. Having a higher number of comorbidities has been associated with lower improvements in cardiorespiratory fitness (40) and other CR outcomes (41). Although our older adults attended more sessions and were in the program for longer, they also had a higher prevalence of peripheral artery disease, stroke, myocardial infarction, and chronic obstructive pulmonary disease. This is consistent with the work of Listerman et al. (41), showing that patients with a higher number of comorbidities may be prescribed a greater number of CR sessions than patients with a lower number of comorbidities.

Our study has a number of limitations that warrant discussion. Firstly, patients were from a single-center, were predominately male (75%), and the majority of the population in this region (Olmsted County) are White. Secondly, the retrospective nature of this study can present several sources of bias, and only including patients with pre- and post-CR CPET data may contribute to selection bias. These factors might affect the generalizability, but not the internal validity of our findings. Medication differences between age groups could not be accounted for in our ANOVA post-hoc analyses. Using an Analysis of Covariance (ANCOVA), we explored the interactions between medication status and change in peak VO2, in this case we only found an interaction between delta change in peak VO2 and angiotensin-converting enzyme or angiotensin II receptor blocker. When including this medication status as a covariate with ANCOVA, the effect of age group on delta change in peak VO2 remained significant (p < 0.001). Similarly, differences in baseline CPET timing between groups could not be accounted for in our ANOVA post-hoc analyses. Using ANCOVA, an interaction was found between baseline CPET timing and percent change in peak VO2, but not delta change in peak VO2. When including baseline CPET timing as a covariate with ANCOVA, the effect of age group on percent change in peak VO2 remained significant (p < 0.001). Moreover, when surgical patients were excluded, baseline CPET timing was not different between age groups. Likewise, although informative, we had limited sample size to evaluate statistical significance between age groups for specific CR indications (e.g., ACS, PCI, CABG, heart transplant). Finally, due to the absence of exercise prescription data during the cardiac rehabilitation program, we could not evaluate whether the greater improvement in peak VO2 of younger adults was influenced by exercise training being of a higher relative intensity or longer duration.



CONCLUSION

This study found significant improvements in peak VO2 for all age groups during a CR program. However, there was a significant attenuation in both delta and percent change in peak VO2, from younger to midlife adults, and midlife to older adults with any CR referral diagnosis. Older adults also showed a significantly lower rate of VO2 response to a CR program compared with younger adults. Age-related differences were influenced by a higher prevalence of heart transplant in our younger age group. In non-surgical patients, age-related differences in percent change of peak VO2 were less pronounced, however older adults still had lower peak VO2 improvement during CR. These findings may have implications for individualizing CR programming based on age and comorbid conditions.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Mayo Clinic Institutional Review Board Olmsted Medical Center Institutional Review Board. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

JT, JM-I, AC-S, JS, RS, RT, BJ, TO, and AB contributed to study conception and design. JT, JM-I, AC-S, and JS contributed to data collection and analysis. JT and JM-I contributed to the statistical analysis. JT drafted the manuscript. JM-I, AC-S, JS, RS, RT, BJ, TO, and AB critically reviewed the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This study used the resources of the Rochester Epidemiology Project (REP) medical records-linkage system, which was supported by the National Institute on Aging (NIA; AG 058738), by the Mayo Clinic Research Committee, and by fees paid annually by REP users, as well as the National Institutes of Nursing Research R01NR018832 (TO).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.872757/full#supplementary-material



REFERENCES

 1. Balady Gary J, Williams Mark A, Ades Philip A, Bittner V, Comoss P, Foody JoAnne M, et al. Core components of cardiac rehabilitation/secondary prevention programs: 2007 update. Circulation. (2007) 115:2675–82. doi: 10.1161/CIRCULATIONAHA.106.180945

 2. Ambrosetti M, Abreu A, Corrà U, Davos CH, Hansen D, Frederix I, et al. Secondary prevention through comprehensive cardiovascular rehabilitation: from knowledge to implementation. 2020 update. A position paper from the Secondary Prevention and Rehabilitation Section of the European Association of Preventive Cardiology. Eur J Prev Cardiol. (2020) 28:460–95. doi: 10.1177/2047487320913379

 3. Schopfer DW, Forman DE. Cardiac rehabilitation in older adults. Can J Cardiol. (2016) 32:1088–96. doi: 10.1016/j.cjca.2016.03.003

 4. Lutz AH, Delligatti A, Allsup K, Afilalo J, Forman DE. Cardiac rehabilitation is associated with improved physical function in frail older adults with cardiovascular disease. J Cardiopulm Rehabil Prev. (2020) 40:310–8. doi: 10.1097/HCR.0000000000000537

 5. Joyner MJ, Green DJ. Exercise protects the cardiovascular system: effects beyond traditional risk factors. J Physiol. (2009) 587(Pt 23):5551–8. doi: 10.1113/jphysiol.2009.179432

 6. Kaminsky LA, Arena R, Ellingsen Ø, Harber MP, Myers J, Ozemek C, et al. Cardiorespiratory fitness and cardiovascular disease - The past, present, and future. Prog Cardiovasc Dis. (2019) 62:86–93. doi: 10.1016/j.pcad.2019.01.002

 7. Ross R, Blair SN, Arena R, Church TS, Despres JP, Franklin BA, et al. Importance of assessing cardiorespiratory fitness in clinical practice: a case for fitness as a clinical vital sign: a Scientific Statement From the American Heart Association. Circulation. (2016) 134:e653–99. doi: 10.1161/CIR.0000000000000461

 8. Mikkelsen N, Cadarso-Suarez C, Lado-Baleato O, Diaz-Louzao C, Gil CP, Reeh J, et al. Improvement in VO2peak predicts readmissions for cardiovascular disease and mortality in patients undergoing cardiac rehabilitation. Eur J Prev Cardiol. (2020) 27:811–9. doi: 10.1177/2047487319887835

 9. Kaminsky LA, Arena R, Myers J, Peterman JE, Bonikowske AR, Harber MP, et al. Updated reference standards for cardiorespiratory fitness measured with cardiopulmonary exercise testing: data from the fitness registry and the importance of exercise national database (FRIEND). Mayo Clin Proc. (2022) 97:285–93. doi: 10.1016/j.mayocp.2021.08.020

 10. Loe H, Steinshamn S, Wisløff U. Cardio-respiratory reference data in 4631 healthy men and women 20-90 years: the HUNT 3 fitness study. PLoS ONE. (2014) 9:e113884. doi: 10.1371/journal.pone.0113884

 11. Letnes JM, Dalen H, Aspenes ST, Salvesen Ø, Wisløff U, Nes BM. Age-related change in peak oxygen uptake and change of cardiovascular risk factors. The HUNT Study. Prog Cardiovasc Dis. (2020) 63:730–7. doi: 10.1016/j.pcad.2020.09.002

 12. Skinner JS, Jaskólski A, Jaskólska A, Krasnoff J, Gagnon J, Leon AS, et al. Age, sex, race, initial fitness, and response to training: the HERITAGE Family Study. J Appl Physiol. (2001) 90:1770–6. doi: 10.1152/jappl.2001.90.5.1770

 13. Støren Ø, Helgerud J, Sæbø M, Støa EM, Bratland-Sanda S, Unhjem RJ, et al. The effect of age on the V?O2max response to high-intensity interval training. Med Sci Sports Exerc. (2017) 49:78–85. doi: 10.1249/MSS.0000000000001070

 14. Pollock ML, Gaesser GA, Butcher JD, Després J-P, Dishman RK, Franklin BA, et al. ACSM position stand: the recommended quantity and quality of exercise for developing and maintaining cardiorespiratory and muscular fitness, and flexibility in healthy adults. Med Sci Sports Exerc. (1998) 30:975–91. doi: 10.1249/00005768-199806000-00032 

 15. Woo JS, Derleth C, Stratton JR, Levy WC. The influence of age, gender, and training on exercise efficiency. J Am Coll Cardiol. (2006) 47:1049–57. doi: 10.1016/j.jacc.2005.09.066

 16. Banks L, Cacoilo J, Carter J, Oh PI. Age-related improvements in peak cardiorespiratory fitness among coronary heart disease patients following cardiac rehabilitation. J Clin Med. (2019) 8:310. doi: 10.3390/jcm8030310

 17. Guazzi M, Arena R, Halle M, Piepoli MF, Myers J, Lavie CJ. 2016 focused update: clinical recommendations for cardiopulmonary exercise testing data assessment in specific patient populations. Eur Heart J. (2018) 39:1144–61. doi: 10.1093/eurheartj/ehw180

 18. Borg G. Borg's Perceived Exertion and Pain Scales. Champaign, IL: Human Kinetics (1998). 

 19. Skalski J, Allison TG, Miller TD. The safety of cardiopulmonary exercise testing in a population with high-risk cardiovascular diseases. Circulation. (2012) 126:2465–72. doi: 10.1161/CIRCULATIONAHA.112.110460

 20. Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner VA, et al. Exercise standards for testing and training: a scientific statement from the American Heart Association. Circulation. (2013) 128:873–934. doi: 10.1161/CIR.0b013e31829b5b44

 21. de Souza e Silva CG, Kaminsky LA, Arena R, Christle JW, Araújo CGS, Lima RM, et al. A reference equation for maximal aerobic power for treadmill and cycle ergometer exercise testing: analysis from the FRIEND registry. Eur J Prev Cardiol. (2018) 25:742–50. doi: 10.1177/2047487318763958

 22. Guazzi M, Adams V, Conraads V, Halle M, Mezzani A, Vanhees L, et al. EACPR/AHA Scientific Statement. Clinical recommendations for cardiopulmonary exercise testing data assessment in specific patient populations. Circulation. (2012) 126:2261–74. doi: 10.1161/CIR.0b013e31826fb946

 23. Kokkinos P, Kaminsky LA, Arena R, Zhang J, Myers J. New generalized equation for predicting maximal oxygen uptake (from the fitness registry and the importance of exercise national database). Am J Cardiol. (2017) 120:688–92. doi: 10.1016/j.amjcard.2017.05.037

 24. Kokkinos P, Kaminsky LA, Arena R, Zhang J, Myers J. A new generalized cycle ergometry equation for predicting maximal oxygen uptake: The Fitness Registry and the Importance of Exercise National Database (FRIEND). Eur J Prev Cardiol. (2018) 25:1077–82. doi: 10.1177/2047487318772667

 25. Forman DE, Myers J, Lavie CJ, Guazzi M, Celli B, Arena R. Cardiopulmonary exercise testing: relevant but underused. Postgrad Med. (2010) 122:68–86. doi: 10.3810/pgm.2010.11.2225

 26. St Sauver JL, Grossardt BR, Finney Rutten LJ, Roger VL, Majerus M, Jensen DW, et al. Rochester epidemiology project data exploration portal. Prev Chronic Dis. (2018) 15:E42. doi: 10.5888/pcd15.170242

 27. Rocca WA, Yawn BP, St Sauver JL, Grossardt BR, Melton LJ III. History of the Rochester Epidemiology Project: half a century of medical records linkage in a US population. Mayo Clin Proc. (2012) 87:1202–13. doi: 10.1016/j.mayocp.2012.08.012

 28. Yawn BP, Yawn RA, Geier GR, Xia Z, Jacobsen SJ. The impact of requiring patient authorization for use of data in medical records research. J Fam Pract. (1998) 47:361–5.

 29. National Center for Health Statistics (U.S.) CoCCCoPaHA, World Health Organization. The International Classification of Diseases, 9th Revision, Clinical Modification: ICD. 9. CM. Ann Arbor, MI: Commission on Professional and Hospital Activities (1978). 

 30. St Sauver JL, Grossardt BR, Yawn BP, Melton LJ III, Rocca WA. Use of a medical records linkage system to enumerate a dynamic population over time: the Rochester epidemiology project. Am J Epidemiol. (2011) 173:1059–68. doi: 10.1093/aje/kwq482

 31. Melton LJ III. History of the rochester epidemiology project. Mayo Clin Proc. (1996) 71:266–74. doi: 10.4065/71.3.266

 32. Centers for Disease Control and Prevention AARP American Medical Association. Promoting Preventive Services for Adults 50-64: Community and Clinical Partnerships. Atlanta, GA: National Association of Chronic Disease Directors (2009). 

 33. Centers for Disease Control and Prevention Administration Administration on Aging Agency for Healthcare Research and Quality and Centers for Medicare and Medicaid Services. Enhancing Use of Clinical Preventive Services Among Older Adults. Washington, DC: AARP (2011). 

 34. Kaminsky LA, Arena R, Myers J. Reference standards for cardiorespiratory fitness measured with cardiopulmonary exercise testing: data from the fitness registry and the importance of exercise national database. Mayo Clin Proc. (2015) 90:1515–23. doi: 10.1016/j.mayocp.2015.07.026

 35. Robinson MM, Dasari S, Konopka AR, Johnson ML, Manjunatha S, Esponda RR, et al. Enhanced protein translation underlies improved metabolic and physical adaptations to different exercise training modes in young and old humans. Cell Metab. (2017) 25:581–92. doi: 10.1016/j.cmet.2017.02.009

 36. Carbone S, Kim Y, Kachur S, Billingsley H, Kenyon J, De Schutter A, et al. Peak oxygen consumption achieved at the end of cardiac rehabilitation predicts long-term survival in patients with coronary heart disease. Eur Heart J Qual Care Clin Outcomes. (2021). doi: 10.1093/ehjqcco/qcab032 [Epub ahead of print].

 37. Witvrouwen I, Pattyn N, Gevaert AB, Possemiers N, Van Craenenbroeck AH, Cornelissen VA, et al. Predictors of response to exercise training in patients with coronary artery disease – a subanalysis of the SAINTEX-CAD study. Eur J Prev Cardiol. (2019) 26:1158–63. doi: 10.1177/2047487319828478

 38. De Schutter A, Kachur S, Lavie CJ, Menezes A, Shum KK, Bangalore S, et al. Cardiac rehabilitation fitness changes and subsequent survival. Eur Heart J Qual Care Clin Outcomes. (2018) 4:173–9. doi: 10.1093/ehjqcco/qcy018

 39. Rengo JL, Khadanga S, Savage PD, Ades PA. Response to exercise training during cardiac rehabilitation differs by sex. J Cardiopulm Rehabil Prev. (2020) 40:319–24. doi: 10.1097/HCR.0000000000000536

 40. Ozemek C, Laddu D, Hauer T, Rouleau C, Campbell T, Wilton S, et al. Abstract 10666: the influence of multimorbidity on cardiorespiratory fitness and mortality in patients completing cardiac rehabilitation. Circulation. (2019) 140(Suppl_1):A10666. Available online at: https://www.ahajournals.org/doi/10.1161/circ.140.suppl_1.10666 

 41. Listerman J, Bittner V, Sanderson BK, Brown TM. Cardiac rehabilitation outcomes: impact of comorbidities and age. J Cardiopulm Rehabil Prev. (2011) 31:342–8. doi: 10.1097/HCR.0b013e31822f189c

Author Disclaimer: The content of this article is solely the responsibility of the authors and does not represent the official views of the National Institutes of Health (NIH) or the Mayo Clinic.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Taylor, Medina-Inojosa, Chacin-Suarez, Smith, Squires, Thomas, Johnson, Olson and Bonikowske. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-09-872757-t002.jpg
Outcome variable

Baseline CPET variables
CPET timing prior to program commencerment (weeks)
Resting HR (beat.min~")
Resting SBP (mmHg)
Resting DBP (mmHg)

Peak exercise HR (beat.min™
Peak exercise SBP (mmHg)
Peak exercise DBP (mmHg)

Peak exercise RPE
Peak exercise RER

Peak workload (estimated METS)

Peak absolute VO (Lmin~")

Peak relative VO, (mL.kg.min~")

9% prediicted peak VO, (Wasserman-Hanser)

% predicted peak VO, (FRIEND-registry)

Peak oxygen pulse (mL.beat-")

Post CPET and CR program variables

CPET timing following program commencement (weeks)
CR program duration (weeks)

CR program exercise sessions

Delta change in peak relative VO (L kg.min~")
Percent change in peak relative VO (%)

Delta change in peak workload (METs)

Percent change in peak workload (%)

Proportion of VO responders (1, %)

9% predicted peak VO, (Wasserman-Hanser)

9% predicted peak VO (FRIEND-registry)

Total
(n=1708)

6.8+ 135
68+ 12
115+ 20
70+ 12
12728
163 £ 36
66+ 17
18.2+09
1.19£0.09
68+16
1.76 £ 0.66
200+6.7
7522
79433
13842

149+ 10.7
15,5+ 10.1
270127
25+37
16428
07+1.1
14+24
546 (77%)
83422
86+87

Younger adults
(n=115)

109 £ 165
72413
106 £ 18
68+ 16
135 +£27
141 £37
62+ 18
18208

120 £0.11
70+18

1.85£0.79
21.0+£8.1
63 £21
67 +26
184+48

149 £10.7
129£90
239135
37+£40
23428
10412
17+23
99 (86%)
74+£22
77426

Midiife adults
(n=324)

7.0+ 135
69+ 11
12+18
TE11
120 +23
154 £38
66+ 17
182+1.0
1.19+0.09
70£17
1.90 £ 0.69
211 £74
76£24
81+38
145+43

163+ 102
152+ 11.0
255+ 134
28+38
17+28
08+ 1.1
14£22
253 (78%)
84+24
83+ 44

Older adults
(n = 269)

47115
66+ 11
122 £20
70 11
120+ 20
168 + 30
66+ 15
182408

1.18£0.09

6414

1.56 £ 0.48
182449
80+ 19
82+27
131£38

15.7 93
16.9+90
30.2+10.9
16+32
12427
06+ 1.1
12£25
194 (729%)
8618
8730

p-value

<0.001
<0.00120¢
<0.00120¢
0.038%
<0.00120
<0.0012°
0.0668
0.828
0177
<0.001%¢
<0.001>¢
<0.001%¢
<0.0012°
<0.0018>
<0.00130¢

0.367
0.001>
<0.001°¢
<0.001200
0.001°¢
0.007®
0.170
0010®
<0.00128
001720

Age groups: younger adults 20-49 yrs; Midlife adults 50-64 yrs; Older adults 265 yrs. Continuous data presented as mean + SD and categorical data presented as n (%).
Post-hoc comparisons with Bonferroni correction for multiple comparisons, reveal significant differences (p < 0.05) between 2young and midlife adults; ®young and older adults; and

Cmidife and older adlults.

CPET, cardiopulmonary exercise test; HR, heart rate; SBR, systolic blood pressure; DBR, diastolic blood pressure; RPE, rating of perceived exertion; RER, respiratory exchange ratio;

METs, metabolic equivalent; VO5, oxygen uptake.





OPS/images/fcvm-09-872757-t003.jpg
Outcome variable

Baseline CPET variables

CPET timing prior to program commencement (weeks)
Resting HR (beat.min~")

Resting SBP (mmHg)

Resting DBP (mmHg)

Peak exercise HR (beat.min~")

Peak exercise SBP (mmHg)

Peak exercise DBP (mmHg)

Peak exercise RPE

Peak exercise RER

Peak workload (estimated METs)

Peak absolute VO, (L.min~)

Peak relative VO, (mL.kg.min™")

9% predicted peak VO, (Wasserman-Hansen)

9% predioted peak VO, (FRIEND-registry)

Peak oxygen pulse (mL.beat")

Post CPET and CR program variables

GPET timing following program commencement (weeks)
CR program duration (weeks)

CR program exercise sessions

Delta change in peak relative VO, (mL.kg.min~")
Percent change in peak relative VO (%)

Delta change in peak workload (METs)

Percent change in peak workioad (%)
Proportion of VO responders (n, %)

9% predioted peak VO (Wasserman-Hansen)

9% prediioted peak VO (FRIEND-registry)

Total
(n=534)

22£90
67+ 11
M7 +£19
71£10
130 +£22
163 £ 29
67+ 16
182+0.8
1.19+0.09
71+£156
1.90 £ 0.62
213+6.2
81+18
86+ 31
146 +£4.0

157£75
160+7.3
29+ 12
22£83
1£19
06:£10
11£19
416 (78%)
89420
92438

Younger
adults
(=74

34109
71+13
108 + 17
71+10
143 £24
166 + 32
65+ 16
18.1+0.7
120£0.11
76+16
2.18 £0.69
287472
72+16
78 +23
1562+4.4

145£83
14679
27 +14
34+39
16.:+18
08+1.1
18+17
64 (86%)
82419
8824

Midlife
adults
(n=241)

23+£9.1
68+ 10
M4 £17
72+£10
1385+ 20
165 + 30
68 17
182409
1.20 £0.09
74+156
210061
229+6.4
83420
90 +37
156+38

16282
16.7 £8.1
28413
25435
1218
06:+10
10£17
191 (79%)
91£22
96+ 46

Older adults
(n =219

1781
66+ 10
12319
7010
12118
162 £27
66+ 15
182408
19+0.10
65+ 1.35
1.59 +0.45
187 +45
82+17
84+26
13237

155463
158 +56.9
31£10
15427
10420
06£10
12422
161 (74%)
89£17
90 31

p-value

0.358
0.002>
<0.0012b¢
0.021¢
<0.00120¢
0.0328
0.200
0.411
0251
<0.0015¢
<0.0015¢
<0.0015¢
<0.0012®
0.009°
<0.0015¢

0.071
0.072
<0.001>¢
<0.001%¢
0.043°
0.280
0.483
0.053
0.007%
0.085

Age groups: younger adlults 20~49 yrs; Midife adults 50-64 yrs; Older adults =65 yrs. Continuous date presented as mean = SD and categorical deta presented as n (%).
Post-hoc comparisons with Bonferroni correction for multiple comparisons, reveal significant differences (o < 0.05) between young and midife aduls; Pyoung and older adults; and

Cmidiife and older adlults.

CPET, cardiopulmonary exercise test; HR, heart rate; SBR. systolic blood pressure; DB, diastolic blood pressure; RPE, rating of perceived exertion; RER, respiratory exchange ratio;

METs, metabolic equivalent; Oy, oxygen uptake.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Age-Related Differences for Cardiorespiratory Fitness Improvement in Patients Undergoing Cardiac Rehabilitation



		Introduction



		Methods



		Study Population



		Cardiac Rehabilitation Program



		CPET Data Collection



		Clinical Data Collection



		Statistical Analysis







		Results



		Patient Demographics



		Baseline Exercise Testing Variables



		Post Exercise Testing and CR Program Outcomes







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Age-Related Differences for
Cardiorespiratory Fitness
Improvement in Patients Undergoing
Cardiac Rehabilitation





OPS/images/fcvm-09-872757-g001.gif
Hl i~ sy 'h
s, —
i -
RLEARRL P
; il ;
@i, |1 I~
e —
IEERREE] ISEEEREEE

onwsmona





OPS/images/fcvm-09-872757-t001.jpg
Demographic variable Total Younger adults Midiife adults Older adults p-value

(n=1708) (n=115) (n=324) (n =269)

Age (years) 60.8 + 12.1 412£75 681+£43 725+51 <0.001
Female 167 (24%) 40 (35%) 67 (21%) 60 (22%) 0.008
Body mass index (kg.m~2) 20553 20362 208455 202+46 0.437
Indication for cardiac rehabilitation

Acute coronary syndrome 196 (28%) 27 (23%) 90 (28%) 79 (29%) 0.497
PCI 223 (31%) 18 (16%) 105 (32%) 100 (37%) <0.001
Surgical 173 (24%) 41(36%) 82 (25%) 50 (19%) 0.002
Heart transplant 100 (14%) 30 (26%) 56 (179%) 14 (5%) <0.001
CABG 36 (5%) 4(3%) 15 (5%) 17 (6%) 0.448
Valve 33 (5%) 6(5%) 8(2%) 19 (7%) 0.029
Other* 115 (16%) 29 (25%) 46 (14%) 50 (19%) 0.017
Co-morbidities

Myocardial infarction 260 (37%) 32 (28%) 110 (34%) 118 (44%) 0.004
Hypertension 560 (79%) 61(53%) 253 (78%) 246 (91%) <0.001
Chronic heart failure 248 (35%) 48 (42%) 110 (34%) 90 (33%) 0255
Dyslipidemia 642 (91%) 83 (72%) 301 (93%) 258 (96%) <0.001
Arhythmia 561 (79%) 78 (68%) 261 (81%) 222 (83%) 0.004
Stroke 153 (22%) 15 (13%) 53(16%) 85 (32%) <0001
Chronic kidney disease 217 (31%) 27 (28%) 102 (31%) 88 (33%) 018
COPD 288 (41%) 3127%) 135 (42%) 122 (45%) 0.003
Diabetes 423 (60%) 45 (39%) 199 (61%) 179 (67%) <0.001
Peripheral artery disease 97 (14%) 5(4%) 34 (10%) 58 (22%) <0001
Smoking 451 (64%) 64 (56%) 209 (65%) 178 (66%) 0.134
Medications
B-blocker 550 (78%) 80 (70%) 243 (75%) 227 (84%) 0.002
ACE Inhibitor or ARB 389 (55%) 51(44%) 170 (52%) 168 (62%) 0.002
Calcium channel blocker 179 (25%) 23 (20%) 75 (23%) 81(30%) 0055
Diuretics 305 (43%) 30 (34%) 118 (36%) 148 (55%) <0.001
Salicylates or anti-platelet 501 (71%) 66 (57%) 224 (69%) 211 (78%) <0.001
Anticoagulant 139 (20%) 27 (23%) 48 (15%) 64(24%) 0012
Cholesterol lowering 566 (80%) 69 (60%) 264 (81%) 233 (87%) <0.001

Age groups: younger adults 20-49 yrs; Midie adults 50-64 yrs; Older adults 265 yrs.

Continuous data are presented as mean =+ SD and categorical data presented as n (%). p-values are reported for trend across group comparisons.
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