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ABSTRACT 

Introduction: More than 13 million Americans had coronary heart disease (CHD), the major 

component of cardiovascular disease, over 860,000 of them had an acute myocardial infarction 

(AMI), and 480,000 Americans died of CHD in 2003.2  Cardiac rehabilitation (CR), which 

optimally includes monitored aerobic exercise and varying protocols for lipid control, weight loss, 

or stress modification, is recommended for patients with CHD and related indications.  In a 

previous analysis of 601,099 Medicare beneficiaries with CHD, we found 21% to 34%  lower one- 

to five-year mortality rates in CR-users than non-users with three statistical techniques (each 

p<0.001).  This paper conducts a cost-effectiveness analysis of CR in older Americans based on 

the propensity-based matched pairs analysis from these data. 

 

Methods.  Using the framework recommended by the US Public Health Service, we estimated 

the cost-effectiveness ratio as net impact on lifetime health costs divided by the net impact on 

lifetime on quality adjusted life years (QALYs).  Quality of life (QoL) for persons with CHD without 

CR were derived from the Medical Expenditure Panel Survey (MEPS), a national data set.  

Improvements in QoL from CR were based on a published randomized trial that used a utility 

scale, the EQ-5D.  Impacts on cost and mortality during the 5-year observation period were 

based on Medicare data for the matched pairs.  Cost results beyond that period were based on 

trends from years 3 through 5 of follow up, a period when patterns of care were no longer 

affected by the initial coronary event or procedure that made the patient eligible for CR.  Likewise, 

mortality results beyond the 5 year period were also based on the mortality ratio of non-users 

compared to demographically matched cohorts in the general population. 

 

Results:  Only 12.2 % (73,049 beneficiaries) received one or more CR outpatient sessions.  

Older patients, those with co-morbid conditions, residents of low income neighborhoods, and 

women were particularly unlikely to use CR.  Cumulative mortality was 16.3% in CR-users vs. 

24.6% in matched non-users at five years, a 34% reduction (p<0.001).  Overall, each participant 

gained 0.32 QALYs over the observation period and 0.69 QALYs over his lifetime.  About two 

thirds of the lifetime gain was the result of mortality reductions, and one third the result of 

improved QOL.  Without quality adjustment, each participant gained 0.62 discounted life years. 

 

The incremental lifetime cost in CR users compared to non-users was $7414.  This was almost 

entirely due to their greater survival, as the cost per year alive was virtually identical in CR users 

and non-users.  The incremental cost-effectiveness of CR is is $11,883 per discounted life year 

gained and $10,771 per QALY gained. 
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Discussion: To interpret this result, we can whether this result lies below accepted thresholds.  A 

1999 health policy analysis for another branch of the US Department of Health and Human 

Services suggested a threshold of $100,000 per QALY.36  The World Health Organization’s 

guideline of three times the country’s per capita would increase the threshold to $145,000 or the 

United States in 2007.  Thus, CR is more favorable by almost a factor of ten compared to either 

of these thresholds, and substantially more favorable than increasingly used technological 

approaches such as implantable defibrillators. 

 

Several limitations must be acknowledged.  The claims data on the Medicare beneficiaries do not 

show quality of life and do not show risk factors and behaviors, such as smoking history, diet, and 

adherence to CR or medication regimens.  Nevertheless the size of the cohort, the length of 

follow up, and the availability of neighborhood characteristics (based on residence) and detailed 

payment information were unexpected benefits. 

 

The combination of very favorable effectiveness and cost-effectiveness of CR coupled with low 

rates of use suggest that policy makers may wish to examine strategies to improve utilization.  A 

range of options, including public reporting of use rates and incentives for attainment and 

improvement, deserve consideration. 

 

 

INTRODUCTION 

Cardiovascular disease is the leading cause of death worldwide, responsible for 30% of global 

deaths and almost 50% of deaths in high income countries in 2001.1 In the U.S. alone, more than 

13 million Americans had coronary heart disease (CHD), the major component of cardiovascular 

disease, over 860,000 of them had an acute myocardial infarction (AMI), and 480,000 Americans 

died of CHD in 2003.2  Older Americans (65 years of age or older) account for over 55% of AMIs 

and 86% of CHD deaths.3  The estimated economic cost of cardiovascular disease in the U.S. 

was $448.5 billion in 2008.4 

 

Cardiac rehabilitation (CR), which optimally includes monitored aerobic exercise and varying 

protocols for lipid control, weight loss, or stress modification, is recommended for patients after 

myocardial infarction, with stable angina, or after revascularization with coronary artery bypass 

graft (CABG) surgery or percutaneous coronary intervention.5-10  Meta-analyses of randomized 

controlled trials of CR have demonstrated 15% to 28% reductions in all-cause mortality.11-15   
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Previous research and reviews of the cost-effectiveness literature on CR found the program to be 

highly cost-effective.16-19  However, the randomized trials and associated cost-effectiveness 

studies included very few older persons, women, members of racial/ethnic minorities, or high-risk 

patients (e.g., patients with congestive heart failure).  Hence, their results may not accurately 

reflect effects in older or more socio-demographically diverse populations.  We recently analyzed 

one-year to five-year mortality in 601,099 Medicare beneficiaries who were hospitalized in 1997 

for coronary disease or a revascularization procedure using three statistical techniques.  All three 

techniques (propensity-based matching, regression modeling, and instrumental variables) 

showed significantly lower one- to five-year mortality rates in CR-users than non-user, ranging 

from 21% to 34% (p<0.001 for each technique).  Mortality reductions extended to all demographic 

and clinical subgroups including patients with acute myocardial infarctions, those receiving 

revascularization procedures, and patients with congestive heart failure.20  The present study 

uses a portion of this Medicare data set with the matched-pair analysis to address the cost-

effectiveness of cardiac rehabilitation in the elderly. 

 

METHODS 

Framework 
We used the framework recommended by the US Public Health Service for cost-effectiveness 

analyses in health.21  To calculate the cost-effectiveness ratio, we estimated the net impact on 

lifetime health costs as the numerator and the net impact on lifetime on quality adjusted life years 

(QALYs)22 as the denominator.  While the five years of Medicare claims provide the primary data 

source, we used the literature for parameters not available in these data and modeling to extend 

beyond the observational period.  A sensitivity analysis examined the cost per discounted life 

year gained without quality adjustment.  We performed the analysis from the perspective of the 

Medicare program where coverage has been an ongoing policy concern.9  We discounted costs 

and QALYs at the recommended rate of 3% per year and conducted all analyses using constant 

(2007) prices.  We adjusted for price changes using the Medical Care component of the 

Consumer Price Index.23  Since CR improves both survival and quality of life, the analysis 

required that we take a lifetime perspective, extrapolating costs and impacts beyond the 5-year 

period of observation. 

 

Initial Study Cohort for Medicare Data 
We included all Medicare beneficiaries age 65 or older who were hospitalized in calendar year 

1997 in non-federal, acute care hospitals in the 50 U.S. states or the District of Columbia for 

coronary diagnoses or procedures paid by Medicare, the almost-universal health insurance for 

older and disabled Americans.  The principal diagnosis codes used to identify beneficiaries were 

410.xx for AMI, 411.xx for other acute coronary syndromes, 413.xx for stable coronary syndrome, 
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and 414.xx for other chronic ischemic heart disease conditions (414.xx).  Procedure codes 

included 36.1 for coronary artery bypass graft surgery (CABG) and 36.01, 36.02, 36.05, or 36.06 

for percutaneous coronary intervention (PCI)—angioplasty or stent.  Other inclusion criteria were: 

a hospital stay of 30 days or less (to identify probable candidates for CR); being alive for at least 

30 days after hospital discharge; and uninterrupted enrollment in fee-for-service (FFS) Medicare 

Part A and Part B during the index hospitalization and for at least 12 months after discharge (in 

order to obtain complete billing information).  The study cohort consisted of the 601,099 Medicare 

beneficiaries who met the inclusion criteria. 

 

Cohorts of Beneficiaries 
Medicare’s National Claims History File was the primary data source,  Use of CR services was 

defined by Medicare reimbursement for at least one CR session (denoted by Current Procedure 

Terminology codes 93797 and 93798) within one year following discharge. 

We created two primary cohorts of Medicare beneficiaries for the cost-effectiveness analysis: the 

matched pairs of CR-users and non-users.  The non-users were identified through propensity-

based matching, which paired CR-users with non-users using all observable risk factors.24-26 

Using the entire study cohort, we fit a multiple logistic regression model of CR use as a function 

of explanatory variables assembled from multiple sources.  Medicare’s master enrollment 

database included information on date of birth, sex, race, date of death (where applicable), 

residence zip code, enrollment status over time, Medicare entitlements (Part A and Part B), and 

group health plan membership.  Census 2000 data were linked to residence zip code statistics as 

proxies for the patient’s socio-economic, educational, and disability statuses.  American Hospital 

Association and Medicare data were used to determine hospital characteristics for index 

admissions.20  To check the closeness of our matches, we calculated standardized differences , 

defined as the difference between means divided by the pooled standard deviation of the two 

groups, and checked to see whether they exceeded 10%.27 

 

In addition, to understand the effect of selection factors on cost, we created a “random” cohort 

consisting of a random sample of 70,056 beneficiaries from the original cohort 601,044 

beneficiaries.  The random cohort reflected the overall rate of CR use (12.3%), so most members 

were non-users, but it contained pro-rata share of CR users and overlapped, in part with the CR-

user and non-user cohorts. 

 

Cost Analysis during the Observation Period 
We assessed fee-for-service payments by the Medicare program over the 5-year follow up 

period.  Thus, costs were amounts paid by Medicare for services rendered beginning the day 

after the patient’s index hospitalization and ending 5 years after discharge or when the patient 
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died, which ever came first.  All patients were in fee-for-service Medicare on entry.  We examined 

five types of Medicare claims: those for primarily ambulatory services (physicians’ services and 

hospital outpatient services) and those primarily for institutional services (hospital services, skilled 

nursing services, and home health services).  We treated the latter as institutional since eligibility 

for home health care is often linked to discharge from a hospital or skilled nursing facility.  We 

excluded durable medical equipment as the costs were relatively minor and we did not anticipate 

any major impact from CR.  We also classified claims by their principal diagnosis as 

cardiovascular or non-cardiovascular, where cardiovascular entailed falling within aggregated 

condition categories numbers 16 (heart), 17 (cerebro-vascular), or 18 (vascular) used in the 

DxCG program for risk adjustment.28 

 

Effectiveness of CR during the Observation Period 
The health outcomes of each cohort during the observation period was the estimated average 

number of QALYs lived within 5 years from discharge from the index hospitalization.  These were 

derived by combining data on survival data and quality of life.  Survival data for each of the five 

years were obtained from Medicare records, which maintain this item for managing Medicare 

eligibility, and qualify of life was based on the literature. 

 

Quality of Life Adjustment 
Since members of all cohorts had been hospitalized for CHD prior to the start of the follow up 

period, they could all be considered having that condition.  In addition, many had other 

morbidities as well.  We rated their quality of life using data from the questions on health status 

using the Eurqol EQ-5D quality of life scale (QOL) applied to a representative sample of the US 

population, the Medical Expenditure Panel Survey.29  A recent report indicated the quality of life of 

respondents by age.  Among the 1,234 respondents with CHD, those aged 65-74 reported a 

mean (with 95% confidence interval) QOL of 0.756 (0.734 to 0.779) with corresponding values for 

those aged 75+ of 0.708 (0.688 to 0.728).29  We weighted these two values based on the 

proportions of our cohort in each age category, getting an overall average of 0.739. 

 

A number of studies have compared the effects of CR or exercise programs on quality of life 

compared to usual care.  While some studies found benefits from CR, interpretation of the 

findings has been complicated by small sample sizes in some studies, varied outcome measures, 

specialized populations, or the presence of other interventions alongside CR.14, 30  The HF-Action 

study also found large improvements in quality of life among CR participants with heart failure, 

and small but significant improvements over usual care participants.31  For cost effectiveness 

studies, literature that converts the changes in quality of life to net changes in QALYs is the most 

pertinent.  Because it used time-tradeoff estimates, the randomized trial by Yu et al. (2004) best 
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meets this need.  That study found that the mean annual improvement in quality of life over 2 

years was 0.0458 and the improvements were statistically significant (p<.01).32  As the analysis of 

survival showed that annual mortality reductions attenuated, but did not disappear, after the first 

two years of follow up, we applied a similar pattern to QOL improvements.  We assumed that the 

annual quality of life improvement in years 3-5 and after year 5 were half of the values in years 1-

2 (the period of observation in the QOL study).  Thus, over the 5-year observation period for the 

survival study, the resulting gain in QOL per year alive is 0.032, and after this period it is 0.023. 

 
Extrapolation of Cost beyond the Observation Period 
To extrapolate cost, we first examined the time pattern of costs in the non-users and then 

determined the cost in CR-users.  We hypothesized that two competing factors could affect the 

costs of non-users.  In the early years, costs would be expected to fall over successive years as 

treatment related to the initial hospitalization and its complications was finally completed.  

Furthermore, the patients at highest risk (e.g. the very old and those with severe comorbidities, 

such as congestive heart failure) would be most likely to die, so that the survivors in successive 

years would be healthier.  On the other hand, the entire cohort is aging and all its members 

experience the higher utilization of medical services that accompanies other ages.  To 

operationalize this process, we found the lowest year of overall costs fit a linear function to cost 

per year alive from this year through the end of the observation period. 

 

With a similar process, we examined the difference between the cost per year alive of the CR-

users and non-users.  Initially, the CR-users should have higher costs due to the costs of CR 

services themselves and associated other services.  In subsequent years, the CR group should 

have lower costs due to the averted costs of disease.  As the mortality differences between CR 

and non-CR tended to diminish with time, the cost difference between CR-users and non-users 

should also attenuate over time.  We modeled this pattern with an exponential decay function. 

 

Extrapolation of Mortality beyond the Observation Period 
For each year of our 5-year observation period, we calculated the average survival as the 

average of the proportion of the initial cohort alive at the beginning and end of that year.  We 

calculated the lifetime costs and life years for each group as the sum of the present value of costs 

(and life years) in the initial 5-year period plus the product of survival rate at the end of the 5-year 

period times the costs (and life years) beyond 5 years conditional on survival to the start of that 

period.   

 

To evaluate the impact of CR mortality beyond the five year period, we compared the actual 

death rate for each demographic group in the random cohort in the fifth year of the follow up 
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against the expected number using the US standard life table.33  Demographic groups were 

based on gender, race (white or non-white) and age (in 5-year categories). We derived a 

standardized mortality ratio reflecting the fact that our cohorts had all been hospitalized for 

coronary heart disease, which was approximately 1.7 in each demographic group.  Using the 

standard life table, we found that an average person 6 years older had the same age-specific 

mortality as the random cohort in our study with coronary heart disease.  For each demographic 

category (gender, race, and decades of age) then constructed survival curves and calculated 

discounted life expectancy.  The overall discounted life expectancy was a weighted average of 

the numbers for each demographic category, where the weights were the proportions of the 

cohort in each category. 

 

RESULTS 

Overall Cohort Characteristics 
Of the 601,099 Medicare beneficiaries who met the study’s eligibility criteria, 12.2 % (73,049 

beneficiaries) received one or more CR outpatient sessions, and CR-users received a mean of 24 

sessions (SD 12).  CR-users were more likely to be male, white, younger, not on Medicaid (a 

health program for individuals and families with low incomes and resources), and to have been 

admitted for an AMI, CABG or PCI procedure than non-users.  They also had fewer comorbid 

conditions, were less likely to have had prior admissions for AMI or CHD, co-existing CHF, 

peripheral vascular or cerebrovascular diseases, musculoskeletal conditions, chronic pulmonary 

disease, or diabetes. 

 

While CR-users and non-users differed considerably on clinical and location-of-care measures, 

matched cohorts were well-balanced on all observable characteristics.  Successful matches were 

obtained for 70,040 CR-users with a like number of non-users.  The large size of this cohort did 

not require trying to match more than one non-user to each user.  As almost all standardized 

differences were below the 10% threshold, 20 we considered the matching process a very good fit. 

 

In the matched-pair analysis, CR-users were less likely to have died at each time point.  

Cumulative mortality rates were 2.2% in CR-users vs. 5.3% in non-users at one year and 16.3% 

vs. 24.6% at five years.  These mortality reductions represented relative reductions of 58% at one 

year and 34% at five years and were statistically significant (p<0.001).  Table 1 translates the 

mortality reductions into person years alive at the midpoint of each year in the follow up period.  

The sums for years 1 through 5 show the gains in life expectancy during the observation period 

(0.265 years undiscounted and 0.242 years discounted). 
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Costs during the Observation Period 
Figure 1 shows the total expenditure on Medicare services per person alive by year.  This graph 

shows that expenditures during the index hospitalization (of about one week) were generally 

similar in both groups.  While the matching did not explicitly match on this variable, the other 

factors resulted in cohorts with similar hospitalizations.  In year 1, both groups had substantial 

costs due, in part, to the ongoing care related to their coronary hospitalization, including transfers 

to other hospitals and facilities.  For example, in some cases the patient was transferred from a 

smaller to a larger hospital.  In that case, the care in the larger hospital was part of the year 1 

expense. 

 

Figure 2 reports the portion of these expenditures for ambulatory care by year.  It shows, as 

expected, that ambulatory expenditures during the index hospitalization were minimal; the 

amounts shown were likely tests and procedures billed by the hospital as hospital outpatient 

services.  During year 1, the CR patients received more ambulatory services.  These were likely 

the CR services themselves, associated testing (such as stress tests), and other ambulatory care.  

The average CR patient in this cohort received 24 sessions34 and the Medicare reimbursement 

per session typically ranges from $14 to $35.35  In the subsequent years, the differences in cost 

per beneficiary alive were small in relation to the absolute cost per year. 

 

Figure 3 reports the portion of these expenditures for institutional care by year.  The similarity in 

institutional costs during the index period the close agreement of the two cohorts prior to CR.  

During year 1, the CR cohort experienced greater costs, perhaps because that group was 

significantly more likely to have been transferred to another acute care hospital (odds ratio 1.71 

with 95% confidence interval 1.64 to 1.79).34  In the subsequent years, however, the CR-users 

had lower institutional costs. 

 

To clarify the differences between the two primary cohorts, Figure 4 shows the differences by 

setting and year.  It shows that during year 1, CR users had more ambulatory and institutional 

care.  In year 2, CR users were slightly lower on ambulatory care, but higher on ambulatory care 

in all subsequent years.  Institutional costs were lower in each of the subsequent years.  These 

findings suggest that the investment in CR resulted in somewhat lower total costs per year alive 

from year 2 onwards. 

 

Outcome and Cost Projections 
Our comparison of mortality found that members of the random cohort had mortality rates of 1.7 

times those of unselected members of the US population of the same age.  This was equivalent 

to the mortality experience of unselected persons 6 years older.  On average, members of our 
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matched cohort were about 73.7 years old at the start of follow up and, assuming mortality was 

uniform, would be 78.7 years old at the end.  Without discounting, the life expectancy of our 

cohort at the end of our observation period would have been 9.00 years.  With the 6 years of 

accelerated aging, however, the life expectancy is reduced to 6.22 years.  Thus, we sought to 

make projections for 6 years.  When discounted to the start of the projection period, however, this 

additional life expectancy is reduced to 5.41 years, and when discounted to the start of the 

observation period (the starting point for all economic analyses), the discounted life years per 

additional survivor at 5 years becomes 4.60 years. 

 

To project future costs, we found that total costs of non-users (in constant prices per year alive) 

began to rise in year 4 and increased by $136 from year 4 to year 5.  As cost-effectiveness 

analyses seek to use the best estimate for each parameter, we assumed that due to aging, costs 

would continue to rise at this rate and projected future costs with a linear projection, as shown in 

Figure 5.  In Figure 6, we project the future annual savings in costs between the CR-users and 

non-users.  In the last year of the observational period, these were $277, but the declining 

amounts indicate they will be only $20 in year 11 (the sixth projection year). 

 

Table 2 shows the impact of CR on lifetime costs and discounted life years.  Even though the 

beneficiaries in this study were older, the lifetime perspective adds to projected costs and 

outcomes.  The projected costs ($4,009) and projected life years (0.38) represent 54% and 61% 

of the lifetime totals, respectively.  Table 3 shows the weighting factors and associated gains in 

QALYs.  Overall, each participant gained 0.32 QALYs over the observation period and 0.69 

QALYs over his lifetime.  About two thirds of the lifetime gain was the result of mortality 

reductions, and one third the result of improved QOL. 

 

Table 4 shows the results of cost-effectiveness analysis.  From the main (lifetime) perspective, 

the cost-effectiveness of cardiac rehabilitation is $11,883 per life year gained and $10,771 per 

QALY gained.  The lower the cost-effectiveness ratio, the more cost-effective is the intervention.  

The lower panel in Table 3 shows the cost-effectiveness ratio derived from the observation period 

only.  It is interesting that the cost-effectiveness ratio for this period was relatively similar -- 

$14,064 per life year gained and $10,721 per QALY gained. 

 

DISCUSSION 

This matched pair analysis found that the cost-effectiveness analysis of CR was $10,721 per 

QALY gained.  The results of a previous analysis, when adjusted for inflation, were also favorable 

($6,000 per life year).16  That study did not include quality adjustment nor count the costs of 
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general medical care in the additional years of life, resulting in a somewhat more favorable 

estimate than the present study. 

 

In a 1999 health policy analysis for another branch of the US Department of Health and Human 

Services, a threshold of $100,000 per QALY was suggested.36  In a global context, the World 

Health Organization considers cost-effectiveness ratios that are less than three times the 

country’s per capita GDP to be highly cost-effective.  For the United States in 2007, this threshold 

would be $145,000.  Thus, CR is more favorable by almost a factor of ten.  It is also more cost-

effective than a recent high tech procedure, the implantable cardiac defibrillator, coming into 

routine care for certain heart conditions. 

 

In analyzing the impact of CR on survival, an alternative statistical technique that seeks to correct 

for unmeasured variables (instrumental variables), found somewhat lower, though still statistically 

significant, benefits from CR.  Compared to the 34% reduction in 5-year mortality using the 

matched pair analysis, the reduction was 21% using instrumental variables.  Thus, this more 

conservative approach found benefits only 62% as large.  If the lifetime costs were the same as 

those that we estimated but the benefits were only 62% as great, the cost-effectiveness would 

become about $26,000 per QALY.  This is still a highly favorable value. 

 

Based on the effectiveness and cost-effectiveness of CR, policy makers and payers may wish to 

examine and seek to overcome the barriers against more widespread use.  System level factors, 

including low reimbursement and attitudes of physicians, are among the barriers.37  For patients 

without a documented contra-indication, subsequent use of CR among hospitalized patients with 

target conditions should be routine.  We feel that utilization may be a better indicator about CR 

than referral in view of the large gap between these two indicators.  For example, a Boston study 

reported a 55% referral rate but only 19% utilization among CR candidates.38  Both public and 

private payers may wish to undertake public reporting of utilization rates with risk adjustment 

among the patients they insure, and possible incentives for high ratings, are among the options 

that deserve consideration. 

 

Several limitations in this study need to be examined.  There were no data from medical records 

on patient severity, no data on medication use or expenditures, and the matching was limited to 

factors available in the claims.  Thus, levels of adherence, and levels of risk factors such as 

smoking and lipids, were not available and could have differed between the CR-users and non-

users.  The instrumental variable approach, which endeavors to correct for such unmeasured 

factors, however, also found highly significant benefits and cost-effectiveness from CR.  

Additionally, the patients had their qualifying event in 1997, so the data are over a decade old.  
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On the other hand, apart from broadening of eligibility criteria in 2006, practitioners report 

relatively little change in the delivery of CR since these data were collected. 

 

Also, we did not have medication costs which could have varied between groups.  Another 

limitation is that several of the measures are modeled, such as the extrapolation of mortality and 

cost beyond the observation period, or based on literature, such as quality of life. 

 

Strengths of the study are the fact it is derived from the most comprehensive analysis published 

to date on CR in the elderly.  It is based on an unselected cohort so that it reflects national 

practice.  Furthermore, it uses actual Medicare payments, rather than hypothetical patterns, for 

the cost analysis.  The study found generally consistent patterns across the various statistical 

techniques used in estimating benefits.  Furthermore, the inclusion of quality adjustment and 

extrapolation beyond the observation period had offsetting effects, so the cost per life year gained 

and results for five years only were similar to the lifetime cost per QALY. 
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Table 1.  Impact of CR on mortality (matched pair analysis 

 Undiscounted PY Years Discount Discounted PY

 Year  Non-

user 

CR-

user 

Gain  ahead factor Non-

user

CR-

user 

Gain 

Index 1.000 1.000   

1 0.973 0.991 0.018 0.5 0.985 0.959 0.976 0.017 

2 0.922 0.963 0.041 1.5 0.957 0.882 0.921 0.040 

3 0.874 0.931 0.057 2.5 0.929 0.812 0.865 0.053 

4 0.826 0.895 0.069 3.5 0.902 0.744 0.807 0.063 

5 0.776 0.855 0.080 4.5 0.875 0.679 0.749 0.070 

Sum 4.370 4.635 0.265 4.076 4.318 0.242 

Notation: CR denotes cardiac rehabilitation; PY denotes person 

years per person in the original cohort 
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Table 2.  Effects of cardiac rehabilitation (CR) on costs and discounted life years 

  Group  Net change 

Time Period   CR users
Non 

users  Absolute Relative 
  Lifetime costs 
Observed (years 1-5)  $64,130 $60,725  $3,405 6% 
Projected (after year 5)  $43,579 $39,570  $4,009 10% 
Total  $107,709 $100,295  $7,414 7% 
       
  Lifetime discounted life years 
Observed (years 1-5)  4.32 4.08  0.24 6% 
Projected (after year 5)  3.85 3.47  0.38 11% 
Total   8.17 7.54   0.62 8% 
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Table 3.  QALYs gained per participant from cardiac rehabilitation 

    Source of improvement
    QOL Mortality Total

Weighting factors per year of life  
 Years 1-5 0.032 0.740 n.a.
 Projected (after year 5) 0.023 0.740 n.a.

QALYs gained per participant over interval  
 Years 1-5 0.14 0.18 0.32
 Projected (after year 5) 0.09 0.28 0.37
 Total (lifetime) 0.23 0.46 0.69
  % 33% 67% 100%

 

Notation:  QALY denotes quality-adjusted life years; QOL denotes  

quality of life 
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Table 4. Cost-effectiveness of cardiac rehabilitation 

  Effectiveness measure
Indicator Life Years QALYs

Lifetime perspective
Incremental cost $7,414 $7,414

Incremental effectiveness 0.62 0.69
Cost-effectiveness $11,883 $10,771

Perspective of observational period only
Incremental cost $3,405 $3,405
Incremental effectiveness 0.24 0.32
Cost-effectiveness $14,064 $10,721

 

Notation:  QALY denotes quality-adjusted life years 
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Total costs per year alive

20,335

25,108

10,708 10,285
10,964

20,638

28,059

9,584
10,687

10,828

9,442
10,242

$0

$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

Index 1 2 3 4 5

Year of follow up

C
os

ts
 in

 c
on

st
an

t (
20

07
) d

ol
la

rs

Non-CR CR-user

 
Figure 1.  Total Medicare costs per year alive
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Ambulatory costs per year alive
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Figure 2.  Ambulatory Medicare costs per year alive.
Note: The index period does not include physician claims as these data were not available. 

Notation:  CR denotes cardiac rehabilitation 
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Institutional costs per year alive
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Figure 3.  Institutional Medicare costs per year alive 
Notation:  CR denotes cardiac rehabilitation 
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Net costs by setting of CR-users per year alive compared to matched non-CR users
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Figure 4.  Net costs of cardiac rehabilitation (CR)-users compared to non-users per year 
alive
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Projected total costs per year alive of non-CR users by time period
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Figure 5.  Projected total cost of non-users over their remaining life expectancy
Notation:  CR denotes cardiac rehabilitation 
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Projected net costs per year alive of CR users compared to matched 
non-CR users by time period
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Figure 6.  Projected net costs per year alive of CR users compared to matched non-users 
by time period.
Notation:  CR denotes cardiac rehabilitation 
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