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Background. Medical costs associated with cardiovascular disease are increasing considerably worldwide; therefore, an efficacious,
cost-effective therapy which allows the effective use of medical resources is vital. )ere have been few economic evaluations of
cardiac rehabilitation (CR), especially meta-analyses of medical cost versus patient outcome. Methods. )e target population in
this meta-analysis included convalescent and comprehensive CR patients with coronary artery disease (CAD), the status most
commonly observed postmyocardial infarction (MI). Here, we evaluated medical costs, quality-adjusted life year (QALY), cost-
effectiveness, mortality, and life year (LY). Regarding cost-effectiveness analysis, we analyzed medical costs per QALY, medical
costs per LY, and the incremental cost-utility ratio (ICUR). We then examined the differences in effects for the 2 treatment arms
(CR vs. usual care (UC)) using the risk ratio (RR) and standardized mean difference (SMD). Results. We reviewed 59 studies and
identified 5 studies that matched our selection criteria. In total, 122,485 patients were included in the analysis. Meta-analysis
results revealed that the CR arm significantly improved QALY (SMD: −1.78; 95% confidence interval (CI): −2.69, −0.87)
compared with UC. Although medical costs tended to be higher in the CR arm compared to the UC arm (SMD: 0.02; 95% CI:
−0.08, 0.13), cost/QALY was significantly improved in the CR arm compared with the UC arm (SMD: −0.31; 95% CI: −0.53,
−0.09). )e ICURs for the studies (4 RCTs and 1 model analysis) were as follows: −48,327.6 USD/QALY; −5,193.8 USD/QALY
(dominant, CR is cheaper and more effective than UC); and 4,048.0 USD/QALY, 17,209.4 USD/QALY, and 26,888.7 USD/QALY
(<50,000 USD/QALY, CR is costlier but more effective than UC), respectively. )erefore, there were 2 dominant and 3 effective
results. Conclusions. While there are some limitations, primarily regarding data sources, our results suggest that CR is
potentially cost-effective.

1. Introduction

Healthcare resources are growing increasingly sparse in ad-
vanced nations due to declining birth rates, aging populations,
and weakening of the underlying economic foundations. An-
nual national health expenditures showed a 1.3-fold increase in
the ratio of financial burden to gross domestic product (GDP)

from 2015 to 2017 compared with that from 1985 to 1989 in
both the Organisation for Economic Co-operation and De-
velopment (OECD) and G20 countries [1].)e continuation of
public health insurance systems in advanced nations will re-
quire vigilant use of cost-effective medical technology. Coro-
nary artery disease (CAD) has attracted considerable social
attention because of its relatively high-associated medical costs.
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)e American Heart Association (AHA), American
Association of Cardiovascular and Pulmonary Re-
habilitation (AACVPR), and European Association of
Cardiovascular Prevention and Rehabilitation (EACPR)
[2, 3] currently recommend convalescent cardiac re-
habilitation (CR) as the standard of care for patients with
cardiovascular disease. CR has been proven to improve
exercise capacity and quality of life (QOL) and reduce
cardiovascular death and total mortality in patients with
CAD [4].

Several meta-analyses have reported the beneficial
clinical effects of CR by mainly investigating QOL im-
provements by exercise therapy, or comparisons with other
interventions in patients with CAD and chronic heart failure
[5, 6]. Regarding economic evaluation, cost-effectiveness of
CR in different settings has been previously reported [7, 8].

To our knowledge, no previous meta-analysis has fo-
cused on patient utility values as patient-reported outcomes
(PROs), in addition to cost-effectiveness analysis. While CR
can be beneficial in preventing cardiovascular death and
improving patients’ QOL, it consumes medical resources.
)erefore, the objective of this meta-analysis was to evaluate
the cost-effectiveness of CR from the healthcare-payer
perspective.

2. Methods

2.1. Target Technology andPopulation. )e target population
in this study was patients with CAD (mainly acute coronary
syndrome (ACS) including acute MI (AMI)), who were
undergoing convalescent and comprehensive CR.

CR was defined as prescribed exercises which were
performed under safe conditions, with or without super-
vision as an inpatient, outpatient, or at home, with the goal
of establishing a healthier physical condition by improving
exercise capacity and reducing arteriosclerosis risk factors.
Since the physical condition and degree of interest (en-
thusiasm for health) varies widely among patients, the ex-
ercise prescription differed depending on the purpose and
patient characteristics. )e exercise had 5 components: (1)
type of exercise, (2) exercise intensity, (3) duration of ex-
ercise, (4) frequency of exercise, and (5) represcription due
to an increase in physical activity. A CR which includes
exercise therapy, patient education, and psychological or
lifestyle guidance is called “comprehensive CR” [9]. )e
comprehensive CR in this meta-analysis was in accordance
with the AHA Scientific Statement [2].

)e control group of this meta-analysis included patients
who were undergoing usual care (UC) with medication and
lifestyle guidance only and not including those with an
exercise prescription.

2.2. Systematic Review. We conducted an electric literature
search in May 2015 (updated August 2016) and performed a
comprehensive review of the literature using MEDLINE and
EMBASE.

We used the keywords “cardiac rehabilitation” and
“exercise training” for the parameters of rehabilitation and

the keywords “cost-effectiveness,” “cost-benefit,” “cost-
utility,” and “economic evaluation” for economic parame-
ters. In general, CR is indicated when a patient’s status is
post-AMI or open-heart surgery and in patients with angina
pectoris, great vessel disease, chronic heart failure, or pe-
ripheral arterial disease. In this meta-analysis, we targeted
MI, as there are many publications with substantial evidence
in this regard.

We selected randomized controlled trials (RCTs) and
systematic reviews as we considered these to represent high
levels of evidence. Since the number of publications was not
large in this area, we incorporated a model analysis if
sensitivity analysis was conducted to evaluate the robustness
of the result.

We limited our search to English-language publica-
tions and searched for the period from 1990 to 2016. After
titles and abstracts were reviewed, we extracted papers
that compared CR with UC. Medical costs, quality-
adjusted life years (QALYs), cost-effectiveness, mortal-
ity, and life year (LY) were used as the evaluation pa-
rameters in this meta-analysis. Since most study periods
were <2 years, in accordance with the analysis method of
the previous study, we did not perform a discount for
either cost or utility. We did not exclude a study based on
the number of samples.

2.3. Medical Costs and Treatment Efficacy. Costs associated
with CR, testing, diagnosis, and treatment during the ob-
servation period, were extracted from each study (Supple-
mentary Material Table 1). Expense items related to CR
included room rent, equipment, and staff costs. Coronary
angiography, echocardiography, Holter monitoring, exercise
tests, electrocardiogram, blood tests, and chest X-rays were
included as methods of testing and diagnosis during the
observation period. We did not include patient out-of-
pocket costs in this analysis (i.e., travel costs, cost for
equipment purchased to participate in the CR program, and
childcare cost). Healthcare system differs between countries,
and we could not obtain information regarding how the CR
cost was covered in each country.

We converted the unit of cost to United States Dollar
(USD) using the annual average exchange rate in the
published year of each study. When the study did not report
the standard deviation (SD) of cost, in accordance with
Furukawa’s method recommended in the Cochrane
Handbook, we imputed values presented in the report by
Fitzgerald et al. [10]. As the SD of cost was twice the mean
value in the report, we set the SD as twice the mean value.

QALY is used as an indicator of patient outcome when
performing an economic evaluation. Here, we used QALY as
a measure of efficacy. Rather than simply representing the
extension of the survival period, QALY is obtained by
weighting with the utility value that contains QOL. If QALY
is used as the evaluation index, both survival (quantitative
profit) and QOL (qualitative benefit) can be evaluated at the
same time. Utility values are measured on a scale of 0 to 1,
where 0 represents death and 1 represents perfect health
(Supplementary Material Figure 1). Direct and indirect
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methods can be used to evaluate utility. )e direct method
involves asking patients to estimate their QOL value relative
to their health condition, whereas the indirect method in-
volves calculating utility values using a scoring algorithm
from the answers obtained from the QOL questionnaire.)e
most commonly used direct methods are the standard
gamble (SG) and the time-trade-off (TTO); the most
common indirect methods are the EuroQol-5 dimension
(EQ-5D) and Health Utilities Index (HUI) [11].

When a study did not report the SD of a utility value, in
accordance with the Cochrane Handbook, we used sample
size, 95% confidence interval (CI), or standard error to
calculate the SD [12].

)e TTO was used to measure patient utility in the study
of Oldridge et al. [13]. As the SD was not reported in their
study, we calculated the SD using the following formula:

standard error(SE) ×
��
N

√
. (1)

)e TTO was also used in the report by Yu et al. [14]. As
this study included several phases, we added the values of all
phases together and calculated the SD in a similar manner.
)e study by Briffa et al. [15] used the Utility-Based Quality
of Life-Heart (UBQ-H) questionnaire [16], which includes
TTO. As the SD was not included in that report, we cal-
culated SD as follows:

��
N

√
×(upper limit− lower limit of 95%CI)

3.92
. (2)

Using the EuroQol-5 dimension questionnaire level 3
(EQ-5D-3L), Leggett et al. [17] calculated scores in the CR
andUC arms of 9.77 and 9.70, respectively. As these were the
results of model analysis, we imputed the mean and SD in
the UC arm for meta-analysis using the report by Fitzgerald
et al. [10]. As the difference between CR participants and
controls reported by Leggett et al. was 0.07, we set the mean
in the CR arm by adding the difference to the mean in the
UC arm. As the SD of QALY was one-third the mean value
in the report by Fitzgerald et al. [10], we set the SD of QALY
in the CR arm as one-third the mean values. Hautala et al.
[18] calculated CR and UC arm scores of 0.013 and −0.012,
respectively, using the 15D questionnaire, a generic,

comprehensive, 15-dimensional, and self-administered
measure of health-related quality of life among adults that
can be used both as a profile and single index score mea-
surement [19]. As the SD of QALY was not described in the
studies by Leggett et al. and Hautala et al., we set the SD of
QALY of both arms as one-third the mean values, as re-
ported by Fitzgerald et al. [10].

We used the difference from baseline as the standardized
index in the meta-analysis of patient utility.

To ensure consistency with previous studies, we con-
ducted meta-analyses of mortality and LY by using the
literature which was collected as described in the systematic
review section.

)e definition of LY differs according to published re-
ports [20, 21]. We defined LY as an evaluation index in-
dicating the extension in years of life that is expected during
the observation period. We calculated LY by subtracting the
number of people who died from the number in each arm
and dividing it by the same number in each arm. )e SD of
LY was calculated as 1-LY.

2.4. Cost-Effectiveness. As cost-utility analysis does not re-
veal the degree of cost reduction of CR over that of UC, we
analyzed the medical costs per QALY, per LY, and the in-
cremental cost-utility ratio (ICUR) to evaluate cost-
effectiveness.

We calculated themedical cost per QALY by dividing the
costs by the QALY. We assumed the SD of cost-effectiveness
by applying the error propagation [22, 23] to both cost and
utility. To avoid using negative values, we adjusted it to the
absolute value where needed. We calculated the medical cost
per LY by dividing the costs by LY. )e SD for this was
calculated as above.

We measured ICUR as the ratio of medical costs to the
utility value, which estimates the cost per unit of the utility
that was incurred by switching to a different treatment, and
is represented as the difference of cost divided by the dif-
ference of utility. )e formula used to calculate the ICUR is
as follows:

ICUR �
cost of intervention arm (CR)− cost of control arm (UC)

utility of intervention arm (CR)− utility of control arm (UC)
. (3)

In general, the level of cost-effectiveness is expressed by
the ICUR. )e ICUR is compared with a predetermined
threshold (ameasure of decision). If this value is less than the
threshold, it is categorized as cost-effective; otherwise, it is
categorized as not cost-effective. When the intervention is
less costly and more effective, it is categorized as dominant.
When it is costlier and more effective, it is categorized as
effective. If it is less costly and less effective, it is categorized
as doubtful, and if it is costlier and less effective, it is cat-
egorized as dominated (Figure 1). Although there is no
absolute value for the threshold of ICUR, as it varies

depending on economic conditions and the perceptions of
individuals, we used 50,000 USD/QALY in the United States
[24–26] as a reference.

2.5. Meta-Analysis. We compared the differences in effects
for the CR and UC categories. For dichotomous outcomes,
studies were combined using risk ratios (RRs) with the
corresponding 95% CIs. For continuous outcomes, stan-
dardized mean difference (SMD) with 95% CI was calculated
to allow direct comparison of the results.

Cardiology Research and Practice 3



We used the random effects model on the grounds that
there was a difference in patient population, including
regional differences, for each study, and there was a pos-
sibility that the bias in each of those studies influenced the
outcome of the analysis. We measured statistical hetero-
geneity using the I2 statistic, and I2 values were classified as
low (<25%), moderate (<50%), or high (<75%) in-
consistency [27]. A P value< 0.05 was considered to be
statistically significant.

We conducted 1-way sensitivity analysis for QALY and
2-way sensitivity analysis for cost/QALY. We included a
model analysis and assumed the mean and SD, taking into
account the difference between CR andUC arms, as reported
by Leggett et al. [17]. In general, if the difference does not
change from the value written in the report, the meta-
analysis results would not be affected by assumed values.
However, as the assumed SD is not steady, we conducted
one-way sensitivity analysis for QALY.

For 2-way sensitivity analysis of cost/QALY, we varied
the medical cost and utility and examined the result bymeta-
analysis. As the number of studies used in this analysis was
small, we did not consider the risk of bias.

To examine the results of cost-effective analysis, we then
conducted meta-analyses of mortality and LY.

All analyses were conducted using Review Manager
(RevMan for Windows, Version 5.3 Copenhagen: )e
Nordic Cochrane Centre, the Cochrane Collaboration,
2014).

3. Results

3.1. Systematic Review. )e search identified 71 potentially
relevant studies. Of these, we removed 12 duplicates and
excluded 48 based on the information in the titles and

abstracts. Eleven articles matched the selection criteria (6
systematic reviews; 4 RCTs; and 1 model analysis). After
reviewing the studies in the 6 systematic reviews, we
identified 4 RCTs [13–15, 18, 28] and 1 model analysis to be
included in the meta-analysis (Figure 2).

)e model analysis [17] was included as it fit the criteria
which were described previously, that is, those which per-
formed cost-utility analysis to compare CR with no CR in
patients who had undergone cardiac catheterization. )e
data source of this model analysis was the Alberta Provincial
Project for Outcome Assessment in Coronary Heart Disease
(APPROACH) database, which captured detailed clinical
information on all patients who have undergone cardiac
catheterization in Alberta since 1995 [29]. A cohort of MI or
stable/unstable angina patients (n � 121, 763) captured in
this database was used. Although we could not calculate LY,
cost/LY, or mortality from this model analysis, we included
this cohort in our meta-analysis of medical costs, QALY, and
cost/QALY. Due to the publication not mentioning the
numbers of patients with CR and those without CR (no CR),
we referred to a previous publication [30] on the AP-
PROACH database and defined the number of CR and no
CR participants as 5,641 and 116,122, respectively, by
subtracting the number of CR participants from the cohort
total.

In total, there were 518 patients in the analysis of
mortality, LY, and cost/LY. )e analysis of medical costs,
QALY, and cost/QALY included 122,485 patients. Sum-
maries of selected studies are shown in Supplementary
Material Table 2. Papers differed in reporting mortality to
mean all-cause death or vascular death. Briffa et al. [15]
regarded mortality to mean all-cause death. In the study by
Leggett et al. [17], the duration of observation was set at
1 year because the time horizon, cost, and QALY were also
calculated at 1 year.

Patient characteristics in the selected studies are shown
in Supplementary Material Table 3. In the 1993 paper by
Oldridge et al. [13], detailed descriptions of percutaneous
coronary intervention (PCI) in the acute phase of MI,
coronary artery bypass grafting (CABG), and drug therapies
were not provided. Furthermore, with the exception of the
report by Oldridge et al. [13], most studies did not discount
medical costs and QALY, and sensitivity analyses were not
addressed. Due to the nature of the analyses used, the reports
by Leggett et al. [17] provided no description of patient
backgrounds.

3.2. Meta-Analysis. Although meta-analysis of medical ex-
penses did not show a significant difference between the CR
and UC arms, the CR arm had a tendency of higher expenses
(SMD: 0.02; 95% CI: −0.08, 0.13). )ere was moderate
heterogeneity among the studies (P � 0.23, I2 � 29%)
(Figure 3(a)). We conducted a meta-analysis of cost without
studies by Leggett et al., and it showed same tendency (SMD:
0.01; 95% CI: −0.19, 0.22) (Figure 3(b)).

Meta-analysis of QALY demonstrated that the CR arm
offered a significantly better QALY than the UC arm (SMD:
−1.78; 95%CI: −2.69, −0.87).)ere was substantial statistical

An example of the cost-effectiveness plane
Incremental

effectiveness (+)

Incremental
effectiveness (–)

Effective
(more

effective but
more costly)

Dominant
(intervention
dominates)

Inferior
(control

dominates)

Incremental
cost (+)

Incremental
cost (–)

Doubtful
(less

costly but less
effective)

Figure 1: Example of the cost-effectiveness plane. Source: T.
Takura, “Creating new value in medical care—methodology of
social evaluation of medical technologies,” Iyaku Keizai, vol. 1339,
pp. 16–17, 2009.
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heterogeneity among the studies (P< 0.00001; I2 � 98%)
(Figure 3(a)). One-way sensitivity analysis of QALY showed
that changing Leggett et al.’s value of QALY while keeping
the 0.07 difference between CR and UC did not affect the
outcome. )ese results confirmed the robustness of the
QALY findings. We also conducted meta-analysis of QALY
without studies by Leggett et al., and it showed same ten-
dency (SMD: −1.98; 95% CI: −3.67, −0.29) as well
(Figure 3(b)).

)ough we were mainly investigating cost-effectiveness,
subjects in the CR arm did not show a significant difference
in mortality compared to those in the UC arm. However, the
CR arm had a favorable tendency of decreasing mortality
(RR: 0.57; 95% CI: 0.22, 1.47). )ere was no evidence of
significant statistical heterogeneity between the studies
(P � 0.72; I2 � 0%) (Figure 3(c)).

Meta-analysis of the LY revealed that CR significantly
improved LY compared with UC (SMD: −0.77; 95% CI:
−1.34, −0.19). )ere was substantial statistical heterogeneity
between the studies (P< 0.0001; I2 � 89%) (Figure 3(a)).

Regarding cost-effectiveness, cost/QALY in the CR arm
was better than that of the UC arm to a statistically sig-
nificant degree (SMD: −0.31; 95% CI: −0.53, −0.09). )ere
was substantial statistical heterogeneity between the studies

(P � 0.0008; I2 � 79%) (Figure 4(a)). Two-way sensitivity
analysis showed that worsening cost/QALY in the CR arm
with simultaneous improvement in the UC arm of up to 11%
did not affect the outcome (SMD: −0.25; 95% CI: −0.49,
0.00). In addition, we also conducted meta-analysis of cost/
QALY without studies by Leggett et al. same as that above,
and it showed the same tendency (SMD: −0.36; 95% CI:
−0.70, −0.02) (Figure 4(b)). From these results, we conclude
that the finding is robust.

)e cost/LY showed no difference between the CR and
UC arms (SMD: 0.11; 95% CI: −0.10, 0.31). Furthermore,
there was no evidence of significant statistical heterogeneity
between the studies (P � 0.26; I2 � 26%) (Figure 4(a)).

3.3. Evaluation of Robustness. )e ICUR for each study was
4,048.0 USD/QALY (Oldridge et al. [13]), −5,193.8 USD/
QALY (dominant) (Yu et al. [14]), 17,209.4 USD/QALY
(Briffa et al. [15]), 26,888.7 USD/QALY (Leggett et al. [17]),
and −48,327.6 USD/QALY (dominant) (Hautala et al. [18]).
In summary, these results indicate 3 effective (Oldridge
et al. [13], Briffa et al. [15], and Leggett et al. [17]) and 2
dominant (Yu et al. [14] and Hautala et al. [18]) results
(Table 1).
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Full-text articles
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Full-text articles
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Study design not
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group (n = 4)
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quantitative synthesis

(meta-analysis)
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meta-analysis (n = 6) 
RCTs (n = 4)
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Figure 2: PRISMA 2009 flow diagram.
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Endpoint Study

UCCR
Weight (%)

Std. mean
difference

Forest plot
IV, random,

95% CI

Cost

Oldridge [13] 438.09 876.18 99 255.93 511.86 102 11.6 0.25 (–0.02, 0.53)

Favors (CR) Favors (UC)

Yu [14] 15291.9 30583.80 132 15707.40 31414.80 72 11.0 –0.01 (–0.30, 0.27)

Briffa [15] 3521.01 7042.02 57  3245.66 6491.32 56 7.2 0.04 (–0.33, 0.41)

Legget [17] 32981.44 65962.88 5641 31099.23 62198.46 116122 58.6 0.03 (0.00, 0.06)

Hautala [18] 2168.73 4337.46 109 3376.92 6753.84 95 11.7 –0.22 (–0.49, 0.06)

Total (95% CI) 6038 116477 100.0 0.02 (–0.08, 0.13)

Heterogeneity: Tau2 = 0.00; Chi2 = 5.62, df = 4 (P = 0.23); I2 = 29% 

Test for overall effect: Z = 0.43 (P = 0.66)

QALY

Oldridge [13] 0.154 0.05 99 0.109 0.04 102 20.3 –0.99 (–1.29, –0.70)

Favors (CR) Favors (UC)

Yu [14] 0.12 0.12 132 0.04 0.24 72 20.3 –0.46 (–0.75, –0.17)

Briffa [15] 0.026 0.05 57 0.01 0.04 56 20.0 –0.35 (–0.72, 0.02)

Legget [17] 0.228 0.076 5641 0.158 0.056 116122 20.7 –1.23 (–1.25, –1.20)

Hautala [18] 0.013 0.004 109 –0.012 0.004 95 18.6 –6.23 (–6.90, –5.56)

Total (95% CI) 6038 116447 100.0 –1.78 (–2.69, –0.87)

Heterogeneity: Tau2 = 1.05; Chi2 = 265.54, df = 4 (P < 0.00001); I2 = 98% 

Test for overall effect: Z = 3.82 ( P = 0.0001)

LY

Oldridge [13] 0.97 0.030 99 0.96 0.040 102 34.5 –0.28 (–0.56, –0.00)

Favors (CR) Favors (UC)

Yu [14] 0.98 0.020 132 0.96 0.040 72 34.1 –0.70 (–0.99, –0.40)

Briffa [15] 0.999 0.001 57 0.96 0.040 56 31.4 –1.38 (–1.79, –0.96)

Total (95% CI) 288 230 100.0 –0.77 (–1.34, –0.19)

Heterogeneity: Tau2 = 0.23; Chi2 = 18.79, df = 2 (P < 0.0001); I2 = 89% 

Test for overall effect: Z = 2.63 (P = 0. 009)

Mean  SD MeanTotal  SD Total

–0.5 0.5–0.25 0.250

–4 4–2 20

–1 2–2 10

CR: cardiac rehabilitation; Std. mean difference = the mean difference is standardized by dividing by the standard deviation of the control arm in the study; Tau2 = variance between studies analyzed;
Chi2 = result of square test of heterogeneity; I2 = index that shows the degree of heterogeneity among studies; test for overall effect: statistical significance of the overall result is expressed with the
probability value (P value); 95% CI = 95% confidence interval.

(a)

Endpoint Study
UCCR

Weight (%)

Std. mean
difference

Forest plot

Mean  SD MeanTotal  SD Total IV, random,
95% CI

Cost 

Oldridge [13] 438.09 876.18 99 255.93 511.86 102 27.1% 0.25 (–0.02, 0.53)

Favors (CR) Favors (UC)

Yu [14] 15291.9 30583.80 132 15707.40 31414.80 72 26.1% –0.01 (–0.30, 0.27)
Briffa [15] 3521.01 7042.02 57  3245.66 6491.32 56 19.6% 0.04 (–0.33, 0.41)

Hautala [18] 2168.73 4337.46 109 3376.92 6753.84 95 27.2% –0.22 (–0.49, 0.06)

Total (95% CI) 397 325 100.0% 0.01 (–0.19, 0.22)

Heterogeneity: Tau2 = 0.02; Chi2 = 5.57, df = 3 (P = 0.13); I2 = 46%

Test for overall effect: Z = 0.14 (P = 0.89)

QALY 

Oldridge [13] 0.154 0.05 99 0.109 0.04 102 25.2% –0.99 (–1.29, –0.70)

Favors (CR) Favors (UC)

Yu [14] 0.12 0.12 132 0.04 0.24 72 25.2% –0.46 (–0.75, –0.17)
Briffa [15] 0.026 0.05 57 0.01 0.04 56 25.1% –0.35 (–0.72, 0.02)

Hautala [18] 0.013 0.004 109 –0.012 0.004 95 24.4% –6.23 (–6.90, –5.56)

Total (95% CI) 397 325 100.0% –1.98 (–3.67, –0.29)

Heterogeneity: Tau2 = 2.92; Chi2 = 259.07, df = 3 (P < 0.00001); I2 = 99%)

Test for overall effect: Z = 2.29 (P = 0.02)
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Figure 3: Continued.
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4. Discussion

)e meta-analysis indicates that CR significantly improved
QALY, LY, and cost/QALY compared to UC, whereas
medical cost, cost/LY, and mortality did not differ signifi-
cantly between the CR and UC arms. As cost/QALY was
significantly improved in patients with CR, and the ICUR for
each study showed two dominant and three effective results,
we suggest that CR is cost-effective when patient utility is
considered. We present the results of both cost-utility
analysis (CUA) and ICUR. We conducted both analyses
as CUA that did not reveal the degree of cost reduction of CR
over that of UC. In the studies by Briffa et al. [15] and Leggett
et al. [17], the ICER was reported as 42,535 AUD/QALY
(31,149.38 USD/QALY) and 37,662 CAD/QALY (27,125.31
USD/QALY), respectively. However, the range of cost dif-
fered from that of our present analysis. We calculated ICUR
using cost and QALY as described earlier. In this analysis,
determining cost-effectiveness using cost/LY failed to show
an advantage of CR. Conversely, we observed statistically
significant differences in the meta-analysis of cost-
effectiveness that used QALY as the evaluation index. In
addition, the ICUR results for each study were 2 dominant
and 3 effective. Of the relative balance of costs and benefits,
increased utility rather than increased cost was the strong
tendency in CR as compared to UC. In particular, the
analysis by Yu et al. [14] found that the CR arm costs more
for rehabilitation, while the UC arm had more costs asso-
ciated with many treatments and more frequent visits. As a
characteristic of the efficacy index, large fluctuations over the
short term are of greater patient utility than over the long-
term survival period; thus, it is presumed that the sensitivity
at the endpoint is also greatly affected.

)e threshold of ICUR is a measure used to determine
cost-effectiveness. In the UK, economic analysis for the
evaluation of medical technology, including pharmaceuti-
cals, has been introduced and has been used for the pro-
vision of standard treatment and prescriptions.)e National

Institute for Health and Care Excellence (NICE) discusses
the decision-making in accordance with the position of the
target drug in the public market against criteria that are
judged to be capable of providing the same level as the NHS
(National Health Service), as well as comparing the costs and
benefits of the drug to be evaluated. In the medical tech-
nology assessment by NICE, 20,000–30,000 GBP
(24,393.96–36,590.94 USD) are set as the upper limit of the
cost required to gain one additional QALY. Although there
are some countries that use cost-effectiveness in deciding
which drugs should have costs reimbursed, the number of
countries publicizing the threshold is small. In this analysis,
we converted costs to USD and set the threshold at 50,000
USD. ICUR varies widely depending on the economic
conditions and the perceived economic health of the
country, and we should discuss the criteria for thresholds on
a regional basis, depending on the circumstances of the
regions where studies were conducted. However, no relevant
data are available. )e threshold in the United States is also
not an official standard and is used as a guide. Although no
ICUR thresholds have been formally established in Japan,
two studies have estimated the values as 5,000,000 JPY
(43,843.79 USD) and 6,700,000 JPY (58,750.68 USD), re-
spectively, for the willingness to pay to gain 1 QALY in Japan
[31, 32]. Although costs were standardized to USD, this does
not fully account for differences in different regions. Ex-
change rates do not always ensure that a dollar has the same
value in all countries. Purchasing power parity (PPP) is a
common tool used by macroeconomic analysts to compare
economic productivity and standards of living in-
ternationally, and we could use PPP to convert the costs.
However, since PPP is based on traded goods, it might be
more useful to evaluate with price indices for tradable goods,
rather than nontradable price indices, as with many services
[33]. Moreover, PPP is limited, in which each country’s
unique circumstances are not taken into consideration.
)erefore, we used exchange rates to standardize the cost in
this analysis.

UCCR
Endpoint Study Weight (%)

Risk ratio 
Forest plot

M–H, random, 95% CITotalEventsTotalEvents

Mortality

0.77 (0.18, 3.36)41.41024993Oldridge [13]

Favors (CR) Favors (UC)

0.55 (0.14, 2.12)48.77241324Yu [14]

0.20 (0.01, 4.00)9.9562570Briffa [15]

Total (95% CI) 288 0.57 (0.22, 1.47)100.00230

7Total events 10 

Heterogeneity: Tau2 = 0.00; Chi2 = 0.65, df = 2 (P = 0.72); I2 = 0% 

Test for overall effect: Z = 1.16 (P = 0.24) 

0.01 0.1 1 10 100

CR: cardiac rehabilitation; Tau2 = variance between studies analyzed; Chi2 = result of square test of heterogeneity; I2 = index that shows degree of heterogeneity among studies; test for overall effect: 
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Figure 3: Comparison of cost, efficacy, and mortality between the cardiac rehabilitation (CR) arm and the usual care (UC) arm in patients
with myocardial infarction (MI): meta-analysis. (a) Cost and efficacy, (b) cost and efficacy without the study by Leggett et al., and
(c) mortality.
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We conducted supplementary meta-analyses of mor-
tality and LY to examine the result of cost-effectiveness
analysis. Although CR significantly improved LY com-
pared with UC, the actual effect of CR compared with UC is
still uncertain. Anderson et al. reported a meta-analysis of
mortality in patients with CHD [34]. )ere were differences
between their report and our study in the definition of CR.

We defined CR as “comprehensive” CR asmentioned earlier,
while Anderson et al. [34] included both comprehensive and
exercise-only CR. )e 2 studies did not clarify whether
mortality was all-cause mortality or vascular death. Because
all-cause mortality and vascular death differ, we cannot
exclude their impact on the costs and LY. Moreover, as
medical technology has evolved since 2005, we presume that

Table 1: Results of ICUR for comprehensive CR in patients with MI.

Study Item CR UC Difference ICUR (USD/QALY)∗

Oldridge et al. [13] Cost 438.09 255.93 182.16 4,048.0QALY 0.154 0.109 0.045

Yu et al. [14] Cost 15,291.9 15,707.4 −415.5 −5,193.8 (dominant)QALY 0.12 0.04 0.08

Briffa et al. [15] Cost 3,521.01 3,245.66 275.35 17,209.4QALY 0.026 0.01 0.016

Leggett et al. [17] Cost 32,981.44 31,099.23 1,882.21 26,888.7QALY 0.228 0.158 0.070

Hautala et al. [18] Cost 2,168.73 3,376.92 −1,208.19 −48,327.6 (dominant)QALY 0.013 −0.012 0.025
∗ICUR rounded off to one decimal place; ICUR, incremental cost-utility ratio.

95% CI = 95% confidence interval.

Endpoint Study
UCCR

Weight (%)
Std. mean difference 

Forest plot

Cost/
QALY 

Oldridge 2844.74 19052.67 99 0.02 (–0.25, 0.30) 

Favors (CR) Favors (UC)
–0.5 –0.25 0 0.25 0.5

–0.5 –0.25 0 0.25 0.5

Yu –0.36 (–0.64, –0.07) 

Briffa 135423.46 221947.81 57 324566 778958.40 56 15.4 –0.33 (–0.70, 0.04) 

27.7 –0.20 (–0.23, –0.17) Leggett 144655.44 189860.26 5641 196830.57 265001.68 116122

Hautala 166825.38 178692.20 109 909170.77 1407477.23 95 18.9 –0.76 (–1.05, –0.48)

6038Total (95% CI) 116447 100.0 –0.31 (–053, –0.09) 

Heterogeneity: Tau2 = 0.04; Chi2 = 19.01, df = 4 (P = 0.0008); I2 = 79%

Test for overall effect: Z = 2.80 (P = 0.005)

Cost/
LY 

Oldridge 451.64 572.08 99 266.59 692.91 102 38.4 0.29 (0.01, 0.57)

Favors (CR) Favors (UC)

Yu 15603.98 19672.39 132 16361.88 42526.65 36.672 –0.03 (–0.31, 0.26)

Briffa 3524.53 4407.44 57 3380.90 8787.39 56 25.0 0.02 (–0.35, 0.39)

288Total (95% CI) 230 100.0 0.11 (–0.10, 0.31) 
Heterogeneity: Tau2 = 0.01; Chi2 = 2.69, df = 2 (P = 0.26); I2 = 26%

Test for overall effect: Z = 1.02 (P = 0.31) 

Mean SD Total Mean SD Total IV, random, 95% CI 
2347.98 22221.18 102 19.3

127432.50 167255.16 132 392685 1234152.86 72 18.7

(a)

–0.5 –0.25 0 0.25 0.5

Endpoint
UCCR

Weight (%)
Std. mean difference 

Forest plot
Mean SD Total Mean SD Total IV, random, 95% CI 

Cost/
QALY 

Oldridge 2844.74 19052.67 99 2347.98 22221.18 102 26.0 0.02 (–0.25, 0.30) 

Favors (CR) Favors (UC)

Yu 127432.50 167255.16 132 392685 1234152.86 72 25.5 –0.36 (–0.64, –0.07) 
Briffa 135423.46 221947.81 57 324566 778958.40 22.856 –0.33 (–0.70, 0.04) 

Hautala 166825.38 178692.20 109 909170.77 1407477.23 95 25.7 –0.76 (–1.05, –0.48) 

397Total (95% CI) 325 100.0 –0.36 (–0.70, –0.02) 
Heterogeneity: Tau2 = 0.10; Chi2 = 15.11, df = 3 (P = 0.002); I2 = 80% 

Test for overall effect: Z = 2.05 (P = 0.04)

Study 

(b)

Figure 4: Comparison of cost-utility between the cardiac rehabilitation (CR) arm and the usual care (UC) arm in patients with myocardial
infarction (MI): meta-analysis. (a) Cost-utility and (b) cost-utility without the study by Leggett et al.
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divergence between some clinical realities and economic
circumstances has occurred. With these limitations, the
results of our study should be interpreted carefully.

)e observation period of the included studies of
mortality, LY, medical cost, and QALY ranged from 1 year
[13, 15, 17, 18] to 2 years [14]. )erefore, it is necessary to
consider the consistency of the observation period, and it is
desirable to equalize the observation periods. For example,
we should have considered using 1-year unified values.
However, as it was not realistic to think that an event (death)
would have occurred consistently in each of the 2 years, we
did not correct values. To provide a reference point, we
corrected the values in the report by Yu et al. [14] to 1 year
and repeated the analysis. Consequently, the range of 95%CI
became wider and the robustness decreased, but there was
no change with respect to mortality. Furthermore, there was
no change in the results with respect to medical costs using
the 1-year analysis. )ese results suggest that the differences
in the observation period between the studies did not have a
significant impact on the present analysis. )e cohort used
by Leggett et al. [17] was larger than that of the other studies
and had almost 99% of the overall number of patients in-
cluded in this meta-analysis. While this difference might
have an impact on the results, exclusion of the Leggett data
showed the same tendency with respect to medical costs,
QALY, and cost/QALY. )erefore, we suggest that in-
consistencies in the sample size did not affect the present
analysis.

Problems with meta-analysis, including integrating re-
search with different backgrounds of participants or in-
tervention, the risk of including low-quality studies, and the
tendency not to publish negative results, have been discussed
[35]. In this analysis, we have set the target disease atMI with
a number of evidence. Since the number of studies used in
this analysis was small, we used the paper by Yu et al. [14], in
which patients with MI and PCI performed for angina
pectoris were included. However, the proportion of MI
patients was approximately 70% in this paper.

Regarding QALY, we should have used the effectiveness
of CR itself to evaluate it accurately, but we could not
separate the effectiveness of CR from medications and other
variables among studies. However, as 4 of the studies used in
this analysis were RCTs, we think that the bias is likely
minimal. Moreover, utility values are measured on a limited
scale, from 0 to 1, and small differences would not have a
huge effect on the results.

Assessing the efficacy of CR in patients with CAD is not
appropriate using these results because included studies
were heterogeneous regarding the definition and cost of
the CR and UC arms and the methods used for calculating
the QALY. Currently, there are insufficient data to de-
termine the cost-effectiveness of CR. Specifically, to
evaluate the effect of CR properly, the impact on mortality
and QALY must be considered over the long term
(>5 years). )erefore, we support the promotion of a large-
scale clinical trial to evaluate the long-term cost-effec-
tiveness of CR.

In meta-analysis, it is important to consider not only the
quality of the paper but also the selection bias. However, a

funnel plot was not possible due to the small number of
included studies [36]. )erefore, publication bias could not
be determined.

5. Conclusions

)is meta-analysis indicates that comprehensive CR is po-
tentially cost-effective as determined using QALY as an
evaluation index. In addition, the ICUR of each data source
was dominant or effective.
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Supplementary Material Figure 1: concept of QALY. Recent
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quality-adjusted life year (QALY) is one of the global stan-
dards used to evaluate both survival (quantitative profit) and
quality of life (qualitative benefit). As a broader measure, the
cost-utility analysis (CUA) is an index used to evaluate how
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health conditions; some clinical conditions have low sensi-
tivity as a health measurement tool. Supplementary Material
Table 1: medical costs and interventional behavior of selected
studies by systematic review. Costs associated with CR,
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