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A B S T R A C T

Background: Combining supervised exercise training (ET) and disease management program (DMP) may ben-
efit people with heart failure (HF) but will require additional resources.
Objectives: To assess the 1-year cost-effectiveness of a 24-week ET program added to a post-discharge DMP in
patients recently hospitalized with HF.
Methods: Using randomized controlled trial data, within-trial cost-utility analyses were undertaken in the
overall population (n = 278), patients aged <70 (n = 180), and those aged �70 (n = 98). Incremental net mone-
tary benefits (INMB) were calculated based on quality-adjusted life-years (QALY) and healthcare costs from
the perspective of a state health department (Queensland, Australia).
Results: At the AU$50,000/QALY threshold, ET showed 29.6% and 1.7% probability of being cost-effective in
the overall population (INMB AU$ ¡1,472) and patients aged �70 (INMB AU$ ¡11,469), respectively. In
patients aged <70, ET was potentially cost-effective with 83.6% probability (INMB AU$4,059).
Conclusion: Adding ET to DMP was not cost-effective overall or in patients aged �70 but was relatively cost-
effective in those aged <70.

© 2019 Elsevier Inc. All rights reserved.
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Introduction

Unlike most other cardiac disorders, the prevalence of heart failure
(HF) is rising, and treatment advances have only delivered small prolon-
gations in survival.1 In Australia, nearly one million people are now
affected by the syndrome.2 HF is the most frequent cause for hospital
admission among elderly patients,3 and multiple readmissions are com-
mon. HF is attributable to up to 150,000 hospital admissions each year
and in excess of one million days in hospital, and the annual direct cost
of managing HF amounts to $2.7 billion.2 Given the growing prevalence
of HF,1 the high 5-year mortality rate worse than that of many cancers4

and the high hospital-activity costs associated with it, cost-effective
approaches to improve management are urgently needed.

Disease management programs (DMP) are multidisciplinary interven-
tions incorporating case management, heart failure self-management
education, symptom monitoring, and medication counselling and titra-
tion in addition to outpatient clinic visits. Multidisciplinary DMPs have
been shown to reduce both HF-related and all cause readmissions, and
are recommended in clinical practice guidelines.5 More recently, exercise
training (ET) has been studied as another non-pharmacological interven-
tion intended to improve exercise capacity, improve quality of life, and
reduce hospital readmissions.6�9 However, ET is still not widely imple-
mented in practice.10 The EJECTION-HF randomized controlled trial tested
the addition of 24 weeks of supervised centre-based ET in recently
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Table 1
Clinical characteristics of enrolled participants at baseline*

All participants
N = 278

Age <70 years
N = 180

Age � 70 years
N = 98

Female, n (%) 71 (25.5) 41 (22.8) 30 (30.6)
NYHA class, n (%)

I 53 (19.1) 42 (23.3) 11 (11.2)
II 147 (52.9) 89 (49.4) 58 (59.2)
III 47 (16.9) 25 (13.9) 22 (22.4)
IV 31 (11.1) 24 (13.4) 7 (7.1)

Left ventricular ejection
fraction, mean (SD)

31.5 (14.8) 27.9 (12.5) 38.4 (16.1)

Co-morbidities, n (%)
Hypertension 161 (57.9) 94 (52.2) 67 (68.4)
Atrial fibrillation 114 (41.0) 65 (36.1) 49 (50.0)
Previous myocardial
infarction

103 (37.1) 56 (31.1) 47 (48.0)

Diabetes 101 (36.5) 60 (33.3) 41 (41.8)
Chronic lung disease 71 (25.5) 44 (24.4) 27 (27.6)
Chronic kidney disease 61 (22.0) 17 (9.5) 44 (44.9)
Cancer 16 (5.8) 11 (6.1) 5 (5.1)

New HF diagnosis, n (%) 154 (55.4) 114 (63.3) 40 (40.8)
Cardiologist inpatient

care, n (%)
229 (82.4) 157 (87.3) 72 (73.5)

HF: heart failure, NYHA: New York Heart Association.
* Baseline is a median of 30 days after hospital discharge.
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hospitalized patients with HF participating in amultidisciplinary DMP (i.e.
comparing ET+DMP with DMP alone). Combining these two approaches
may offer incremental benefits but will require additional resources.
Results of the primary effectiveness analysis of the EJECTION-HF trial
have been reported elsewhere.11 The trial did not show a significant
reduction in the primary outcome of 12-month all-cause death or read-
mission, but pre-planned subgroup analysis showed a statistical interac-
tion with age, suggesting greater benefit in participants aged less than
70 years.11

Given these results, we aimed to assess the relative cost-effectiveness
of supervised exercise training (ET) added to a post-discharge DMP (ET
+DMP vs. DMP alone) among all study participants, those aged
<70 years, and �70 years, to help inform post-discharge HF manage-
ment practices.

Methods

A trial-based cost-effectiveness analysis was conducted based on
individual patient cost and survival data. The details of the EJECTION-HF
randomized controlled trial have been previously published.12 Briefly,
between 2008 and 2013, 278 patients with symptomatic HF willing and
able to attend a post-discharge DMP were randomized within 6 weeks
of hospital discharge from one of five Australian hospitals (three tertiary
metropolitan; two community in metropolitan and regional) into the
intervention (N = 140) or comparator group (N = 138), with follow-up of
death and readmissions for 12 months after randomisation.12 All hospi-
tals offered an existing multidisciplinary DMP to all participants. Both
groups received a 12-week DMP including weekly group education ses-
sions, telephone and clinic follow-up, and an individually prescribed
home exercise program, aiming for 150min perweek ofmoderate inten-
sity exercise. Additionally, only the intervention group was offered
supervised, centre-based 1-hour ET classes twice weekly for 12 weeks
and then weekly for a further 12 weeks (maximum 36 classes over 24
weeks). Classes included aerobic and resistance exercises delivered in a
group setting, which were individually prescribed and progressed by a
physiotherapist or exercise physiologist with HF expertise and training.

Cost data

The analyses were conducted from the perspective of a state
health department (Queensland, Australia), and only direct health-
care costs were included in the analyses. This perspective was chosen
because, in Australia, all patients are entitled to public hospital care
Table 2
Mean costs and resource use measured over 12 months follow-up

ET+DMP (n = 140)

Resource use Cost Resou

Hospital inpatient admission (frequency) & cost: mean § SD
Overall 1.41 § 1.87 $13,499 § 20,233 1.52 §
Age <70 1.24 § 1.78 $11,641 § 18,273 1.60 §
Age �70 1.71 § 1.99 $16,741 § 23,100 1.36 §
Emergency visit (frequency) & cost: mean § SD
Overall 0.49 § 1.21 $799 § 1497 0.27 §
Age <70 0.54 § 1.41 $776 § 1641 0.21 §
Age �70 0.41 § 0.75 $839 § 1220 0.38 §
Intervention cost per patient per year
Intervention $2439
Total cost (hospital, emergency, intervention): mean § SD
Overall $16,737 § 20,846
Age <70 $14,856 § 19,034
Age �70 $20,020 § 23,520

Costs reported in 2015 Australian dollar values.
ET: center-based exercise training, SD: standard deviation, CI: confidence interval.
fully funded by the state government, and most DMPs are delivered
through this state-funded health system. Furthermore, healthcare
costs for HF are predominantly attributed to hospitalization.13 Direct
health care costs were grouped into three types; hospital costs, non-
admitted emergency department costs, and intervention costs. Hospi-
tal costs were derived from all-cause admissions identified through
state-wide hospital admission databases and based primarily on the
Australian Refined Diagnosis Related Groups version 6.0 (AR-
DRGs).14 Non-admitted emergency service costs for any cause were
derived from the Emergency Department Information System (EDIS)
and based on triage category. Costs of the intervention (ET) were
obtained during the trial and constituted personnel and equipment
costs required for the ET program additional to the costs of DMP (as
both groups received DMP). The personnel costs included a physio-
therapist or exercise physiologist and additional nurse, and their full-
time equivalent salaries were calculated (see Supplementary Table 1
for details). The breakdown of gymnasium equipment costs is shown
in Supplementary Table 2. All costs are reported in 2015 Australian
DMP alone (n = 138)

rce use Cost Cost Δ (95% CI)

2.06 $13,708 § 21,335 ¡210 (¡5118; 4699)
2.28 $14,731 § 23,151 ¡3090 (¡9233; 3054)
1.55 $11,729 § 17,348 +5012 (¡3234; 13,258)

0.60 $623 § 1244 +176 (¡150; 501)
0.46 $681 § 1419 +95 (¡356; 546)
0.80 $512 § 808 +328 (¡91; 746)

0 +2439

$14,332 § 22,186 +2405 (¡2677; 7487)
$15,412 § 24,233 ¡556 (¡6975; 5863)
$12,241 § 17,613 +7779 (¡609; 16,167)
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dollars (AU$) (AU$ 1� 0.70 US$ in 2015). The costs and health out-
comes were undiscounted as they were accrued within one year.

Effectiveness data

The follow-up time since the date of randomization until death or
the 365th day, whichever occurred earlier, was used as a proxy of
life-years. Mortality data was obtained from the state-wide mortality
register, with Public Health Act approval. Quality-adjusted Life-years
(QALY) were used as the primary effectiveness measure for this anal-
ysis. The utility values were derived from Quality of life using the
Assessment of Quality of Life (AQoL-4D),15 which is a utility instru-
ment validated in Australian clinical and nonclinical population sam-
ples. Multiple imputations with a randomly-generated seed number
was used to replace missing values in the AQoL-4D measurements
collected at baseline (missing: 8.9%; 25/278) and 6 months (missing:
30.5%; 85/278). For each missing value, ten possible values were cre-
ated using multiple linear regression with the covariates of baseline
age, gender, Charlson Comorbidity Index,16 ejection fraction and
whether HF was newly-diagnosed or decompensation of known dis-
ease. The mean value from the ten data sets were used as the final
imputed value. QALYs per patient were then estimated using the
area-under-the-curve method from patient-reported utility scores.

Cost-effectiveness analyses

Cost-effectiveness was assessed by the incremental cost per QALY
gained from the intervention. An incremental cost-utility ratio (ICUR)
was calculated and the uncertainty surrounding it was quantified17 as
part of a sensitivity analysis. We graphically presented this uncertainty
with a 95% confidence ellipse on cost-effectiveness plane and in addition
presented the cost-effectiveness acceptability curves (CEAC) to report
the probability of ET being cost-effective for a range of willingness-
to-pay thresholds per QALY gained.18 We used a base-case of $50,000
per QALY gained as it is a commonly-cited threshold in Australian cost-
effectiveness analyses.19�21 As the ICUR can be negative, which has lim-
ited interpretability, incremental net monetary benefit (INMB) was also
used to facilitate broader understanding of cost-effectiveness. INMB= λ �
DQALY¡DCost where λ is the decision maker's maximumwillingness to
pay for a QALY and D is the difference between intervention (ET+DMP)
and comparator (DMP alone) groups. If INMB is above zero, the interven-
tion is deemed cost-effective at the chosen λ. Three cost-utility analyses
were undertaken in the overall population (n = 278), patients aged less
than 70 (n = 180), and patients aged 70 years and older (n = 98).

Sensitivity analysis

One-way sensitivity analyses were conducted to test the robust-
ness of the base-case results to the changes in the assumption about
staff capacity and gym occupancy, as these could sway the cost of
intervention. The number of patients catered for per centre per year
was assumed to be 60 informed by the EJECTION-HF study, and this
was varied between 40 and 80 (base-case: 60). In addition, the gym
occupied by the HF program was assumed to be 20% of the time
representing its usable life, which was tested with 50% and 100%
(base-case: 20%). In addition, the uncertainty surrounding ICUR was
quantified with 1000 bootstrap simulations and graphically pre-
sented as cost-effectiveness plane and CEAC. Statistical analyses were
performed using Stata version 14 (Stata Corp). Bootstrapping and the
CEAC were conducted with Microsoft Excel.

Results

The trial enrolled 278 participants (140 ET+DMP and 138 DMP),
with vital status, mortality and readmission data available for all



Fig. 1. Cost effectiveness plane (ET+DMP vs. DMP).
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participants at 12 months. The flow of participants including reasons
for non-participations was previously reported.11 Briefly, 8/140
patients in the ET+DMP group did not receive allocated intervention
(1 died before commencement; 4 did not attend any group session;
3 attended education sessions only), and 23/138 patients in the
DMP group did not receive allocated intervention (3 crossed over to
ET+DMP; 20 did not attend any group sessions). Further, among 180
patients aged less than 70 (ET+DMP n = 89 vs. DMP n = 91), 165
patients completed the AQoL-4D at baseline (ET+DMP n = 83 vs.
DMP n = 82) and 117 patients completed it at 6 months (ET+DMP
n = 60 vs. DMP n = 57). Among 98 patients aged older than 70 (ET
+DMP n = 51 vs. DMP n = 47), 88 patients completed the AQoL-4D at
baseline (ET+DMP n = 47 vs. DMP n = 41) and 76 patients completed
it at 6 months (ET+DMP n = 37 vs. DMP n = 39). The quality of life
data was unavailable at 6 months for 43 of 140 ET+DMP participants
(2 died, 9 too sick/inpatient, 14 declined, 6 moved/returned to work,
10 unable to contact, 2 had incomplete data) and for 42 of 138
DMP-alone participants (5 died, 8 too sick/inpatient, 13 declined,
6 moved/returned to work, 10 unable to contact).
Table 1 shows the clinical characteristics of our study participants by
age group. Overall, mean age was 62 years (SD 14), 207 (74.5%) of partici-
pants were male, the mean Charlson comorbidity score (unadjusted for
age) was 2.8 (SD 1.6), 216 (77.7%) had left ventricular ejection fraction
(LVEF)<40% and 154 (55.4%) had newly-diagnosed HF. Participants older
than 70 years (n= 98) were more likely females (30.6% vs 22.8%, p = 0.15),
less likely to have LVEF <40% (59.2% vs 87.8%, p < 0.001), more likely to
have decompensated disease (59.2% vs 36.7%, p < 0.001) and had higher
comorbidity score (3.5 vs 2.5, p< 0.001). There were no significant differ-
ences in participant characteristics, evidence-based medication use, or
DMP attendance between ET+DMP and DMP alone overall.11

Cost

The healthcare costs collected within trial are presented in Table 2. All
cost comparisons were statistically non-significant (p > 0.05). The mean
hospital costs and the number of admissions were slightly lower in ET in
the overall population ($¡210; ¡0.11) and those aged <70 ($¡3090;
¡0.37), while they were higher in ET in those aged �70 (+$5012; +0.34).
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The mean emergency department costs and the number of visits were
higher in ET for all groups: overall (+$176; +0.22), those aged <70 (+$95;
+0.33) and those aged�70 (+$328; +0.03). Hospital admissions accounted
for the majority of the total healthcare costs, accounting for 81% (ET
+DMP) and 96% (DMP) in the overall population; 78% (ET+DMP) and 96%
(DMP) in those aged <70; and 84% (ET+DMP) and 96% (DMP) in those
aged�70. Themarginal cost of the intervention per patient was AU$2439
in the ET group, which accounted for 15% (overall), 16% (aged <70) and
12% (aged �70) of the total costs in the ET group. The mean total costs
were higher in ET for the overall population (+$2405 [95% CI: ¡2677 to
7487]) and those aged �70 (+$7779 [95%CI: ¡609 to 16,167]), but lower
in ET in those aged<70 ($¡556 [95%CI:¡6975 to 5863]).

Effects

In the entire population, the mean life-years per patient for ET
+DMP and DMP were 0.98 (SD 0.13) and 0.95 (SD 0.18) years, respec-
tively. In patients aged <70, they were 0.99 (SD 0.47) and 0.94 (SD
0.02) years, respectively. In those aged �70, they were 0.95 (SD 1.97)
and 0.96 (SD 0.15), respectively. Table 3 shows cost-utility analyses
and the between-group differences in costs and QALY. In the overall
population, the mean QALY per patient was 0.57 for the ET+DMP
group and 0.55 years for the DMP group, resulting in 0.02 QALY gain
(95% CI: ¡0.04; 0.08). In patients aged <70, the difference was 0.07
QALY gain (95% CI: 0.01; 0.13), and in those aged �70, the difference
was 0.07 QALY loss (95% CI: ¡0.13; ¡0.01).

Cost-effectiveness

As shown in Table 3, in the overall population, the mean ICUR was
AU$128,889 per QALY and the INMB was less than zero (i.e. ET was
not cost-effective). In patients aged <70, ET was dominant (less
costly, higher QALY) and the INMB was AU$4059 (95%CI: $1757 to
Fig. 2. Cost effectiveness
$6360) at the AU$50,000/QALY threshold. In patients aged �70, ET
was dominated by comparator (higher cost, lower QALY) and the
INMB was less than zero at the AU$50,000/QALY threshold.

The bootstrapped cost-effect pairs sampled from the trial data are
presented as a scatterplot on the cost-effectiveness plane in three com-
parisons: the overall population (Fig. 1a), in those aged <70 (Fig. 1b)
and those aged �70 (Fig. 1c). The horizontal axis represents the differ-
ence in QALY (ET+DMPminus DMP). The vertical axis represents the dif-
ference in total healthcare costs (ET+DMP minus DMP). The dots in the
north-east quadrant indicate that intervention generated a greater num-
ber of QALYs while increasing total costs. The position in the south-east
quadrant indicates a greater number of QALYs while reducing total costs
(dominant), while the north-west quadrant indicates reduced QALYs at
higher costs than the comparator (dominated). The red surrounding cir-
cle corresponds to a 95% confidence ellipse. The blue angled straight
line indicates where the ICUR is AU$50,000 per QALY.

As Fig. 1a�c shows, the younger group was predominantly repre-
sented in the south-east quadrant (Fig. 1b), while the older group
was represented mostly in the north-west quadrant (Fig. 1c). A simi-
lar trend is seen in CEACs in Fig. 2, which show a probability of
cost-effectiveness at varying willingness-to-pay thresholds. At the
threshold of AU$50,000/QALY, there was a 29.6% probability of ET
being cost-effective in the overall population, 83.6% in the aged <70,
and 1.7% in the aged �70.

Sensitivity analysis

Table 4 shows different scenarios where the input cost of the interven-
tion was varied according to the number of patients catered for per centre
per year and the percentage of the time the gymwas used for HF-specific
programs. None of these variations materially influenced the ICUR, INMB
or the probability of ET being cost-effective. At the AU$50,000 threshold,
the incremental net benefit of ET was negative (INMB <0) under all
acceptability curve.
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scenarios, suggesting that ET was not cost-effective in the overall popula-
tion. At the AU$100,000 threshold, the INMB was marginally positive
when staff's catering capacity was assumed to be 400 patients per year.
This was an optimistic assumption; even then, the INMB was small rang-
ing from $47 to $71. The probability of ET being cost-effective ranged
from 18.1% to 37.9% (base-case: 29.6%) at the AU$50,000 threshold, while
it ranged from 33.4% to 50.8% (base-case: 43.3%) at the AU$100,000
threshold.

Discussion

We evaluated the cost-effectiveness of ET as an add-on strategy to
a heart failure post-discharge DMP, using data from a multi-centre
randomised controlled trial.11,12 Given the trial primary outcome (12
month all-cause death or readmission) suggesting age as a potential
effect modifier, we undertook subgroup analyses in those aged less
than 70 years and older participants11 to explore the impact of age on
cost-effectiveness. Over 12 months of complete follow-up, we found
that the addition of ET to a DMP was not cost-effective at AU$50,000/
QALY in the entire sample or the older subgroup, but potentially cost-
effective in the subgroup aged less than 70 years. At the threshold of
AU$50,000/QALY, there is a 29.6% probability of ET being cost-
effective in the overall population, 83.6% in those aged <70, and 1.7%
in those aged �70

The poor cost-effectiveness seen in the older age group was driven
by an increase in hospital readmissions and associated hospital costs.
Several reasons may explain this finding. The older subgroup had
greater multi-morbidity which may make participation in ET more
challenging and reduce the physiological benefits of ET.22�24 They
were also more likely to have HF with preserved ejection fraction,
where the evidence for ET effectiveness is poorer,24 and more likely
to be advanced in the disease trajectory rather than newly diagnosed.
Patients with multi-morbidity are more likely to have hospital utilisa-
tion unrelated to their HF diagnosis, which is unlikely to be impacted
by the HF-directed intervention. Indeed, in our primary analysis we
reported only 20% of hospital readmissions were due to HF,11 consis-
tent with large registry findings25 and reflecting our ‘real world’
inclusion criteria in this trial. It is also possible that intense follow-up
and monitoring within the ET+DMP group may have contributed to
the increased hospital readmissions in this older subgroup with more
co-morbidities. Importantly, there were no serious adverse event
associated with exercise training per se in either subgroup.

The strengths of our study include the pragmatic design of multiple
sites involving staff with differing skills and experience, and consider-
ation of a range of real-world settings in sensitivity analyses to facilitate
judgements on generalisability. We also recognise several limitations.
First, each study centre had its unique resource requirements and there
was a moderate between-centre variability, which was reflected in costs.
The extent of the between-centre variability may have masked the
between-group cost differences, and thus, underestimated the true cost
impact of the added ET. Second, comparative information on the use of
community care was unavailable, and out-of-hospital costs were not
included in our analyses. Even in studies where such costs were included,
however, the majority of healthcare costs tends to be represented by
hospital-based costs (85�89%),13 thus, it is unlikely that inclusion of
these costs would have substantially changed the findings. Third, despite
broad eligibility criteria, only 11% of screened patients were recruited,11

who tended to be younger and with fewer comorbidities than reported
in HF registry studies,25 and may have been more motivated than the
general HF population. Nevertheless, this selectivity likely reflects the
type of patients who would engage with this intervention in the real
world. Fourth, the DMP included a well-supported home exercise pro-
gram (unsupervised) for participants in both groups, which may not be a
typical service, highlighting the importance of considering contextual
factors and the role of co-interventions in designing future studies.
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Finally, although our subgroup analysis was pre-specified, the sample
size was relatively small, and caution should be taken when interpreting
the results.

Conclusion

In summary, adding a 24-week structured ET program to a heart
failure post-discharge DMPwas not cost-effective overall and in those
aged 70 or older, but it was relatively cost-effective in patients aged
less than 70. Better understanding of the exercise rehabilitation needs
and potential of older patients, and exploration of different models of
participant selection and intervention delivery may be needed for ET
to broadly benefit HF patients who are receiving a DMP.

Acknowledgement

The authors would like to acknowledge the work of the EJECTION-
HF study investigator group and the Queensland Statistical Service
Branch. The trial was registered with the Australia and New Zealand
Clinical Trials Register ID ACTRN12610000902099.

Funding

This work was supported by the National Health and Medical
Research Council (grant number 498403). S.M. is supported from a
NHMRC Program grant (grant number APP1055214). A.M. is supported
by a Queensland Health and Medical Research Fellowship. P.S. is sup-
ported by a NHMRC Senior Research Fellowship (grant number 1136923).

Conflict of interest

The authors report no relationships that could be construed as a
conflict of interest.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.hrtlng.2019.03.003.

References

1. Braunwald E. Heart Failure. JACC: Heart Fail. 2013;1:1–20. http://dx.doi.org/
10.1016/j.jchf.2012.10.002.

2. Chan YKGT, Tuttle C, Ball J, et al. Rediscovering Heart Failure: The Contemporary
Burden and Profile of Heart Failure in Australia. Melbourne, Australia: Mary MacK-
illop Institute for Health Research; August 2015. http://www.cre2rihd.org.au/.
Accessed: 1 October 2015.

3. Hunt SA, Abraham WT, Chin MH, et al. Focused Update Incorporated Into the ACC/
AHA 2005 Guidelines for the Diagnosis and Management of Heart Failure in
Adults: a Report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines Developed in Collaboration With the
International Society for Heart and Lung Transplantation. J Am Coll Cardiol.
2009;53:e1–e90. http://dx.doi.org/10.1016/j.jacc.2008.11.013.

4. Askoxylakis V, Thieke C, Pleger ST, et al. Long-term survival of cancer patients com-
pared to heart failure and stroke: a systematic review. BMC Cancer. 2010;10:105.
https://doi.org/10.1186/1471-2407-10-105. 2010/03/24.
5. Takeda A, Taylor SJ, Taylor RS, et al. Clinical service organisation for heart failure.
Cochrane Database Syst Rev. 2012;9 Cd002752. https://doi.org/10.1002/14651858.
CD002752.pub3. 2012/09/14.

6. Piepoli MF, Davos C, Francis DP, et al. Exercise training meta-analysis of trials in
patients with chronic heart failure (ExTraMATCH). BMJ. 2004;328:189. https://doi.
org/10.1136/bmj.37938.645220.EE. 2004/01/20.

7. Flynn KE, Pi~na IL, Whellan DJ, et al. Effects of exercise training on health status in
patients with chronic heart failure: HF-action randomized controlled trial. JAMA.
2009;301:1451–1459. https://doi.org/10.1001/jama.2009.457.

8. O'Connor CM, Whellan DJ, Lee KL, et al. Efficacy and safety of exercise training in
patients with chronic heart failure: HF-action randomized controlled trial. JAMA.
2009;301:1439–1450. https://doi.org/10.1001/jama.2009.454.

9. Taylor RS, Sagar VA, Davies EJ, et al. Exercise-based rehabilitation for heart failure.
Cochrane Database Syst Rev. 2014(Issue 4). https://doi.org/10.1002/14651858.
CD003331.pub4. Art. No: CD003331. 2014/04/29.

10. Piepoli MF, Binno S, Corra U, et al. ExtraHF survey: the first European survey on
implementation of exercise training in heart failure patients. Eur J Heart Fail.
2015;17:631–638. https://doi.org/10.1002/ejhf.271. 2015/04/29.

11. Mudge AM, Denaro CP, Scott AC, et al. Addition of supervised exercise training to a
post-hospital disease management program for patients recently hospitalized
with acute heart failure: the EJECTION-HF Randomized Phase 4 Trial. JACC Heart
Fail. 2018;6:143–152. https://doi.org/10.1016/j.jchf.2017.11.016. 2018/02/08.

12. Mudge AM, Denaro CP, Scott AC, et al. Exercise training in recently hospitalized
heart failure patients enrolled in a disease management programme: design of the
EJECTION-HF randomized controlled trial. Eur J Heart Fail. 2011;13:1370–1375.
https://doi.org/10.1093/eurjhf/hfr139.

13. Maru S, Byrnes J, Carrington MJ, et al. Cost-effectiveness of home versus clinic-based
management of chronic heart failure: extended follow-up of a pragmatic, multicentre
randomized trial cohort - The WHICH? study (Which heart failure intervention is
most cost-effective & consumer friendly in reducing hospital care). Int J Cardiol.
2015;201:368–375. https://doi.org/10.1016/j.ijcard.2015.08.066. 2015/08/28.

14. Australian Institute of Health and Welfare. Australian refined diagnosis-related
groups (AR-DRG) data cubes; http://www.aihw.gov.au/hospitals-data/ar-drg-
data-cubes/ Accessed: 1 September 2015.

15. Osborne RH, Hawthorne G, Lew EA, et al. Quality of life assessment in the community-
dwelling elderly: validation of the Assessment of Quality of Life (AQoL) Instrument
and comparisonwith the SF-36. J Clin Epidemiol. 2003;56:138–147. 2003/03/26.

16. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. J Chronic Dis.
1987;40:373–383. 1987/01/01.

17. Johnston K, Gray A, Moher M, et al. Reporting the cost-effectiveness of interven-
tions with nonsignificant effect differences: example from a trial of secondary pre-
vention of coronary heart disease. Int J Technol Assess Health Care. 2003;19:476–
489. 2003/09/10.

18. Drummond M, Sculpher M, Torrance G, et al. Methods For the Economic Evaluation
of Health Care Programmes. 3 ed New York: Oxford University Press; 2005.

19. Chim L, Kelly PJ, Salkeld G, et al. Are cancer drugs less likely to be recommended for listing
by the Pharmaceutical Benefits Advisory Committee in Australia. Pharmacoeconomics.
2010;28:463–475. https://doi.org/10.2165/11533000-000000000-00000. 2010/05/15.

20. George B, Harris A, Mitchell A. Cost-effectiveness analysis and the consistency of
decision making: evidence from pharmaceutical reimbursement in Australia (1991
to 1996). Pharmacoeconomics. 2001;19:1103–1109. 2001/12/12.

21. Harris AH, Hill SR, Chin G, et al. The role of value for money in public insurance cover-
age decisions for drugs in Australia: a retrospective analysis 1994-2004. Med Decis
Making. 2008;28:713–722. https://doi.org/10.1177/0272989x08315247. 2008/04/02.

22. European Heart Failure Training Group.. Experience from controlled trials of physical
training in chronic heart failure. Protocol and patient factors in effectiveness in the
improvement in exercise tolerance. Eur Heart J. 1998;19:466–475. 1998/05/06.

23. Piepoli MF, Conraads V, Corra U, et al. Exercise training in heart failure: from the-
ory to practice. A consensus document of the Heart Failure Association and the
European Association for Cardiovascular Prevention and Rehabilitation. Eur J Heart
Fail. 2011;13:347–357. https://doi.org/10.1093/eurjhf/hfr017. 2011/03/26.

24. Smart N, Marwick TH. Exercise training for patients with heart failure: a systematic
review of factors that improve mortality and morbidity. Am J Med. 2004;116:693–
706. https://doi.org/10.1016/j.amjmed.2003.11.033. 2004/05/04.

25. Bottle A, Goudie R, Bell D, et al. Use of hospital services by age and comorbidity after
an index heart failure admission in England: an observational study. BMJ Open.
2016;6 e010669. https://doi.org/10.1136/bmjopen-2015-010669. 2016/06/12.

https://doi.org/10.1016/j.hrtlng.2019.03.003
http://dx.doi.org/10.1016/j.jchf.2012.10.002
http://dx.doi.org/10.1016/j.jchf.2012.10.002
http://www.cre2rihd.org.au/
http://dx.doi.org/10.1016/j.jacc.2008.11.013
https://doi.org/10.1186/1471-2407-10-105
https://doi.org/10.1002/14651858.CD002752.pub3
https://doi.org/10.1002/14651858.CD002752.pub3
https://doi.org/10.1136/bmj.37938.645220.EE
https://doi.org/10.1136/bmj.37938.645220.EE
https://doi.org/10.1001/jama.2009.457
https://doi.org/10.1001/jama.2009.454
https://doi.org/10.1002/14651858.CD003331.pub4
https://doi.org/10.1002/14651858.CD003331.pub4
https://doi.org/10.1002/ejhf.271
https://doi.org/10.1016/j.jchf.2017.11.016
https://doi.org/10.1093/eurjhf/hfr139
https://doi.org/10.1016/j.ijcard.2015.08.066
http://www.aihw.gov.au/hospitals-data/ar-drg-data-cubes/
http://www.aihw.gov.au/hospitals-data/ar-drg-data-cubes/
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0014
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0014
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0014
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0015
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0015
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0015
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0016
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0016
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0016
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0016
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0017
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0017
https://doi.org/10.2165/11533000-000000000-00000
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0019
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0019
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0019
https://doi.org/10.1177/0272989x08315247
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0021
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0021
http://refhub.elsevier.com/S0147-9563(18)30344-3/sbref0021
https://doi.org/10.1093/eurjhf/hfr017
https://doi.org/10.1016/j.amjmed.2003.11.033
https://doi.org/10.1136/bmjopen-2015-010669

	One-year cost-effectiveness of supervised center-based exercise training in addition to a post-discharge disease management program for patients recently hospitalized with acute heart failure: The EJECTION-HF study
	Introduction
	Methods
	Cost data
	Effectiveness data
	Cost-effectiveness analyses
	Sensitivity analysis

	Results
	Cost
	Effects
	Cost-effectiveness
	Sensitivity analysis

	Discussion
	Conclusion
	Acknowledgement
	Funding
	Conflict of interest

	Supplementary materials
	References



