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Introduction: No formal cost-effectiveness analysis has been performed for programs of cycling exercise

during dialysis (intradialytic cycling [IDC]). The objective of this analysis is to determine the effect of a 6-

month program of IDC on health care costs.

Methods: This is a retrospective formal cost-effectiveness analysis of adult participants with end-stage

kidney disease undertaking in-center maintenance hemodialysis enrolled in the CYCLE-HD trial. Data on

hospital utilization, primary care consultations, and prescribed medications were extracted from medical

records for the 6 months before, during, and after a 6-month program of thrice-weekly IDC. The cost-

effectiveness analysis was conducted from a health care service perspective and included the cost of

implementing the IDC intervention. The base-case analyses included a 6-month “within trial” analysis and

a 12-month “within and posttrial” analysis considering health care utilization and quality of life (QoL)

outcomes.

Results: Data from the base-case within trial analysis, based on 109 participants (n ¼ 56 control subjects

and n ¼ 53 IDC subjects) showed a reduction in health care utilization costs between groups, favoring the

IDC group, and a 73% chance of IDC being cost-effective compared with control subjects at a willingness to

pay of £20,000 and £30,000 per quality-adjusted life year (QALY) gained. When QoL data points were

extrapolated forward to 12 months, the probability of IDC being cost-effective was 93% and 94% at £20,000
and £30,000 per QALY gained. Sensitivity analysis broadly confirms these findings.

Conclusion: A 6-month program of IDC is cost-effective and the implementation of these programs na-

tionally should be a priority.
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C
hronic kidney disease (CKD) is expensive; the cost
to the United Kingdom National Health Service

(NHS) is estimated to be in excess of £1.4 billion
annually, approximately 1.3% of the entire NHS
budget.1 In the United States, the Medicare expendi-
ture total is in excess of $120 billion for chronic and
end-stage kidney disease (ESKD) combined.2 Health
care costs are highest in those individuals with ESKD
requiring renal replacement therapy,3 and particularly
in those receiving hemodialysis (compared with
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transplant and peritoneal dialysis).3,4 People receiving
hemodialysis have higher rates of hospitalization
coupled with a longer duration of stay compared with
the general population, individuals with other chronic
conditions, and those with less severe stages of CKD.4–6

This disproportionate use of health care services is
expected to grow and puts providers under increased
demand as the worldwide prevalence of ESKD
requiring dialysis is expected to double by 2030.7

Despite evidence that they may improve patient
outcomes8 and being recently recommended in clinical
guidelines within the United Kingdom,9 formal exercise
programs are not routinely offered to patients with
ESKD who are receiving hemodialysis in the same way
that they are for other chronic disease populations.10 At
the present time, structured exercise programs are most
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commonly delivered using a specially adapted cycle
ergometer during in-center hemodialysis (IDC), with
growing evidence that they confer clinical benefits to
patients.11 To date, however, there are no data to
support the cost effectiveness of these programs.12,13

This remains a major barrier to adoption and may
explain the slow implementation of IDC programs into
clinical practice across both the United Kingdom and
internationally.14 Although no formal cost-
effectiveness analysis has been performed for IDC, it
has been associated with reductions in hospital
admission, duration of stay, and prescribed medica-
tions.15,16 Therefore, the aim of this study was to
perform a formal cost-effectiveness evaluation of the 6-
month structured exercise program, which formed the
intervention in the CYCLE-HD trial
(ISRCTN11299707).17
METHODS
Trial Population

Adult patients with ESKD undertaking maintenance
hemodialysis for >3 months were eligible for inclusion.
The trial was given ethical approval by the NHS
Research Ethics Committee East Midlands (North-
ampton, UK; REC ref: 14/EM/1190). The trial was
conducted according to the Declaration of Helsinki,
and all participants provided written informed
consent.
Trial Design

This is a cost-effectiveness analysis conducted along-
side the CYCLE-HD trial (ISRCTN11299707).17 CYCLE-
HD was a prospective, cluster randomized, open-
label, blinded endpoint trial. Detailed descriptions of
the CYCLE-HD trial design, including specific inclusion
and exclusion criteria, randomization, and data collec-
tion procedures, have been previously published.17

Briefly, for randomization, days in which the patients
were dialyzed at each of the 3 included dialysis units
were randomized by an independent statistician to
either continue on standard therapy (control group) or
standard dialysis therapy plus the intervention of IDC.
This meant there were 6 clusters in total (2 clusters at
each of the 3 units). Participants were screened against
the inclusion and exclusion criteria of the study by
members of the study team.
Blinding

Recruitment and delivery of the intervention (IDC) was
not performed blind to trial group allocation. Collection
of the health care utilization data was undertaken blind
to trial group allocation.
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IDC Intervention, Control Group, and Adherence

The IDC group used specially adapted and calibrated
exercise bicycles (Letto Series; Motomed, Reck, Ger-
many; cost shown in Supplementary Table S1). The IDC
sessions were delivered (which included supervision of
participants during exercise and bicycle set-up,
cleaning, and storage after use) by the study team at
the hemodialysis unit. Participants cycled 3 times a
week during dialysis for 6 months, aiming for 30 mi-
nutes of continuous cycling at a rating of perceived
exertion of 12 to 14. Rating of perceived exertion was
recorded at the end of the IDC session to progress
training, there was no additional monitoring of par-
ticipants (over and above the usual clinical observa-
tions as part of their treatment). This intervention was
chosen as it is the most common form of intradialytic
exercise within the United Kingdom11 and can imple-
mented as part of usual clinical practice.18 The bicycles
were stored along with other clinical equipment at the
unit. The maintenance and repair cost of the bicycles
for the duration of the study was covered in the initial
purchase cost.

Time Horizon

Data on health care utilization were collected from
participants’ medical records for 3 distinct 6-month
periods: pre-, during, and postenrollment in the
CYCLE-HD trial (Figure 1). These time horizons were
chosen because this ensures that the 6-month “during”
period includes the IDC exercise program for the ex-
ercise group and allows direct comparison with the
“usual care” only control group (Figure 1).

Health-Related QoL and Morbidity Assessment

Health-related QoL (HRQoL) was derived using the
Euro QoL-5 dimension-5 level (EQ-5D-5L) question-
naire. The 5 dimensions include mobility, self-care,
usual activities, pain/discomfort, and anxiety/depres-
sion. Each dimension has 5 levels: no problems, slight
problems, moderate problems, severe problems, and
extreme problems. This was undertaken at baseline, at
3 months, and at 6 months as part of the CYCLE-HD
Trial.17

Sources of Information on Health Care

Resources and Unit Costs

Data on associated hospital costs and prescribed med-
ications were collected and cross-referenced from 2
online medical record systems (Integrated Clinical
Environment, Sunquest Information Systems, Tucson,
AZ; Proton, Clinical Computing Clinical Information
Systems, Middlesex, UK). Information on primary care
consultations were collected through data extraction
forms and cross-referenced (SystmOne; TPP, Horsforth,
1549



Primary outcome assessment for CYCLE-HD RCT

Pre
(6 months)

During
(6 months)

Data Collec�on

IDC programme

EQ-5D-5L collected
Within trial analysis (n=109)

Within and post trial analysis (n=100)

Post
(6 months)

Figure 1. Schematic of the time horizon for data collection. Euro QoL-5 dimension-5 level (EQ-5D-5L) data collected as part of the CYCLE-HD
randomized controlled trial (RCT). For the “within and posttrial” analysis the EQ-5D-5L data were extrapolated forward by 6 months assuming no
change. (a) Base-case “within” analysis. (b) Base-case “within and posttrial” analysis. IDC, intradialytic cycling.
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UK). Intervention costs consisted of physiotherapist
time and exercise bikes. Two appropriately trained
physiotherapists at whole time (2.0 WTE), and 1 senior,
experienced physiotherapist at 10% of their whole
time (0.1 WTE) were costed in at current NHS staff
salary rates.19 Resources were valued using national
tariffs20–22 to increase generalizability (Supplementary
Table S1). All costs were expressed in 2017/2018 UK
pounds (£) inflated to this base year where appropriate
using the UK Consumer Price Health Index.20

Analysis of Cost-Effectiveness

The cost-effectiveness analysis was conducted from a
health care service perspective. A summary of the base-
case analysis is provided in Supplementary Table S2.
The base-case analysis consisted of 2 elements: a
“within trial” analysis (n ¼ 109), i.e. considering out-
comes over the 6-month trial period, and a “within and
posttrial” analysis (n ¼ 100) where data on health uti-
lization for the 6 months posttrial (i.e., the 6-month
trial period plus 6 months posttrial) were included,
and the EQ-5D-5L data extrapolated forward (Figure 1).
For the analysis, we adopted a bivariate model for
estimating incremental costs and effects to acknowl-
edge the joint distribution between them. As this was a
cluster randomized controlled trial we adopted a hier-
archical modeling approach including random effects
to represent the differences in the cluster mean costs
and effects from the overall mean for each group.23

Because of the positively skewed distribution of the
cost data, a gamma distribution was specified for costs
while a normal distribution was specified for effects
(QALY). This approach used Markov Chain Monte
Carlos simulations to fit the models using WinBUGS
software (version 1.4.3; Cambridge Univerity, Cam-
bridge, United Kingdom).24 We then performed 2
distinct sensitivity analyses (SAs). SA1 was a within-
trial analysis based on a complete case analysis only
imputing for missing primary care costs observations;
1550
that is, excluding patients with missing EQ-5D-5L ob-
servations and/or lost to follow-up before 6 months
(n ¼ 79). SA2 was a within and posttrial analysis (the 6-
month trial period plus 6 months posttrial) based on a
complete case analysis as described in SA1.

Results were expressed in terms of cost per QALY
gained (i.e., the cost-effectiveness ratio), which was
estimated for the IDC group compared with the control
group. QALYs were calculated from EQ-5D-5L data,
using standard utility weights25 collected from partic-
ipants at baseline and at 3 and 6 months. Area under
the curve methods were used to calculate the QALYs
accrued by each patient during the intervention period
based on EQ-5D-5L data collected at baseline and at 3
and 6 months. For the posttrial analysis, EQ-5D-5L
scores recorded at 6 months (end of trial period) were
carried forward to 6 months posttrial, and 0- to 12-
month QALYs estimated using area under the curve
methods. All data are presented as mean difference
(95% confidence intervals [CIs] or standard deviation
[SD]) or median and interquartile range (IQR), or mean
(95% credible intervals [95% CrIs]), and number. In-
cremental cost-effectiveness ratio measures were esti-
mated for both the within trial and within and posttrial
analyses based on 50,000 Markov Chain Monte Carlos
samples for each of the 10 imputed datasets and sum-
marised in cost-effectiveness planes (Figures 2a and 2b).
For the cost-effectiveness planes, we show confidence
ellipses showing the area containing 95%, 90%, and
80% of the Markov Chain Monte Carlos–sampled in-
cremental cost-effectiveness ratio, together with the
mean incremental cost-effectiveness ratio from the
base-case analyses.

Missing Data and Imputation

In the base-case analysis, multiple imputation was used
to replace missing primary care costs, with observa-
tions based on baseline variables and stratified by
intervention group. Missing EQ-5D-5L observations
Kidney International Reports (2021) 6, 1548–1557



Figure 2. The cost-effectiveness plane shows the probability of intradialytic cycling being cost-effective at a willingness to pay threshold of
£30,000 per quality-adjusted life year (QALY; in UK£) for the base-case “within” and “within and posttrial” analyses. The incremental cost-
effectiveness ratio (red dot) estimated from 50,000 Markov Chain Monte Carlo samples for each of the 10 imputed data sets are presented
in the form of cost-effectiveness ellipses on the cost-effectiveness planes. It can be observed that although the incremental cost-effectiveness
ratios span all 4 quadrants, the largest proportion is in the southeast quadrant indicating intradialytic cycling is likely to be less costly and more
effective. The incremental cost-effectiveness ratios estimated lie below the willingness to pay threshold line of £30,000 per QALY gained in (a)
73% and (b) 94%. The 3 confidence ellipses are labeled as 95% for the outer, 90% for the middle, and 80% for the inner. The confidence ellipses
provide a visual display of the uncertainty around the point estimate of the incremental cost-effectiveness ratio (ICER).
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were replaced using an index rather than domain
imputation.26 The base-case "within trial" analysis
imputed missing observations for primary care costs
and EQ-5D-5L. The "within and posttrial" analysis
imputing missing observations for primary care costs,
and EQ-5D-5L (excluding patients lost to follow-up).
There were 2 types of missingness in the data: (i)
missing health costs and EQ-5D-5L observations for
Kidney International Reports (2021) 6, 1548–1557
participants who completed the study protocol and (ii)
missing observations due to participants being lost to
follow-up (Supplementary Table S3). The base-case
analyses (both within trial and within and posttrial)
imputed missing observations for primary care costs
and EQ-5D-5L for patients who completed the study
protocol but excluded patients lost to follow-up (e.g.,
those who moved away from the hemodialysis center,
1551



Table 1. Total number of in-patient hospital admissions by category, time period, and group

Speciality

Control group Intradialytic cycling group

6 months pretrial,
n [ 65

6-month trial period,
n [ 56

6 months posttrial,
n [ 49

6 months pretrial,
n [ 65

6-month trial period,
n [ 53

6 months posttrial,
n [ 51

Infection 14 11 3 8 10 4

Cardiovasculara 1 3 7 9 8 5

Musculoskeletal 1 1 0 5 2 1

Gastrointestinal 7 3 4 7 2 4

Renalb 33 16 27 25 8 7

Miscellaneous medical (nonrenal) 9 10 5 10 3 3

Miscellaneous surgical (nonrenal) 7 4 3 4 3 4

Other 3 6 2 6 6 5

Total 75 54 51 74 42 33

aCardiovascular admissions were for arrhythmia, arterial stenosis, blood pressure complications, cardiac imaging, chest pain, mesenteric ischemia, miscellaneous (admitted to a
cardiology ward), myocardial infarction, peripheral vascular disease, stroke, and venous thromboembolism.
bMost renal admissions were for dialysis adequacy, fluid overload, or vascular access.
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those who dropped out, etc.). Standard practice for
accounting for missing data was followed,27 with
multiple imputation by chained equations using pre-
dictive mean matching (to deal with the nonnormality
of the data) fitted to replace item nonresponse (i.e.,
where individual observations for participants were
missing).28 In addition, because of the nonnormal dis-
tribution of the cost data, bootstrapped percentile 95%
confidence intervals using 500 replications were
calculated for each of the 10 imputed datasets and the
results were pooled. Missing data imputation was
performed with Stata software (version 15; StataCorp
LP, College Station, TX).
RESULTS
The study recruited from March 2015 until April 2018.
A total of 155 participants were consented to the study,
with 130 completing primary outcome assessment at
baseline and 101 participants completing the final pri-
mary outcome assessment (IDC group, n ¼ 51; control
group, n ¼ 50). Baseline demographics of the study
participants are shown in Supplementary Table S4.
There were no observable differences in baseline de-
mographics between participants completing the study
protocol versus those lost to follow-up (and therefore
omitted from the 2-element base-case analysis;
Supplementary Table S4).
Hospital Admissions

Hospital admissions for both the IDC group and the
control group for 6 months pretrial, during, and
posttrial are shown in Table 1. Total admissions in the 2
groups were comparable 6 months pretrial but fell in
both groups for the during and posttrial periods
(Table 1). This was more pronounced in the IDC group
(Table 1). Hospital duration of stay for both groups is
shown in Supplementary Table S5.
1552
Costs

Primary care, medication, hospital-associated, and total
costs are presented by intervention group at 6 months
pretrial, during, and posttrial (Table 2). A reduction in
the costs was observed for all 3 cost categories and for
the total cost in the 6-month trial period comparing the
IDC and control groups (mean cost difference per
participant: primary care �£43 [95% CI �£107 to £17];
medication �£189 [95% CI �£786 to £378]; and
hospital �£1808 [95% CI �£5788 to £2364]). This
reduction was more pronounced in the 6-month posttrial
cost period (mean cost difference per participant: pri-
mary care �£148 [95% CI �£303 to �£43];
medication �£408 [95% CI �£1055 to £214]; and
hospital �£4066 [95% CI �£8063 to £58]).

HRQoL

HRQoL increased in the IDC group and fell in the
control group during the CYCLE-HD trial. This is
indicated by higher EQ-5D-5L utility scores at 3
months (mean difference 0.0291 [95% CI �0.0817 to
0.1400]) and at 6 months (mean difference 0.1075 [95%
CI 0.0021–0.2135]) in the IDC group compared with the
control group (Supplementary Table S6).

Base-Case Cost Effective Analysis

The base-case within trial analysis shows a mean cost
reduction of �£1418 (95% CrI �£8590 to £5834) per
participant in health care utilization costs for the IDC
group (compared with the control group). In addition,
there was a small increment in QALYs (mean difference
per participant 0.013 [95% CrI �0.065 to 0.092])
resulting in a cost per QALY of �£106,538 favoring the
IDC group. This results in a 73% probability (indicated
by the proportion of the ellipses below the willingness
to pay threshold line in Figure 2a) of IDC being cost-
effective compared with only usual hemodialysis
therapy (control group) at the willingness to pay
thresholds of £20,000 and £30,000 per QALY gained
Kidney International Reports (2021) 6, 1548–1557
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(Table 3, Figure 2a). The within and posttrial analysis
that extrapolates the EQ-5D-5L data forward shows an
even larger reduction in health care utilization costs
(mean difference per participant �£8603 [95%
CrI �£23,362 to £7808]), with an increment in QALYs
(mean difference per participant 0.066 [95% CrI �0.117
to 0.248]) in the IDC group compared with the control
group. This confers a 93% probability of IDC being
cost-effective compared with usual hemodialysis ther-
apy at the willingness to pay threshold of £20,000 per
QALY gained, rising to 94% at £30,000 per QALY
gained (Table 3, Figure 2b).

Sensitivity Analysis

The results of SA1 and SA 2 (Table 3) broadly confirm
the findings of the base-case analysis. The first analysis
(SA1) where we imputed data for missing primary care
cost observations (excluding participants with missing
EQ-5D-5L observations and/or those lost to follow-up)
indicated a mean cost reduction of �£2542 (95%
CrI �£7046 to £2464) per participant for the IDC group
compared with the control group (Table 3). The
increment in QALYs of 0.019 (95% CrI �0.085 to 0.123)
resulted in a 90% chance of IDC being cost-effective at
£20,000 and £30,000 per QALY gained. SA2 (carrying
EQ-5D-5L scores forward and estimating 6-month
posttrial QALYs using area under the curve methods)
showed an even larger mean reduction of �£9323 (95%
CrI �£18,355 to �£1601) per participant, favoring the
IDC group (Table 3). The increment in QALYs for SA2
was 0.082 (95% CrI �0.111 to 0.276), increasing the
chance of IDC being cost-effective to 98% at willing-
ness to pay thresholds of £20,000 and £30,000 per
QALY gained.

DISCUSSION
Study Findings

This study found that a 6-month program of IDC
reduced health care utilization costs compared with
usual hemodialysis therapy only. Health care utiliza-
tion costs were similar between groups in the 6 months
before the CYCLE-HD trial. There was a reduction in
costs for the IDC group compared with the control
group during the 6-month trial period, which was more
pronounced in the 6-month posttrial period. This
resulted in a 73% chance of IDC being cost-effective
compared to usual hemodialysis therapy at £20,000
and £30,000 per QALY gained. When EQ-5D-5L data
were extrapolated to 6 months posttrial, the chance of
IDC being cost-effective rose to 93% and 94% at
£20,000 and £30,000 per gained QALY. The 2 SAs
confirmed the findings of the base-case analysis with
the likelihood of cost-effectiveness at 90% and 98%,
respectively. In addition, we have shown that every
1553



Table 3. Cost-effective analysis results for base-case and sensitivity analyses
Usual care control group IDC group IDC group vs. control group

Base-case “within trial” analysis,a n 56 53

Mean cost per participant (95% CrI) £11,097.00 (£6,191.21–£16,002.79) £9678.30 (£4806.92–£14,459.68) �£1418.40 (�£8589.76 to £5833.91)

Mean QALYs per participant (95% CrI) 0.336 (0.280–0.391) 0.349 (0.293–0.405) 0.013 (�0.065 to 0.092)

Cost per QALY gained �£106,538.48

Probability CE @ £20,000 per QALY gained 0.73

Probability CE @ £30,000 per QALY gained 0.73

Base-case “within and posttrial” analysis,b n 49 51

Mean cost per participant (95% CrI) £25,334.00 (£13,640.04–£37,027.96) £16,731.00 (£5714.95–£27,747.05) �£8603.10 (�£23,361.71 to £7807.69)

Mean QALYs per participant (95% CrI) 0.647 (0.518–0.776) 0.713 (0.585–0.841) 0.066 (�0.117 to 0.0.248)

Cost per QALY gained �£118,184.42

Probability CE @ £20,000 per QALY gained 0.93

Probability CE @ £30,000 per QALY gained 0.94

SA1,c n 36 43

Mean cost per participant (95% CrI) £10,276.00 (£6,645.45–£13,906.55) £7733.10 (£4573.03–£10,892.22) �£2541.70 (�£7046.03 to £2463.81)

Mean QALYs per participant (95% CrI) 0.324 (0.249–0.399) 0.343 (0.271–0.415) 0.019 (�0.085 to 0.123)

Cost per QALY gained �£120,104.45

Probability CE @ £20,000 per QALY gained 0.90

Probability CE @ £30,000 per QALY gained 0.90

SA2,d n 36 43

Mean cost per participant (95% CrI) £23,464.00 (£15,000.20–£31,927.80) £14,140.00 (£6985.24–£21,294.76) �£9322.90 (�£18,355.11 to �£1601.31)

Mean QALYs per participant (95% CrI) 0.625 (0.485–0.765) 0.707 (0.572–0.842) 0.082 (�0.111 to 0.276)

Cost per QALY gained �£101,835.69

Probability CE @ £20,000 per QALY gained 0.98

Probability CE @ £30,000 per QALY gained 0.98

CE, cost-effective; CrI, credible interval; EQ-5D-5L, Euro QoL-5 dimension-5 level; GP, general practice; IDC, intradialytic cycling; QALY, quality-adjusted life year; SA, sensitivity analysis.
aSix-month within trial analysis imputing for missing GP and EQ-5D-5L observations (excluding participants lost to follow-up during the first 6 months).
bZero to 12-month analysis (including 6 months posttrial) imputing for missing GP and EQ-5D-5L observations, and extrapolating EQ-5D-5L to 12 months (excluding participants lost to
follow-up).
c
“Within trial” cost-utility analysis: 0-6 months within trial analysis imputing for missing GP observations (4 and 7 observations missing for the control group and the IDC group,
respectively; excluding participants lost to follow-up during first 6 months and with missing EQ-5D-5L at $1 time point).
d
“Within and posttrial” cost-utility analysis: 0-12 month analysis imputing for missing GP observations (4 and 7 observations missing for the control group and the IDC group, respectively;
excluding participants lost to follow-up and with missing EQ-5D-5L at $1 time point).
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increment in QALYs as a result of a 6-month program of
IDC is associated with a �£106,538 reduction in health
care costs.

This study shows for the first time that a program of
IDC is cost-effective. A previous study assessed the
effect of a 6-month program of IDC on hospital ad-
missions and duration of stay.16 The authors reported
that during the 6-month program of IDC there was a
nonsignificant decrease in hospitalization rate and a
significant reduction in duration of stay, which fell
from 7.7 to 3.7 days.16 Similar cost benefits have pre-
viously been reported after exercise interventions in
other chronic disease populations, such as cardiac and
pulmonary patients.29–31 Unfortunately, this previous
study in the dialysis population did not have a usual
care (control) group and a full economic analysis was
not performed. A separate trial demonstrated that a 12-
week program of cardiac rehabilitation was cost-
effective in the hemodialysis population for up to 36
months after coronary artery bypass graft.32 The cost
savings associated with cardiac rehabilitation programs
are driven by a reduction in risk of subsequent events
and hospitalization33; our data showing a reduction in
hospital admissions after the IDC program support this.
1554
However, we have shown that the cost-effectiveness of
a program of IDC is realized more immediately (after 6
and 12 months) than the previous program of cardiac
rehabilitation.21 This may be because hemodialysis
participants included in the CYCLE-HD trial were
likely a fitter cohort than hemodialysis patients who
required a coronary artery bypass graft in the previous
report.32 Moreover, the previous study involved a
program of exercise taking place outside of hemodial-
ysis,32 which may be less deliverable in clinical prac-
tice than program of IDC and result in lower levels of
participant adherence.34

Generalizability

Program of IDC may not be feasible for extended pe-
riods because of a lack of resources and staffing.
However, this study shows that IDC is cost-effective
over 6- and 12-month periods, even with equipment
and staff costs incorporated into the analysis. These
cost savings can be redeployed to cover the resource
(staff and equipment) costs that are needed to maintain
programs of IDC. We believe that the success of pro-
grams of IDC within normal clinical care is dependent
on the use of dedicated personnel. The staff costs
Kidney International Reports (2021) 6, 1548–1557
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included in the analysis included 2 physiotherapist
assistants to deliver the program as well as a more
experienced senior physiotherapist to oversee the
governance. We believe that this method of providing
a program of IDC (by individuals specifically trained in
exercise or rehabilitation delivery) will increase
adherence and reduce dropout compared with delivery
by nursing staff. Assuming a cost savings per partici-
pant of £1418.40 over 6 months and calculating the
total cost of running a program over this time, is 2
trained physiotherapists (2.0 WTE) and 1 senior
physiotherapist (0.1 WTE) plus the cost of an exercise
bike. Calculating the total cost divided by the cost
saving indicates that around 21 participants across all
hemodialysis shifts (i.e., 3–4 participants per shift) are
required for a program to be cost effective. The cost of
implementation for a program of IDC will be largest in
the setup phase but may be lower through subsequent
years (with the effects of IDC on health care utilization
being maintained), as has been demonstrated previ-
ously for programs of cardiac rehabilitation.35

Within the United Kingdom there are around 24,000
adult patients with ESKD receiving in-center hemodi-
alysis.36 From previous data published by our group,18

approximately 27% of in-center HD patients would be
able to take part in a program of IDC; this represents a
significant potential cost savings to the health econ-
omy. There may also be wider economic implications to
society for programs of IDC if participants are more
physically fit and are therefore able to work, although
this is difficult to ascertain and therefore was not
explored in our current analysis. The intricacies of
health care delivery differ between countries; however,
based on the data we have presented (showing re-
ductions in primary care, hospital, and medication
costs) we would expect a program of IDC to result in
health care cost savings if implemented in other regions
globally. In addition, in other countries such as the
United States, hospitalization expenditures are high
relative to the cost of maintenance hemodialysis, and in
such a setting the cost-effectiveness of IDC might be
more apparent.

Strengths and Limitations

The CYCLE-HD trial was based in a single network
(Leicester, UK) comprising predominantly patients of
white/Caucasian and South Asian ethnicity.36 However,
this center contains 3 hemodialysis units (2 operated by
the NHS and 1 operated commercially) and therefore is
typical of the normal provision of hemodialysis care
within the United Kingdom. It is reasonable to conclude
that the cost-effectiveness of programs of IDC could be
extended to other centers, although this will need to be
explored in a formal implementation plan. The average
Kidney International Reports (2021) 6, 1548–1557
ages of the study participants were 59 and 56 years for
the control and IDC groups, respectively, which is lower
than the average age of 67 years for people on in-center
hemodialysis in the United Kingdom.36 This might in-
fluence the implementation of IDC in hemodialysis units
that have an older population. For our 6-month within
and posttrial analyses we extrapolated the EQ-5D-5L
score forward by 6 months assuming no change in
QoL. We feel that this estimate is conservative as the
QoL within the control group decreased with trial pro-
gression (from baseline to 6 months), and this is sup-
ported by previous data which have shown that
increasing dialysis vintage is associated with decreases
in HRQoL.37 In addition, the QoL increased in the IDC
group during the trial, which also supports previous
data38 showing that programs of exercise are associated
with improvements in HRQoL in the dialysis population.
Therefore, in the present analysis we believe it is con-
servative to assume no change in participant QoL when
the EQ-5D-5L data are extrapolated forward for the IDC
group in the within and posttrial analyses. However,
neither of these assumptions are certain and we
acknowledge that HRQoL may not have remained the
same over the 6 months that it was extrapolated for-
ward. This cost-effectiveness analysis used multiple
imputation to minimize the impact of missing data, and
it has recently been shown that unbiased results can be
obtained even with large proportions of missing data.39

Our analysis assumed that the data were “missing at
random”; if this assumption does not hold, then it could
bias our results. In the CYCLE-HD trial, the control
group was not allocated a nonexercise intervention,
therefore simply taking part in a program of exercise
may be responsible for some of the associations that we
have observed rather than the intervention per se.
Lastly, we also acknowledge that many of the cost dif-
ferences presented in the results are imprecise, with
wide confidence intervals.

In conclusion, the implementation of IDCs are cost-
effective and programs nationally should be a prior-
ity. Strategies to reach as many participants as possible
(e.g., communities that are harder to engage and com-
mercial vs. noncommercial providers) should be
incorporated wherever possible.
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