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ABSTRACT

Background The Enhanced HF Care study is a prospective randomised open blinded endpoint
(PROBE) design trial comparing the effectiveness of a digital health intervention —Enhanced
HF Care -- to usual care, in increasing health related quality of life for patients hospitalised
with acute decompensated heart failure (ADHF). The study aims to evaluate effectiveness in
(i) improving emotional and physical wellbeing, and (ii) decreasing healthcare utilisation. This
statistical analysis plan outlines the pre-specified statistical principles and procedures for
analysing data from the trial, which has been updated from as described in the trial protocol to
reflect lower than anticipated recruitment rates.

Methods The co-primary outcomes are emotional and physical wellbeing measured using the
Minnesota Living with Heart Failure Questionnaire (MLHFQ) domains at 6-months post-
recruitment. Secondary outcomes include MLHFQ emotional and physical well-being at 1-
month post-recruitment, unplanned hospital readmissions, and emergency department
presentations. Statisticians conducting analyses are blind to treatment allocation.

Analysis Bayesian hierarchical mixed effects models will be used to estimate treatment effects
for all outcomes, with uninformative prior distributions specified for effect parameter and
half-Cauchy priors on the random effect standard deviation and the within person standard
deviation. For each outcome, the analysis will present mean differences between treatment
groups with 95% credible intervals (highest posterior density) and posterior probabilities of
treatment effect.

All randomised participants will be analysed according to their assigned treatment group
following an intention-to-treat framework, excluding only those who withdraw consent for
data use. Intercurrent events will be handled using the estimands framework. For MLHFQ
outcomes, a composite strategy will be employed where participants who die will be assigned
the maximum value reflecting worst possible quality of life. Healthcare utilisation outcomes
(unplanned hospital readmissions and emergency department presentations) will be analysed
using a 'while alive' strategy, with follow-up extending until either death or 6 months post-
randomisation, whichever occurs first.

For handling missing data, we will use multiple imputation by chained equations (MICE)
under a missing at random assumption when participants drop out. For completed MLHFQ
subscales specifically, if only one item is missing within a subscale, we will use mean
imputation for that item. However, if more than one item is missing form a subscale, the total
score will be set to missing and MICE will be used to impute the total subscale score.

Additional analyses will estimate the posterior predictive probability of trial success had the
target sample size been achieved.

Conclusion Publication of this statistical analysis plan prior to data analysis ensures
transparency in the analytical approach and minimises potential bias in the interpretation and
reporting of trial results, particularly given the adaptation to Bayesian methods necessitated by
lower-than-expected recruitment.
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1. Administration information

Trial registration

This trial was prospectively registered via the Australian New Zealand Clinical Trials Registry
on the 4" October 2022 (Reference: ACTRN12622001289707).
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2. Introduction

Background and rationale

Heart failure (HF) affects over 64 million people globally and represents a significant public
health burden. Depression is highly prevalent in HF patients and is associated with increased
hospitalisations, reduced health functioning, and higher mortality rates. Given the interaction
between emotional and physical wellbeing in disease progression, there is a critical need for
enhanced emotional support and information for HF patients. Digital health interventions
show promise in helping HF patients manage both their emotional and physical wellbeing,
though evidence from existing trials is mixed, and studies have been limited by small sample
sizes.

The Enhanced HF Care program, a digital health intervention, seeks to improve care
coordination with a proactive approach to monitoring and managing emotional and physical
wellbeing. The proposed program is designed to achieve this through: (i) recognising the
interaction between emotional and physical wellbeing; (ii) harnessing existing community
resources, such as GPs; (iii) supporting patient empowerment through offering education and
self-help strategies; (iv) providing a mechanism for tailored self-help and stepwise care; (v)
using clinically derived algorithms to offer care recommendations; and (vi) increasing the
probability of a care partnership between hospital providers, community health, the patient
and their support persons.

Purpose of the Statistical Analysis Plan

This document describes the statistical methods and procedures to be used in analysing data
from the Enhanced HF Care trial which has been updated to reflect lower than anticipated
recruitment rates. It has been developed prior to data analysis to ensure analytical transparency
and minimise potential reporting bias.

3. Study Methods

3.1. Trial Design

This study is a prospective randomised open blinded endpoint (PROBE) design trial with a 1-
month and 6-month follow-up. The trial has two-arms:

1. Intervention: Online enhanced community care program for Heart Failure:
‘Enhanced HF Care’, plus usual care.
2. Control: Usual care alone

Treatment arms were randomly allocated in a 1:1 ratio. While participants and care providers
are not blinded to treatment allocation, outcome assessors and analysts are blinded to
allocation.
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Figure 1' presents a CONSORT diagram with an overview of the trial design and
interventions (created prior to study commencement). Figure 2 presents the CONSORT
diagram showing participant flow through the study, including screening, randomisation, and
follow-up.

Intervention Groups

Participants randomised to Condition 1 will receive usual care, plus the Enhanced HF Care
program. See Figure 1 for Intervention Flowchart. For full detail on the Enhanced HF Care
program, see original protocol.

3.2.2. Control: Usual care group

3.3.

Participants randomised to Condition 2 will receive standard care with involvement from
cardiology and allied health teams which may differ by site. This includes an initial call within
2 weeks post-hospital discharge to educate and assess patients in regard to their understanding
of their condition and treatment, a medication reconciliation and symptom management.
Patients are recommended to have a follow-up appointment with their GP 1-week post-
discharge and encouraged to formulate an action plan, and an appointment 1 month later with
their cardiologist. Further support is offered in relation to exercise, lifestyle modification and
palliative care depending on the patient’s condition and prognosis. One- and 6-monthly data
collection will obtain post-discharge care details including the use of health services.

Randomisation

Randomisation to either 1) intervention, or 2) usual care, was implemented in REDCap
following the completion of the baseline survey, using a schedule developed by an
independent statistician. The schedule used randomly selected block sizes of two and four,
stratified by recruitment site, with a randomisation ratio of 1:1. This approach ensures balance
in treatment allocation both overall and within sites. Due to the nature of the intervention, it
was not possible to blind trial participants or cardiac nurses to the randomisation allocation.
The randomisation allocation was known to the participant, cardiac nurses, or researchers
involved in supporting the trial. However, outcome assessors and data analysts are blinded to
allocation.

3.4. Trial Population
3.4.1. Eligibility

Patients will be eligible to participate if the following apply:

e Hospitalised with ADHF (including all ejection fraction classifications) being
discharged from participating hospitals to home

e Provide written, informed consent to participate in the study.

e Aged 18 years or older

e English speaking; with access to, and ability to utilise, a device with internet

e Able to provide informed consent
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3.4.2. Exclusion Criteria
Patients will be ineligible to take part in the study if the following apply:

| [ _Atocamon | [enrowment]

INTERVENTION

Without access to a device with internet
Unable to provide written informed consent.
Non-verbal.

Eligibility screening and recruitment

e Patients screened for eligibility during inpatient stay
e Consent to participate obtained
o Age and gender of non-consenters recorded

Well enough to be approached about the study (nurse’s judgement).

y
Baseline survey
e Participants complete an online baseline survey
[
Randomisation
e Participants randomised using permuted blocks, stratified by recruitment site
(] [
Control group Intervention group

* Receive standard care with ® Accessto the Enhanced HF Care
involvement from cardiology and Program:
allied health teams —Micro-learning modules

—Transfer of care

— Clinical monitoring of emotional
and physical wellbeing

—Stepwise care response

* Prompts to use program:
—Automated reminder email
after 3 days, 7 days and 14 days
—Reminder call after 14 days

Micro-learning modules
5 essential modules, 6 additional modules
Questions after each module to test their knowledge
Available to support persons via a program website

Transfer of care

Automated email to participants’ GPs
Micro-learning modules available to the GPsvia a program website

k3

| rouwowur ||

One- and six-month follow up survey
e Online follow-up survey at one month and six months post-randomisation
e Prompts to complete survey:
— An automated reminder email after two weeks, followed up by a reminder
call from the research team at one month

Depression

Clinical monitoring of emotional and physical wellbeing

Initial fortnightly monitoring surveys

Frequency decreases dependent upon scores

Depression: PHQ9, Physical wellbeing: KCCQ-12, Anxiety: GAD-7
(supplementary)

Patient receives scores and advice based on their scores

Concerns checkliston intervention homepage for immediate concerns

Stepwise care response
Scores from the monitoring surveys trigger an automated email alert
depending on the risk level:

Physical wellbeing

Step 1: Self-care advice. For medium e Step 1: Self-care advice. For high-
-risk or higher, patient prompted to risk, patient prompted to book a GP
book a GP consultation. consultation.

Step 2: For medium-risk, cardiac e Step 2: For medium-risk or higher,
nurse alerted but no actions cardiac nurse alerted to consider a
required. For high-risk, nurse to clinical care plan. For high-risk,
remind patient to book a GP nurse to remind patient to book a
consultation. GP consultation.

Step 3: For medium-risk or higher, e Step 3: For high-risk, GP alerted to
GP alerted to consider aclinical care consider a clinical care plan.

plan.

Figure 1: CONSORT diagram of participant flow through the study (prior to study
commencement). Reprinted from Fakes K, Hobden B, Zwar N, Collins N, Oldmeadow C,
Paolucci F, Davies A, Fernando I, McGee M, Williams T, Robson C. Investigating the effect
of an online enhanced care program on the emotional and physical wellbeing of patients
discharged from hospital with acute decompensated heart failure: Study protocol for a
randomised controlled trial: Enhanced care program for heart failure. Digital Health. 2024
May; 10:20552076241256503.
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J Recruitment L

Patients assessed for eligibility (n=465)
JHH = 358 (77%)
Tamworth Hospital = 107 (33%)

Patients excluded (346, 74%)
Mon-eligible patients (n= 266, 77% of ex-
cluded)

[IHH = 229 (86%)

Tomworth Hospital = 37 (14%)]

Mo device with intemet occess = 52 JHH,
25 Tam

Patients recruited & baseline survey
completed (n= 118, 25%)
JHH = 71 (60%)

Tamwarth Hospital = 47 (40%) Mon-consenting patients (n= 80, 30% of ex-

cluded)
IHH = 58 (73%)
Tamworth Haspital = 22 (27%)

I Randomisation (n= 118, 25%) I

Control participants (n= 60, 51%) Intervention participants (n= 58, 42%)
JHH = 36 (60%) JHH = 35 (60%)
Tamworth Hospital = 24 (40%) Tamworth Hospital = 23 (40%) Core modules completion (= 21, 36%)
- IHH = 10 (48%)
I 1-month survey completed (n= 60, 51%) I Tamwarth Hospital = 11 (52%)
Control participants (n= 33, 55%) Intervention participants (n= 27, 45%) freceived 7-day reminder (n= 54, 83%)
IHH = 18 (55%) JHH = 14 (52%)
Tamworth Hospital = 15 (45%) Tamworth Hospital = 13 (48%)
Lost to fallow-up (n= 2wd, 3 d) Lost to follow-up (n= 6 wd, 3d)

I
l 6-month survey completed (n= 32, 27%) |

Control participants (n=19, 59%) Intervention participants (n= 13, 41%)
IHH = 12 (63%) IHH = 8 (62%)
Tamworth Hospital = 7 (379%) Tamworth Hospital = 5 (38%)

Figure 2: CONSORT diagram of participant flow through the study (interim study
numbers).

3.5. Sample Size
The original study design targeted a sample size of 570 participants (285 per group).
This sample size was calculated based on a previous study of approximately 1,200
patients that established sensitivity and minimum clinically important differences in the
MLHFQ34. Using the reported standard deviations of 7.2 points (emotional domain) and
9.5 points (physical domain), and accounting for a 0.5 correlation between baseline and
follow-up measurements, this sample size would provide 80% power to detect clinically
significant differences of 1.75 points in the MLHFQ emotional domain and 3.5 points in
the physical domain at 6 months, while maintaining a type 1 error rate of 5%. The
calculation included an adjustment for an anticipated 30% drop-out rate.

As of 4.12.2024, only 118 patients have been recruited (32 at 6-month follow-up),
falling substantially short of the target sample size. This lower-than-anticipated
recruitment has prompted a revision of the statistical analysis plan, shifting from the
originally planned frequentist approach to a Bayesian framework. This Bayesian
approach allows for more nuanced interpretation of the available evidence given the
achieved sample size, without requiring the same strict sample size requirements as
frequentist hypothesis testing.
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4. Objectives, Endpoints and
Estimands

Primary objective

The primary objective of the study is to estimate the effect of treatment (Enhanced HF Care)
compared to usual care in improving self-reported emotional and physical wellbeing, at 6-
months post-recruitment among patients hospitalised with acute decompensated heart failure
(ADHF).

The co-primary endpoints are the physical and emotional domains of the Minnesota Living
with Heart Failure Questionnaire (MLHFQ). The MLHFQ assesses the impact of heart failure
on health-related quality of life. All items are answered on six-point Likert scales from 0
(none) to 5 (very much), with higher scores reflecting a worse health related quality of life. It
has strong psychometric properties and is sensitive to change.

The physical domain of the MLHFQ has 8 items, with scores ranging from 0-40.
The emotional domain of the MLHFQ has 5 items, with scores ranging from 0-25.

4.1.1. Primary objective endpoints and estimands

Endpoint Population Intercurrent events  [Summary measure
The emotional domain [The intention-to-treat [1) Deaths: Some The mean difference
of the MLHFQ at 6  |(ITT) population, patients might die between intervention
months post defined as all before 6 months, so and control in
randomisation. randomised their quality-of-life emotional domain

participants excluding [scores are not defined [scores at 6 months.
participants who have |past the point they die.
withdrawn their data, We will use the

with their data ‘Composite Strategy”
analysed according to [assigning a maximum
the experimental group \value (reflecting worst
to which they were possible QOL) to those
randomised to. who die before 6
months.

2) Inadequate
compliance:
Treatment policy
strategy. Analysed
according to the
experimental group to
which they were
randomised to,
regardless of
compliance.

The physical domain |As above As above The mean difference
of the MLHFQ at 6 between intervention
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months post and control in
randomisation. emotional domain
scores at 6 months.

4.2 Secondary objectives
The secondary objective is to estimate among patients hospitalised with acute decompensated
heart failure (ADHF):

1) The effect of Enhanced HF Care compared to usual care in improving self-reported
emotional and physical wellbeing, at 1-month post-randomisation.

For this objective, scores on the physical and emotional domains of the MLHFQ at 1-month
post randomisation will be used.

2) The effect of Enhanced HF Care compared to usual care in reducing healthcare utilisation at
1-month and 6-months post randomisation.

This objective assesses whether Enhanced HF Care reduces healthcare utilisation compared to
usual care. Medical records will be used to determine the number of unplanned hospital
readmissions, emergency department presentations, and the length of hospital stay.
Additionally, self-reported data on the use of primary health, allied health, and community
services will be collected.

4.2.1. Secondary objective endpoints and estimands

Endpoint Population Intercurrent events [Summary measure
The emotional domain [The intention-to-treat (1) Deaths: We will useThe mean difference
of the MLHFQat1  |(ITT) population, the ‘Composite between intervention
month post defined as all Strategy” assigning a [and control in
randomisation. randomised maximum value emotional domain
participants excluding |(reflecting worst scores at 1 month

participants who have [possible QOL) to those
withdrawn their data, who die before 6

with their data months

analysed according to
the experimental group
to which they were
randomised to.

2) Inadequate
compliance: We will
use the Treatment
policy strategy.
analysed according to
the experimental group
to which they were
randomised to,
regardless of
compliance
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unplanned hospital
readmissions from
randomisation to 1-
and 6- months post-
randomisation.

the ‘While alive”
strategy, restricting the
follow-up to be up
until the point of death
or end or 6 months
(whichever occurs
sooner)

2) Inadequate
compliance: We will
use the Treatment
policy strategy.
Analysed according to
the experimental group
to which they were
randomised to,
regardless of

The physical domain |As above As above The mean difference

of the MLHFQ at 1 between intervention

months post and control in physical

randomisation. domain scores at 1
month

The number of As above 1) Deaths: We will use[The ratio of the

cumulative incident
rate of unplanned
hospital readmissions
between intervention
and control at 1 month
and 6 months

Visits to or instances of
care received from
allied health providers
at 1-month and 6-
months post-
randomisation.

compliance

The number of hospital|/As above As above The ratio of the
emergency department cumulative incident
presentations from rate of ED
randomisation to 1- presentations between
and 6-months post- intervention and
recruitment. control at 1 month and

6 months
Total self-reported As above As above The ratio of the
Visits to or instances of cumulative incident
care received from rate of ED
primary health care presentations between
providers at 1-month intervention and
and 6-months post- control at 1 month and
randomisation. 6 months
Total self-reported As above As above The ratio of the

cumulative incident
rate of ED
presentations between
intervention and
control at 1 month and
6 months
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Total self-reported As above As above The ratio of the

Visits to or instances of cumulative incident

care received from rate of ED

community service presentations between

providers at 1-month intervention and

and 6-months post- control at 1 month and

randomisation. 6 months

Length of Hospital As above As above The mean difference

Stay between intervention
and control in physical
domain scores at 1
month

5. Statistical methods

5.1 Changes to the Statistical considerations section of the trial

protocol

5.1.1. Treatment of missing data
The protocol stated that we would use a method that does not rely on the assumption the data
are missing at random (e.g. pattern mixture models). Since then, we have used the estimands
framework to clarify the treatment of intercurrent events (using the composite strategy -for the
QOL co-primary outcomes, assigning a maximum value (reflecting worst possible QOL) to
those who die. This strategy most aligned with the research question and objectives. Missing
data due to loss-to-follow-up or withdrawal will be treated as missing at random.

5.1.2. Change to Bayesian Framework
The statistical methods section in the protocol was stated as a linear mixed model within a
frequentist inferential framework. Due to the ongoing persistent recruitment problems outside
of the research teams control, we have changed to a Bayesian inferential framework. This will
allow more meaningful and nuanced interpretation of the trial results for an otherwise
underpowered study.
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5.2. Analysis Timeline

5.2.1. Statistical interim analyses and stopping guidance
Interim analyses are planned for February 2025, where the approximately expected
recruitment rate at this time will be 50%. The results of this interim analysis will not form a
stopping rule, as the purpose is for reporting and dissemination of results to date.

5.2.2. Timing of final analysis
The primary analysis will occur in December 2025.

5.2.3. Timing outcome assessments
Data will be collected from participants at three time-points: (i) at baseline following consent
in an online REDCap survey; (ii) at 1-month follow up in an online REDCap survey and, (iii)
6-months follow up in an online REDCap Survey. See Table 1 for a schedule of outcome
assessments.

5.3. Endpoint Definitions
Co-primary endpoints will be measured at baseline, and at 1- and 6-month follow-up times.
While the co-primary endpoints are measured at all three time points, the primary outcome is
defined at 6 months post-randomisation. The 1-month follow-up assessments of these
endpoints are considered secondary outcomes. Additional ssecondary outcomes will be
measured with data from the medical records and via patient self-report survey at 1- and 6-
months follow-up times. An overview of the outcomes to be assessed are shown in Table 2.
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Table 1. Schedule of Outcome Assessments

Timepoint

DESCRIPTION

Baseline (in hospital prior to
discharge)

Physical domain of the Minnesota Living with Heart Failure Questionnaire (MLHFQ).
Emotional domain of the MLHFQ.

1-month post randomisation

Physical domain of the Minnesota Living with Heart Failure Questionnaire (MLHFQ).
Emotional domain of the MLHFQ.

Unplanned Hospital readmissions

Hospital emergency department presentations

Length of hospital stay

Total visits/care received from primary health care providers

Total visits/care received from allied health care provider

Total visits/care received from community service providers

6-months post randomisation

Physical domain of the Minnesota Living with Heart Failure Questionnaire (MLHFQ).
Emotional domain of the MLHFQ.

Unplanned Hospital readmissions

Hospital emergency department presentations

Length of hospital stay

Total visits/care received from primary health care providers

Total visits/care received from allied health care provider

Total visits/care received from community service providers
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Table 2. Description of outcomes to be collected and analysed.

Endpoint DESCRIPTION
Primary Minnesota Living The co-primary outcomes are the physical and emotional domains of the Minnesota Living with Heart
with Heart Failure Failure Questionnaire (MLHFQ). The MLHFQ assesses the impact of heart failure on health-related
Questionnaire quality of life. All items are answered on six-point Likert scales from 0 (none) to 5 (very much), with
(MLHFQ) higher scores reflecting a worse health related quality of life. It has strong psychometric properties and is
sensitive to change.
Physical domain of The physical domain of the MLHFQ has 8 items, with scores ranging from 0-40.
the MLHFQ - 6
months follow-up
Emotional domain of | The emotional domain of the MLHFQ has 5 items, with scores ranging from 0-25.
the MLHFQ - 6
months follow-up
Secondary Physical domain of As above in primary outcome.

the MLHFQ - 1
month follow-up

Emotional domain of
the MLHFQ -1
month follow-up

As above in primary outcome.

Unplanned Hospital
readmissions — 1 and
6 months follow-up

The number of unplanned hospital readmissions will be obtained from medical records.

Hospital emergency
department

The number of hospital emergency department presentations will be obtained from medical records.
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Endpoint DESCRIPTION

presentations — 1 and
6 months follow-up

5 | Length of Hospital Length of Hospital Stay will be obtained from medical records.
Stay
6 | Total self-reported This will be obtained from self-report survey data about primary health care service usage.

Visits to or instances
of care received from
primary health care
providers at 1-month
and 6-months post-
randomisation.

7 | Total self-reported This will be obtained from self-report survey data about allied health care service usage.
visits to or instances
of care received from
allied health
providers at 1-month
and 6-months post-
randomisation.

8 | Total self-reported This will be obtained from self-report survey data about community care service usage
visits to or instances
of care received from
community service
providers at 1-month
and 6-months post-
randomisation.
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5.4. Analysis populations
The primary analysis modelling will be conducted as intention-to-treat (ITT), defined as all
randomised participants excluding participants who have withdrawn their data, with their data
analysed according to the experimental group to which they were randomised to.

5.5. Analysis Methods

5.5.1. Descriptive statistics and Presentation of Results
Descriptive statistics will be used to summarise the baseline demographic and clinical
characteristics overall and for intervention and control groups in the intention to treat
population. Counts and percentages for categorical data, and means, standard deviations (or
medians, interquartile ranges) for continuous data. Example templates for summary tables are
provided in Appendix 6.1, which illustrate the planned format for presenting baseline
characteristics (Table Al), primary outcomes (Table A2), and secondary outcomes (Table
A3).

5.5.2. General Statistical methodology
Statistical inference for assessing differences between groups for all outcome measures will
be within a Bayesian framework. This involves, for each outcome, specifying a likelihood
function and prior distributions, which together form the posterior distribution for the
parameters of interest. This approach allows for more nuanced interpretation of the evidence
given the achieved sample size.

5.5.3. Prior Specification
We will use uninformative prior distributions for all treatment effect parameters and half-
Cauchy priors for the standard deviation of the random effects and the within-person standard
deviation. These are outlines in more detail below.

5.5.4. Samples from the posterior distribution
Samples from the posterior distribution will be obtained using the No U-Turn Sampler
(NUTS), as implemented in the brms R package?. All models will be run with 5,000 burn-ins
and 7,000 iterations, using the default settings of 4 chains. No thinning will be applied. A
seed will be set for reproducibility.

5.5.5. Assessment of convergence
We will evaluate convergence through:

e Visual inspection of trace plots and posterior distributions
e Gelman-Rubin convergence statistic (Rhat <1.1 indicating convergence)
o Effective sample size (ESS >400 for stable estimates)

If convergence is not achieved, we will initially attempt to increase the number of iterations,
and if issues remain, we will vary the thinning rate, then then try stronger [informative] prior
distributions.
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5.5.6. Assessment of fit
To assess model fit, the posterior predicted values of the outcome will be compared to the
observed data. If models indicate poor fit, stronger prior distributions or alternate model
distributions will be explored.

5.5.7. Summaries of the posterior distribution
Posterior mean: The mean of the converged posterior distribution for the parameter
reflecting the between group differences (either absolute or relative) will be presented as the
point estimate to 2 decimal places.

Intervals: 95% credible intervals will be calculated using the highest posterior density (HPD)
method and presented to 2 decimal places.

Probability of direction: The one-sided probability that the difference between treatment
and control is greater than zero will be presented (representing a beneficial treatment effect).
This is calculated as the proportion of posterior samples that are of sign that is favorable to
the intervention (either +’ve or —‘ve)

5.6. Statistical models

5.6.1. Primary outcome
The co-primary outcome variables — self-reported emotional and physical well-being at 6-
months post baseline-- will be assessed in the ITT population using a Bayesian hierarchical
mixed effects linear regression. A random intercept for participant ID will be included to
account for serial correlations from the repeated measures on the same individual. The
random intercept will be modelled as normally distributed with mean 0, with a half-Cauchy
prior on the standard deviation. The residual variation (within-person standard deviation) will
also be assigned a half-Cauchy prior. Fixed effects for treatment group, categorical time,
baseline outcome value, hospital location, and the interaction of treatment group and time,
will have non-informative priors for the parameters respective parameters (as mean
difference for continuous outcomes).

The hierarchical model is specified below:
Yijl X1 ... X4, Bo - Bs,V, 0 ~ Normal(p;;, 0?)
Kij = Bo + B1X1i + B2Xoj + B3X3i + BaXyi + Bs X1 X2 + q;

a; ~ Normal(0,V?)

[ = participant
j = timepoint
X,; = Treatment group for participant i

X,; = Timepoint j
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X3; = Baseline outcome for participant i

X,; = Hospital Location (Stratification Variable) for participant i.

Priors
Bo» B1, B2, B3, Ba, Bs ~ Normal(0,1000)
V ~ HalfCauchy(0,5)
o ~ HalfCauchy(0,5)

5.6.2. Secondary outcomes
Continuous secondary outcomes will be modelled as linear with specifications as outlined in
the analysis of primary outcomes. Count data (e.g., hospital readmissions) will be analysed as
a negative binomial regression with an offset term for follow up time to account for the
“while alive strategy”. In the event of excessive zeros, a zero-inflated negative binomial

regression will be used.

5.6.3. Posterior Predictive Analysis To estimate the probability of trial success if target
recruitment (N=570) had been achieved

In additional secondary analyses, we will estimate the posterior predictive probability of a
successful trial had the trial recruited the target sample. To achieve this, 1000 draws will be
taken from the posterior distributions of the parameters of the co-primary 6-month endpoint
models. For each draw data for additional participants up to the target sample size 570 will be
simulated. The existing data will be incorporated by treating it as known and only simulating
the additional participants needed to reach the target sample size. The randomisation ratio of
1:1 will be maintained.

A success criterion of .9 posterior probability of treatment effect is defined for each of the co-
primary endpoints. For each of the simulated complete data sets we will repeat the same
Bayesian analysis and determine if it meets the success criteria. We then calculate the
probability of success as the proportion of simulated datasets that meets the success criteria to
give the posterior predictive probability of trial success for each primary outcome, if
continued to target N of 570.

5.7. Missing Data
Missing data due to death:

The estimands framework will be used to handle intercurrent events. For MLHFQ, a
composite strategy will be employed where participants who die will be assigned the
maximum value reflecting worst possible quality of life (QOL). For healthcare utilisation
outcomes (unplanned hospital readmissions and emergency department presentations), a
‘while alive' strategy will be used, with follow-up extending until either death or 6 months
post-randomisation, whichever occurs first.
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5.8.

5.9.

5.10.

It is made available under a CC-BY 4.0 International license .

Other missing:

Missing data due to participant drop out will be addressed using multiple imputation by
chained equations (MICE) under a missing at random assumption.

For completed MLHFQ subscales specifically, if only one item is missing within a subscale,
we will use mean imputation for that item. However, if more than one item is missing form a
subscale, the total score will be set to missing and MICE will be used to impute the total
subscale score.

Sensitivity analysis
A sensitivity analysis will be performed with the primary analysis run again with only
complete cases to determine the robustness of the multiple imputations.

Statistical Software

The cleaning, coding, and analysis of the data sets will be completed using Statistical
Analysis System (SAS) version 9.4 and R (R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/).

References

1. Fakes K, Hobden B, Zwar N, Collins N, Oldmeadow C, Paolucci F, Davies A, Fernando I,
McGee M, Williams T, Robson C. Investigating the effect of an online enhanced care
program on the emotional and physical wellbeing of patients discharged from hospital with
acute decompensated heart failure: Study protocol for a randomised controlled trial:
Enhanced care program for heart failure. Digital Health. 2024 May;10:20552076241256503.

2. Burkner, Paul-Christian. 2018. “brms: An R Package for Bayesian Multilevel Models
Using Stan.” Journal of Statistical Software 80(1), 1-28. doi:10.18637/jss.v080.i01.

Page 21 of 28


https://doi.org/10.1101/2025.03.05.25323198
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.05.25323198; this version posted March 7, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

6. Appendix

The following tables provide example templates for the presentation of results.
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Table Ala: Basic Demographic by Treatment Group (ITT Population)

Enhanced HF Care Usual Care Total

(N=) (N =) (N=) PVvalue

Age
Mean (SD)
Median (Q1, Q3)
Min, Max
Gender
Female
Male
Transgender or non-binary
Other
BMI
Mean (SD)
Median (Q1, Q3)
Min, Max
Highest Level Education
Primary School
High School
Trade or Vocational
University Degree
Other
Birth Country
Australia
England
New Zealand
China
India
Other
Location
Major City
Inner / Outer Regional
Remote / Very Remote
Aboriginal / Torres Strait Islander
No
Aboriginal
Torres Strait Islander
Aboriginal & Torres Strait Islander
Prefer not to say
Marital status
Singe, never married
Married or living with partner
Divorced or separated
Widowed
Primary living situation
With spouse or partner
With children
With other family members
On my own
Other
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Table Alb: Socioeconomic status and living situation by treatment group (ITT Population)
Enhanced HF Care  Usual Care Total
(N=) (N=) (N=)

P-Value

Highest Level Education
Primary School
High School
Trade or Vocational
University Degree
Other

Employment Status Change Due to HF
Yes
No

Marital status
Singe, never married
Married or living with partner
Divorced or separated
Widowed

Primary living situation
With spouse or partner
With children
With other family members
On my own
Other

Private Health Insurance
Yes
No
Unsure

Concession Card
Yes
No
Unsure
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Table Alc: Health Conditions and risk factors by Treatment Group (ITT Population)
Enhanced HF Care  Usual Care Total
(N=) (N=) (N=)

P-Value

High blood pressure
High cholesterol
Type 2 Diabetes / High blood
sugar
Kidney disease
Depression
Stroke
Cancer
Chronic Pain
Asthma
Smoking Status
Daily smoker
Occasional smoker
Previous smoker
Tried a few times but do not
smoke regularly
Never smoked
Daily Cigarettes
Mean (SD)
Median (Q1, Q3)
Min, Max
Monthly Cigarettes
Mean (SD)
Median (Q1, Q3)
Min, Max
Alcohol Consumption
Never
Monthly or less
2 — 4 times per month
2-3 times per week
4 or more times per week
Daily Standard drinks
Mean (SD)
Median (Q1, Q3)
Min, Max
Frequency of consuming 4+
drinks in one sitting
Never
Less than monthly
Monthly
Weekly
Daily or almost daily
Daily fruit intake (serves)
Mean (SD)
Median (Q1, Q3)
Min, Max
Daily vegetable intake (serves)
Mean (SD)
Median (Q1, Q3)
Min, Max
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Table A2: MLHFQ domain outcomes at 1-month (secondary outcome) and 6-months (primary outcome)
by treatment arm.

Enhanced Usual Mean
HF Care Care Difference Pd? ER¢
(N=) (N=) (95% CI)?

MLHFQ Emotional Domain
Baseline

1 month

6 months

MLHFQ Physical Domain
Baseline

1 month

6 months

Values presented as Mean (SD) for Enhanced HF Care and Usual Care Columns
295% CI = 95% Credible Interval (highest posterior density)

b Pd = Probability of direction (probability that the effect is in the favourable direction)
¢ ER = Evidence Ratio = Pd/(1-Pd)
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Table A3: Secondary Outcomes of Healthcare Utilisation by Treatment Group and Timepoint

Enhanced Usual
HF Care Care

(N=) (N=)

Rate Ratio

(95% Cl)e Pd? ER

Emergency Department Visits
1 month

6 months

Hospital Readmissions

1 month

6 months

Primary Care — Self Report
1 month

6 months

Allied Health — Self Report
1 month

6 months

Community Services

1 month

6 months

Enhanced Usual Mean
HF Care Care Difference Pdr ERc¢
(N=) (N=) (95% CI)?

Length of Hospital Stay (Days)
1 month

6 months

Values presented as Mean (SD) for Enhanced HF Care and Usual Care Columns

Rate Ratio < 1 indicates better outcomes in Enhanced HF Care group (fewer events)
295% CI = 95% Credible Interval (highest posterior density)

® Pd = Probability of direction (probability that the effect is in the favourable direction)
¢ ER = Evidence Ratio = Pd/(1-Pd)
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