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Abstract

Objective: To evaluate whether home-based extended rehabilitation for older people with frailty after hospitalisation with an
acute illness or injury can improve physical health-related quality of life.
Trial design: Multi-centre, individually randomised controlled parallel group superiority trial.
Setting: Recruitment from 15 NHS Trusts in England, with home-based intervention delivery.
Participants: Eligible participants were 65 years or older with mild/moderate/severe frailty (5–7 on Clinical Frailty Scale)
admitted to hospital with acute illness/injury, then discharged home.
Interventions: Participants were randomly assigned (1.28:1) to the Home-based Older People’s Exercise (HOPE) pro-
gramme—a 24-week home-based manualised, progressive exercise intervention as extended rehabilitation, or usual care
(control).
Main outcome measures: Primary outcome was physical health-related quality of life, measured using the physical component
summary (PCS) of the modified Short Form 36-item health questionnaire (SF36) at 12 months. Secondary outcomes at six and
12 months included functional independence, death, hospitalisations and care home admissions.
Results: We randomised 740 participants (410 HOPE, 330 control). Intention-to-treat analyses showed no evidence that
HOPE was superior to control for 12-month PCS score (adjusted mean difference −0.22, 95% CI -1.47 to 1.03; P = .73).
There was some evidence of a higher rate of all-cause hospitalisations in the control arm (incidence rate ratio 1.12, 95% CI 1.00
to 1.25; P = .05). The intervention was not cost-effective.
Conclusions: We do not recommend routine commissioning of extended rehabilitation for older people with frailty after
discharge home from hospital or intermediate care, following an acute admission with a medical illness or injury.
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Key Points
• Around half of older people in hospital have frailty and are at higher risk of readmission or death following discharge home
• Short-term rehabilitation reduces readmission to hospital within a month of discharge but this benefit attenuates over time
• The HERO trial evaluated extended rehabilitation for older people with frailty after acute admission or injury
• The intervention did not improve physical health-related quality of life at 12 months and was not cost-effective
• We do not recommend routine commissioning of extended rehabilitation for older people with frailty after acute hospitali-

sation

Introduction

Population ageing is accelerating worldwide and maintaining
the independence and quality of life of this growing older
population is a shared global priority [1, 2]. Frailty is an
especially problematic expression of population ageing that
is characterised by loss of biological reserves and resulting
vulnerability to adverse outcomes such as loss of indepen-
dence, hospitalisation, care home admission and death [3].
It is a common condition, with global estimates indicating
frailty affects around 12% of community-dwelling people
aged 65 years and over, rising to around half of people aged
90 years and over [4]. Around 50% of older people in hospital
have frailty and are at higher risk of readmission or death
following discharge home, compared to robust older people
[5, 6]. Frailty negatively impacts on quality of life, caregiver
burden and health and social care use [3]. It accounts for
£6billion of annual UK National Health Service (NHS)
expenditure [7] and is the strongest predictor of social care
costs [8].

In the UK, following acute hospitalisation, around one
third of older people with frailty are likely to return home
after a brief period of rehabilitation on a hospital ward. A
further third are likely to die in hospital or require nursing
home care after discharge. The final third are likely to require
and receive a longer period of rehabilitation [9]. This rehabil-
itation, termed ‘intermediate care’ (IC), comprises a range of
rehabilitation services to promote recovery of independence
and reduce the premature need for long-term care—similar
to ‘post-acute’ care services internationally. Services typically
include provision of rehabilitation in bed-based IC services
(e.g. community rehabilitation hospital setting), or via home-
based services (e.g. supported discharge teams or community
therapy services). UK guidelines recommend a relatively brief
contact with these services of two to six weeks [10]. The
average length of IC stay is around 30 days with 80% of service
recipients discharged from IC within six weeks [11]. Many
recipients of IC do not feel ready to leave the service, indi-
cating possible incomplete recovery. Although IC reduces
readmission to hospital within a month of discharge [12],
this benefit attenuates, with no reduction in readmissions to
hospital over the longer term [13, 14].

A key challenge for healthcare systems internationally is
how to sustain the benefit from a short period of rehabili-
tation in IC over a longer time-horizon. Systematic review
evidence indicates exercise interventions based on progres-
sive strength training can improve mobility and function for
frail older people and slow progression to disability [15–
17]. The main objective for this trial was to evaluate the
clinical and cost-effectiveness of a programme of progressive
strength exercise targeted at key muscle groups for functional
mobility, with integrated behaviour change techniques, as
extended rehabilitation for older people with frailty after
hospitalisation with an acute illness or injury.

Methods

Study design and participants

The Home-based Extended Rehabilitation for Older people
(HERO) trial was a pragmatic, multi-centre, individually ran-
domised controlled parallel group trial with a two-level par-
tially nested hierarchical design. The trial included an internal
pilot and embedded process and economic evaluations.

HERO recruited participants from 15 English NHS hos-
pital trusts within Yorkshire and South West England. The
HERO trial protocol has been published [18] and full details
of the pre-specified internal pilot criteria, internal pilot results
and subsequent trial protocol amendments are available in the
Supplementary Material. Trial amendments were approved
by Yorkshire and the Humber (Bradford) Research Ethics
Committee (17/YH/0097). The trial was registered with the
ISRCTN Registry (13927531) and was conducted in accor-
dance with the principles of Good Clinical Practice and the
Declaration of Helsinki.

Eligible patients were 65 years or older admitted to
general/elderly medicine or trauma and orthopaedic hospital
wards following acute illness or injury, then discharged
home directly, or from IC services (bed-based and home
based). Patients had mild, moderate or severe frailty, defined
as a score of five to seven on the 9-item Clinical Frailty
Scale [19] and had to complete the Timed Up and Go
Test (TUGT) [20] without additional support. Patients
were ineligible if they were permanent care home residents;
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had significant cognitive impairment (Montreal Cognitive
Assessment (MoCA) test <20) [21]; had recent (<3 months
pre-randomisation) myocardial infarction or unstable angina;
had very severe frailty (scored 8 on CFS); were receiving
palliative care; had a referral at discharge for condition-
specific rehabilitation e.g. pulmonary/stroke rehabilitation
or falls prevention programme; had another household
member in the trial or were currently participating in another
conflicting trial.

Potentially eligible patients were identified via screening
on admission to the relevant ward or IC service by local
research staff and through discussions with ward staff.
Eligible patients were approached ∼48 hours prior to
discharge from the relevant ward or IC service, assessed
for capacity to provide informed consent and introduced
to the trial verbally. Interested patients were provided with
verbal and written information, given appropriate time to
consider involvement and where consent was obtained, final
eligibility and baseline assessments were completed. Baseline
assessments took place either in the hospital or bed-based IC
service within the 48 hour period prior to discharge home, or
in the participant’s own home.

Randomisation and masking

Participants were randomly assigned in a 1.28:1 ratio to
receive the Home-based Older People’s Exercise (HOPE)
programme plus usual care, or usual care alone (control)
via an online/telephone-based randomisation system at the
University of Leeds Clinical Trials Research Unit. Alloca-
tion, via a computer-generated minimisation programme,
incorporated a random element to ensure arms were balanced
for recruiting site, discharge setting (hospital, bed-based
IC, home based IC), intended level of HOPE programme
(level one, two or three) and reason for admission (acute
illness or injury). Due to the nature of HOPE, participants
and those involved in HOPE delivery were not masked to
treatment allocation. Participants were informed of alloca-
tion following discharge home from hospital or IC service.
General practitioners, although aware of trial participation,
were not informed of allocation. Other health and social
care teams remained unaware of both trial participation
and allocation. Researchers involved in data collection were
masked to allocation with alternative researchers conducting
subsequent follow-up assessments if treatment allocation
became known. The analysis team were not masked to
allocation, however a detailed statistical analysis plan was
written and agreed with the research team and independent
members of the Trial Steering Committee (TSC) prior to
database lock.

Procedures

The original development of the HOPE programme through
co-design has been previously described [19]. A detailed
description of HOPE delivered during the trial is provided in
the Template for Intervention Description and Replication

checklist (Supplementary Material), with a concise overview
provided below.

HOPE, designed specifically for older people with
frailty, is a home-based manualised, progressive exercise
intervention, graded into three levels of increasing difficulty
to account for the spectrum of frailty. The programme
aims to improve strength, endurance and balance for basic
mobility skills including getting out of bed, standing up from
a chair, walking a short distance and getting on/off the toilet.
For this trial the original HOPE programme was extended
from 12 to 24 weeks to incorporate 12 weeks telephone-based
support for intervention sustainability.

HOPE was delivered by trained NHS community physio-
therapy teams via scheduled weekly face-to-face or telephone
contacts, with the first planned contact within three weeks
of discharge home. Participants were provided with a tailored
and manualised exercise programme from one of three HOPE
programme level manuals, based on their performance on
the timed-up-and-go test. Participants were encouraged to
exercise three times daily (approx. 30mins in total) for five
days per week as able, with flexibility to allow tailoring to
individual needs. Therapists supported participants to appro-
priately progress their exercise programme through increased
frequency, intensity, volume and number/type of difference
exercises. The therapists employed behaviour change strate-
gies appropriate to each participant. These included, but were
not limited to, promotion of self-monitoring (exercise diary)
goal setting, and action planning to meet identified goals,
which were reviewed at subsequent contact points.

Usual care was not restricted in either arm and was
expected to vary dependent upon participant’s level of health
and social care need. Usual care service use was collected for
12-months post-randomisation in both arms.

Outcomes

Participants completed outcome measures at baseline, and
at six and 12-months via self-report postal questionnaires.
Reminder letters were sent to non-responders at three weeks
to prompt completion, followed by a telephone call to offer
support and/or collect the data over the telephone or to
arrange a face-to-face home visit.

The primary outcome was the Physical Component
Summary (PCS) score of the Short-Form 36-item Health
Questionnaire (SF36) as a measure of physical health-
related quality of life [22], measured at 12-months post-
randomisation. PCS score was also measured at six months
post-randomisation. Other secondary outcomes, measured
at 6 and 12 months post-randomisation, included the SF36
Mental Component Summary (MCS) score, activities of
daily living (measured by the Barthel Index of activities
of daily living (ADL) [23] and the Nottingham Extended
ADL (NEADL) index [24]), health-related quality of life
(measured by the EuroQol 5-Dimension 5-Level Version
(EQ-5D-5L) [25]) and healthcare resource use. Research staff
recorded care home admission status. Hospital readmission
rates, all-cause hospitalisation, and hospitalisation due to
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falls or fractures were recorded using routine Hospital
Episodes Statistics (HES) and mortality using linked Office
for National Statistics (ONS) data. The primary and sec-
ondary outcomes are defined in full in the Supplementary
Material.

Usual care data was collected for 12-months post-
randomisation by site research teams from electronic site
databases. Adverse events, including death and hospitalisa-
tion rates due to falls and/or fracture were collected by sites
at five and 11-months post-randomisation. These timepoints
were selected to incorporate a status check of participants
prior to contact for questionnaires at six and 12 months,
reducing the risk of contacting participants who had died.

Statistical analysis

The sample size of 742 participants (417 HOPE, 325 con-
trol) provided 90% power to detect a minimum clinically
important difference of three points in the PCS, at the two-
sided 5% significance level (assuming a mean PCS score of
30 (SD 9.47) [26]), allowing for 35% loss to follow-up [27].
We assumed clustering in the HOPE arm only to account
for between-therapist effects, an average cluster size of seven
participants per therapist, an intraclass correlation coefficient
of 0.03 [28, 29], and a coefficient of variation in cluster size
of 0.7 to account for a varying number of participants per
therapist. These assumptions led to an increase in the number
of participants required in the HOPE arm, and an overall
allocation ratio of 1.28 HOPE:1 control.

All analyses were conducted in SAS version 9.4, for the
intention-to-treat population, according to randomisation
and regardless of compliance with, or withdrawal from, the
trial. A single, final analysis of outcomes (including all inter-
nal pilot data) was conducted after data-lock at the end of
the trial. With the exception of SF36, participant-reported
outcomes were scored according to user-guides, with missing
item-level data handled according to guidance where available
or imputed using the half-rule [30]. SF36 raw scores were
scored and handled as per guidance using OPTUM PRO
CoRE software [31]. All statistical testing was performed at
the 5% significance level.

We analysed the primary outcome using a generalised lin-
ear mixed-effects regression model, adjusting for the min-
imisation factors, participant characteristics (age, sex, pre-
vious engagement or referral to community rehabilitation
services, Charlson index) and PCS score at baseline to test
for differences in PCS score between arms at 12-months. We
planned to use a partially clustered model to account for
clustering of outcomes in the HOPE arm due to therapist
effects [32], however this was not possible as the average
cluster size was too low. Missing data patterns were explored
and multiple imputation via pattern-mixture modelling with
40 imputations was used to impute missing values (includ-
ing missing data due to death) [33]. Treatment allocation,
age, sex, ethnicity, discharge setting, reason for admission,
intended level of HOPE programme, involvement in rehabil-
itation programme and baseline PCS score were included in

the imputation model. Rubin’s rules were used to combine
results of identical analyses performed on each of the imputed
datasets [34]. Robustness of primary outcome analysis was
tested via sensitivity analyses of participants with complete
data; excluding participants who had died; and including an
additional covariate denoting the period of outcome mea-
sure completion (pre−/post-COVID-19 lockdown). Results
were expressed as adjusted mean differences with 95% CIs and
p values.

Continuous secondary outcomes at months six and 12
were analysed as per the primary outcome and adjusted for
minimisation factors, participant characteristics and respec-
tive baseline score. Sensitivity analyses of participants with
complete data were compared with analyses using multiple
imputations for these outcomes. Binary secondary outcomes
at 12-months were analysed similarly in logistic (care home
admission, hospital readmission, mortality) or Poisson (all-
cause hospitalisations, hospitalisations due to falls) regression
models, using available data without multiple imputation,
expressing results as odds ratios (ORs) or rate ratios (RR),
where relevant, with 95% CIs. Time to death was analysed
using Cox proportional-hazards, adjusting for the minimi-
sation factors and participant characteristics. Assumptions
were checked for all regression models using residual plots
(linear, logistic and Poisson) or via assessment of proportional
hazards (Cox).

Intervention delivery was summarised descriptively. A
complier average causal effect (CACE) analysis [35] was
undertaken to understand the impact of participant and ther-
apist compliance on the primary outcome using a two-stage
instrumental variable regression approach with randomised
arm as the instrumental variable, adjusting for baseline PCS
score, age, gender and level of previous engagement with
community rehabilitation services. Compliance was defined
in four ways using combinations of the number of home
visits and percentage completion of all exercises prescribed
(Supplementary Material).

The number of participants withdrawing from trial ele-
ments was summarised by arm with reasons, where available.
Safety data relating to deaths and hospitalisations resulting
from falls and/or fractures were summarised descriptively
by arm. The TSC and Trial Management Group reviewed
accumulating safety data at agreed intervals throughout the
trial.

Health economic analysis

The within trial cost-effectiveness analyses, guided by the
recommendations of the National Institute for Health and
Care Excellence [36], compared HOPE to control. The
analyses took the perspective of the health and social care
sectors using quality adjusted life years (QALYs) derived
from the EQ-5D-5L and survival data. Costs included
participant-utilised resources and were valued using national
prices sources. Participants were followed for 12 months.
The analyses used incremental cost-effectiveness ratios
(ICERs) and were conducted with and without multiple
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imputation (MI). A Decision-Analytical Model (DAM) was
also constructed to extrapolate results over the longer-term
(up to 15 years). Transition probabilities for the DAM were
estimated using parametric survival and regression analyses
of the trial data. Results from the model are also presented as
ICERs.

Process evaluation

Qualitative mixed-methods process evaluation incorporat-
ing non-participant observations of intervention delivery;
semi-structured interviews of intervention and usual care
participants, therapy services managers, physiotherapists
and therapy assistants; and documentary analysis of the
therapy records and participant exercise diaries. Fidelity in
intervention delivery and acceptability of its receipt and
delivery were explored. Data analysis was based on thematic
and underpinned by Normalisation Process Theory [37].

Patient and public involvement

Patient and public contributors were involved during the co-
design of the original HOPE programme, and throughout
the trial, providing invaluable contributions to design, docu-
mentation and outputs. PPI representatives were involved in
trial management and governance through representation on
the Trial Management Group and independent Trial Steering
Committee.

Role of the funding source

The funder had no role in data collection, analysis, interpreta-
tion, writing of the manuscript or the decision to submit for
publication.

Results

Between December 01, 2017, and August 09, 2021, 16,687
patients were screened, 5505 (33.0%) were deemed eligible
for approach, of which 905 (16.4%) consented to further
eligibility checks and 775 (85.6% of consented) were eligible
(Figure 1). We randomised 740 (95.5% of eligible) partici-
pants to receive HOPE (410) or control (330). Randomised
participants were similar in age to those screened, however
some differences were noted for gender, ethnicity and reason
for hospital admission (see Supplementary Table 1 in the
Supplementary Material). Recruitment paused during the
COVID-19 pandemic between March 16, to October 29,
2020, in accordance with national guidance, and restarted
on October 30, 2020. Follow-up ended on September 01,
2022, with 539 (72.8%%) participants completing six-month
follow-up (299 [72.9%] of 410 in HOPE, 240 [72.7%] of
330 in control) and 479 (64.7%) participants completing 12-
month follow-up (264 [64.4%] of 410 in HOPE, 215 [65.2%]
of 330 in control (Figure 1). Summaries of eligibility viola-
tions and withdrawals are provided in Supplementary Table 3
of the Supplementary Material. All randomised participants
were included in the intention-to-treat analysis.

Baseline demographics and characteristics were broadly
similar between the arms (Table 1). In the 740 randomised
participants with available data, the mean age was 82.6 years
(SD 7.1 years), 486 (65.7%) were female, and 699 (97.6%)
were White. Over two-thirds of participants (511 [69.1%])
were admitted to hospital due to acute illness and 300 (40.5%)
were discharged from home-based intermediate care. The
majority of participants had either mild frailty (375 [50.8%])
or moderate frailty (324 [43.9%]) and were allocated to
HOPE Level 1 (466 [63.0%]). Participant reported measures
were balanced between the arms.

Of the 410 participants allocated to HOPE, 332 (81.0%)
started the intervention and had an initial home visit, 223
(54.4%) had at least five home visits and 188 (45.9%) com-
pleted 24 weeks of intervention delivery (see Supplementary
Table 4 in the Supplementary Material). Over half of partici-
pants completed more than 75% of prescribed exercises.

Unadjusted and adjusted mean scores for the primary out-
come, PCS score, were stable over time and similar between
arms at both six and 12-months (Tables 2 and 3, Figure 2).
There was no evidence that HOPE was superior to con-
trol for PCS score at 12-months (primary endpoint, adjusted
mean difference −0.22, 95% CI -1.47 to 1.03; P = .73) or
at 6 months (adjusted mean difference −1.10, 95% CI -2.32
to 0.12; P = .08, Table 3). All sensitivity analyses provided
conclusions consistent with the primary analysis.

On average, unadjusted and adjusted scores for MCS
(mental health, vitality and social functioning), NEADL
and Barthel Index (activities of daily living) and EQ-5D-5L
(health-related quality of life) decreased over time in both
arms with the largest reductions noted for the NEADL; there
was no evidence of a significant difference in these scores
between arms at six or 12-months (Tables 2 and 3).

There was no evidence of a significant difference in care
home admissions, hospital readmission rates, hospitalisations
due to falls, mortality or time to death at 12-months
(Table 2). There was some evidence that the rate of all-
cause hospitalisations was higher in the control arm than
in the HOPE arm (incidence rate ratio 1.12, 95% CI 1.00
to 1.25; P = .05) (Table 2). The proportion of deaths was
similar across both arms (see Supplementary Table 6 in the
Supplementary Material). No related and unexpected serious
adverse events were reported.

The CACE analysis found no difference in PCS scores
at 12-months when considering varying adherence to home
visits and exercises (see Supplementary Table 7 in the
Supplementary Material).

Health economic analysis

Full details of the health economic analysis will be reported
separately. At 12 months the mean estimated QALYs and
costs were higher for the HOPE arm compared to control
(incremental difference 0.024 QALYs and GB£1401 costs).
The ICER was GB£58,375. Similarly, the MI analysis gave
an ICER of GB£49,711 (incremental difference 0.03 QALYs
and GB£1469 costs). Both ICERs are above the NICE
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Figure 1. Trial profile. MoCa=Montreal Cognive Assessment. TUGT=Timed Up and Go Test. CFS=CFS=Clinical Frailty Score
∗Withdrawals and deaths are cumulave

6

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/55/2/afag011/8493247 by guest on 20 M

arch 2026



Extended rehabilitation for older people with frailty

Table 1. Baseline characteristics

HOPE
(n = 410)

CONTROL
(n = 330)

TOTAL
(n = 740)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 82.4 (7.3) 82.9 (6.9) 82.6 (7.1)
Gender

Male
Female

134 (32.7%)
276 (67.3%)

120 (36.4%)
210 (63.6%)

254 (34.3%)
486 (65.7%)

Ethnicity
White
Other∗

389 (97.7%)
9 (2.3%)

310 (97.5%)
8 (2.5%)

699 (97.6%)
17 (2.4%)

CFS Score# 5.5 (0.6) 5.6 (0.6) 5.5 (0.6)
CFS Score

Vulnerable 1 (0.2%) 0 (0.0%) 1 (0.1%)
Mild frailty 215 (52.4%) 160 (48.8%) 375 (50.8%)
Moderate frailty 176 (42.9%) 148 (45.1%) 324 (43.9%)
Severe frailty 18 (4.4%) 20 (6.1%) 38 (5.1%)

MoCA Score$ 23.4 (2.9) 23.6 (2.9) 23.5 (2.9)
Reason for Admission

Acute illness
Injury

285 (69.5%)
125 (30.5%)

226 (68.5%)
104 (31.5%)

511 (69.1%)
229 (30.9%)

Setting Discharged from
Hospital
Bed-based intermediate care
Home-based intermediate care

142 (34.6%)
101 (24.6%)
167 (40.7%)

116 (35.2%)
81 (24.5%)
133 (40.3%)

258 (34.9%)
182 (24.6%)
300 (40.5%)

TUGT Score 46.0 (37.0) 47.3 (39.1) 46.6 (37.9)
HOPE Level

Level 1
Level 2
Level 3

259 (63.2%)
103 (25.1%)
48 (11.7%)

207 (62.7%)
84 (25.5%)
39 (11.8%)

466 (63.0%)
187 (25.3%)
87 (11.8%)

Involved in previous rehabilitation programme 22 (5.6%) 18 (5.7%) 40 (5.6%)
Number of comorbidities

None
≥ 1

123 (30.2%)
284 (69.7%)

77 (23.8%)
247 (76.2%)

200 (27.4%)
531 (72.6%)

Type of comorbidity&

Diabetes mellitus
Chronic obstructive pulmonary disease
Congestive heart failure
Moderate to severe chronic kidney disease
Connective tissue disease
Cerebrovascular disease
Solid tumour (localised)
Solid tumour (metastatic)
Myocardial infarction
Peripheral vascular disease
Malignant Lymphoma
Dementia
Peptic ulcer disease
Leukaemia
Hemiplegia
Liver disease

96 (34.7%)
74 (26.9%)
59 (21.6%)
63 (22.8%)
59 (21.8%)
38 (14.0%)
45 (16.4%)
1 (2.3%)
32 (11.7%)
21 (7.7%)
10 (3.7%)
9 (3.3%)
4 (1.5%)
2 (0.7%)
4 (1.5%)
6 (2.2%)

84 (34.7%)
73 (30.8%)
60 (25.2%)
55 (23.3%)
39 (16.5%)
35 (14.7%)
31 (13.1%)
6 (20.7%)
39 (16.4%)
23 (9.8%)
2 (0.8%)
3 (1.3%)
4 (1.7%)
6 (2.5%)
2 (0.9%)
0 (0.0%)

180 (34.7%)
147 (28.7%)
119 (23.3%)
118 (23.0%)
98 (19.3%)
73 (14.3%)
76 (14.8%)
7 (9.7%)
71 (13.9%)
44 (8.7%)
12 (2.4%)
12 (2.3%)
8 (1.6%)
8 (1.6%)
6 (1.2%)
6 (1.2%)

Data are mean (SD) or n (%). CFS=Clinical Frailty Score, range 0–9. MoCA = Montreal Cognitive Assessment, range 0–30. TUGT = Timed Up and Go Test. ∗ Data
have been grouped to into Other to preserve anonymity. #Lower scores better. $Higher scores are better. &Self-reported, not mutually exclusive.

recommended threshold [36]. The results from the longer-
term decision-analytical model, applying a five, 10 and 15-
year time-horizon, also gave respective ICERs higher than
the UK threshold. Thus, HOPE was not shown to be
cost-effective.

Process evaluation

The process evaluation was successfully completed and
will be reported in full in a separate publication [38].

Key findings were that HOPE was broadly delivered as
planned with no significant variation between site/regions.
Therapists and intervention participants perceived HOPE
to be an acceptable rehabilitation intervention for use in
this post-acute context. Some therapists felt that greater
clarity about how the intervention could be best be adapted
to individual circumstances was needed. With appropriate
resource allocation, it was feasible for HOPE to be delivered
by therapists and appropriately trained and supervised
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Table 2. Raw summaries of patient-reported outcome measures by trial arm and timepoint

HOPE CONTROL

N Mean (SD) Median (IQR) N Mean (SD) Median (IQR)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SF36 PCS
Baseline
6 Months
12 Months

407
294
258

31.1 (8.09)
32.1 (9.66)
31.6 (9.19)

30.5 (25.8–36.2)
31.5 (25.0–38.4)
30.1 (25.5–37.3)

325
235
208

31.2 (7.93)
30.8 (8.43)
30.8 (8.75)

30.8 (25.6–36.0)
28.8 (25.3–36.5)
30.6 (24.3–35.6)

SF36 MCS
Baseline
6 Months
12 Months

407
294
258

48.3 (11.47)
47.3 (12.38)
46.3 (12.44)

50.0 (41.3–56.7)
49.4 (39.4–56.9)
48.5 (36.6–56.5)

326
235
210

48.6 (11.78)
46.8 (11.73)
45.0 (12.41)

50.9 (40.5–58.1)
46.9 (38.0–56.9)
46.0 (34.8–56.3)

Neadl
Baseline
6 Months
12 Months

408
292
253

41.6 (14.10)
35.3 (14.91)
32.4 (15.84)

43.0 (31.5–54.0)
36.0 (25.0–46.0)
33.5 (18.0–44.0)

328
229
204

40.3 (14.77)
35.8 (15.45)
33.7 (15.67)

40.0 (30.0–52.2)
36.0 (24.0–48.0)
33.0 (23.0–45.7)

Barthel index
Baseline
6 Months
12 Months

407
293
254

16.7 (2.70)
16.2 (3.53)
15.8 (3.71)

17.0 (15.0–19.0)
17.0 (15.0–18.0)
17.0 (14.0–18.8)

329
230
207

16.8 (2.70)
16.3 (3.25)
16.0 (3.50)

17.0 (15.0–19.0)
17.0 (15.0–18.0)
17.0 (15.0–18.0)

eq-5d-5l INDEX
Baseline
6 months
12 months

399
283
240

0.6 (0.24)
0.5 (0.29)
0.5 (0.27)

0.6 (0.4–0.7)
0.6 (0.4–0.7)
0.6 (0.3–0.7)

323
221
200

0.6 (0.26)
0.5 (0.2.7)
0.5 (0.27)

0.6 (0.4–0.7)
0.6 (0.4–0.7)
0.6 (0.3–0.7)

eq-5d-5l vas
Baseline
6 months
12 months

381
251
211

58.1 (20.6)
57.3 (21.4)
58.3 (21.4)

60 (45.0–75.0)
60 (45.0–75.0)
60 (45.0–75.0)

312
198
179

57.5 (20.8)
55.7 (21.8)
56.4 (22.3)

60 (50.0–75.0)
60 (40.0–75.0)
50 (40.0–75.0)

Data are mean (SD) or median (IQR). SF36 PCS = SF36 Physical Component Score, range 0–100. SF36 MCS = SF36 Mental Component Score, range 0–100.
NEADL = Nottingham Extended Activities of Daily Living, range 0–66. Barthel Index = Barthel Index of activities of daily living, range 0–20. EQ-5D-5L = European
Quality of Life 5 Dimensions 5 Level Version, range − 0.594 to 1. EQ-5D-5L VAS = European Quality of Life 5 Dimensions 5 Level Version Visual Analogue Scale,
range 0–100. Higher scores are better.

therapy assistants in community-based rehabilitation
settings.

Discussion

Our trial findings indicate no benefit of extended rehabilita-
tion (via the HOPE programme) for older people with frailty
on physical health, mental health, or activities of daily living.
There was some evidence for a reduction in all-cause hospital-
isations, but no effect on care home admissions or mortality.
Overall, when considered collectively, the intervention was
not cost-effective.

The HERO trial was delivered during especially challeng-
ing circumstances that included the COVID-19 pandemic.
We paused trial recruitment at a very early stage of the
pandemic, at which point the majority of participants had
received the required number of face-to-face intervention
visits. However, we remained mindful of the potential
impact of COVID-19 restrictions on the physical activity
and physical role components of the SF36, which include
engagement in outdoor activities. We examined outcomes
taking account of this but detected no difference in primary
or secondary outcomes, providing reassurance that COVID-
19 was unlikely to have influenced trial results.

Our findings indicate that overall, reported intervention
adherence was reasonable, taking account of the frailty of

the population and day-to-day health fluctuations, with over
half of participants completing more than 75% of prescribed
exercises. Reliable data on intervention adherence is chal-
lenging to collect, and it is possible that overall intervention
adherence may have been lower than reported, thus reducing
the potential for benefit.

Our HOPE intervention was designed to be tailored to
individual needs, allowing flexibility in initial intervention
intensity to engage participants who might have struggled
with a higher intensity. Although intervention training was
developed to account for this, our process evaluation findings
included feedback from some therapists that greater flexibil-
ity in intervention intensity was required, suggesting a need
for a stronger emphasis on this in initial training to support
overall fidelity. Our CACE analysis, however, did not show
any clear relationship between adherence and intervention
effect, indicating that whatever the intervention adherence,
it is challenging to generate intervention effect for this partic-
ular population. Related to this, some previous exercise inter-
ventions for older people have included more challenging
components such as using progressive weights or resistance
bands, and it is possible that the resistance exercise training in
the HOPE programme was not intensive enough to generate
intervention effect.

Findings conflict with the robust evidence base for resis-
tance exercise training to improve outcomes for older people
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Table 3. Primary outcome at 12 months and secondary outcomes at 6 and 12 months

6 Months 12 Months

HOPE
(n = 410)

CONTROL
(n = 330)

Effect∗, 95% CI p-value HOPE
(n = 410)

CONTROL
(n = 330)

Effect∗, 95% CI p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Primary Outcome

Mean SF36 PCS#, SD 32.5 (0.76) 31.4 (0.77) −1.10, (−2.32, 0.12) 0.08 31.34 (0.75) 31.12 (0.85) −0.22, (−1.47, 1.03) 0.73
Secondary Outcomes

Mean SF36 MCS, SD 46.6 (1.08) 46.2 (1.05) −0.38, (−2.06, 1.31) 0.66 44.2 (1.06) 43.4 (1.13) −0.88, (−2.66, 0.90) 0.33
Mean NEADL, SD 35.5 (1.16) 35.9 (1.17) 0.44, (−1.36, 2.24) 0.63 31.4 (1.08) 32.6 (1.08) 1.24, (−0.53, 3.01) 0.17
Mean Barthel Index, SD 16.0 (0.27) 16.1 (0.29) 0.15, (−0.29, 0.59) 0.51 15.2 (0.29) 15.3 (0.29) 0.10, (−0.32, 0.52) 0.64
mean eq-5d-5l, sd
MEAN EQ-5D-5L VAS,
SD

0.5 (0.03)
58.8 (2.30)

0.5 (0.03)
56.8 (2.28)

−0.02 (−0.06, 0.03)
−1.95 (−5.69, 1.80)

0.49
0.31

0.5 (0.03)
59.0 (2.26)

0.5 (0.03)
57.1 (2.28)

−0.03 (−0.07, 0.02)
−1.87 (−5.70, 1.94)

0.25
0.34

Care home admission — — — — 21/410 (5.1%) 9/330 (2.7%) 0.63 (0.28, 1.46) 0.28
Hospital readmission 165/410

(40.2%)
151/330
(45.8%)

1.26, (0.92, 1.73) 0.15 245/410 (59.8%) 214/330 (64.8%) 1.27, (0.93, 1.75) 0.14

All-Cause
Hospitalisations

— — — — 1.33 (0.16) 1.49 (0.18) 1.12 (1.00, 1.26) 0.05

Hospitalisations due to
falls/fractures

— — — — 0.00 (5.13) 0.00 (4.57) 1.12 (0.77, 1.64) 0.55

MortALITY — — — — 63/410 (15.4%) 62/330 (18.8%) 1.04, (0.68, 1.60) 0.85
time to death — — — — — — 1.08, (0.93, 1.25) 0.34

SF36 PCS = SF36 Physical Component Score, range 0–100. SF36 MCS = SF36 Mental Component Score, range 0–100. NEADL = Nottingham Extended Activities
of Daily Living, range 0–66. Barthel Index = Barthel Index of activities of daily living, range 0–20, EQ-5D-5L = European Quality of Life 5 Dimensions 5 Level
Version, range − 0.594 to 1. EQ-5D-5L VAS = European Quality of Life 5 Dimensions 5 Level Version Visual Analogue Scale, range 0–100.Higher scores are better.
∗Effect represents the mean difference between treatment arms for continuous outcomes (SF36 PCS, SF36 MCS, NEADL, BARTHEL Index, EQ-5D-5L), incidence
rate ratios (all-cause hospitalisations, hospitalisations due to falls/fractures), odds ratios (care home admission, hospital readmission, mortality) and hazard ratios
(time to death) estimated using linear, poisson, logistic or cox proportional hazards regression, adjusted for the stratification factors, age, previous engagement or
referral to community rehabilitation services, Charlson comorbidity index and baseline score. Missing data was imputed via multiple imputation. #Primary outcome
at 12 months.

with frailty. This evidence has typically been generated from
the more stable population of community-dwelling older
people outside of the unstable, unpredictable fluctuations
that often accompany acute illness or after an injury. It is
plausible that the adverse health trajectories of older people
with frailty after acute illness or injury, and the accompanying
challenges including day to day health fluctuations, general
fatigue and weakness, mean that it is more difficult to generate
similar benefits in this group when compared with a more
general population of community-dwelling older people.
HERO was a pragmatic trial investigating the effect of a
home-based exercise intervention on important clinical and
health and social care service outcomes, as opposed to an
explanatory trial investigating efficacy and mechanisms. We
therefore did not collect any data on the impact of the HOPE
programme on mechanistic outcomes such as muscle mass or
strength.

Our trial was not powered for subgroup analyses to
explore how different characteristics such as level of frailty
and cognition predict treatment effects. Individual partici-
pant data meta-analysis of rehabilitation trials has potential
to address uncertainties in this area and has been identified as
an area of future research interest [39].

Considered collectively, our trial findings provide impor-
tant evidence for policymakers and commissioners of
rehabilitation services for older people globally. Based on our
findings, we do not recommend routine commissioning of

extended rehabilitation for older people with frailty after dis-
charge home from hospital or IC, following an acute admis-
sion with a medical illness or injury. Instead, we recommend
that available resources should be directed towards evidence-
based core IC services to meet the needs of the growing
population of older people in the UK and internationally,
alongside resources for resistance exercise training targeted
at the more stable population of community-dwelling older
people with frailty.

Research in context

Evidence before this study

The HERO trial was funded by the National Institute for
Health and Care Research through a commissioned research
call following a detailed evidence synthesis that identified
an evidence gap relating to extended rehabilitation for older
people with frailty. We supplemented this with a further
review of the literature searching Medline and Cochrane
databases from 2000 (when reference-standard frailty mea-
sures were first reported) to March 2024 to evaluate evidence
published after the trial commenced. Randomised trials
evaluating extended rehabilitation for older adults with
frailty discharged home from hospital or linked intermediate
care (post-acute care) after admission with acute illness or
injury, compared with usual care or no intervention, were
considered eligible. All health outcomes were considered.
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Figure 2. Health-related quality of life during follow-up, measured by adjusted SF36 PCS. SF36 PCS = SF36 Physical Component
Score, range 0–100. Estimated from a linear regression, adjusted for the stratification factors, age, previous engagement or referral to
community rehabilitation services, Charlson comorbidity index and baseline PCS score. Error bars depict 95% CIs.

Search terms used four key concepts: frailty, older adults, hos-
pital discharge, extended rehabilitation. Reference lists from
identified studies were used to identify further potentially
relevant studies. We identified four individual trials and one
systematic review exploring extended rehabilitation (either
home-based or centre-based), following discharge from acute
hospitalisation and standard rehabilitation pathways, in older
adult populations. These trials and systematic review were for
a general older adult population acutely admitted to hospital
with a range of medical issues. These studies were all inclusive
of a mixed older adult population, and while these studies
will most likely have included individuals with frailty, the
populations also included more robust individuals, and none
presented data with specific reference to frailty. It is also
plausible that drop out from these trial/interventions was
not at random and included frailer participants. Although
the trials reported positive effects on outcomes including
mobility, strength and readmission to hospital, one trial
reported an increase in falls in the intervention group. It is
difficult to draw conclusions as to the effectiveness of those
extended rehabilitation interventions for older adults with
frailty.

Added value of this study

This is the first RCT to evaluate extended rehabilitation fol-
lowing discharge from acute hospitalisation in a population
of older adults with well-defined frailty. In contrast to other
studies where frailty was not an inclusion criteria, and where
the study population was more mixed, the HERO trial did

not demonstrate effectiveness of extended rehabilitation for
older people with frailty.

Implications of all the available evidence

Our main findings conflict with the available evidence for
home-based extended rehabilitation in mixed older adult
populations. The unstable health profile associated with
frailty following acute hospitalisation may mean it is more
difficult to generate similar benefits in this population.
Although the reduction in hospitalisations reported in our
trial aligned with findings in other trials, our overall health
economic evaluation indicated that the intervention was
not cost-effective. Our findings therefore do not support
routine commissioning of home exercise-based extended
rehabilitation for older people with frailty after they have
been discharged from standard rehabilitation in hospital,
bed-based intermediate care or home-based intermediate care
services.

Research data transparency and availability

Data supporting this work are available on reasonable request.
All requests will be reviewed by relevant stakeholders, based
on the principles of a controlled access approach. All data
requests would be subject to review by a subgroup of the
trial team, which will include the chief investigator (AC)
and data guarantor (AJF). Access to anonymised data could
be granted following this review. All data-sharing activities
would require a data-sharing agreement. Requests to access
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data should be made to the corresponding author in the first
instance.
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