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Abstract

Background: Frailty is clinically associated with multiple adverse outcomes, including reduced quality of life and
functioning, falls, hospitalisations, moves to long-term care and mortality. Health services commonly focus on the
frailest, with highest levels of need. However, evidence suggests that frailty is likely to be more reversible in people
who are less frail. Evidence is emerging on what interventions may help prevent or reduce frailty, such as resistance
exercises and multi-component interventions, but few interventions are based on behaviour change theory. There is
little evidence of cost-effectiveness.

Previously, we co-designed a new behaviour change health promotion intervention (“HomeHealth") to support
people with mild frailty. HomeHealth is delivered by trained voluntary sector support workers over six months who
support older people to work on self-identified goals to maintain their independence, such as strength and balance
exercises, nutrition, mood and enhancing social engagement. The service was well received in our feasibility ran-
domised controlled trial and showed promising effects upon outcomes.

Aim: To test the clinical and cost-effectiveness of the HomeHealth intervention on maintaining independence in
older people with mild frailty in comparison to treatment as usual (TAU).

Methods: Single-blind individually randomised controlled trial comparing the HomeHealth intervention to TAU. We
will recruit 386 participants from general practices and the community across three English regions. Participants are
included if they are community-dwelling, aged 65 +, with mild frailty according to the Clinical Frailty Scale. Partici-
pants will be randomised 1:1 to receive HomeHealth or TAU for 6 months. The primary outcome is independence in
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could be implemented at scale if effective.

activities of daily living (modified Barthel Index) at 12 months. Secondary outcomes include instrumental activities of
daily living, quality of life, frailty, wellbeing, psychological distress, loneliness, cognition, capability, falls, carer burden,
service use, costs and mortality. Outcomes will be analysed using linear mixed models, controlling for baseline Barthel
score and site. A health economic analysis and embedded mixed-methods process evaluation will be conducted.

Discussion: This trial will provide definitive evidence on the effectiveness and cost-effectiveness of a home-based,
individualised intervention to maintain independence in older people with mild frailty in comparison to TAU, that

Trial registration: ISRCTN, ISRCTN54268283. Registered 06/04/2020.
Keywords: (3-10) frailty, RCT, Primary care, Ageing, Prevention, Community-dwelling, Behavioural change

Background

Frailty is clinically defined as an accumulation of multiple
deficits and a reduction in physiological reserves occur-
ring across multiple body systems as we age, leading to
poor recovery from even minor events, such as a urinary
tract infection or non-injurious fall [1]. Frailty occurs in
approximately 12% of people aged 65+ years worldwide
[2] and 14% of older people in England [3]. It is associ-
ated with an increased risk of falls, disability, hospitali-
sation, moves to a care home, dementia, poor quality of
life and death [4-7]. Healthcare costs are consistently
estimated to be higher in frail older people compared
to non-frail older people, largely as a result of increased
inpatient costs [8—10]. However, frailty can be under-
stood as a continuum and reversal is possible [11].

Exercise programmes, particularly resistance exercise
and in combination with nutrition interventions, can
reduce frailty in primary care settings [12]. Current inter-
national clinical practice recommendations for frailty
support the use of a range of interventions, including:
physical activity programmes based on resistance train-
ing; social support; development of comprehensive care
plans addressing polypharmacy, sarcopenia, treatable
causes of weight loss and fatigue; and protein or caloric
supplementation if the person has lost weight or has evi-
dence of malnutrition [13]. Pharmacological treatments,
vitamin D (unless the person is deficient), psychological
therapies or hormone therapy are not currently recom-
mended to treat frailty [13].

Frailty is most commonly conceptualised using the
Fried phenotype [14] or Rockwood scale [15]. The Fried
criteria groups people experiencing more than three of
five possible frailty components as ‘frail; and those with
one or two components as ‘pre-frail’ [14]. Pre-frailty is a
risk-state which predisposes an individual to developing
frailty [16]. The Rockwood scale classifies people from
robust to severely frail, using either cumulative deficits or
clinical observation [15]. There is a wide range of differ-
ences in functioning across the spectrum of frailty, and
little guidance on where to target interventions, although
a meta-analysis of 16 studies suggested that over an

average of 3.9 years, those who are frail (using the Fried
phenotype) are less likely to transition back to robustness
than those who are less frail [11]. This suggests targeting
earlier stages of frailty is likely to be a more successful
approach to preventing decline.

Mild frailty is an intermediate stage on the Rockwood
Clinical Frailty Scale where older people experience some
loss of physiological reserves but can recover after a
stressor event, typically feeling “slowed up’, and requiring
greater assistance in instrumental activities of daily liv-
ing, e.g. cooking, shopping and money management [15].
Around 13% of older people can be classed as ‘mildly
frail’ [15]. Mild frailty is associated with adverse out-
comes, including a higher risk of death and moving into a
care home [15], increased need for care at discharge from
hospital [17] and poorer outcomes after post-surgical
discharge [18]. Few interventional studies have targeted
a mildly frail population with the aim of maintaining
independence.

There is little focus in clinical guidelines on frailty pre-
vention, apart from a brief reference to the use of exer-
cise in pre-frailty to prevent frailty [13]. Few UK policies
are directed ‘upstream’ to those who are less frail [12],
although England’s NHS Long-Term Plan [19] clearly
emphasises prevention and ‘supporting people to age
well, including proactively identifying those who would
benefit from targeted support to maintain independence.
Most studies on frailty prevention (generally targeting
those who are pre-frail) have focussed on single or dual
intervention domains, typically exercise plus or minus
nutrition [20, 21]. Multi-domain interventions includ-
ing exercise and a range of other domains such as social,
nutritional, cognitive training, or medication review
show greater promise at reducing or preventing frailty
and its related domains across a number of trials [22—-25].

However, there is a lack of clarity on which strategies
need to be adopted within interventions to maximise
effectiveness, as well as absence of a clear theoretical
basis, rigorous development process or stakeholder input
in intervention development [26]. This can provide chal-
lenges when optimising or implementing interventions.
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Very limited evidence suggests group-based exercise
interventions may be more effective than individual ses-
sions, however this may not be feasible to deliver to those
who are finding leaving their home more challenging,
and there is currently little guidance as to the optimal fre-
quency, intensity, time and type of exercise interventions
for frailty management or prevention [13]. More holis-
tic approaches, such as comprehensive geriatric assess-
ment with follow-up visits or preventative home visits,
are promising [27, 28] but typically resource-intensive,
requiring nurses or a multidisciplinary team, and so pre-
sent challenges to delivery at scale. The limited number
of cost-effectiveness studies available at present showed
mixed results. Multidisciplinary team meetings with
proactive care management across multiple domains
targeted at frail older people, such as The CareWell pro-
gramme or the Welcheren Integrated Care model, have
not shown cost-effectiveness compared to usual primary
care [29, 30]. However a resistance training and nutrition
education intervention for pre-frail and frail older peo-
ple with diabetes produced cost savings and increased
QALYs [31], whilst a cognitive behavioural intervention
to reduce concerns about falls in frail older people was
found to be cost-effective [32].

In response to these gaps in the evidence, in an earlier
study we developed and feasibility tested an interven-
tion to support independence in older people with mild
frailty [33], following Medical Research Council guide-
lines [34]. The HomeHealth service is a complex the-
ory- and evidence-based behaviour change intervention,
arising from an asset-based approach [35], Baltes’ model
of ageing [36] and behaviour change theory [37]. Asset-
based approaches aim to maximise positive capability
and maintain health promoting factors to enhance self-
efficacy, problem-solving and coping, in order to retain
reserves and functioning [35]. This contrasts to the more
commonly used deficit-based approach, which focuses
on individuals’ problems and what they lack. Baltes’
model of ageing suggests that successful ageing occurs
when an older person prioritises realistic goals or activi-
ties that they want to maintain (selection), optimises how
these can be performed (optimisation) and adjusts for
limitations (compensation) [36]. The behaviour change
theory component is based upon the COM-B model,
which states that for any behaviour to take place, the
person must have sufficient physical and psychological
capability, social and physical opportunity and conscious
or innate motivation [37]. COM-B provides a framework
to link these factors to the specific techniques needed to
enable changes in behaviour.

The HomeHealth service is a home-based interven-
tion that we developed based on a series of evidence
reviews regarding intervention content and behaviour
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change techniques used in health promotion inter-
ventions for older people [26, 33, 38] and qualitative
research with older people with mild frailty, carers and
healthcare professionals [39]. It was then co-designed
with a range of stakeholders, including older people,
healthcare professionals, researchers and voluntary
sector representatives [33].

The HomeHealth service was tested in a feasibility ran-
domised controlled trial (RCT) compared to treatment
as usual (TAU, usual GP care), in which we recruited
51 older people with mild frailty from four UK general
practices, 26 of whom received the intervention. The
study successfully recruited within the expected time-
frame, with 96% participants remaining in the study at
6 months and minimal missing data (< 1%) [33]. Our pro-
cess evaluation indicated that the intervention was well-
received according to participant interviews and a survey
[40], feasible to deliver and had 91% attendance rates
for appointments. The service was delivered at mod-
est cost (£307—equivalent $417/patient in Feb 2022). At
6 months we found significantly better functioning (Bar-
thel Index; +1.68, p=0.004) and grip strength (+6.48 kg,
p=0.02), reduced psychological distress (GHQ-12; -3.92,
p=0.01) and increased capability-adjusted life years
(+0.017, p=0.03) in the intervention arm compared to
treatment as usual. There were no differences in other
outcomes. Given the promising nature of the interven-
tion, we aim to test the effectiveness and cost-effective-
ness of HomeHealth in a definitive trial across a wider
range of participants, providers and contexts.

Aims
This trial aims to:

1. Test the clinical effectiveness of HomeHealth in
maintaining independence in a RCT in comparison
to TAU.

2. Determine the cost-effectiveness of HomeHealth in
comparison to TAU.

3. Quantify the costs and savings of HomeHealth to dif-
ferent health and social care providers.

4. Explore the context, mechanisms and impact of the
intervention for different populations (age, gender,
deprivation, ethnicity, rurality) and barriers and facil-
itators to implementation at scale.

Methods
We will carry out a two-arm, single-blind, parallel-
group RCT comparing HomeHealth to TAU, including
a cost-effectiveness analysis and mixed methods process
evaluation.
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Eligibility criteria

We will include community-dwelling older people
(including those in sheltered or extra care housing — no
care workers on site) aged 65+ who are registered with a
general practice in the participating site area; scoring as
‘mildly frail’ on the Clinical Frailty Scale (CES score of 5),
which is defined as ‘more evident slowing, who need help
or support in higher order instrumental activities of daily
living (e.g. finances, heavy housework), with progressive
impairment of outdoor mobility, shopping and house-
work’ [15]; life expectancy of >6 months; and capacity to
consent to participate.

We will exclude care home residents; people with mod-
erate-severe frailty (CFS score of 6-9) or not frail (CES
score of 1-4); receiving palliative care; or already case
managed (e.g. receiving a similar ongoing intervention
from the voluntary sector or a community matron).

Intervention

A detailed breakdown of the HomeHealth service is
provided according to the TIDIER checklist [41] in sup-
plementary file 1. HomeHealth is delivered over approxi-
mately six appointments in the older person’s home.
Three appointments is considered a minimum dose,
whilst participants could receive up to a maximum of 12
if they have particularly complex needs. These were origi-
nally planned to be delivered face-to-face with some tele-
phone interim support, however they were adapted to be
delivered by phone or video call, as needed, in light of the
Covid-19 pandemic. If needed, internet-enabled tablets
can be offered to participants receiving the intervention
remotely to facilitate communication.

HomeHealth follows an intervention manual. In the
first appointment, a HomeHealth worker comprehen-
sively assesses the person, with a particular focus on
socialising, mobility, nutrition and psychological well-
being (including mood and memory), but including any
other relevant issues (e.g. pain, continence, caring). Par-
ticipants are encouraged to identify an outcome goal for
the service that is important for them, and at either the
first or second appointment are encouraged to break this
down into behavioural goals, which are then operation-
alised into SMART (specific, measurable, achievable,
relevant, timely) goals that are achievable in small steps
over the course of the intervention. Goals can include a
range of activities, such as home-based exercises based
on the Otago programme (which shows effectiveness at
reducing falls [42] and improving balance [43]), identify-
ing social activities to attend or making dietary changes
to improve protein or calorie intake. The COM-B model
[37] is used by the HomeHealth worker to assess capa-
bility, opportunity and motivation to achieve the behav-
ioural goal and to identify any barriers, developing an
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action plan with the person as to how these might be
overcome. These are documented on a Health and Well-
being Plan, and self-monitoring forms (e.g. diaries) may
be used to record completion of activities such as exer-
cises. Where relevant, equipment (e.g. weights or resist-
ance bands) or information resources (e.g. details of local
social groups) is provided to the older person.

At each subsequent appointment, progress towards
achieving goals is reviewed, with changes made as
needed to resolve any issues or to extend goals (e.g.
increasing repetitions or resistance in strength exercises).
An emphasis is placed on how new behaviours could be
maintained over time, and habit formation. Further goals
may be identified over following sessions. There are no
restrictions on accessing other services or treatments
during the study period.

HomeHealth is delivered by trained HomeHealth
workers, who are not required to have a specific health
or social care qualification but to have some experience
in working with older people (for example, in the vol-
untary or not for profit sector). HomeHealth workers
are based in local voluntary sector services in each area
and are supervised by a centrally located Team Leader,
in biweekly remote group supervisions with one-to-one
support as needed. HomeHealth training is delivered
entirely remotely as a blend of live and asynchronous
content delivered by specialists in that area, including
pre-recorded webinars and live seminars, activities and a
strong emphasis on case-based discussions. The training
time is intended to be equivalent to a one-week course.
HomeHealth workers also have access to remote support
from the expert course providers (in behaviour change,
exercise for older people, nutrition and psychological
wellbeing) via email for specific queries on tailoring the
intervention for individual clients.

The control arm will receive TAU. This is defined as
standard care that any eligible patient aged 65+ would
normally receive in England in primary care (e.g. contact
with the GP or the practice nurse), including any other
community or secondary care input as a result of refer-
ral by a GP. No mild frailty-specific interventions are cur-
rently widely available in the UK.

Setting and recruitment

Participants will be recruited from general practices in
England, in one of three areas (North Thames Region,
East & North Hertfordshire and West Yorkshire). Prac-
tices will be asked to undertake list searches to identify
those fitting the eligibility criteria above, using the frailty
tool available to the practice (usually the Electronic
Frailty Index) [44], which will then be screened by clini-
cians to remove known ineligible patients. Practices will
then send invitation letters, study leaflets and reply slips
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to potentially eligible patients. Potential participants
can also be referred to the study directly by clinicians in
participating General Practices or local voluntary sector
staff. We will undertake community-based recruitment
such as presenting to local groups and providing leaflets
to relevant community organisations, targeting under-
served populations to maximise diversity of our sample.

Researchers will telephone screen potential partici-
pants according to the inclusion criteria, and if eligible,
will post an information sheet and invite them to an
appointment (face-to-face or remote) to seek consent and
undertake a baseline assessment. An interpretation ser-
vice is available if required. After completion of a baseline
assessment and confirmation of eligibility, participants
will be randomised.

Randomisation

We will randomise participants 1:1 (stratified by site)
to receive the HomeHealth service or TAU. Randomi-
sation will be carried out by unblinded staff members
using the remote computerised web-based application
‘Sealed Envelope, provided by UCLs Priment Clinical
Trials Unit. Outcome assessors, the Chief Investigator,
the Trial Manager and Trial Management Group mem-
bers who are not site Principal Investigators or responsi-
ble for intervention delivery will be blinded to participant
allocation.

Outcomes

Clinical outcomes will be measured at baseline, 6 months
and 12 months by a researcher blind to intervention
status (see Table 1). Maintenance of blinding will be
documented using a Researcher Perception form. Assess-
ments will be completed face-to-face at the participant’s
home or remotely (by video or telephone), according to
any government guidelines for prevention of Covid-19
infection and the participant’s preferences. Assessments
can be divided into two sessions if needed. Participants
receive a £10 voucher (max 3) for completing each assess-
ment. Data will be kept confidentially at sites and entered
in a secure web-based database developed for the trial. A
monitoring plan is in place to ensure data quality.

The primary outcome is the Modified Barthel Index
(BI) [45] measured at 12 months, which is interviewer-
administered with scoring based on discussions with
participants. The BI measures an individual’s ability to
undertake basic Activities of Daily Living (ADLs) and is
widely used, correlates well with need for home care [64]
and is considered a key outcome measure in frailty tri-
als [65]. It measures what people actually do as opposed
to what they could do. Our intervention arm showed
significantly higher scores than usual care in our feasi-
bility RCT at 6 months [33]. Our secondary outcomes
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and variables collected at each timepoint are reported in
Table 1.

The study was planned before Covid-19 (winter
2019) and we intended to conduct face-to-face research
assessments, measuring frailty using handgrip strength
(dynamometer), gait speed (time taken to walk a meas-
ured distance) and weight loss (measured using scales).
Given the restrictions associated with the pandemic that
were implemented in March 2020, we revised our proto-
col to use self-report measures (validated in older peo-
ple across a range of frailty levels [47]) to enable remote
assessments. When research assessments are conducted
face-to-face, we will additionally carry out physical gait
speed assessment (m/s) [66] and grip strength assess-
ment using a dynamometer (kg, highest score out of
three trials) [67] to confirm the validity of the self-report
measures in our population with mild frailty.

Safety

Researchers will collect Adverse Events (AEs) and Seri-
ous Adverse Events (SAEs) at 6-and 12-month time-
points, and participants will be encouraged to report
any AEs or SAEs experienced between assessments by
contacting researchers. HomeHealth workers (HHWs)
will also report adverse events. All AEs and SAEs will be
reviewed by a site Principal Investigator and/or Clinical
Safety Lead (CSL), and all SAEs will be reviewed by the
Chief Investigator. Only SAEs related to the intervention
will be reported to the Sponsor. Researchers will not have
access to relatedness assessments in order to maintain
blinding. Relatedness to the intervention will be assessed
by the site Principal Investigator and/or CSL in a blinded
manner for AEs and SAEs reported by researchers, and
unblinded for AEs and SAEs reported by HHWs. The
reporting of SAEs will be monitored by Priment CTU.
Pharmacovigilance standard operating procedures will be
followed.

Health economic evaluation

Healthcare resource use (contacts with primary, com-
munity and secondary care, hospitalisations, proce-
dures and medications) will be extracted from patient
medical records. Service resource use not available
from files and wider services (e.g. of voluntary sec-
tor and social care) will be collected using a modified
Client Services Receipt Inventory (CSRI) [63] at 0, 6
and 12 months, asking about the previous 6-months.
The CSRI has been modified based on the population
in our feasibility study to include the range of services
they may use (e.g. podiatry, opticians, hearing aids,
dental care, physiotherapy, exercise classes, day care,
etc.). Health and social care resource use will be costed
using nationally published sources (PSSRU [68], NHS
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Table 1 List of data collected and timepoints
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Construct Measure used (supporting references) Baseline 6 months 12 months Anytime Extracted
from medical
notes

Independence in ADLs Modified Barthel Index [45] v v v

Instrumental ADLs Nottingham Extended Activities of Daily v v v

Living [46]

Frailty Fried Frailty Phenotype score [14] v v v
a.Gait speed Self-reported according to Op het Vald's v v v
(2018) questionnaire [47]

b. Grip strength Self-reported according to Op het Vald's v v v
(2018) questionnaire [47]

c. Physical activity International Physical Activity Question- v/ v v

naire-Elderly [48], quantified according to
the E guidelines [49]
d. Exhaustion Exhaustion questions from 7-item Centre v v v
for Epidemiological Studies Depression
Scale"7. 1 felt that everything | did was an
effort,“20. | could not get going."[14]
e. Weight loss Weight loss question from the Mini-Nutri- v/ v v
tional Assessment Short Form [50]

Quality of life and Quality-adjusted Life EuroQol-5D-5L [51] v v 4

Years

Capability and Capability-adjusted Life ICEpop CAPability measure for Older v v v

Years people (ICECAP-O) [52]

Wellbeing Warwick-Edinburgh Mental Wellbeing v v v

Scale (WEMWABS) [53]

Psychological distress General Health Questionnaire-12 [54] v v v
Loneliness University of California, Los Angeles v v v
3-item loneliness scale [55]

Cognition Montreal Cognitive Assessment (MoCA) v v v

[56] or telephone MoCA (remote items
only) [57, 58]

Falls ProFANE consensus definition [59] v v v

Mortality Medical notes or family report v v v

Carer burden Adapted from adapted iMTA Valuation of v v v

Informal Care Questionnaire [60]
Demographics Questionnaire developed for trial v
Alcohol intake Alcohol Use Disorders Identification Test v/
— consumption (AUDIT-C [61])
Deprivation level Local area Index of Multiple Deprivation v
based on postcode [62]

Smoking status Single question v

Covid-19 status Questions on infection status and ongo- v/ v v

ing symptoms

Unpaid care and use of primary and com- Modified Client Services Receipt Inven- v v v

munity health and social care services tory [63]

Use of health services, medications and v

number of long-term conditions

Adverse events v v v v

will be costed as the cost of face-to-face local author-
ity-funded homecare worker time to reflect the fact
that if this care were to be reduced homecare workers
would be the alternative to unpaid carers providing this
assistance.

Reference Costs [69] and the British National Formu-
lary [70]). We will additionally ask about unpaid and
paid (state and out-of-pocket) carer time for specific
activities of daily living, using an adapted iMTA Valua-
tion of Informal Care Questionnaire (iVICQ) [60]. This
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Intervention costs (including staff training, adminis-
tration, supervision and delivery) will be included in the
costs of the intervention group.

Process evaluation

The process evaluation will collect quantitative and quali-
tative data alongside the main trial. Feedback on service
delivery (e.g. fidelity) will not be given to service provid-
ers or other team members until after trial completion.
An independent researcher will carry out up to 40 semi-
structured audio-recorded interviews with participants
receiving the service, service providers and other stake-
holders, using topic guides developed with our public and
patient involvement and engagement (PPIE) representa-
tives and stakeholders from our implementation group.
We will additionally explore the impact of remotely deliv-
ering the service in the time of Covid-19 and its influence
upon participant and provider experiences.

HomeHealth workers will keep an ongoing record
of service delivery process data, including number of
appointments attended, modality, technical issues expe-
rienced if delivering remotely, duration and reasons for
non-attendance. Goals will also be recorded, and will
be coded into mobility, psychological, social, memory,
nutrition or other. We will ask providers to rate progress
towards achieving goals, including 0-2 ratings for each
SMART goal (0=no progress, 1 partially met/some pro-
gress, 2=met/exceeded goal) and goal attainment scaling
for outcome goals (from -2 (much less than expected pro-
gress) to+2 (much more than expected progress) [71]).
Fidelity will be assessed through fidelity checklists, devel-
oped for this intervention and based on what should be
included at each appointment. These will be completed
after each appointment by HomeHealth workers. We will
record all audio appointments, and independently verify
fidelity using the same checklist by a trained rater, who
will check recordings for all appointments from 10% indi-
viduals receiving the intervention.

We will also utilise trial data to explore mechanisms of
impact, including demographic data to assess reach and
outcome data to assess whether setting goals on one topic
will affect the hypothesised linked outcome (e.g. psycho-
logical goal and psychological distress scores).

Sample size

We are aiming to recruit a sample size of 386 people (193
per arm). This will provide 90% power at the 5% signifi-
cance level to detect a minimum clinically important
difference of 1.85-points [72] in the BI, with a standard
deviation (SD) of 5. We found a SD of 3 in the feasibility
RCT, however in frail populations larger SDs have been
reported [20, 22] so we have conservatively assumed a
larger SD. Using 90% power and 5% significance level,
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this would require 308 people (154 per group). Attri-
tion was minimal (6%) over 6 months in our feasibility
study, however other studies have reported higher attri-
tion rates with longer follow-up [8] so we have conserva-
tively assumed 20% attrition over 12 months. The first six
months will form a pilot phase based on site-specific and
overall recruitment rates (target red < 80, amber 80-159,
green 160+), with measures put in place if we are not
recruiting at ‘green’

We have not adjusted for clustering by therapist
(HomeHealth worker) as we anticipated that this will
be minimal and non-significant. No trials in those with
mild frailty have reported intraclass correlation coeffi-
cients (ICCs) for therapist clustering, only clustering by
GP practice in cluster RCTs in older community-based
general populations [73]. Unpublished PhD thesis data
examining therapist effects in a secondary analysis of a
cluster exercise trial in older people [74] did not find sig-
nificant clustering by therapist (ICC 0.01, P=0.54).

Participant timelines

Participants will be involved in the RCT for 12 months.
Participants will be randomised within four weeks of
completing the baseline assessment to HomeHealth
or TAU and 6 months (i.e. end of intervention) and
12 months after randomisation all participants will be
invited to undertake outcome assessments. With par-
ticipants’ consent, data on healthcare usage, long term
conditions and medications will also be extracted from
their medical notes. Approximately 20 intervention arm
participants will also be asked to take part in a process
evaluation interview after their 12-month assessment.

Statistical methods

A detailed statistical analysis plan, including the health
economic analysis, will be developed a priori and
reviewed and approved by the Trial Steering Committee.
All analyses will be by intention to treat. As missing data
in the feasibility study were low and there are few gains to
multiple imputation in RCTs [75, 76], imputation will not
be used. We will descriptively summarise participants’
baseline characteristics using appropriate summary sta-
tistics (mean and SD, median and interquartile range or
proportions) by randomised group.

The primary outcome (BI score at 12 months) will be
analysed using linear mixed models, including 6 and
12-month data, controlling for baseline BI score and
site (the stratification variable). Assumptions will be
checked and appropriate transformations or analogous
models will be used if the assumptions of linear mod-
els are violated. The ICC will be reported. Continuous
secondary outcomes will be analysed using similar lin-
ear mixed models to the primary outcome, including 6
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and 12-month data and controlling for outcome base-
line score and site. Dichotomous outcomes (death and
exhaustion) will be analysed using logistic regression.
Falls will be analysed using Poisson regression or an anal-
ogous alternative if the assumptions for Poisson are not
met. If it is not possible to use Poisson regression or an
analogous alternative, then we will consider dichotomis-
ing falls and analysing in a similar way to other dichoto-
mous outcomes. If there are too few events to perform
statistical modelling for falls or the other dichotomous
outcomes, they will be reported descriptively.

We will examine baseline predictors of missingness for
the primary outcome and include any significant predic-
tors of missingness in a supportive analysis to restore the
missing at random assumption using a similar model to
the primary analysis. All analyses will be complete case.
We will also perform a complier average causal effects
(CACE) analysis after unblinding using a threshold dos-
age of 3+ sessions for compliance to determine the aver-
age treatment effect of participants who would have
adhered to the protocol regardless of how they were
randomised.

For the process evaluation, we will carry out a number
of exploratory analyses, including whether those who get
a therapeutic dose of HomeHealth (3+ sessions) have
higher BI at 12 months; whether choice of goal impacts
on related outcomes (e.g. social goal and UCLA-3 score)
and whether progress towards goals is associated with
higher BI scores. If sufficient data are available, we will
explore the impact of remote delivery vs. face to face
delivery on outcomes. We will descriptively summarise
service delivery data (e.g. appointments attended) and
compare the demographics of those recruited to the
expected population to assess intervention reach. Quali-
tative data will be analysed using codebook thematic
analysis [77], involving multiple multidisciplinary team
members (including Patient and Public Involvement
and Engagement (PPIE)), and barriers and facilitators to
implementation will be explored using Normalisation
Process Theory [78].

For the health economic analysis, we will calculate the
mean incremental cost per quality adjusted life years
gained (QALYs) using EQ-5D-5L and the relevant UK
tariff. QALYs will be calculated from the EQ-5D-5L as the
area under the curve adjusting for baseline [74] with site
as a fixed effect in line with the analysis of the primary
outcome. We will also report Years of Full Capability
(YFC) using ICECAP-O and its respective tariff for the
duration of the trial. YFC will be calculated according to
the most current guidance [79]. The primary analysis will
be the incremental cost per QALY gained from a health
and personal social services cost perspective, with sec-
ondary analyses reporting the incremental cost per YFC
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gained, and calculating incremental costs from a wider
cost perspective to capture the impact on carers and any
patient/carer out of pocket costs for health and social
care. Means and 95% confidence intervals will be based
on bootstrapped results. We will adjust difference in total
cost at 12 months by baseline values [80] with site as a
fixed effect and a random effect for therapist clustering.

EQ-5D-5L, ICECAP-O, QALYs and YFC, resource
use and costs will be summarised descriptively. Cost-
effectiveness acceptability curves and cost-effectiveness
planes will be reported to represent the probability that
the intervention is cost-effective compared to TAU for
a range of cost-effectiveness thresholds for a QALY and
YFC gained. Seemingly unrelated regression will be used
to account for the correlation between costs and QALYs/
YEC. A range of sensitivity analyses will be conducted for
any assumptions. Procedures for handling missing data
will follow those of the statistical analysis.

We will carry out a budget impact analysis, develop-
ing a tool for funders or commissioners to use to assess
the yearly costs to their budget of implementing Home-
Health in a range of different commissioning models.
Due to the paucity of long-term data upon which to base
assumptions regarding effectiveness over time, we will
explore alternative scenarios, including: 1) assuming con-
stant effectiveness of the intervention over five years, 2)
initial further gains in year 1-2 (if care home moves and
hospital admissions are avoided) followed by a deprecia-
tion in effect, and 3) a slow decline in effectiveness over
time. We will also include the impact of further assump-
tions such as the grade of intervention delivery staff,
training costs and patient case load, taking into account
the size and composition of the relevant local population.
We will model scenarios for potential costs to the NHS if
aspects of the intervention were commissioned by a third
sector organisation, or if commissioned as part of pub-
licly funded social care, the impact on local authorities.

Patient and public involvement and engagement (PPIE)

PPIE members are involved at all stages of the pro-
ject. PPIE is led by JH (PPIE lead) and RF (academic
lead for PPIE), who maintain regular contact regarding
the trial and PPIE activity. Three PPIE members, two
of whom were involved in the earlier feasibility study,
were involved in developing the grant application, and
they will join an Implementation Group that will look
at service delivery and how to facilitate implementation
throughout the trial and in future (if effective). JH attends
all Trial Management Group meetings and two other
PPIE members are invited to attend when of interest.
JH reviewed the Participant Information Sheet, consent
form and study leaflets prior to ethics submission. Three
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further independent PPIE members also sit on the Trial
Steering Committee.

JH, who is blind, and another PPIE member, who is
hearing-impaired, have also helped research assistants
to pilot remote consent and baseline assessments over
phone or zoom in order to optimise the research process.
With regards to training HomeHealth workers, two PPIE
members drafted a section of the intervention manual
regarding remote communication with older people, and
JH was involved in a remote exercise training demonstra-
tion video.

PPIE members have repeatedly raised the issue of the
difficulties of under-represented groups participating in
the study such as those with limited English or who lack
digital confidence or the necessary equipment or broad-
band connection. Aiming to address this problem, the
study will provide internet enabled tablets to participants
receiving the intervention, if needed, to enable better
communication, particularly for aspects of the interven-
tion such as exercise. Language is not an exclusion cri-
teria for the trial, and a translation service has been set
up for use in screening, baseline assessments and inter-
vention delivery, and bilingual staff members at sites will
provide interpreting support if needed.

Oversight & monitoring

HomeHealth RCT has an independent Trial Steering
Committee and independent Data Monitoring and Eth-
ics Committee (DMEC). Both committees will meet
twice yearly to review the trial and make recommenda-
tions. The DMEC will review all safety data from the trial.
There are no planned interim analyses.

Ethics

The study has been approved by the Health Research
Authority Social Care Research Ethics Committee (ref
20/IEC08/0013). Any amendments will be approved by
the sponsor and communicated to all sites and the Health
Research Authority. Researchers will seek audio recorded
verbal consent (if remote) or written consent (if face-to-
face) from all participants after being sent an information
sheet and given the opportunity to ask questions to the
researcher. Researchers will be trained in Good Clinical
Practice and the Mental Capacity Act 2005. If a partici-
pant loses capacity during the study, we will retain them
in the study if they have consented to this at baseline and
if a personal or nominated consultee can be identified
to advise on whether they would likely want to continue
and to support them with assessments. Any concerns
about participants’ welfare will be discussed with KW
or CA (practising GPs) or AC (practising geriatrician) or
intervention supervisors and appropriate local services
informed with the participant’s consent where possible.

Page 9 of 13

Dissemination

Trial results will be disseminated through academic pub-
lications and conferences in the fields of geriatrics, ger-
ontology and primary care. We will present findings in
appropriate local forums for health and social care pro-
fessionals, voluntary sector services and local interest
and service user groups. The study results will also be
made available in an accessible format using age appro-
priate and user-friendly language. Participants who have
indicated they are interested in the results will be sent
a summary of the findings. The trial is registered in the
ISRCTN database, which will be updated as appropriate.

Discussion

This RCT will evaluate the effectiveness of an interven-
tion focused on behaviour change for maintaining inde-
pendence in older people with mild frailty at 12 months.
This intervention provides a novel approach due its
inclusion of multiple domains (mobility, nutrition, psy-
chological and social); focus on behaviour change and
maintenance; and theoretical basis and rigorous develop-
ment process, including co-production workshops with
a wide range of stakeholders and public involvement.
HomeHealth is also delivered by the voluntary sector
using trained, non-specialist support workers. In the UK,
the voluntary sector typically delivers related services
such as care navigation and social prescribing services,
indicating this is likely to be a scalable and sustainable
approach. In current practice, exercise and nutrition
services are usually provided separately and may not be
tailored to those who are becoming frail. HomeHealth
provides a more holistic approach targeted at a specific
population in order to prevent decline, and has been
adapted for any Covid-19 restrictions and more remote
delivery if needed.

This trial will provide important evidence regarding
the effectiveness and cost-effectiveness of HomeHealth.
Our primary outcome is independence as measured by
the Barthel Index, a key outcome for older people that
measures actual activity [65]. Frailty trials are increas-
ingly using the Fried phenotype as an outcome, however,
currently this lacks validation, it is restricted by a score of
0-5 for components of frailty and its meaningfulness to
older people is unknown. Loss of independence in activi-
ties of daily living indicates a need for care and support,
so as well as being meaningful for older people, this will
also provide important information for health and social
care.

HomeHealth targets a population early in the frailty
trajectory, with a relatively low resource intervention.
This has the potential to reduce the demand on health
and social care, which we will explore through a health
economic analysis, including a budget impact analysis
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across health and social care sectors. This will provide
vital evidence for commissioners’ decision making. If
effective and cost-effective, HomeHealth is a manual-
ised intervention with an established training package
and supervision structure that could quickly be commis-
sioned, scaled up and implemented in UK and other sim-
ilar primary care/voluntary sector settings. Our process
evaluation, which will explore equity of access, context
and mechanisms, will facilitate planning of service imple-
mentation and adaptation to local contexts. We have also
formed an implementation group including providers
and key stakeholders, who will meet throughout the trial
to make recommendations about how HomeHealth can
best be implemented more widely.

Limitations

As HomeHealth is a behaviour change intervention, par-
ticipants cannot be blinded to arm allocation, which may
bias participant reported outcomes. Researchers car-
rying out assessments and key trial management staff
will be blinded to arm allocation to reduce the risk of
bias. Systems and strategies to maintain blinding will be
put in place (e.g. remote outcome assessments with an
alternative blinded researcher from another site, where
a researcher becomes accidentally unblinded during the
course of the study).

HomeHealth showed promise of effectiveness in the
initial feasibility study [33]. However, it should be noted
that a number of adaptations were needed for trial pro-
cesses and the intervention in light of the Covid-19
pandemic, including making provisions for remote
intervention delivery and remote assessments. The con-
text of the trial also changed due to the pandemic (e.g.
TAU, including access to routine services, and levels of
social isolation have changed). Our process evaluation
will explore the impact of this, in order to inform future
recommendations.

A larger number of intervention providers will be
delivering the HomeHealth service than in the feasibility
study, which may affect consistency across participants
or sites. In order to reduce the risk of drift, HomeHealth
workers will have regular case-based supervision from a
centrally located Team Leader and we will calculate ICCs
to explore therapist effects. Fidelity of delivery will also
be explored in the process evaluation.

Abbreviations

ADL: Activities of daily living; AE: Adverse Event; Bl: Barthel Index; CFS: Clinical
Frailty Scale; COM-B: Capability, Opportunity, Motivation and Behaviour; CSRI:
Client Services Receipt Inventory; CSL: Clinical Safety Lead; DMEC: Data Moni-
toring and Ethics Committee; EQ-5D-5L: Euro-Qol-5D-5L; GHQ-12: 12 Iltem
General Health Questionnaire; GP: General Practitioner; ICC: Intraclass Cor-
relation Coefficient; ICECAP-O: ICEpop CAPability measure for Older people;
ISRCTN: International Standard Randomised Controlled Trial Number; MoCA:

Page 10 of 13

Montreal Cognitive Assessment; NHS: National Health Service; PPIE: Public
and Patient Involvement and Engagement; QALY: Quality-adjusted Life Year;
RCT: Randomised Controlled Trial; SAE: Serious Adverse Event; SD: Standard
deviation; TAU: Treatment as Usual; t-MoCA: Telephone Montreal Cognitive
Assessment; UCL: University College London; UK: United Kingdom; WEMWBS:
Warwick-Edinburgh Mental Wellbeing Scale; YFC: Years of Full Capacity.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-022-03160-x.

Additional file 1: Supplementary Table 1. TIDIER checklist
forHomeHealth

Acknowledgements

This report is independent research supported by the National Institute

for Health and Care Research ARC North Thames and ARC East of England.
The views expressed in this publication are those of the author(s) and not
necessarily those of the National Institute for Health and Care Research or the
Department of Health and Social Care.

Authors’ contributions

KW, RF, CA, CG, AC, JH, BG, LM, RH, JM, CC, DAS, VD and PL conceptualised the
idea and applied for funding. KW, CA, RF, JH, RG and BG developed train-

ing and procedures for the intervention. LM and RH drafted the statistical
and health economic analysis plan, which has been reviewed by all authors.
RF drafted the manuscript and all authors read and approved the final
manuscript.

Funding

This RCT is funded by the NIHR Health Technology Assessment (NIHR128334).
The views expressed are those of the authors and not necessarily those of the
NIHR or the Department of Health and Social Care. This funding source had
no role in the design of this study and will not have any role during its execu-
tion, analyses, interpretation of the data, or decision to submit results. Health
Technology Assessment Programme,NIHR128334,Kate Walters

Availability of data and materials

The datasets generated and/or analysed during the current study during this
study will be included in the subsequent results publication. Access to the
quantitative datasets generated and/or analysed during the current study

will be included in the subsequent results publication, where they can be suf-
ficiently de-identified for data-sharing and conform to ethics and data govern-
ance requirements. The primary qualitative data will not be shared as it is not
possible to de-identify this data sufficiently and retain the integrity of the data.

Declarations

Ethics approval and consent to participate

The study has been approved by the Health Research Authority Social Care
Research Ethics Committee (ref 20/IEC08/0013). All participants will provide
informed written or verbal consent to participate in this study. Written
consent is prioritised as the preferred method of consent, however when
carrying out remote baseline assessments, if written consent is not practical
audio recorded verbal consent will be used. For verbal consent, each line of
the consent form is read out and the participant verbally indicates agreement
or disagreement (if an optional item, such as consent for being approached
for further research). Recorded consent is retained as source data for consent
and a transcript of the consent is sent to the participant and their GP. These
procedures were put in place to mitigate the effects of the pandemic on the
trial and were outlined to and approved by the ethics committee.

Consent for publication
Not applicable.

Competing interests
Professor Claire Goodman is a NIHR Senior Investigator. Professor Dawn
Skelton is a Director of Later Life Training Ltd, a not-for-profit Company that


https://doi.org/10.1186/s12877-022-03160-x
https://doi.org/10.1186/s12877-022-03160-x

Frost et al. BMC Geriatrics (2022) 22:485

delivers training to health and fitness professionals working in exercise with
older people. This includes training in the Otago Exercises (which form part of
the exercise intervention in HomeHealth). Professor Pip Logan is a NIHR Senior
Investigator. All other co-authors declare no conflict of interest.

Author details

'Research Department of Primary Care and Population Health, University
College London, London, UK. 2Centre for Research in Public Health and Com-
munity Care, University of Hertfordshire, Hatfield, UK. *Academic Unit for Age-
ing and Stroke Research, University of Leeds, Bradford Institute for Health
Research, Bradford, UK. “Patient and Public Involvement Member, London, UK.
®Division of Psychiatry, University College London, London, UK. ®Department
of Psychology, King's College London, London, UK. ”NIHR Policy Research

Unit in Health and Social Care Workforce, King's College London, London,

UK. 8Department of Physiotherapy and Paramedicine, Glasgow Caledonian
University, Glasgow, UK. °Centre for Health and Social Care Research, Kingston
University & St George's University, London, UK. '°Faculty of Medicine & Health
Sciences, University of Nottingham, Nottingham, UK.

Received: 11 March 2022 Accepted: 24 May 2022
Published online: 04 June 2022

References

1. Clegg A Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly peo-
ple. The Lancet. 2013;381(9868):752-62.

2. O'Caoimh R, Sezgin D, O’'Donovan MR, Molloy DW, Clegg A, Rockwood K,
et al. Prevalence of frailty in 62 countries across the world: a systematic
review and meta-analysis of population-level studies. Age Ageing.
2021;50(1):96-104.

3. Gale CR, Cooper C, Aihie SA. Prevalence of frailty and disability: find-
ings from the English Longitudinal Study of Ageing. Age Ageing.
2014,44(1):162-5.

4. Vermeiren S, Vella-Azzopardi R, Beckwée D, Habbig A-K, Scafoglieri A,
Jansen B, et al. Frailty and the Prediction of Negative Health Outcomes:

A Meta-Analysis. Journal of the American Medical Directors Association.
2016;17(12):1163.e1-e17.

5. Kojima G. Frailty as a Predictor of Nursing Home Placement Among
Community-Dwelling Older Adults: A Systematic Review and Meta-
analysis. J Geriatr Phys Ther. 2018;41(1):42-8.

6. Kojima G, lliffe S, Jivraj S, Walters K. Association between frailty and quality
of life among community-dwelling older people: a systematic review and
meta-analysis. J Epidemiol Community Health. 2016,70(7):716-21.

7. Kojima G, Taniguchi Y, lliffe S, Walters K. Frailty as a predictor of Alzheimer
disease, vascular dementia, and all dementia among community-dwell-
ing older people: a systematic review and meta-analysis. J Am Med Dir
Assoc. 2016;17(10):881-8.

8. Bock JO, Konig HH, Brenner H, Haefeli WE, Quinzler R, Matschinger H, et al.
Associations of frailty with health care costs—results of the ESTHER cohort
study. BMC Health Serv Res. 2016;16:128.

9. Hajek A, Bock JO, Saum KU, Matschinger H, Brenner H, Holleczek B, et al.
Frailty and healthcare costs-longitudinal results of a prospective cohort
study. Age Ageing. 2018;47(2):233-41.

10. Garcfa-Nogueras |, Oliva-Moreno J, Aranda-Reneo A, Pefia-Longobardo
LM, Abizanda P. Use of health resources and healthcare costs associated
with frailty: the fradea study. J Nutr Health Ageing. 2017;21(2):207-14.

11. Kojima G, Taniguchi, lliffe S, Jivraj S, Walters K. Transitions between frailty
states among community-dwelling older people: A systematic review
and meta-analysis. Ageing Res Rev. 2019;50:81-8.

12. DrennanV, Walters K, Avgerinou C, Gardner B, Goodman C, Frost R,
et al. Moving upstream in health promoting policies for older people
with early frailty in England? A policy analysis. J Health Serv Res Policy.
2018;23(3):168-75.

13. Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodriguez-Manas
L, Fried LP, et al. Physical Frailty: ICFSR International Clinical Practice
Guidelines for Identification and Management. J Nutr Health Aging.
2019;23(9):771-87.

14. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci
Med Sci. 2001;56(3):M146-57.

19.
20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

5.

Page 11 of 13

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell
I, et al. A global clinical measure of fitness and frailty in elderly people.
CMAJ. 2005;173(5):489-95.

. Sezgin D, O'Donovan M, Woo J, Bandeen-Roche K, Liotta G, Fairhall N,

et al. Early identification of frailty: Developing an international delphi
consensus on pre-frailty. Arch Gerontol Geriatr. 2022;99: 104586.

. Rickard F, Ibitoye S, Deakin H, Walton B, Thompson J, Shipway D, et al. The

Clinical Frailty Scale predicts adverse outcome in older people admitted
to a UK major trauma centre. Age Ageing. 2021;50(3):891-7.

. LiY, Pederson JL, Churchill TA, Wagg AS, Holroyd-Leduc JM, Ala-

giakrishnan K, et al. Impact of frailty on outcomes after discharge in older
surgical patients: a prospective cohort study. CMAJ. 2018;190(7):E184-90.
England N.The NHS Long Term Plan. NHS England; 2019.

Serra-Prat M, Sist X, Domenich R, Jurado L, Saiz A, Roces A, et al. Effective-
ness of an intervention to prevent frailty in pre-frail community-dwelling
older people consulting in primary care: a randomised controlled trial.
Age Ageing. 2017;46(3):401-7.

Racey M, Ali MU, Sherifali D, Fitzpatrick-Lewis D, Lewis R, Jovkovic M,

et al. Effectiveness of physical activity interventions in older adults with
frailty or prefrailty: a systematic review and meta-analysis. CMAJ Open.
2021,9(3):E728-43.

Huguet LG, Gonzélez MN, Kostov B, Carmona MO, Francia CC, Nieto MC,
et al. Pre Frail 80: Multifactorial Intervention to Prevent Progression of Pre-
Frailty to Frailty in The Elderly. J Nutr Health Aging. 2018:1-9.

Yu R, Tong C, Ho F, Woo J. Effects of a Multicomponent Frailty Prevention
Program in Prefrail Community-Dwelling Older Persons: A Randomized
Controlled Trial. J Am Med Dir Assoc. 2020;21(2):294 e1- e10.

Ng TP, Feng L, Nyunt MS, Feng L, Niti M, Tan BY, et al. Nutritional,

Physical, Cognitive, and Combination Interventions and Frailty Reversal
Among Older Adults: A Randomized Controlled Trial. Am J Med.
2015;128(11):1225-36 e1.

Cameron |, Fairhall N, John B, Lockwood K, Monaghan N, Sherrington

C, et al. A multifactorial interdisciplinary intervention in pre-frail older
people: randomised trial. Innov Aging. 2017;1(Suppl 1):196.

Ruikes FGH, Adang EM, Assendelft WJJ, Schers HJ, Koopmans R, Zuidema
SU. Cost-effectiveness of a multicomponent primary care program
targeting frail elderly people. BMC Fam Pract. 2018;19(1):62.

Looman WM, Huijsman R, Bouwmans-Frijters CA, Stolk EA, Fabbricotti IN.
Cost-effectiveness of the “Walcheren Integrated Care Model”intervention
for community-dwelling frail elderly. Fam Pract. 2016;33(2):154-60.
Pena-Longobardo LM, Oliva-Moreno J, Zozaya N, Aranda-Reneo |,
Trapero-Bertran M, Laosa O, et al. Economic evaluation of a multimodal
intervention in pre-frail and frail older people with diabetes mellitus:

the MID-FRAIL project. Expert Rev Pharmacoecon Outcomes Res.
2021;21(1):111-8.

Evers S, Dorresteijn TAC, Wijnen BFM, van Haastregt JCM, Kempen G, Zijl-
stra GAR. Economic evaluation of a home-based programme to reduce
concerns about falls in frail, independently-living older people. Expert
Rev Pharmacoecon Outcomes Res. 2020;20(6):641-51.

Gardner B, Jovicic A, Belk C, Kharicha K, lliffe S, Manthorpe J, et al. Specify-
ing the content of home-based health behaviour change interventions
for older people with frailty or at risk of frailty: an exploratory systematic
review. BMJ Open. 2017;7(2): e014127.

Tappenden P, Campbell F, Rawdin A, Wong R, Kalita N. The clinical
effectiveness and cost-effectiveness of home-based, nurse-led health
promotion for older people: a systematic review. Health Technol Assess.
2012;16(20):1-72.

Liimatta H, Lampela P, Laitinen-Parkkonen P, Pitkala K. Effects of preven-
tive home visits on older people’s use and costs of health care services: A
systematic review. European Geriatric Medicine. 2016;7(6):571-80.
Walters K, Frost R, Kharicha K, Avgerinou C, Gardner B, Ricciardi F, et al.
Home-based health promotion for older people with mild frailty: the
HomeHealth intervention development and feasibility RCT. Health Tech-
nol Assess. 2017;21(73):1-128.

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M. Develop-
ing and evaluating complex interventions: the new Medical Research
Council guidance. BMJ. 2008;337.

Morgan A, Ziglio E. Revitalising the evidence base for public health: an
assets model. Promotion and Education. 2007;Suppl 2:17-22.

Baltes PB, Baltes MM. Psychological perspectives on successful aging:
The model of selective optimization with compensation. In: Baltes P,



Frost et al. BMC Geriatrics

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

(2022) 22:485

Baltes M, editors. Successful aging: Perspectives from the behavioral
sciences. New York: Cambridge University Press; 1990. p. 1-34.

Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interven-
tions. Implement Sci. 2011,6:42.

Frost R, Belk C, Jovicic A, Ricciardi F, Kharicha K, Gardner B, et al. Health
promotion interventions for community-dwelling older people with
mild or pre-frailty: a systematic review and meta-analysis. BMC Geriatr.
2017;17(1):157.

Frost R, Kharicha K, Jovicic A, Liljas AEM, lliffe S, Manthorpe J, et al.
Identifying acceptable components for home-based health promotion
services for older people with mild frailty: A qualitative study. Health
Soc Care Community. 2018;26(3):393-403.

Avgerinou C, Gardner B, Kharicha K, Frost R, Liljas A, Elaswarapu R,

et al. Health promotion for mild frailty based on behaviour change:
Perceptions of older people and service providers. Health Soc Care
Community. 2019;27(5):1333-43.

. Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, et al.

Better reporting of interventions: template for intervention description
and replication (TIDieR) checklist and guide. BMJ. 2014;348: g1687.
Thomas S, Mackintosh S, Halbert J. Does the “Otago exercise pro-
gramme” reduce mortality and falls in older adults?: a systematic
review and meta-analysis. Age Ageing. 2010;39(6):681-7.

Chiu HL, Yeh TT, Lo YT, Liang PJ, Lee SC. The effects of the Otago
Exercise Programme on actual and perceived balance in older adults: A
meta-analysis. PLoS ONE. 2021;16(8): €0255780.

Clegg A, Bates C, Young J, Ryan R, Nichols L, Ann Teale E, et al. Develop-
ment and validation of an electronic frailty index using routine primary
care electronic health record data. Age Ageing. 2016;45(3):353-60.
Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel
Index for stroke rehabilitation. J Clin Epidemiol. 1989;42(8):703-9.
Harwood R, Ebrahim S. The validity, reliability and responsiveness of
the Nottingham Extended Activities of Daily Living scale in patients
undergoing total hip replacement. Disabil Rehabil. 2002;24(7):371-7.
Op Het Veld LPM, de Vet HCW, van Rossum E, Kempen G, van Kuijk SMJ,
Beurskens A. Substitution of Fried's performance-based physical frailty
criteria with self-report questions. Arch Gerontol Geriatr. 2018;75:91-5.
Hurtig-Wennlof A, Hagstromer M, Olsson LA. The International Physical
Activity Questionnaire modified for the elderly: aspects of validity and
feasibility. Public Health Nutr. 2010;13(11):1847-54.

IPAQ. Guidelines for Data Processing and Analysis of the International
Physical Activity Questionnaire (IPAQ) Short and Long Forms. Novem-
ber 2005.

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for
undernutrition in geriatric practice: developing the short-form
mini-nutritional assessment (MNA-SF). J Gerontol A Biol Sci Med Sci.
2001;56(6):M366-72.

. Brooks R RR, De Charro F, editors. The measurement and valuation of

health status using EQ-5D: a European perspective: evidence from the
EuroQol BIOMED Research Programme.: Springer Science & Business
Media; 2013.

Bulamu NB, Kaambwa B, Ratcliffe J. A systematic review of instruments
for measuring outcomes in economic evaluation within aged care.
Health Qual Life Outcomes. 2015;13:179.

Tennant R, Hiller L, Fishwick R, Platt S, Joseph S, Weich S, et al. The
Warwick-Edinburgh Mental Well-being Scale (WEMWABS): development
and UK validation. Health Qual Life Outcomes. 2007;5:63.

Goldberg DP, Gater R, Sartorius N, Ustun TB, Piccinelli M, Gureje O, et al.
The validity of two versions of the GHQ in the WHO study of mental
illness in general health care. Psychol Med. 1997,27(1):191-7.

Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A Short Scale for Meas-
uring Loneliness in Large Surveys: Results From Two Population-Based
Studies. Res Aging. 2004;26(6):655-72.

Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead

V, Collin I, et al. The Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am Geriatr Soc.
2005;53(4):695-9.

Pendlebury ST, Welch SJ, Cuthbertson FC, Mariz J, Mehta Z, Rothwell
PM. Telephone assessment of cognition after transient ischemic attack
and stroke: modified telephone interview of cognitive status and tel-
ephone Montreal Cognitive Assessment versus face-to-face Montreal

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 12 of 13

Cognitive Assessment and neuropsychological battery. Stroke.
2013;44(1):227-9.

Zietemann V, Kopczak A, Muller C, Wollenweber FA, Dichgans M. Valida-
tion of the Telephone Interview of Cognitive Status and Telephone
Montreal Cognitive Assessment Against Detailed Cognitive Testing and
Clinical Diagnosis of Mild Cognitive Impairment After Stroke. Stroke.
2017,48(11):2952-7.

Lamb SE, Jorstad-Stein EC, Hauer K, Becker C. Development of a com-
mon outcome data set for fall injury prevention trials: the Prevention of
Falls Network Europe consensus. J Am Geriatr Soc. 2005;53(9):1618-22.
Hoefman R, Van Exel N, Brouwer W. iMTA valuation of informal care
questionnaire (iVICQ). Retrieved. 2011;17(11):2013.

Berks J, McCormick R. Screening for alcohol misuse in elderly primary
care patients: a systematic literature review. Int Psychogeriatr.
2008;20(6):1090-103.

Housing. Mo. English indices of deprivation: UK Government; 2019
[Available from: http://imd-by-postcode.opendatacommunities.org/
imd/2019.

Beecham J, Knapp M. Costing psychiatric interventions. In: Thorncroft
G, editor. Measuring Mental Health Needs. 2nd Edition ed: Gaskell;
2001. p. 200-24.

Fortinsky R, Granger C, Selzter G. The Use of Functional Assessment in
Understanding Home Care Needs. Medical Care. 1981;XIX(5).

Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB Jr, Walston JD,
et al. Designing randomized, controlled trials aimed at preventing

or delaying functional decline and disability in frail, older persons: a
consensus report. J Am Geriatr Soc. 2004;52(4):625-34.

Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test per-
formance in community-dwelling elderly people: Six-Minute Walk Test,
Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys Ther.
2002;82(2):128-37.

Mijnarends DM, Meijers JM, Halfens RJ, ter Borg S, Luiking YC, Verlaan S,
et al. Validity and reliability of tools to measure muscle mass, strength,
and physical performance in community-dwelling older people: a
systematic review. J Am Med Dir Assoc. 2013;14(3):170-8.

PSSRU - Curtis L, Burns, A. . Unit Costs of Health and Social Care 2016.
2016 [cited 05.05.19]. Canterbury: Personal Social Services Research
Unit, [cited 05.05.19]. Available from: http://www.pssru.ac.uk/project-
pages/unit-costs/2016/index.php.

Improvement N. NHS Improvement. Reference costs 2017-2018. 2018
05.05.19. Available from: https://improvement.nhs.uk/resources/refer
ence-costs/.

Committee BJF. British National Formulary. In: Society. BMAaRP, editor.
2018.

Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a
practical guide. Clin Rehabil. 2009;23(4):362-70.

Hsieh Y-W, Wang C-H, Wu S-C, Chen P-C, Sheu C-F, Hsieh C-L. Establish-
ing the minimal clinically important difference of the Barthel Index in
stroke patients. Neurorehabil Neural Repair. 2007;21(3):233-8.

Smeeth L, Ng ES-W. Intraclass correlation coefficients for cluster rand-
omized trials in primary care: data from the MRC Trial of the Assess-
ment and Management of Older People in the Community. Controlled
clinical trials. 2002;23(4):409-21.

Hunter RM, Baio G, Butt T, Morris S, Round J, Freemantle N. An educa-
tional review of the statistical issues in analysing utility data for cost-
utility analysis. Pharmacoeconomics. 2015;33(4):355-66.

Sullivan TR, White IR, Salter AB, Ryan P, Lee KJ. Should multiple imputa-
tion be the method of choice for handling missing data in randomized
trials? Stat Methods Med Res. 2018;27(9):2610-26.

White IR, Horton NJ, Carpenter J, Pocock SJ. Strategy for intention to
treat analysis in randomised trials with missing outcome data. BMJ.
2011;342: d40.

BraunV, Clarke V. One size fits all? What counts as quality practice in
(reflexive) thematic analysis? Qual Res Psychol. 2020;18(3):328-52.
May CR, Mair FS, Dowrick CF, Finch TL. Process evaluation for complex
interventions in primary care: understanding trials using the normali-
zation process model. BMC Fam Pract. 2007,8:42.

University of Birmingham. Use of ICECAP in decision making 2019
[Available from: https://www.birmingham.ac.uk/research/activity/mds/
projects/HaPS/HE/ICECAP/decision-making/index.aspx.


http://imd-by-postcode.opendatacommunities.org/imd/2019
http://imd-by-postcode.opendatacommunities.org/imd/2019
http://www.pssru.ac.uk/project-pages/unit-costs/2016/index.php
http://www.pssru.ac.uk/project-pages/unit-costs/2016/index.php
https://improvement.nhs.uk/resources/reference-costs/
https://improvement.nhs.uk/resources/reference-costs/
https://www.birmingham.ac.uk/research/activity/mds/projects/HaPS/HE/ICECAP/decision-making/index.aspx
https://www.birmingham.ac.uk/research/activity/mds/projects/HaPS/HE/ICECAP/decision-making/index.aspx

Frost et al. BMC Geriatrics (2022) 22:485

80. Franklin M, Davis S, Horspool M, Kua WS, Julious S. Economic evaluations
alongside efficient study designs using large observational datasets: the
PLEASANT trial case study. Pharmacoeconomics. 2017;35(5):561-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Clinical and cost-effectiveness of a personalised health promotion intervention enabling independence in older people with mild frailty (‘HomeHealth’) compared to treatment as usual: study protocol for a randomised controlled trial
	Abstract 
	Background: 
	Aim: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Aims

	Methods
	Eligibility criteria
	Intervention
	Setting and recruitment
	Randomisation
	Outcomes
	Safety
	Health economic evaluation
	Process evaluation
	Sample size
	Participant timelines
	Statistical methods
	Patient and public involvement and engagement (PPIE)
	Oversight & monitoring
	Ethics
	Dissemination

	Discussion
	Limitations

	Acknowledgements
	References


