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Abstract 
Introduction: Resistance exercises and dietary protein have been 
shown to reverse frailty, yet they are not commonly offered in clinical 
practice. We aim to measure changes in health outcomes, including 
physical frailty status (SHARE-FI), clinical frailty status (CFS) and muscle 
mass, as a result of an optimised exercise and dietary intervention 
versus usual care in a primary care (PC) setting. The intervention has 
been derived from our systematic review and meta-analysis findings 
and optimised through patient and public involvement and 
multidisciplinary team input. 
Methods: This study is a multicentre randomised controlled parallel 
arm trial with a three month follow up. 210 eligible people aged 65 
and over, no more than mildly frail, will be recruited in seven PC 
practices in Ireland and randomly assigned to ‘intervention’ or ‘usual 
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care’. Intervention participants will be provided a leaflet with strength 
exercises, protein dietary guidance and educational discussion. 
Baseline measurements will include demographics, health indicators, 
comorbidities, malnutrition universal screening tool (MUST), frailty 
status (SHARE-FI, CFS) and muscle mass (bioelectrical impedance). 
Primary outcome will be frailty status measured by SHARE-FI at three 
months. Secondary outcomes include CFS, muscle mass, in-patient 
hospitalisation, long term care admission, and subjective ease of 
intervention and difference to general health. Statistical analysis will 
be undertaken by an independent statistician. 
Discussion: The diversity of tested frailty interventions and lack of 
clear guidance may contribute to low implementation rates. The 
REFEREE trial focusses on an optimised intervention for a syndrome 
that poses growing individual and societal challenges. It is hoped 
results can encourage mainstream adoption of interventions to 
reverse clinical frailty and build resilience in primary care. 
Trial registration: ClinicalTrials.gov ID NCT04628754; registered on 
13 November 2020.

Keywords 
Frailty, resilience, sarcopaenia, muscle-mass, primary-care, 
intervention, exercise, protein, education, randomised controlled trial
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          Amendments from Version 1
We have addressed the constructive feedback of the reviewers 
and made amendments in line with several of their suggestions. 
We have added a plan for a longer follow up consultation at 12 
months. We have added details about the type of bio-impedence 
device used and described limitations of the technology. We have 
added an additional exclusion criteria of chronic kidney disease, 
stage 3 or 4. We have added rationale for applying the exclusion 
criterion of Clinical Frailty Scale level 6. We have clarified that 
the GP co-investigators will conduct the screening and follow 
up consultations and how their approach will be standardised 
across sites. Lastly, we have provided rationale for the length of 
time data will be retained after the end of the study.

Any further responses from the reviewers can be found at 
the end of the article

REVISED

Introduction
Background information
Frailty can be conceptually described as a state of physiological 
vulnerability to external stressors. It increases the risks of  
illness, falls, dependency, disability, and death1,2. Frailty has  
been described as the most problematic expression of population 
ageing2.

The challenge of frailty is heightened by our aging popula-
tion and increased life expectancy. The UN estimates that the 
population of over 60-year olds will more than double from 
2017 to 20503. In Ireland, the population of over 65-year-old is 
growing four times faster than the total population. The preva-
lence of frailty is estimated at 11% in adults aged ≥50 years and  
increases to some 50% in those >80 years of age4,5.

General Practitioners (GPs) are in a unique position to 
engage with and support their aging patients. Since 2017 the 
new General Medical Services (GMS) contract in England  
mandates that all primary care practices use an appropriate tool 
to identify patients aged ≥65 years who are living with moder-
ate or severe frailty. GPs are also obliged to offer appropriate 
interventions. Such a mandate to screen and intervene to address 
frailty is fast becoming international best practice. However,  
there has been little guidance on the best interventions until 
recently.

We conducted a systematic review of frailty interventions in  
primary care, reviewing 925 studies and analysing 46 in detail6. 
We found that frailty can be delayed and reversed. Results  
have been further refined and strengthened in our  
meta-analysis7.

Interventions with both muscle strength training and protein sup-
plementation were consistently placed highest for effectiveness  
and ease of implementation.

Rationale for the study
Resistance training done at home and protein supplementa-
tion have been shown to be the most effective and easiest to 
implement interventions to reverse frailty and build resilience. 

However, it is not common practice to offer and support such  
interventions in primary care.

Frailty is related to day-to-day symptoms, co-morbidities,  
disabilities, and overall physical and cognitive functioning. A 
composite measure of all the latter, guided by the clinician’s 
clinical judgement, can be assessed by the Clinical Frailty Scale 
(CFS)8. The use of the CFS has become quite widespread in  
clinical practice in many countries.

On the other hand, physical frailty status is a narrower  
concept based on unexplained weight loss, self-reported exhaus-
tion, weakness (by grip strength), slowness (by gait speed) and 
low levels of self-reported physical activity9. Researchers have 
adapted the physical frailty definition to allow the provision of 
a continuous score (e.g. SHARE-FI10). A core component of  
the physical frailty phenotype is the diagnosis of sarco-
penia, which has been operationalised by consensus11 and 
objectively measured with bioelectrical impedance analysis.  
Bioelectrical impedance analysis is a safe, non-invasive, 
rapid and relatively accurate way to assess body composi-
tion. Limitations include reduced accuracy for people with 
BMI > 34 kg/m2, though the technology remains accept-
able for monitoring changes in body composition over time. 
Figure 1 shows the conceptual framework of the different frailty  
operationalisations used in this study.

Recruitment based CFS seems the most inclusive, but base-
line measures will be obtained of all measures at baseline  
and follow up.

This study provides an opportunity to share an optimised 
intervention with community-dwelling adults aged 65 and 
over, whose baseline CFS is not worse than mild (i.e. 5 or 
less), evaluate improvements in health outcomes and demon-
strate how the intervention may be incorporated efficiently in  
clinical practice. The results are intended to encourage main-
stream adoption of practical interventions to reverse clinical  
frailty and build resilience in primary care.

Figure 1. Conceptual framework of the different frailty 
operationalisations used in this study.
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An intervention with ten recommended resistance exercises 
and dietary guidance on protein consumption has been derived  
from findings of our systematic review6 and meta-analysis7 and 
optimised through a patient and public involvement (PPI) process.

Feasibility study
Feasibility of the exercise component of the intervention was 
assessed in a study in 2019 and 202012. The findings have been 
key to refining the intervention for this RCT. We offered an 
exercise intervention to reverse frailty and build resilience in 
primary care consultations. We set out to assess uptake of the 
exercise regime; ratings of its ease and subjective health after 
participation; how a follow-up telephone-call might affect  
compliance and overall feasibility. We applied the Bowen  
feasibility model13 which has been successfully used in  
assessing public health and preventive medicine interven-
tions. This feasibility model tests eight areas of focus: accept-
ability; demand; implementation; practicality; adaptation;  
integration; expansion; and limited-efficacy testing. Selected  
results include:

A total of 94 of 107 eligible people (88%) participated (aver-
age age 77, 59 females (63%)). 95% of females and 78% of 
males enrolled. Only 15% had previously considered resistance  
exercises.

Participants found the exercises both easy to follow and  
generally easy to do. Overall, 32% described exercises as ‘very 
easy’, 55% ‘somewhat easy’, 7% ‘neither easy nor hard’, 6%  
‘somewhat hard and 0% ‘very hard’.

At one month, 66% of participants called were exercising regu-
larly (76% of females, 50% of males). At two months, com-
pliance among those who had not been called at one month 
was: 65% (67% of females, 62% of males). However, compli-
ance among those previously called was higher: 78% (88% 
of females, 63% of males). 64% of those who were not doing  
exercises at one month had taken them up following the single 
phone call (67% of females, 63% of males).

Many described how the home-based exercises helped with 
staying active and reducing anxiety while housebound during  
the Covid-19 pandemic

The majority of participants self-reported their general health 
had improved as a result of doing the exercises and none  
reported feeling worse. 14% felt ‘much better’, 52% ‘slightly  
better’, 34% ‘about the same’, 0% ‘slightly worse’, and 0% ‘much  
worse’

Each of the eight areas of focus of the Bowen feasibility model 
have been addressed and satisfy overall feasibility. Publication  
of this feasibility study is pending.

Public and patient involvement
Public and patient involvement in health involves undertak-
ing research with members of the public rather than for them. 
As PPI has been a key consideration within Irish health research 
culture, we wanted to enable the involvement of potential  
participants’ in co-designing our RCT to ensure that their  

priorities were at its core. We built on two group discussions  
with 24 over 65-year olds, when introducing an exercise 
regime in a previous service evaluation study14, and 145  
one-on-one discussions listening to feedback during the feasibil-
ity study. We wished to learn additionally from participants in 
three online workshops to optimise our patient communication 
model, refine the exercise regime and develop dietary guidance  
for a future trial.

We convened three online group workshops with older adults 
involved in the feasibility study. The group size of an average  
of 5 participants and 2 researchers was in keeping with best  
practice for conducting both group-based action learning15 and 
focus group activity15,16. Key themes and questions for each  
workshop were prepared in advance. A Socratic approach 
of open questions with active listening was used in order to  
ensure the voices of the non-researchers are primarily heard.  
Transcripts were analysed and key feedback synthesised under 
the headings of: ‘patient engagement and communication  
model’, ‘exercise regime’ and ‘dietary guidance’. Analysis 
used both an inductive and deductive approach drawing on 
normalisation process theory. Our approach was guided by 
a framework for effective and meaningful public and patient  
representative (PPR) involvement in health research17–19, which 
includes operating in a structured environment; managing 
expectations and ensuring roles are clear; providing support for  
successful participation and ensuring inclusive representation;  
and commitment to co-learning involving institutional leadership.

PPI output included strong endorsement from participants for 
offering this intervention; co-design of the patient communica-
tion model; inclusion of preferred setting, medium and gender 
balance for the exercise regime; and co-design of the dietary  
guidance content.

Benefits and risks
The systematic review6 identified benefits to patients that 
include decreased risks of illnesses, falls, dependency,  
disability and improved mortality. 71% of studies measuring  
impact on frailty status demonstrated significant improve-
ment. 69% of studies measuring impact on singular frailty 
indicators or other criteria demonstrated significant improve-
ment. The exercises create a small risk of musculoskeletal 
strain. No such adverse event was recorded during a feasibility 
study of the intervention, prior to PPI optimisation. The risk 
was mitigated by the fact that the exercises are simple in nature 
and the supporting patient information leaflet advises thirty  
second breaks between exercises and not to undertake any 
exercise that causes pain. Risk is further mitigated by exclud-
ing participants with CFS 6 and above. The risk (probability)  
of harm is considered to be low.

Study objective
Primary objective
To measure changes in health outcomes, including physical  
frailty status (SHARE-FI), clinical frailty status (CFS),  
muscle-mass, as a result of an optimised exercise and dietary 
intervention versus usual care among community-dwelling adults 
aged 65 and over whose baseline clinical frailty (CFS) is not  
worse than mild.
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Secondary objective
To understand participants’ perspectives on the ease of the  
intervention and personal health benefits.

Primary and secondary endpoints/outcome measures
Primary outcomes

•   � �Frailty status measured by SHARE-FI at three months  
after the start of intervention.

Secondary outcomes
•    �Clinical frailty status measured by CFS at three months  

after the start of intervention.

•    �Muscle mass measured by bioelectrical impedance at  
three months after the start of intervention.

•    �Body fat, bone weight, base metabolic rate, biological 
age by bioelectrical impedance at three months after the  
start of intervention.

•    Incidence of in-patient hospitalisation during follow-up.

•    �Incidence of long-term care admission (LTC) during  
follow-up.

•    �Ease of the intervention measured on a five-point scale: 
‘very easy’, ‘somewhat easy’, ‘neither easy nor hard’, 
‘somewhat hard’, or ‘very hard’ three months after the  
start of intervention.

•   �� �Difference to general health as a result of the exercises 
measured on a five-point scale: ‘much better’, ‘slightly 
better’, ‘about the same’, ‘slightly worse’ or ‘much worse’ 
three months after the start of intervention.

Trial design
General considerations
This multi-centre, randomised controlled, parallel arm trial 
aims to measure the effectiveness of an optimised primary care 
intervention to reverse frailty and build resilience versus usual 
care, among pre-frail and mildly frail adults aged 65 and over. 
The trial will take place in Ireland. Enrolment will take place  
in seven GP practices in Dublin and Wicklow over a period of 
six months. All measures will be collected in the GP practice  
setting. A clear training plan and documentation will be  
provided to GPs at each site to mitigate the risk of recorded and  

unrecorded protocol deviations20. A study scheme is shown in  
Figure 2.

Selection of study population
All patients aged 65 or older attending the GP site investiga-
tor will be screened for eligibility by the GP. Patients meeting 
all of the inclusion criteria and none of the exclusion criteria  
will be eligible for inclusion.

Inclusion criteria
•    Aged 65 or older at baseline

•    �Rockwood clinical frailty scale score 4 or 5 (vulnerable  
or mildly frail)

•    �Able and willing to provide informed consent and to  
comply with the requirements of this study protocol

Exclusion criteria
•    �Rockwood clinical frailty scale score > 5

•    End of life care

•    Persons in residential care home

•    Concurrent malignancy

•    Chronic kidney disease, stage 3 or 4

•    �Coded diagnosis of severe dementia as per GP or  
consultant geriatrician diagnosis or baseline Montreal 
Cognitive assessment (MoCA) score ≤ 10

•   � �Persons unable to engage in discussion on frailty due to 
acute care needs or determined to be inappropriate by 
GP (e.g., needing transfer to ED or acutely unwell or  
disorders resulting in intolerance of the intervention)

•    Subjects unable to provide written informed consent

Study methods, assessments and procedures
GP site investigators will undergo three team-based training ses-
sions prior to enrolment, monthly meetings after enrolment and 
additional ad-hoc meetings when required, led by the principal 
investigator, in order to standardise the approach and align to this 
study protocol, including patient communication, intervention 
delivery and data gathering and management. 

Adults attending a GP surgery, meeting the eligibility crite-
ria, will be offered general information about the study by the 

Figure 2. Study schema.
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attending GP. If interested and willing to consent, they will be 
offered an information leaflet for the trial, and invited to partici-
pate. Participants will be randomly assigned to ‘intervention’ or  
‘usual care’ parallel arms.

Participants randomly assigned to the usual care group will 
receive normal primary care, including physical rehabilitation if  
needed.

Intervention participants will be provided a leaflet with strength 
exercises and a discussion on how strength exercises have 
been shown to delay and reverse frailty and build resilience. 
The information leaflet will have a photographic overview of a  
home-based exercise regime. They will also be provided with 
information on post exercise protein consumption as part of  
a normal balanced diet.

Baseline measurements for all recruited patients will be: age, 
sex, education, living arrangement (alone, with others), smoking 
status, alcohol intake, blood pressure, heart rate, BMI (weight 
and height), comorbidities, malnutrition universal screening 
tool (MUST), CFS, SHARE-FI (which includes handgrip  
strength) and bioelectrical impedance for muscle mass, body 
fat, bone weight, base metabolic rate and ‘biological age’.  
Bioelectrical impedance will be measured using a Tanita 

RD 545 Segmental Body Composition Analyser, with dual  
frequency technology and medical grade accuracy.

Intervention participants will be called after one month and 
after three months by the GP and asked if they had followed the 
exercise regime (and for how long and how many times a week) 
and dietary guidance. At three months they will be asked if they 
found the exercises ‘very easy’, ‘somewhat easy’, ‘neither 
easy nor hard’, ‘somewhat hard’, or ‘very hard’; and had they 
noticed any subjective difference to their health as a result of  
the intervention, namely feeling ‘much better’, ‘slightly better’, 
‘about the same’, ‘slightly worse’ or ‘much worse’. All participants 
will be invited to return at three months for a clinical assess-
ment and measurement of health indicators and frailty status 
as described above by the GP. Participants will be invited to 
return for subsequent one year follow up appointments. This  
12-month follow up will be subject to a further ethics  
committee review. The follow up visits will be free of charge. 
A schedule of events for baseline, one-month call and three  
months follow up are shown in Figure 3.

Data management
Data will be recorded in a pseudo-anonymised form in a  
password protected database. Documents containing personal 
information and signed consent forms will be kept in a locked 

Figure 3. Schedule of events.
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file at the principal investigator’s office at each centre. Data 
will be added to the electronic database by authorised team 
members only and access will be limited to authorised team  
members. No participant will be identified or will be identifiable 
as a result of data processing or in any subsequent publication.  
Data will be destroyed 5 years after the end of the study or  
3 years after the last publication as per the guidelines described 
by the research ethics committee of the Irish College of General  
Practitioners. The lead PI (JT) will be the data controller. Data 
processors will be the research team members, including the  
6 co-investigators in each of the centres.

Method of assigning participants to treatment groups
Randomisation. Randomisation of participants will be done on 
a 1:1 allocation to intervention or usual care by a simple ran-
domisation procedure, guided by the Clinical Research Centre  
(CRC) team. We will use a randomisation software product  
provided by the American National Cancer Institute.

Definition of end-of-trial
The end of trial will be the date of the last visit of the last sub-
ject. The trial team has the right at any time to terminate the 
study for clinical or administrative reasons. The end of the 
study will be reported to the REC within 90 days. A sum-
mary report of the study will be provided to the REC and  
Regulatory Authority within 1 year of the end of the study.

Premature termination of the study. The trial team may end 
the study pre-maturely on the basis of new information about 
safety of the intervention or unsatisfactory progress in enrolling  
participants (i.e., <50% of sample size after 6 months).

Discontinuation/withdrawal of subjects from study 
protocol
Subjects have the right to voluntarily discontinue the interven-
tion or withdraw from the study at any time for any reason  
without any consequences. The investigator has the right to  
discontinue a subject from study treatment or withdraw a subject  
from the study at any time if it is in the best interest of the subject.

Subjects must discontinue the intervention and be withdrawn  
from the study for any of the following reasons:

-   �withdrawal of consent by the subject

-   �any medical condition that the investigator or sponsor deter-
mines may jeopardize the subject’s safety if she or he continues  
receiving the study treatment

-   �ineligibility (either arising during the study or retrospectively 
having been overlooked at screening)

-   �an adverse event which requires discontinuation of the  
intervention

-   �lack of compliance with the study and/or study procedures

-   �lost to follow-up. At least three documented attempts must  
be made to contact any subject lost to follow-up.

If a subject is withdrawn before completing the study, the 
reason for withdrawal must be documented. If a subject is  

withdrawn due to an adverse event, the investigator will arrange 
for follow-up visits until the adverse event has resolved or  
stabilised.

Intervention
Description of intervention
The resistance exercise regime consists of ten, home-based, 
physical exercises as illustrated in an accompanying leaflet.  
Each exercise is to be repeated ten times in one minute, 
increased to fifteen times per minute after about 1 month, when  
comfortable. A break of 30 seconds is to be taken between sets 
of exercises. Exercises are to be undertaken at least four times 
per week and up to every day. Participants should also walk  
for 30 to 45 minutes, three to four times per week. Partici-
pants are advised to consume 1.2 g protein per kg body weight 
each day. A leaflet will be provided with information on 
sources of protein, amounts of protein per typical serving and  
suggested meals. A sample exercise leaflet and protein dietary  
guidance are shown in Figure 4 and Figure 5.

Safety reporting
Participants are asked not to undertake any exercise that causes 
pain and to discontinue the exercise regime if they have any  
concern, injury or physical signs constraining participation.  
Safety will be evaluated throughout the study by recording 
adverse events (AEs), and inviting participants to attend for 
assessment of vital signs and physical exam, should they contact  
their GP with any concerns.

Definitions
AE. Any untoward medical occurrence in a participant and 
which does not necessarily have a causal relationship with this 
intervention. An adverse event can therefore be any unfavour-
able and unintended sign, symptom or disease, whether or not  
considered related to the intervention.

Serious AE (SAE)
Any untoward medical occurrence or affect that:

-   results in death,

-   is life-threatening*,

-   �requires hospitalisation or prolongation of existing  
hospitalisation,

-   results in persistent or significant disability or incapacity,

-   is a congenital anomaly or birth defect

-   important medical events**

*Regarding a life-threatening event, this refers to an event in 
which the subject was at risk of death at the time of the event; it  
does not refer to an event which hypothetically might have  
caused death if it were more severe.

**Some medical events may jeopardise the subject or 
may require an intervention to prevent one of the above  
characteristics/consequences. Such events (hereinafter referred 
to as ‘important medical events’) should also be considered  
as ‘serious’ in accordance with the definition
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Severity of AEs. The term ‘severity’ is used here to describe 
the intensity of a specific event. This has to be distinguished  
from the term ‘serious.

Evaluation of AEs and SAEs
Assessment of seriousness. The investigator should make an  
assessment of seriousness.

Assessment of casualty. The investigator/sponsor must make 
an assessment of whether the AE/SAE is likely to be related  
to the intervention according to the following definitions:

Unrelated
Where an event is not considered to be related to the study  
intervention.

Possibly
Although a relationship to the study intervention cannot be 
completely ruled out, the nature of the event, the underlying  
disease, or temporal relationship make other explanations possible.

Probably
The temporal relationship and absence of a more likely  
explanation suggest the event could be related to the study  
intervention.

All AEs/SAEs judged as having a reasonable suspected causal 
relationship (e.g. possibly, probably) to the study intervention  
will be considered as ARs/SARs.

All AEs/SAEs judged as being related (e.g. possibly, proba-
bly) to an interaction between the study medication and another  
medication will also be considered to be ARs/SAR.

Alternative causes such as natural history of the underlying  
disease, concomitant therapy, other risk factors and the temporal  
relationship of the event to the treatment should be considered.

Assessment of severity. The investigator will make an assess-
ment of severity for each AE/SAE and record this on the CRF  
according to one of the following categories:
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Figure 4. Sample exercise leaflet.

Mild
An event that is easily tolerated by the subject, causing minimal 
discomfort and not interfering with everyday activities.

Moderate
An event that is sufficiently discomforting to interfere with  
normal everyday activities.

Severe
An event that prevents normal everyday activities.

Reporting procedures for all adverse events
All AEs occurring during the study observed by the investiga-
tor or reported by the subject, whether or not attributed to the  
study medication, will be documented.

The following information will be recorded: description, date 
of onset and end date, severity, assessment of relatedness to 
the study intervention, other suspect medication or device and 
action taken. Follow-up information should be provided as  
necessary.

AEs considered related to the study intervention as judged 
by an investigator will be followed until resolution or until 
the event is considered stable. All related AEs that result in a  
subject’s withdrawal from the study or are present at the end of 
the study, should be followed up until a satisfactory resolution  
occurs.

It will be left to the investigator’s clinical judgment whether 
or not an AE is of sufficient severity to require the subject’s 
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Figure 5. Sample dietary protein guidance leaflet.

removal from the study. A subject may also voluntarily with-
draw due to what he or she perceives as an intolerable AE.  
If either of these occurs, the subject must undergo an  
end-of-study assessment and be given appropriate care under  
medical supervision until symptoms cease or the condition  
becomes stable.

The severity of events will be assessed on the following scale:  
mild, moderate, severe.

The relationship of AEs to the study intervention will be  
assessed by the investigator.

Reporting procedures for serious adverse events
The investigator will report all serious adverse events immedi-
ately to the supervisor. The immediate report will be followed  
by detailed, written reports. The immediate and follow-up  
reports will identify subjects by unique code numbers assigned  
to the latter.

The immediate report will be made by the investigator within 
a very short period of time and under no circumstances should 
this exceed 24 hours following knowledge of the serious adverse  
event.

The supervisor will keep detailed records of all adverse 
events which are reported to her by the investigator or  
investigators.

Statistics
Description of statistical methods
Final analysis of the trial will be performed by the independent  
trial statistician after end-of-trial.

Determination of sample size subjects
We have calculated a sample size of 176 with the following 
parameters: Two independent study groups (i.e., control and 
intervention); outcome measure of frailty status (i.e., change 
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from frail or pre-frail to non-frail as measured by SHARE-FI);  
improvement of frailty status in the intervention group to 
non-frail of 15%, allowing for a 3% improvement in the  
control group due to bias; enrolment ratio of 1; probabil-
ity of type I error of 5% (0.05); power 80%. Enrolment of  
210 participants assumes a 15% drop out rate.

Sample sizes in comparable trials include Binder, J Am Geriat 
Soc 2002 (sample size 115)20, Liu, Clin Rehab 2017 (sample  
size 79)21 and Serra-Prat, Age Aging 2017 (sample size 172)2. 
The average study size of the 31 studies included in our  
meta-analysis of frailty interventions7 was exactly 100.

Analysis sets
Final analysis for this trial will be conducted on the  
intention-to-treat population, which will include all subjects 
randomised to the treatment arms. Sensitivity analysis will be  
conducted on the per protocol population (full analysis set), 
which will include all subjects that attend all study visits and  
have complied with the intervention.

Demographic and baseline disease characteristics
Baseline descriptive statistics of the study cohort will be strati-
fied by arm, with the sample sizes reported for each arm. Mean 
(standard deviation) and median (interquartile range) will be 
reported for numerical outcomes as appropriate. Frequency 
and proportion will be reported for categorical outcomes. 
These statistics will be reported for both the intention-to-treat  
population and the per protocol population.

Efficacy analysis
Efficacy analysis will be performed on all primary and second-
ary efficacy endpoints. Point estimates, interval estimates (95%  
confidence interval) and p-values will be reported.

Primary efficacy endpoint. The primary outcome is Frailty  
status measured by SHARE-FI at three months of follow-up.

Changes in proportions in non-frail, pre-frail and frail  
categories will be analysed in both study arms and reported 
as an odds ratio with associated 95% confidence intervals 
and tested for significance using a standard chi-square test of  
proportions.

We hypothesise that participants on resistance exercise regime 
and with guidance on dietary protein will have a higher  
SHARE-FI score than patients without this intervention.

This outcome will be analysed as a difference in means 
between treatment arms using a linear mixed effects model, 
with arm allocation, SHARE-FI at baseline and age included as  
fixed effects and GP practice included as a random effect.

Secondary efficacy endpoints. Clinical frailty status meas-
ured by CFS at three months will be analysed using a  
proportional odds mixed model with arm allocation and age as 
fixed effects and GP practice as random effect. Muscle mass  
measured by bioelectrical impedance at three months will be  
analysed using a logistic mixed model with arm allocation as  
fixed effect and GP practice as random effect.

Ease of the intervention measured on a five-point scale and  
difference to general health as a result of the exercises meas-
ured on a five-point scale will be analysed using a proportional  
odds model with arm allocation as covariate.

Safety analysis
Incidence of in-patient hospitalisation during follow-up and 
incidence of LTC during follow up will be analysed using 
a logistic regression model with arm allocation and age as  
covariates.

All non-serious and serious AEs will be reported in tables in  
aggregate form by frequency and subjects affected by trial arm.

The level of statistical significance
For hypothesis testing the significance level will be set at 0.05.

Procedure for accounting for missing, unused and 
spurious data
Where appropriate, missing data will be imputed using  
multivariate imputation by chained equations (van Buuren &  
Groothuis-Oudshoorn, 2011).

Procedure for reporting any deviation(s) from the 
original statistical plan
Deviation(s) from the original statistical plan will be reported in 
writing to the research ethics committee and approval sought.

Retention of essential documents
All records and documents will be maintained by the princi-
pal investigator for a period of 12 months after the end of the  
trial.

Ethics
Declaration of Helsinki
The supervisor will ensure that this study is conducted in accord-
ance with the ethical principles that have their origins in the  
Declaration of Helsinki.

Good clinical practice
This study will be conducted in accordance with Good  
Clinical Practice, as defined by the International Conference on  
Harmonisation (ICH) and in accordance with the ethical  
principles underlying European Union Directive 2001/20/EC  
and 2005/28/EC.

Approvals
Ethical approval has been granted by the research ethics 
committee of the Irish College of General Practitioners on  
November 3, 2020

Approval for protocol modifications or amendments will be 
sought through formal REC submission and communicated 
to stakeholders (e.g., investigators, REC/IRBs, trial partici-
pants, trial registries, journals) by email where appropriate or by  
phone to participants with consent.

Informed consent
The GP will take informed consent in the primary care  
consultation. Informed consent will be obtained prior to any 
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study related procedures being undertaken. The GP will explain 
the nature of the study to the participant, and answer all ques-
tions regarding this study. Prior to any study-related screening 
procedures being performed, the informed consent statement will  
be reviewed and signed and dated by the participant and the GP.

A model consent form is available at the Harvard Dataverse  
repository22.

Subject confidentiality
The trial staff will ensure that the participants’ anonymity is 
maintained. The participants will be identified only by first 
names and identification number on any database. All documents 
will be stored securely. The study will comply with the Data  
Protection Act.

Data management committee
In line with guidance from the European Medicines Agency, 
an external data management committee will not be part of 
this trial, due to the short time frame, non-critical nature of 
the syndrome being addressed and low risk of harm from the  
intervention.

Insurance/Indemnity
The GPs hold medical liability insurance as required by the  
Irish College of General Practitioners and the Medical Council.

Dissemination
Initial dissemination of results will be through publication in 
a peer reviewed journal. The study team will also work with  
advocacy, primary care and academic partners to disseminate 
the findings. These will include, Age Action, the Irish College 
of General practitioners, University College Dublin and Trinity 
College Dublin. The study is at an early stage and is due to  
commence enrolment in December 2020. However, early plan-
ning for dissemination is underway and agreement for same 
received from the Health Research Board Primary Care Clinical  
Trials Network.

Study management
The principal investigator is John Travers. The lead investiga-
tors at GP practices are John Langan, Darren McCormack, 
Jude McEntire, Fergal MacNamara, Chris McDermott, 
Joanne McKiernan and John Travers. Marie-Therese Cooney,  
consultant geriatrician at St Vincent’s University Hospital and  
associate professor at UCD will supervise the study. Peter 
Doran, professor of medicine and associate dean of research at 
UCD, and scientific director of the UCD clinical research centre 
(CRC), will co-supervise the project. Dermot Power, consultant  
geriatrician at the Mater Misericordiae University Hospital 
and professor of medicine at UCD, will co-supervise the  
project. Roman Romero-Ortuno, consultant geriatrician and 
associate professor at the TCD Global Brain Health Institute,  
will help with study design, implementation and writing.

Data availability
Underlying data
All data underlying the results are available as part of the article  
and no additional source data are required.

Extended data
Harvard Dataverse: Reversing Frailty and Enhancing Resilience 
(REFEREE) RCT. https://doi.org/10.7910/DVN/RKEGIV22.

This project contains a model consent form used in this study.

Reporting guidelines
Harvard Dataverse: SPIRIT checklist for ‘Protocol for a  
randomised controlled trial of a primary care intervention to  
Reverse Frailty and Enhance Resilience through Exercise and 
dietary protein Education (REFEREE) in community-dwelling  
adults aged 65 and over’. https://doi.org/10.7910/DVN/
TCOCSV23.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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practice nurse play a role in screening/recruitment? Who will administer the CFS at baseline? 
Who will complete the follow-up assessments across at the sites and how will it be standardised 
across sites? 
The authors should justify their rationale to destroy the data 5 years after the end of study. 
 
The plan to disseminate the study findings is very comprehensive. 
 
Overall, the REFEREE trial protocol describes an intervention for frailty that is evidence-based and 
stakeholder informed. The pragmatic intervention focuses on a syndrome that poses growing 
individual and societal challenges.
 
Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes
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1) People who are estimated to be at CFS level 6 and above require varying levels of 
assistance. The exercise intervention, derived from our systematic review and meta-analysis 
and co-designed by PPI, is for daily, independent use in the home, without assistance or 
carer supervision. We wish to minimise risk to participants and therefore feel it is 
appropriate to exclude a level of frailty that corresponds to CFS 6 and above. We have 
added this to the study rational (page 5). We plan to consider appropriate interventions for 
people with greater degrees of frailty in our future work. 
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2) Thank you, we have amended the protocol to make the process around screening and 
recruitment clearer (page 8). The GP co-investigator will undertake screening and 
recruitment at each site. In order to avoid inter-operator variability, the GP will also 
undertake follow up assessments. We feel the GP is well placed to undertake these 
interactions. They involve clinical aspects typically undertaken by a GP, such as assessment 
of co-morbidities, and reviewing for dementia and malnutrition; as well as providing study 
information, seeking informed consent and outlining the risks and benefits of the 
interventions. 
 
The interactions will be standardised across sites by ensuring co-investigators have a clear 
understanding of the protocol steps. Three preparatory (online) meetings have been held 
with all co-investigators to agree a standardised assessment approach (page 7). These have 
involved dry-runs/ role playing of participant interactions. Monthly meetings with all co-
investigators will take place (page 7). These monthly meetings provide an opportunity to 
calibrate our approach in line with shared real assessment experiences. Additional ad-hoc 
meetings will enable real time communication on any challenges or questions that may 
arise and ensure the team remains aligned to a standardised approach. 
 
3) The Irish College of General Practitioners (ICGP) ethics committee advised that this time 
duration be applied. It is our understanding that the length of time for holding data may be 
set by the relevant authority overseeing the work. This approach is described by the UK 
Medical Research Council. The rationale is to ensure sufficient time is given to enable 
further research and publication subsequent to the trial, while adhering to GDPR 
regulations. We have amended the protocol to reflect this (page 8). 
 
Thank you for all your feedback and encouragement. It is hugely appreciated and will help 
us to progress our work.  
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describe which device they use for impendenciometry) 
 
This is an interesting article that presents a protocol for a randomized controlled trial using 
resistance exercises and dietary protein in order to reduce the level of frailty of the older adults in 
the community. 
 
As the authors write, although we are aware of the benefits of both interventions, it is often 
difficult to transfer and implement them in routine clinical practice. 
 
The article is well written and makes good use of current evidence, also highlighting that the 
authors start from a systematic review and meta-analysis that they have previously carried out. 
The methodological and statistical aspects are correct, with a good calculation of the sample size 
and a correct approach to statistical interpretation. 
 
I would like to make some / comments to the authors:

A period of 3 months is sometimes short to show changes in situations of frailty, perhaps if 
they extend the follow-up period (although the intervention is not direct) it is worth it. 
 

○

The use of bioimpedance has certain limitations that I think should be reflected, and also it 
is necessary to describe what instruments will be used. 
 

○

I miss some aspects of CGA such as Barthel, Lawton, comorbidity or polypharmacy, and 
some geriatric syndrome (falls)… 
 

○

Perhaps it would be interesting to evaluate SPPB or gait speed, although I understand that 
they are time-consuming variables, but perhaps they are more sensitive to intervention. 
 

○

Regarding the exercise recommended by the authors, I think there is scientific evidence to 
advise multicomponent exercise and not just resistance, and instead of moderate activity 
HIIT exercises. An example could be the resources that you can find in http://vivifrail.com/ 
that allows the intervention to be highly individualized; on the other hand, the exercise 
proposed by the authors will be the same for everyone and should be more personalized or 
individualized. 
 

○

I really liked the role of patients and institutions (PPI) in the development of the protocol, it 
is something that geriatricians should learn and implement. Perhaps the gender 
perspective must also be addressed in future studies. 
 

○

Another possible additional intervention that has been shown to be useful could be the 
adjustment of polypharmacy and in parallel, a possible outcome could be what happens 
with the number /type of drugs. 
 

○

Is the intervention able of modifying cognitive parameters? In this hypothesis, we would 
have to consider initial cognitive evaluation and trajectory. 
 

○

If you are going to be advised and increment in protein intake, perhaps kidney function 
could be evaluated. 
 

○

HRB Open Research

 
Page 19 of 23

HRB Open Research 2021, 3:91 Last updated: 23 APR 2021



When mixing exercise and nutrition, we will wonder which component has more weight in 
the results, or if we only owe it to one of them, or if both are enhanced. In this case, each 
intervention could be stratified to see what the effect of each one is, or randomized by 
blocks.

○

My congratulations on the project, I hope that everything goes well and that my comments can be 
useful.
 
Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: geriatrics, frailty, polypharmacy, iatrogenia, nosocomial disability

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 28 Jan 2021
John Travers, University College Dublin, Dublin, Ireland 

Dear Dr Martinez-Velilla, 
I am so grateful for your review and the constructive feedback you have offered that will 
strengthen this paper. I will work with our team to address each of these points and I look 
forward to submitting a revised version soon.  
Best wishes, 
John  

Competing Interests: No competing interests were disclosed.

Author Response 10 Mar 2021
John Travers, University College Dublin, Dublin, Ireland 

Thank you for this very helpful feedback and commentary. It helps us strengthen our 
protocol. I have addressed each of the points below, made amendments to the protocol and 
look forward to any other feedback that may arise. 
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1) We agree a longer follow up period would be worthwhile. We would like to consider an 
additional follow up at 12 months if feasible, as well as our 3-month follow up described. We 
have included a 12-month follow up in the updated protocol and outlined that it is subject to 
further ethics approval (page 8). 
We still look forward to analysing what changes might occur over a 3-month period. 15 of 
the 46 studies we reviewed in our systematic review of primary care frailty interventions 
had follow up periods of circa 3 months and many showed statistically significant outcomes. 
We also found in our own feasibility study, which involved 94 participants, that 
improvements to general health were reported within two months. If positive outcomes can 
be demonstrated for a short time period, they will underline the benefit of investing 
participant and medical professional time and effort in promoting such interventions to 
achieve early and meaningful results. 
 
2) We have added details about the type of device and limitations of bioimpedance to our 
protocol (pages 3 and 8). This is very helpful feedback which will help a future write up and 
publication offering. Below is a longer reflection on bioimpedance and limitations: 
 
Bioimpedance analysis (BIA) is a safe, non-invasive and rapid way to assess body 
composition. Studies show that BIA is a reasonably accurate method for estimating body 
composition1,2. Accuracy is broadly in line with other gold standard measurements, with 
one study showing correlations with DXA of 0.90 and above for foot-to-hand single and 
multiple frequency BIA2. 
 
However, limitations include a reduction in absolute accuracy introduced by variable factors 
such as body weight, hydration and recent exercise1,3. BIA may be less accurate in obese 
people4. High extracellular water and total body water may overestimate fat-free mass 
(muscle and bone) and underestimate fat mass in individuals with body mass indices 
greater than 34 kg/m2. Dehydration may cause fat-free mass to be underestimated1. High 
intensity exercise may also affect the accuracy of BIA readings1. Such variability in factors 
may contribute to reduced repeatability and reproducibility of results5. 
 
Given the limitations described above, Buchholz has proposed that BIA may be acceptable 
for monitoring changes in body composition within individuals over time, while less 
accurate for single measurements in individual patients 6. 
 
A final limitation to consider is relative cost. Though less expensive than alternatives such as 
DXA scanners, medical grade BIA devices cost several thousand euro and may not be cost 
effective in small primary care practices.

Dehghan M, Merchant AT. Is bioelectrical impedance accurate for use in large 
epidemiological studies? Nutr J. 2008;7:26. doi:10.1186/1475-2891-7-26

1. 

Demura S, Sato S. Comparisons of accuracy of estimating percent body fat by four 
bioelectrical impedance devices with different frequency and induction system of 
electrical current. J Sports Med Phys Fitness. 2015;55(1-2):68-75.

2. 

Mulasi U, Kuchnia AJ, Cole AJ, Earthman CP. Bioimpedance at the bedside: current 
applications, limitations, and opportunities. Nutrition in Clinical Practice, vol. 30, no. 2, 
pp. 180–193, 2015

3. 

Coppini LZ, Waitzberg DL, Campos ACL. Limitations and validation of bioelectrical 4. 
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impedance analysis in morbidly obese patients, Current Opinion in Clinical Nutrition 
and Metabolic Care: May 2005 - Volume 8 - Issue 3 - p 329-332
Naranjo-Hernández D, Reina-Tosina J, Min M. Fundamentals, Recent Advances, and 
Future Challenges in Bioimpedance Devices for Healthcare Applications. Journal of 
Sensors, vol. 2019, Article ID 9210258, 42 pages, 2019

5. 

Buchholz AC, Bartok C, Schoeller DA. The validity of bioelectrical impedance models in 
clinical populations. Nutrition in Clinical Practice. 19 (5): 433–46

6. 

We are using the Tanita RD 545 Segmental Body Composition Analyser. It applies dual 
frequency technology, which is the mainstay of medical grade products and achieves high 
level accuracy. Measurements that can be recorded include: weight; body mass index; total 
muscle mass; muscle mass of the arms and legs; muscle mass of the trunk; body fat 
content; body water content; base metabolic rate; bone weight; and ‘biological age’. 
 
We did also consider using DXA-scans to measure bone density and also apply a novel 
algorithm to estimating muscle mass. However, we decided that the additional (albeit small) 
radiation dose to participants, the cost and the logistical challenges (especially during a 
pandemic) rendered this option less appropriate. 
 
3) We tried to get the balance right between recording enough information to establish 
meaningful study metrics and the practical constraints of a 15-minute primary care 
consultation for baseline and follow up visits. We do record diagnosed co-morbidities, 
including recurrent falls, that have been coded in the participant’s patient file. 
Polypharmacy is picked up in twice annual ‘chronic disease management (CDM)’ 
consultations. 
 
4) We began to measure gait speed at the start of our feasibility study. However, we noted 
that a free space of even 4m long was not readily available in small primary care (PC) 
practices. It was both a time-consuming variable to measure, as you mention, but also not 
practical in the confined spaces available, with corridors shared by other patients entering 
and exiting consultations or other facilities. We do record reported changes to walking/ 
slowness in the SHARE-FI model. 
 
5) Thank you, we agree that multicomponent exercises and not just resistance can be 
beneficial to participants, as shown in evidence. Our exercise regime includes exercises that 
aim to improve flexibility and balance as well as strength. The exercise guide also includes 
walking for 20 minutes 3-4 times a week. We also include a component where participants 
increase the number of repetitions with time to increase exercise intensity. 
 
The Vivifrail site is very helpful in demonstrating how to personalise exercise regimes for 
different ability levels. It points to how we can build on our exercises with more 
individualised regimes at follow up. The Vivifrail exercises are described as supporting 
strength, flexibility, balance and cardiovascular health. Many are similar to the exercises we 
are proposing. Our regime of 10 exercises provides even more exercise options than the 6 
to 8 exercises in the Vivifrail passports. 
 
6) Thank you, we wished to ensure that potential participants were involved in co-designing 
the trial to ensure their priorities were at its core. We will continue to incorporate gender 
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perspectives in our future work. 
 
7) All primary care practices in Ireland now have a ‘chronic disease management (CDM)’ 
programme for older people. A key part of CDM is to review medications with every patient 
and address polypharmacy where appropriate. This dovetails well with our frailty 
assessment and intervention as the CDM consultation (twice yearly) is an opportunity to 
introduce this intervention. Polypharmacy review can be done in parallel. Changes in the 
number and types of drugs might be more suited to our 12-month follow up than the initial 
3-month one. 
 
8) This is an excellent point. It would be very interesting to assess cognitive parameters. It is 
beyond the scope of this study but something we could address in future work. 
 
9) Following review of the literature on recommended levels of protein in chronic kidney 
disease (CKD), we note recent guidance of daily protein intake of 0.6-0.8g /kg body weight 
for those with CKD stage 3-4 (unless on dialysis). We have added CKD stage 3 or 4 to our 
exclusion criteria (page 7). Thank you for this helpful feedback. 
Dietary protein intake and chronic kidney disease - PubMed (nih.gov) 
 
10) Our systematic review and meta-analysis give some insight into this, with exercise 
regimes shown to be more effective in delaying or reversing frailty. 
 
Randomising by blocks would increase the required sample size beyond what we can 
achieve in the time frame for this current study. 
 
We can seek input from our independent statistician on how best to analyse the data to 
derive additional insights on differences of adherence to the exercise and dietary 
components in relation to outcomes. 
 
Thank you for your constructive and helpful feedback.  

Competing Interests: No competing interests were disclosed.
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