
Title Delaying and reversing frailty and building resilience: developing and launching an optimum 

intervention for older adults in primary care

Authors(s) Travers, John

Publication date 2022

Publication information Travers, John. “Delaying and Reversing Frailty and Building Resilience: Developing and 

Launching an Optimum Intervention for Older Adults in Primary Care.” University College 

Dublin. School of Medicine, 2022.

Publisher University College Dublin. School of Medicine

Item record/more 

information

http://hdl.handle.net/10197/12920

Downloaded 2023-05-26T05:55:56Z

The UCD community has made this article openly available. Please share how this access

benefits you. Your story matters! (@ucd_oa)

© Some rights reserved. For more information

https://twitter.com/intent/tweet?via=ucd_oa&text=Delaying+and+reversing+frailty+and+bu...&url=http%3A%2F%2Fhdl.handle.net%2F10197%2F12920


1 
 

 

 

Delaying and reversing frailty and building resilience: 

developing and launching an optimum intervention for older adults in primary care 

 

Dr John Travers 

UCD student number: 91499020 

 

This thesis is submitted to University College Dublin in fulfilment of the requirements for the degree 

of Doctor of Philosophy in Medicine. 

 

UCD School of Medicine 

 

Head of School: Professor Michael Keane 

 

Principal Supervisor: Professor Marie-Therese Cooney 

 

Members of the Research Studies Panel:  

Professor Peter Doran, Professor Dermot Power, Professor Marie-Therese Cooney 

 

Viva voce examiners: 

Professor Simon Conroy, Professor Donal O’Shea, Professor Peter Doran (chair) 

 

April, 2022 

 

 

 

  



1 
 

TABLE OF CONTENTS 

           Page  

Abstract 

 

2 

Authorship declarations 

 

4 

Abbreviations 

 

6 

Acknowledgements 

 

8 

Introduction 

 

9 

Aim 

 

17 

Paper 1: Delaying and reversing frailty: a systematic review of primary care 

interventions 

20 

Paper 2: Primary care interventions to address physical frailty among community-

dwelling adults aged 60 years or older: A meta-analysis  

33 

Paper 3: Involving older people in co-designing a primary care intervention to reverse 

frailty and build resilience: Public and patient involvement in a frailty intervention 

54 

Paper 4: Testing the feasibility of a primary care exercise intervention to delay and 

reverse frailty and build resilience in community-dwelling older adults 

67 

Paper 5: 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 

85 

Paper 6: Reversing Frailty and Enhancing Resilience through Exercise and dietary 

Education (REFEREE) in community-dwelling older adults: a randomised controlled 

trial in primary care 

104 

Discussion 125 

Conclusion 134 

Appendices 135 

References 175 

 



2 
 

ABSTRACT 

Background 

Frailty is a vulnerability to external stressors that increases the risks of illness, dependency and 

mortality, while resilience is the ability to withstand stressors. Frailty prevalence increases with age 

to as high as 50% among people aged over 80 years. Evidence for effective intervention in primary 

care is lacking, especially for those who have pre-frailty or mild frailty, and the rate of intervention is 

low. There is a need to provide person-centered primary care interventions that engage older people 

in combatting frailty and building resilience. 

Hypothesis 

Frailty can be reversed and resilience enhanced with optimised primary care intervention. 

Methods 

Systematic review of scientific databases was conducted for randomised controlled trials or 

controlled studies on primary care frailty interventions. Effectiveness was scored in terms of change 

of frailty status and ease of implementation in terms of human resource, marginal cost and time 

requirements. Meta-analysis was performed using the random effects model. 

An intervention was co-designed with public and patient involvement (PPI) in three stages. Eighteen 

over 65-year-olds helped co-design an exercise intervention in two group discussions. Ninety-four 

contributed feedback in one-on-one interviews during a nine-month feasibility assessment. Ten 

helped optimise the intervention in three online workshops. Multidisciplinary team input supported 

co-design. 

Feasibility of the exercise intervention was assessed using the Bowen model for acceptability; 

participation; demand; implementation; practicality; adaptation; integration; expansion; and limited-

efficacy. 

The definitive intervention was tested in a multicentre, randomised-controlled, parallel-arm trial in 

six primary care practices in Ireland. 168 adults, aged 65 and over with Clinical Frailty Scale score ≤5, 

presenting to primary care from December 2020 to April 2021 were randomised to intervention or 

usual care. A home-based exercise regime, emphasising strength, and dietary protein guidance was 

provided by their GP with one month check-in call and three-month follow-up. Effectiveness was 

measured by comparing SHARE-Frailty Instrument between groups, on intention-to-treat basis. 
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Secondary outcomes included muscle mass, bone mass and biological age measured by bioelectrical 

impedance analysis (BIA). 

Results 

925 studies satisfied review search criteria and 46 were assessed (15,690 participants). Interventions 

with both muscle strength training and protein supplementation consistently placed highest for 

effectiveness and ease of implementation. 31 studies with 4,794 participants were included in meta-

analysis. Interventions using predominantly resistance-based exercise and nutrition 

supplementation improved frailty status versus control (RR = 0.62 (CI 0.48–0.79), I2 = 0%). 

Home-based resistance exercises and dietary protein guidance were co-designed with 112 older 

people. The intervention satisfied all Bowen feasibility criteria. 

359 adults were assessed for RCT eligibility and 168 enrolled. 156 (92.9%) attended follow-up (mean 

age 77.1 years (SD 5.2); 67.3% women; 79 intervention, 77 control). At baseline, frailty proportions 

were 17.7% in the intervention and 16.9% in the control group. At follow-up, they were 6.3% and 

18.2%, respectively. The odds ratio (OR) of being frail for the intervention group was 0.23 times that 

of the control group (95% confidence interval (CI): 0.07 to 0.72; P=0.011), adjusting for age, sex and 

site. The absolute risk reduction was 11.9% (95% CI: 0.8% to 22.9%; P=0.018). The number needed to 

treat was 8.4. All BIA parameters improved, bone mass significantly (P=0.040). 66.2% of participants 

found the intervention easy, 69.0% reported feeling better. 

Conclusions 

A co-designed primary care intervention of exercises and dietary protein guidance significantly 

reduced frailty and improved self-reported health. Systematic review, meta-analysis, PPI and 

feasibility assessment all contributed to optimisation. This primary care intervention appeared to 

reverse frailty in over one in nine participants. 
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INTRODUCTION 

Poet Patrick Kavanagh’s words ‘every old man I see reminds me of my father’ touch on a universal 

sense of frailty1. They speak to its common body language, so familiar that it transcends the 

individual because it reminds us what it is to be human. They also evoke an intuitive belief in its 

inevitability, an almost comforting assumption that we will follow the physical path of our parents as 

we grow older. This belief has been recorded in studies of people’s attitudes to frailty1-4. The 

research presented in this thesis will challenge that sense of inevitability and offer not only hope but 

evidence that frailty can in fact be reversed and, in its place, resilience can be enhanced. 

Frailty is a relatively new concept in medical terms. More than 90% of studies on physical frailty 

management in primary care have been published since 20105. Focus on defining this syndrome and 

establishing ways to screen and categorize it has grown in intensity in the last decade. The new 

found medical focus on frailty aligns with a shift of attention from single systems, such as 

cardiovascular or nervous, to caring for the whole person6. This fits well with the holistic bio-psycho-

social model of primary care and emerging guidance suggests that primary care is a key setting for 

identifying frailty6.  

Several definitions of physical frailty have gained traction in this new field. Serra-Prat describes 

frailty as “a geriatric syndrome characterised by diminished capacity to respond to external 

stressors, which increases an individual’s risk of falls, functional decline, disability, dependency, 

institutionalisation and death”7. Clegg suggests it is “poor resolution of homoeostasis after a stressor 

event and is a consequence of cumulative decline in many physiological systems during a lifetime” 8. 

Fried outlines frailty as “dysregulation of the nonlinear, complex adaptive system that maintains a 

resilient and robust human organism” 9. The definition that may resound most with the human 

intuition described above is as a state of vulnerability. Xue defines frailty as “a clinically recognizable 

state of increased vulnerability resulting from aging-associated decline in reserve and function 

across multiple physiologic systems such that the ability to cope with everyday or acute stressors is 

comprised”10. While a gold standard definition has yet to be agreed, frailty can be operationally 

defined by Fried’s phenotype model11, with ‘frail’ meeting three and ‘pre-frail’ meeting two of the 

following criteria: low grip strength, low energy, slowed walking speed, low physical activity, and  

unintentional weight loss. 

Frailty is closely aligned with other constructs that are also new to medical focus. Co-morbidity, 

multimorbidity and chronic disease among older people have all been introduced as concepts in 

 
1 Frailty etymology: Latin: fragilitas, from frangere: to break, linked to fragilis: easily broken. 
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recent decades and consensus on their definition and measurement continues to be a source of 

debate12-14. Medical definition of aging itself and correlation of aging with risk of death are also 

relatively new. Each of these constructs have many underlying complexities. Frailty may help unify 

these concepts by simplifying how caregivers measure and support an older person’s overall physical 

health.  

One aspect that makes frailty stand out for its potential to measure and support health is how it 

satisfies key World Health Organisation criteria for screening and health management15, including 

the importance of the problem; facilities for diagnosis; safe and validated tests; latency period and a 

known target population. What has crucially been missing to date is clear evidence on effective 

intervention, especially in primary care, while some work also remains to be done on ensuring 

screening tools are specific and pragmatic. 

The symmetry of frailty and resilience 

Physical resilienceii is at the opposing end of the healthcare spectrum to physical frailty16. It can be 

defined as the capacity to withstand stressors, such as infection, physical trauma or surgery17. It 

involves adaptive physiological responses that support homeostasis under changing conditions18. In 

non-medical terms, it can be regarded as the ability to adapt and advance in the face of adversity. 

The appropriateness of considering frailty and resilience at opposing ends of the same spectrum is 

underlined by their symmetrical definitions, both of which refer to adaptive responses to external 

stressors in maintaining homeostasis. The symmetry extends to people’s perceptions of frailty and 

resilience. Frailty tends to be viewed in a negative light, seen as an inevitable and irreversible state 

of undesirable deficits1-4,19. Resilience, on the other hand, is considered as a positive concept and a 

desired state of physical wellbeing17-20. 

This research places greater focus on the frailty side of the equation, accepting that tackling frailty 

consequently improves resilience21.  

Why is frailty important? 

Clegg described frailty as the most problematic expression of population aging8. This is rooted in 

several challenges. Mortality is almost three times higher for those who are frail compared to those 

who are not. The hazard ratio (HR) of death in frail compared to non-frail older adults aged 60 and 

over was found to be 2.79 (95% CI: 2.39 - 3.26)22. The HR of death for pre-frail adults aged over 60 

was 1.64 (95% CI = 1.45 to 1.85)22. The Irish Longitudinal Study on Aging has recently calculated 8-

 
ii Resilience etymology: Latin: from resilire: to spring back (to an original shape). 
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year mortality rates for several different measures of frailty, and confirm that mortality is 

significantly higher for older adults with frailty (figure 1). 
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Source: Romero-Ortuno et al, Frail by different measures. Eur Geriatr Med, 2021

8 year mortality rate for adults aged 65 and over by different frailty measures in the Irish Longitudinal 

Study on Aging (n = 2,289)

All FRAIL scale Frailty 
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Frailty

index

Clinical frailty
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Mortality is significantly higher for older adults with frailty compared to 

those who are non-frail

 

Figure 1: 8 year mortality rates by different frailty measures 

An older person with frailty in Ireland will, on average, visit their GP almost three times as often as a 

person who is non-frail, attend an emergency department twice as often, be four times as likely to 

be admitted, spend over four times the number of nights in hospital, and have over four times as 

many outpatient appointments23 (figure 2). The annual incremental healthcare cost of frailty per 

person among community dwelling adults has been found to be €12,068 in Germany24 and $12,360 

(€7,940) in Canada25  (figure 3). 

The overall prevalence of frailty is 10.7% in community-dwelling adults aged 65 and older (95% CI 

10.5% to 10.9%); that prevalence increases with age, to some 50% for people aged over 80, and is 

higher in women26. 
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Figure 2: Effects of frailty on primary and secondary healthcare resources 
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Source: Associations of frailty with health care costs – results of the ESTHER cohort study (Bock et al, 2016)

 

Figure 3: Healthcare costs associated with frailty 

The challenge of frailty is heightened by our aging population and increased life expectancy. The 

number of over 60 year-olds in the world is projected to more than double to 2.1 billion by 205027, 

increasing the proportion from 12% to 22%28. The number aged over 80 will more than triple27. The 

compound annual growth rate of those aged 65 and older is four times higher than the growth rate 

of the general population in Ireland29 (figure 4). A quarter of the population in the UK will be over 65 

by 2030 and almost at third of the population of the EU will be over 65 by 206030. 

Life expectancy has been increasing on average by some three months for males and two months for 

females every year for the last three decades although this increase has slowed in recent years31,32. 

Life expectancy has also increased by more years than healthy life expectancy, meaning that the 

number of years people live with poor health and frailty has also increased32. Never before have 

people lived so long, with more than half of babies born today in industrialized countries now 

estimated to live for more than a century if trends continue33. Frailty has never been so important to 

address.  
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2011 2021

Note: 25% of population will be >65  by 2030 in the UK. 30% will be >65 by 2060 in Europe (Steptoe, 2013)

Source: Central Statistics Office (www.cso.ie), JT

2016
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Figure 4: Population growth in Ireland 

These figures on mortality, resource requirements, costs and changing demographics, point not only 

to the ‘problematic expression’ of aging but to one of the most underestimated socioeconomic 

challenges of aging societies. It is clear that research and interventions to combat frailty are needed. 

Complications of frailty research to date 

There are several major shortcomings in the recent medical research related to frailty.  

A standardized approach to frailty screening has yet to be established. Early work for this thesis 

identified 26 different screening tools applied in primary care34, while as many as 35 different 

approaches to frailty scoring was identified in the English Longitudinal Study of Aging (ELSA)74.  The 

screening tools that have proven most popular, most cited and most promoted by national 

healthcare agencies are not always practical for use in primary care. For instance, the Fried tool11 

requires reference to population values for quintile measurement and stratification that may not be 

available, as well as floorspace for measuring walking speed that is not available in all primary care 

settings. Frailty index tools based on the cumulative deficit model proposed by Rockwood and 

Mitnitski35 also require population quartile data and lengthy health-deficit lists (noting that Clegg’s 
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electronic frailty index36 overcomes some of these issues but is unique to the UK and still requires a 

list of thirty-six potential deficits). The Clinical Frailty Scale37 is a highly accessible pictorial tool but 

lacks consistent objectivity or the ability to quantify measurements. 

There is a lack of evidence and guidance on the most effective and practical interventions to address 

frailty, once it has been identified38. Recent published intervention trials that have been undertaken 

are widely diverse, including hormone injections; educational classes; assorted exercise regimes; 

home visits; various nutritional supplements; counselling; life-goal setting and acupressure5. Trials 

appear not to have been built on a foundation of meaningful public and patient involvement (PPI). 

There appear to have been no prior feasibility assessment to test for acceptability, practicality and 

appropriateness for full controlled trials. The measured effectiveness of trialed interventions to date 

is varied5.  

Lastly, the language of frailty is problematic given its negative perceptions. Medics may sometimes 

name conditions based on clinical features without considering the damage that labels and their 

connotations can do to the humans on whom they are projected. Examples include, ‘heart failure’, 

‘depression’, ‘obesity’ and ‘frailty’. It is challenging to engage well with healthcare that adds a 

burden of negativity, or adhere consistently to proposed treatments2. Introducing the language of 

resilience and emphasising the opportunity to transition away from frailty to a state of greater 

resilience may play a role in improving engagement and healthcare impact19.  

Some of these shortcomings reflect the relatively early stage of this field of research. It is still in an 

expansionary phase, where many ideas are being explored, before gravitation to optimum tools and 

interventions occurs.  

The profound effects of this syndrome on individuals and society and the fact that research is at an 

early stage creates an opportunity for new research to make meaningful impact on the evolving field 

and improve health outcomes that benefit society. The papers in this thesis unpick several of these 

key issues and provide answers for gaps in the evidence that enable progress.  

Completed papers: 

1. Systematic review of the literature on primary care frailty interventions (British Journal of 

General Practice, 2019). 

2. Meta-analysis of primary care frailty interventions (PLOS One, 2020). 

3. Public and patient involvement in co-designing a definitive intervention to reverse frailty and 

build resilience (Family Practice, Oxford Academic, 2021). 

4. Feasibility study of a co-designed exercise intervention (The Lancet eClinicalMedicine, 2022). 
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5. Protocol for a definitive primary care intervention to reverse frailty and build resilience 

(Health Research Board Open, 2021). 

6. Randomised control trial of a primary care intervention to reverse frailty and build resilience 

among community dwelling older adults (pending, 2022). 

A list of additional published abstracts, posters, oral presentations and essays completed during this 

PhD research has been added to appendix 1. 
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AIM 

The overall aim of this research is to support older people in combating frailty and enhancing 

resilience. More specifically, the aim is to develop an optimum intervention that can be offered in 

primary care, proven to be feasible and effective in delaying and reversing frailty and building 

resilience among community dwelling older adults.  

In doing this, the research will fill key gaps in evidence and address unanswered questions 

highlighted in the figure below.  

The aim includes several parts:  

• Learning from all previously published interventions that have been trialled in primary care by 

undertaking first-in-kind qualitative and quantitative comparative analyses (noting gaps in 

evidence for pre-frail and mildly frail older adults); then building on this knowledge to select the 

most effective intervention aspects, while avoiding shortcomings. 

• Co-designing a definitive intervention with older people, so that their priorities are at the heart 

of the intervention (PPI is lacking in previous trials). 

• Assessing the feasibility of the intervention to ensure that it is acceptable to participants and 

practical to implement in primary care (prior feasibility assessment appears absent for trials 

completed to date). 

• Testing a definitive intervention in a robustly designed randomised controlled trial to determine 

its clinical effectiveness. 

The completed studies in this thesis represent a rigorous, structured progression of work to fulfil this 

aim.  
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This research aims to addresses several key questions and gaps in the 

evidence

Core research aim: To develop an optimum primary care intervention to reverse frailty and build resilience

Systematic review

meta analysis

Key questions Research activities

• A first-time 

comparative 

assessment of 

the wide 

diversity of 

primary care 

interventions for 

frailty

• Identification of 

the most 

effective and 

easiest to 

implement 

interventions

• Pre and post intervention feasibility 

study

• Assess feasibility of introducing  

intervention to pre-frail/ mildly frail 

older adults during routine PC visit

• Randomise 1 month phone follow up

• PPI input from focus groups

• Optimise with feasibility findings

• MDT input incl. GPs, clinical 

nutritionists, physios, gerontologists

• RCT with pre-frail and mildly frail 

older adults, randomised to 

intervention vs. usual care, across 

several GP practices, three month 

follow up. Frailty assessed by 

SHARE-FI; muscle mass, bone 

mass, biological age by bio-

impedance analysis

• Can GPs offer frailty interventions 

efficiently in daily consultations? 

• What participation level, compliance and 

benefit can be achieved? 

• How can we optimise, co-design and roll 

out of an intervention with patient and 

public involvement (PPI)? 

• What change to frailty status, muscle 

mass, bone mass, body fat, biological 

age can be achieved by an optimised

primary care exercise and nutrition 

intervention?
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Research activity work plan

Activity

2019

Systematic review

Feasibility study ethics and 

preparation

Feasibility study

PPI co-design and 

optimisation of intervention

Publications  preparation

RCT ethics approval 

RCT of optimised intervention

2020 20222021

Meta analysis

SR & MA

PPI

RCT

RCT data analysis

Feasibility
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ABSTRACT 

Background 

Recommendations for routine frailty screening in General Practice (GP) are increasing as frailty 

prevalence grows. In England, frailty identification became a contractual requirement. However, 

there is little guidance on which are the most effective and practical interventions once frailty has 

been identified.  

Aim 

To assess the comparative effectiveness and ease of implementation of frailty interventions in 

primary care by undertaking a systematic review. 

Method 

Scientific databases were searched from inception for randomised controlled trials or cohort studies 

with control groups on primary care frailty interventions. Screening methods, interventions and 

outcomes were analysed in included studies. Effectiveness was scored in terms of change of frailty 

status and ease of implementation in terms of human resource, marginal cost and time 

requirements. 

Results 

925 studies satisfied search criteria and 46 were included. There were 15,690 participants (median 

size was 160). Studies reflected a broad heterogeneity. There were 17 different frailty screening 

methods. 23 frailty interventions involved physical activity and other interventions involved health 

education, nutrition supplementation, home visits, hormone supplementation and counselling. 71% 

of studies measuring impact on frailty status demonstrated significant improvement. Interventions 

with both muscle strength training and protein supplementation consistently placed highest for 

effectiveness and ease of implementation. 

Conclusion 

A combination of muscle strength training and protein supplementation was the most effective 

intervention to delay or reverse frailty and the easiest to implement in primary care. We created a 

map of interventions that can inform choices for managing frailty. 
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INTRODUCTION 

Frailty has long been in the lexicon of everyday language. “How easily the wind overturns a frail 

tree,” Buddha reflected some two and half thousand years ago40. From such historic prevalence has 

come an inherited instinct for recognising frailty. However, it is only in recent years that frailty has 

come into focus for more rigorous medical definition.  

Frailty can be described as a state of physiological vulnerability with diminished capacity to manage 

external stressors7,8. It increases the risks of illness, falls, dependency, disability and death7,8. 

Frailty is becoming a more common challenge as populations age and life expectancy lengthens. The 

prevalence of frailty is estimated at 10.7% in adults aged 65 and over and increases to some 50% in 

over 80 year olds26. The United Nations estimates that the world population of over 60 year olds will 

more than double from 962m to 2.1 billion by 2050, while the population of over 80 year olds will 

triple from 137m to 425m in the same period27. In the UK, the number of over 65 year olds is 

estimated to grow from 10.4m to 12.4m by 2025 and life expectancy at 65 is set to increase by 1.7 

years41.  

The challenges that frailty presents have forced fundamental changes in national health policies. For 

example, the new General Medical Services (GMS) contract in England mandates that all primary 

care practices use an appropriate tool to identify patients aged 65 and over who are living with 

moderate or severe frailty. For patients living with severe frailty, the practice must undertake a 

clinical review, provide an annual medication review, discuss whether the patient has fallen in the 

last 12 months, activate an enriched Summary Care Record at the patient’s request (if not already in 

place) and provide any other clinically relevant interventions42.  

A variety of tools have been proposed for frailty screening in primary care43,44. A commonly used 

method is Fried’s frailty phenotype11 (3 or more criteria from: exhaustion, unexplained weight loss, 

slowness, weakness and low physical activity, with 1 or 2 criteria present defining pre-frailty). The 

cumulative deficit model proposed by Rockwood and Mitnitski35 provides a frailty index based on the 

presence of deficits as a proportion of total measured. There are several other indices, checklists and 

indicators43,45,46. A general model of frailty which captures commonly involved domains is 

represented in Figure 1.  

A common element in frailty tools is a consideration of biological age rather than chronological age 

alone. This fits the biopsychosocial model of primary care, and its use may help identify those who 

are at higher risk of adverse outcomes and promote equity of access to services44. The ability of the 

frailty model to capture risk and biological age in this way has pushed the boundaries for how we 
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care for our most vulnerable patients. This advance and the increase in prevalence have driven 

international consensus guidance to recommend identification of frailty in routine clinical 

encounters6,47.  

Identification of frailty was made a contractual requirement for GPs in England. However, there 

appears to be a lack of clear guidance on which are the most effective and practical interventions for 

frailty once identified. There also appears to be no consistent approach to how frailty is dealt with in 

general practice at present. It seemed therefore both timely and necessary to conduct a systematic 

review of the evidence on primary care interventions. Our aim was to map their comparative 

effectiveness and ease of implementation and help inform practitioners and patients on the most 

appropriate choices. 

 

 
HOW THIS FITS IN 

Frailty screening is increasingly recommended in primary care and in some cases contractually 

required but there is a lack of guidance on interventions, once frailty has been identified. This study 

outlines both the relative effectiveness and ease of implementation of frailty interventions in 

primary care. Findings may help the choice of appropriate primary care interventions. 

Capacity

Incapacity

Energy 

(the capacity to do work: 

grip strength)

Robustness 

(the capacity to withstand 

stressors: favourable bone 

density, muscle mass)

Power 

(the rate of doing work: 

walking speed)

Senses

(sensory loss)

Function 

(Activities of daily living)

Organs

(systemic condition)

Figure 1: Domains commonly included in frailty definitions
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METHOD 

We searched PubMed, CINAHL, the Cochrane Library register of Controlled Trials and PEDro for 

English language articles using the terms ("primary care" or "community") and (“screening” or 

"intervention" or "integrated-care") and ("frailty" or "pre-frail"). The search was conducted from 

inception by JT. A second reviewer (JB) repeated the search to confirm the results and add any 

further findings. Any clarifications were resolved by MTC and RRO. 

Studies were selected following an assessment of titles and abstracts. Studies chosen for inclusion 

were randomised controlled trials (RCT) or cohort studies with control groups, which assessed 

interventions aimed at preventing or treating frailty in a primary care setting, and which quantified 

outcomes such as the measurement of a physical frailty phenotype, a frailty index or a similar 

established measurement. There was no restriction on age of participants in the search criteria. 

Studies that involved secondary or tertiary interventions were excluded. Letters, case studies, 

abstract only publications and editorials were excluded. 

We recorded the type of study (e.g., RCT, cohort), frailty screening method (e.g., Fried), study size, 

length of study, intervention, outcome measure and outcome, for each study included. 

We devised an analytical tool for comparing a set of heterogeneous interventions that was too 

diverse for meta-analysis. We applied a scoring system to map relative effectiveness and relative 

ease of implementation (summarised in figure 2). The tool was designed to map interventions in two 

dimensions, thereby providing a clear graphical differentiation and facilitating patients and 

practitioners in choosing the most appropriate interventions. 

In analysing relative effectiveness, an outcome that demonstrated significant improvement of frailty 

status or prevalence was given three points. An outcome which improved frailty criteria but did not 

amount to a change in status or prevalence was given two points (i.e., improvement in Fried’s 

phenotype (e.g., 2 to 1, both pre-frail) or improvement in frailty index items not amounting to a 

significant change in status). An outcome which demonstrated neither of these but improved 

relevant dimensions other than frailty (e.g., perceived quality of service, increased endurance) was 

given one point. An outcome showing no improvement scored zero. The relative placement of 

interventions along the effectiveness axis was further refined using the risk ratios for interventions 

that were directly comparable. For example, a discrete cluster of interventions that all involved 

strengthening exercises were differentiated in this way.  

Relative ease of implementation was analysed by examining three key requirements of people, 

money and time. An intervention that required multidisciplinary team (MDT) involvement was given 
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two points (e.g., physician, nurse and/or allied health professionals (AHPs) such as a physiotherapist, 

occupational therapist or dietician). An intervention that did not need an MDT but did require an 

AHP was given one point. An intervention that incurred additional marginal cost was given one 

further point (e.g., new personal equipment or consumable). The amount of time in minutes per 

week invested by the patient and the intensity of AHP involvement (e.g., one AHP leading group 

sessions versus one-on-one AHP-patient activity) was used to refine the relative placement of 

interventions along the ease of implementation axis. 

 
RESULTS  

925 studies from the database search were identified from our search criteria (figure 3). 47 full text 

articles were selected for eligibility assessment following review of titles and abstracts. 46 studies 

were included in the systematic review analysis, with 1 study excluded as its results were included in 

a subsequent updated study. The total number of participants in included studies was 15,690 and 

median study size was 160.  

The recent focus on frailty as a medical concept was underlined by the fact that only 4 of the 46 

studies pre-dated 2010. Japan was the leading country for number of studies conducted (10), 
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followed by The US (8), The Netherlands (5), Sweden (5), Spain (3), Taiwan (3), Australia (2), China 

(2), South Korea (2), UK (2), Austria (1), Belgium (1), Finland (1) and Singapore (1). 

13 (28%) of the 46 studies used the Fried criteria as a method for frailty screening, more than any 

other method, and 6 used modified Fried criteria. 4 used the Kihon checklist, 2 used a version of the 

Kaigo-Yobo checklist, 2 used the Tilburg frailty indicator, 2 used the Groningen frailty indicator, 1 

used the cumulative deficit model, 11 used other approaches to screening frailty that were unique 

to their study and 5 appeared to have no formal frailty screening.  

 
Interventions for frailty in the included studies: 

The studies included in the review analysis reflected a broad heterogeneity of interventions. A 

summary is shown in figure 4. 30 (65%) of the 46 studies applied more than 1 intervention. 23 

studies involved physical exercises, of which 10 involved mixed exercises (e.g., a combination of 

aerobic, strength, balance and coordination), 6 featured strength exercises as the central 

component, 2 featured walking as the central component, 2 focussed on basic mobilising exercises, 

1 involved tai-chi, 1 involved robotic balance and 1 involved use of a ‘Wii’. 10 studies involved health 

education such as classes on nutrition, medications, falls prevention and social supports. 8 studies 

involved intervention with nutritional supplements, of which 5 used both protein and calories with 

Records identified through

database searching 

(n=925)

Records screened

(n=925)

Full text articles assessed for eligibility

(n=47)

Studies included in the review

(n=46)

Records excluded

(n=878)

Full text articles excluded, 

with reasons

(n=1) results repeated

Figure 3: Literature search results
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strength or mixed exercises, 1 used protein with strength exercises, 1 used protein and calorie 

supplementation alone and 1 used calories with testosterone. 8 studies involved medication 

management, 6 of these as part of a comprehensive geriatric assessment (CGA) and 2 as part of 

group education sessions. 7 studies involved home visits by nurses, AHPs or doctors, with activities 

including safety and falls risk assessment, giving information about support services and basic 

mobility exercises. 4 studies focussed on hormone supplementation, of which 2 involved 

testosterone, 1 involved DHEA and atamestane and 1 involved raloxifene and tibolone 

(discontinued). 4 studies involved counselling, of which 1 involved cognitive behavioural therapy 

alone, 1 involved psychotherapy along with mixed exercises, 1 involved behavioural change and 1 

involved life-goal setting. 1 study focussed on acupressure.  

Physical 

exercise

Key interventions Health 

education

Nutritional 

supplements

Home visits Hormone 

supplements

Counselling Other

23Number of studies* 10 8 7 4 4 1

• Mixed 

exercises

• Strength

• Aerobic

• Balance 

• Coord.

• Walking

• Tai-chi

• Mobility

Types of activities • Nutrition

• Medication

• Falls 

prevention

• Physical 

exercise

• Social and 

community 

supports

• Protein

• Calories

• Milk fat 

globule 

membrane

• Falls and 

safety 

assessment

• Information 

giving on 

municipal 

supports

• Basic 

mobility 

exercises

• Nurse led, 

physio led or 

GP led

• Testosterone

• DHEA

• Atamestane

• Ralixifene

• Tibolone -

discontinued

• CBT

• Psychother.

• Life-goal 

setting

• Behavioural 

change

• Acupressure

* 30/46 studies (65%) had more than one intervention

Figure 4: Overview of types of interventions for frailty

 

Key findings on relative effectiveness and ease of implementation:  

A map of relative effectiveness and ease of implementation of the interventions is shown in figure 5. 

Interventions with both strength training and protein supplementation consistently placed highest in 

terms of relative effectiveness and ease of implementation. 
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Interventions with mild intensity mixed exercises or singular exercises such as walking or tai-chi 

placed in the mid-zone for relative effectiveness and were easy to implement. Educational or health 

promotion activities typically placed in the mid-zone for both relative effectiveness and ease of 

implementation. Interventions targeting behavioural change placed low in relative effectiveness and 

the mid zone for ease of implementation. CGAs and home visits tended to place mid to low for both 

relative effectiveness and ease of implementation. Administration and management of hormone 

therapy placed mid to low for both relative effectiveness and ease of implementation.  

An overview of how clusters of key interventions compare is shown in figure 6. Interventions that 

feature in the top right quadrant are the most effective and easiest to implement. Strength training 

and nutritional supplementation (specifically protein) are most prominent in this quadrant, while 

mixed exercises and health education also feature.  

14 (30%) of the 46 studies reported the outcome of an intervention on frailty status, 10 (71%) of 

which demonstrated significant improvement. 32 (70%) of the 46 studies reported the outcome of 

an intervention on singular frailty indicators or other criteria, 22 (69%) of which demonstrated 

significant improvement. 

All the analysed studies and interventions are summarised in supplementary table 1 (appendix 3). 
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Relative ease of implementation
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DISCUSSION 

Summary 

Our aim was to systematically review the evidence available on primary care interventions for frailty 

and compare their effectiveness and ease of implementation in the primary care setting. Our 

analysis suggests that a combination of strength exercises and protein supplementation is the most 

effective and easiest to implement intervention to delay or reverse frailty. The map of interventions 

can be helpful to inform choices for managing frailty in our aging societies. 

Strengths and limitations 

We have provided an up to date systematic review of the range of interventions that have been 

studied to date and undertaken a novel mapping of both their relative effectiveness and ease of 

implementation in primary care. The resultant diagram may be helpful to practitioners and patients 

in discussing and agreeing interventions to fit their specific circumstances. Our analysis seems a 
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timely contribution as frailty screening becomes mandatory in the UK and more prevalent 

internationally. 

There are several limitations: Studies analysed were too heterogeneous to allow for a meta-analysis, 

though meta-analyses of sub sections (e.g., physical exercise) could be performed. Some 

interventions outlined changes to individual frailty criteria but did not calculate or demonstrably 

show impact on overall frailty status. It is possible that they might otherwise have scored higher in 

demonstrable effectiveness. A minority of studies did not provide details on the amount of time 

required to complete intervention activities. Although like-for-like comparisons could be made with 

other studies, this reduced the accuracy of refining positions along the ease of implementation axis. 

While the map is helpful in clearly differentiating relative effectiveness and ease of implementation, 

it does not provide absolute values and interventions are not positioned to linear scale. 

Comparison with existing literature 

Our findings for strength and protein are consistent with knowledge that interventions to 

improve frailty include exercise, nutrition and multi-component interventions48,49. A scoping review 

of interventions to prevent or reduce frailty in community dwelling older adults included 14 studies 

and found that physical activity interventions reduced frailty indicators49.  

Our analysis included a wide variety of 46 intervention studies and we have mapped both 

effectiveness and feasibility specifically in the primary care setting, enabling a choice of 

complementary interventions. The importance of using an integrated and holistic approach is 

described in the British Geriatric Society and the Royal College of General Practitioners ‘Fit for 

Frailty’ guidance for GPs50.  

Implications for research and/ or practice 

A typical exercise regime that may be proposed in general practice is: 20-25 minutes, 4 days per 

week at home, doing 15 exercises (3 for strengthening arms, 7 for strengthening legs, 5 for balance 

and coordination). Each exercise is repeated 10 times/minute (progressively reaching 15 times after 

2-3 months) with rest of half a minute between each set7.  

Nutrition/protein supplementation regimes described in studies included appropriate dietary 

emphasis on daily milk, eggs, tuna or chicken; or where preferred, 2 x 200mL of formula per day 

(containing 25g protein, 400kcal energy, 9.4g essential amino acids, 400mL water). 

Several studies found that participation rates in physical exercise activities remained as high as 

90%51-53, though some dipped to 50%54. A differentiator appears to have been the level of periodic 
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encouragement to continue participation by practising medical professionals. Several studies 

highlighted that benefits were found 3-6 months after the intervention but to a lesser extent at 12 

months55,56. This underlines the need for patients to continue to participate and medical 

professionals to continue to encourage appropriate interventions. We suggest that increased use of 

technology, including group-chats and bespoke apps could contribute to higher participation rates 

and this may be a subject for further research. 

Frailty remains a complex syndrome and no single intervention may suit all patients57. While some 

strength exercises can simply involve using water bottles or elastic bands, engaging in exercises may 

not be possible for patients with debilitating conditions. Activity prescription needs to be 

personalised in primary care to tailor for individual circumstances. Other options, such as health 

education, score in the mid zone for relative effectiveness and may be easy to implement. A toolkit 

for general practice that could be used for different patient needs would be a useful next step to this 

study. 

This review identified several clusters of common interventions, namely: exercises, education, 

nutrition, home visits, hormone supplementation and counselling. Further quantitative analysis 

research of these clusters would outline benefits to a greater level of detail. For example, although 

strength exercises consistently feature strongly in terms of effectiveness and ease of 

implementation, there are some differences in effectiveness that may be due to different exercise 

regimes. Meta-analysis of such a cluster might identify an optimal regime. 

The new NHS England GMS contractual practice interventions do not primarily include physical 

therapy and nutrition. The results of this review may be helpful in a future evaluation and revision of 

a new NHS contract.  
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ABSTRACT 

Introduction  

The best interventions to address frailty among older adults have not yet been fully defined, and the 

diversity of interventions and outcome measures makes this process challenging. Consequently, 

there is a lack of guidance for clinicians and researchers regarding which interventions are most 

likely to help older persons remain robust and independent. This paper uses meta-analysis to assess 

effectiveness of primary care interventions for physical frailty among community-dwelling adults 

aged 60 and over and provides an up-to-date synthesis of literature in this area. 

Methods 

PubMed, CINAHL, Cochrane Register of Controlled Trials, and PEDro databases were searched, and 

RCTs, controlled pilot studies, or trials with similar study designs addressing frailty in the primary 

care setting among persons aged 60 and over were chosen. Study data was abstracted following 

PRISMA guidelines, then meta-analysis was performed using the random effects model. 

Results 

31 studies with a total of 4,794 participants were analysed. Interventions using predominantly 

resistance-based exercise and nutrition supplementation seemed to improve frailty status versus 

control (RR = 0.62 (CI 0.48–0.79), I2 = 0%). Exercise plus nutrition education also reduced frailty (RR = 

0.69 (CI 0.58–0.82), I2 = 0%). Exercise alone seemed effective in reducing frailty (RR = 0.63 (CI 0.47–

0.84), I2 = 0%) and improving physical performance (RR = 0.43 (CI 0.18–0.67), I2 = 0%). Exercise alone 

also appeared superior to control in improving gait speed (SMD = 0.36 (CI 0.10–0.61, I2 = 74%), leg 

strength (SMD = 0.61 (CI 0.09–1.13), I2 = 87%), and grip strength (Mean Difference = 1.08 (CI 0.02–

2.15), I2 = 71%) though a high degree of heterogeneity was observed. Comprehensive geriatric 

assessment (RR = 0.77 (CI 0.64–0.93), I2 = 0%) also seemed superior to control in reducing frailty. 

Conclusion 

Exercise alone or with nutrition supplementation or education, and comprehensive geriatric 

assessment, may reduce physical frailty. Individual-level factors and health systems resource 

availability will likely determine configuration of future interventions. 
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INTRODUCTION 

Frailty can be defined as a physiological state of vulnerability due to dysregulation in multiple 

physiological systems where an individual’s functional capacity and resilience against external 

stressors is reduced, leading to greater rates of illness, disability, and death8,11,58. Frailty can affect 

persons of any age, frequently arising in specific contexts such as malnutrition or long-term disease 

states such as diabetes, chronic obstructive pulmonary disease59, chronic heart failure60, or HIV 

infection61-63. Whilst it is tempting to view frailty simply as an inevitable consequence of ageing that 

is characterised by an increased risk of poor health outcomes64, a distinction must be made between 

an individual’s chronological and biological age, as some people may remain resilient and disability-

free even at advanced ages23,65,66. Individual-level factors such as physical and mental resilience, 

external supports, and other forms of intrinsic capacity67, can help moderate frailty, and these also 

require consideration when examining pathways to alleviate frailty in clinical practice21,68. 

Timely identification and interventions to address frailty will support older individuals to build 

resilience and live independently, but also help health systems use resources more efficiently in the 

context of growing life expectancy worldwide6,23,44,69,70. However, clinical circumstances, individual 

person factors, and resource constraints all affect identification and management of frailty, with the 

likelihood being that no “one size fits all” approach exists5,71. This is thematically supported by the 

systematic review and meta-analysis by Ekelund and colleagues, which found reductions in 

premature mortality among older adults with higher levels of physical activity, regardless of activity 

type or intensity72. Accordingly, evidence-based guidance is needed to aid clinicians in determining 

the most appropriate interventions. This may be hampered by the wide range of frailty 

measurement, operationalisation, and intervention types49,72,73. 

Numerous frailty measures have been deployed across acute and primary care settings44,75-78,. This 

diversity has arisen out of necessity as frailty incorporates numerous biological, functional, and 

psychosocial dimensions79. A widely used frailty operationalisation is the “physical frailty 

phenotype”, proposed by Fried and colleagues as a syndrome defined by exhaustion, unexplained 

weight loss, reduced handgrip strength, slow gait speed, and reduced physical activity11. As such, 

physical frailty is conceptualised as being closely related with sarcopenia, which denotes poor 

skeletal muscle mass and/ or function80. Therefore, measures of sarcopenia are often components 

of, or are closely related to, physical frailty81. There have been numerous adaptations of the original 

frailty phenotype reported in the literature82. Although physical frailty and disability overlap, the 

former is conceptualised as a pre-disability state83 that may offer more possibilities for delaying or 

reversing the disabling process through interventions. 
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In this study, we examined the effectiveness of primary care interventions against physical frailty 

among community-dwelling older adults aged 60 years and over. Our previous qualitative synthesis 

of the literature suggested that a combination of muscle strength training and protein 

supplementation was the most effective intervention to delay or reverse frailty, and the easiest to 

implement in primary care5. However, the heterogeneous nature of the retrieved studies meant that 

a single meta-analysis could not be readily performed. To address that gap, we performed a new 

series of smaller meta-analyses, categorised by intervention and outcome measurement type, 

following the broad question: “What primary care interventions for community-dwelling older (60+) 

adults are superior to control in reducing frailty and its associated measures? 

METHODS 

Database searches, eligibility criteria and article selection 

The terms ("primary care" or "community") and (“screening” or "intervention" or "integrated-care") 

and ("frailty" or "pre-frail") were used to search the PubMed, CINAHL, Cochrane Register of 

Controlled Trials, and PEDro databases for articles in English without restriction on publication date, 

and excluding reviews. The protocol for this meta-analysis was not prospectively registered. Two 

authors independently reviewed titles and abstracts, and selected articles to include. Disagreements 

were resolved at meetings with at least three authors present. Articles selected for meta-analysis 

spanned a publication timeframe from May 1996 to June 2019, with 4 articles published in 2009 or 

earlier, 13 published between the beginning of 2010 and the end of 2015, and 14 published between 

the beginning of 2016 and the end of June 2019. 

Published randomised controlled clinical trials, controlled pilot studies, or trials with similar study 

designs were considered. Reviews, case studies, and abstract-only publications were excluded. 

Eligible articles reported results of trials of interventions that focused on treating, delaying, or 

reversing physical frailty in the primary care setting among persons aged 60 and over. Where data 

was not available from the published studies, we emailed authors directly to request primary data 

for inclusion. If we were unable to contact the authors after two attempts, the article was excluded. 

Risk of bias was assessed at study level by two authors. 

Transformation of data and meta-analysis 

Data was entered into a data extraction spreadsheet; specific outcome measures were pre-specified 

by the research team and included Fried criteria or adaptations, and/ or sarcopenia-related physical 

performance indicators. In studies with multiple timepoints we selected the immediate post-

intervention timepoint where data was reported. For cross-over trial designs, we selected the last 
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timepoint before cross-over. Results presented as percentages (e.g. percentage of participants who 

improved) were transformed into absolute figures where needed. 

For dichotomised outcomes we have presented results as risk ratios with 95% confidence intervals, 

and performed number needed to treat (NNT) analysis by calculating absolute risk reduction (ARR) 

using the formula NNT = 1/ARR, where ARR results from subtracting the experimental event ratio 

(EER) from the control event ratio (CER) (ARR = CER-EER). For studies reporting multiple sub-groups 

for certain measures, these were combined into one group for pair-wise comparison with control, as 

recommended by the Cochrane Collaboration guidelines84. Continuous outcome measurement 

results are presented as standardised mean differences (SMD) plus 95% confidence intervals. In 

some studies, change scores were reported as opposed to final measurements, e.g. mean changes in 

time taken to perform a test versus mean final measurements of the time taken to perform the 

same test. If comparison with final measurements was required, these were included in the relevant 

meta-analyses and results presented as unstandardized mean differences and 95% confidence 

intervals, in the manner recommended by the Cochrane Collaboration84. Studies using change scores 

were included as sub-groups within their respective analyses for clarity. For articles reporting gait 

speed as mean number of seconds taken to walk the test distance, rather than speed, these values 

were entered as reported and transformed to negative values to correct for directionality (i.e. 

improvements reflected by a decrease in mean time taken) 53. 

Meta-analysis was performed using Review Manager (RevMan) version 5.3 using the inverse 

variance method, and random effects model to account for expected differences such as 

intervention dose and population variance. Inconsistency among the studies in each analysis was 

quantified using the I2 statistic. Risk of bias was assessed in the manner recommended by the 

Cochrane Collaboration84. 

RESULTS 

The search was completed in June 2019. Thirty-one articles were included in this meta-analysis after 

the review process was completed (Figure 1). There was a total of 4,794 participants at 

randomisation across the included studies, with a median study size of 100 participants, maximum 

size of 459, and minimum of 23. Characteristics of included studies are presented in a 

supplementary table (appendix 4). We prepared a matrix of outcome measures used in each study 

to help group them together for meta-analysis in cases where two or more studies used the same, or 

conceptually similar, measure in a supplementary table (appendix 5). 
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Figure 1. Prisma flow diagram showing identification, screening, eligibility assessment, and inclusion 

of studies. 

Reasons for exclusion of articles were: Ineligible outcome (13 studies); ineligible comparator (21), 

other (not yet published, irrelevant, not an intervention etc.) (34), unable to contact authors (4), 

authors contacted but primary data no longer accessible (1). 

Two studies were included in the meta-analysis of frailty alongside those reporting Fried Criteria: 

Behm et al. used expanded criteria incorporating Fried’s85 and Luger et al. used SHARE-FI53 which is 

based on a latent class approach to modified Fried’s criteria. Studies by Kim et al.86, Ng et al.87, and 

Kwon et al.88 examined the effect of exercise, nutrition supplementation or education, and 

combination interventions. Such data was treated as separate comparisons to control but analysed 

in discrete meta-analyses to avoid double-counting the shared control group. 

Risk of bias summaries are presented for descriptive and exploratory purposes, and did not influence 

inclusion or weighting of studies in the meta-analysis (Figure 2). 
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Figure 2. Risk of bias assessment of included studies: Showing risk of bias as either low (green), unclear 

(yellow), or high (red) for included studies, for random sequence generation, allocation concealment, blinding 

of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, 

or other bias. 

 

Effect of interventions on physical frailty status 

12 studies assessed frailty status using Fried criteria or similar measures, reporting change in frailty 

status, or frailty prevalence. We grouped these by intervention, conducting meta-analysis wherever 

two or more studies used similar interventions. Interventions using exercise and nutrition 

supplementation favoured intervention over control (n = 2, RR = 0.62 (CI 0.48–0.79), I2 = 0%), whilst 

nutrition alone did not seem effective (n = 2, RR = 0.91 (CI 0.63–1.33), I2 = 72%). Exercise and 

nutrition education (n = 4, RR = 0.69 (CI 0.58–0.82), I2 = 0%), exercise-only (n = 4, RR = 0.63 (CI 0.47–

0.84), I2 = 0%), and comprehensive geriatric assessment (CGA) (n = 3, RR = 0.77 (CI 0.64–0.93), I2 = 

0%) all seemed effective versus control (Figure 3). Number needed to treat analysis of data from 

these studies indicated an NNT of 4 for exercise and nutrition supplementation, 8 for exercise and 

nutrition education, 11 for exercise only, and 15 for CGA. 
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Figure 3. Effect of interventions on frailty status. 

A) Shows Risk ratio (RR, square data markers) with 95% confidence intervals (CI, horizontal lines) for 

meta-analysis of change in frailty status (dichotomised to not frail vs. frail; events indicate individuals 

whose status did not change) for interventions using exercise plus nutrition supplements or nutrition 
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supplements alone. B) Shows RR with 95% CI for meta-analysis of change in prevalence of frailty 

(dichotomised to not frail vs. frail; events indicate frail individuals) for interventions using exercise 

plus nutrition education, exercise only, and comprehensive geriatric assessment. Size of data 

markers indicates study weighting in random effects meta-analysis. Diamond-shaped data markers 

indicate overall RR and CI for each grouping of interventions. I2 statistic is reported for each group. 

Left side favours intervention. 

 

Effect of interventions on frailty-associated physical performance measures 

Several additional physical frailty-associated measures were reported: physical performance tests 

such as the short physical performance battery (SPPB) or the physical performance test (PPT), gait 

speed, leg strength, timed up and go (TUG), grip strength, single-leg balance, functional reach, and 

chair stands89. Four studies used physical performance as an outcome measure and employed 

exercise interventions, which seemed more effective than control (n = 4, SMD = 0.43 (CI 0.18–0.67), 

I2 = 3%). Fifteen studies included gait speed as an outcome measure. Interventions using exercise 

and nutrition supplementation (n = 2, SMD = 0.26 (CI -0.19–0.71), I2 = 52) were not superior to 

control, whilst exercise alone (n = 12, SMD = 0.36 (CI 0.10–0.61), I2 = 74%) was superior although the 

results had a substantial degree of statistical heterogeneity. Nutrition only (n = 3, SMD = -0.01 (CI -

0.26–0.24, I2 = 0%) and exercise and nutrition education (n = 2, Mean Difference = 0.04 (CI -0.09–

0.18), I2 = 0%) were not superior to control (Figure 4). 
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Figure 4. Effect of interventions on physical performance and gait speed. 



44 
 

A) Shows SMD (square data markers) with 95% CI (horizontal lines) for meta-analysis of mean scores 

± SD for physical performance tests for interventions using exercise. B) Shows SMD with 95% CI for 

meta-analysis of gait speed as mean time taken to walk a set distance (measured in seconds) or 

mean speed ± SD (measured in metres per second) for interventions using exercise plus nutrition 

supplements, exercise only, or nutrition supplements only. C) Shows Mean Difference with 95% CI 

for meta-analysis of gait speed (measured metres per second), reported either as change scores or 

as final measurements ± SD, separated into sub-groups for clarity, for interventions using exercise 

plus nutrition education. Size of data markers indicates study weighting in random effects meta-

analysis. Diamond-shaped data markers indicate overall SMD or Mean Difference with CI for each 

grouping of interventions. I2 statistic is reported for each group. Right side favours intervention. 

 

Eleven studies included leg strength as a frailty-associated measure. Here, exercise and nutrition 

supplementation (n = 2, SMD = 0.21 (CI -0.26–0.67), I2 = 54%) did not favour intervention over 

control, nor did nutrition supplementation alone (n = 3, SMD = -0.05 (CI -0.31–0.21), I2 = 0%), or 

hormone supplementation (n = 2, SMD = -0.29 (CI -1.01–0.43), I2 = 77%), and whilst exercise only (n 

= 8, SMD = 0.61 (CI 0.09–1.13), I2 = 87%) favoured intervention over control a substantial degree of 

heterogeneity was observed (Figure 5). 
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Figure 5. Effect of interventions on leg strength. 

A) Shows SMD (square data markers) with 95% CI (horizontal lines) for meta-analysis of mean scores 

± SD for leg strength (measured in kilogrammes, kilogramme metres, feet per pound, Newtons, or 

Newton metres) for interventions using exercise plus nutrition supplements, exercise only, and 

nutrition supplements only. B) Shows SMD with 95% CI for meta-analysis of leg strength reported as 

mean change from baseline ± SD (measured in Kilogrammes or Newton Metres), for interventions 

using hormone supplementation. Size of data markers indicates study weighting in random effects 

meta-analysis. Diamond-shaped data markers indicate overall SMD with CI for each grouping of 

interventions. I2 statistic is reported for each group. Right side favours intervention. 

 

Seventeen studies measured grip strength as a frailty-associated outcome, using a variety of 

interventions. Only exercise alone favoured intervention over control in this case, and there was a 

substantial degree of heterogeneity (n = 9, Mean Difference = 1.08 (CI 0.02–2.15, I2 = 71%). The 
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other interventions here did not appear effective versus control. These were: Exercise plus nutrition 

education (n = 4, Mean Difference = 0.71 (CI -0.17–1.59, I2 = 0), nutrition supplementation (n = 3, 

SMD = -0.10 (CI -0.43–0.23), I2 = 33%), and hormone supplementation (n = 3, Mean Difference = 0.10 

(CI -1.13–1.34), I2 = 0%) (Figure 6). 
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Fig 6. Effect of interventions on grip strength. 
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A, B, D) Show Mean Difference (square data markers) with 95% CI (horizontal lines) for meta-analysis 

of grip strength (measured in kilogrammes), reported either as change scores or as final 

measurements ± SD, separated into sub-groups for clarity, for interventions using exercise plus 

nutrition education, exercise only, or hormone supplementation. C) Shows SMD with 95% CI for 

meta-analysis of mean grip strength (measured in kilogrammes) ± SD, for interventions using 

nutrition supplements. Size of data markers indicates study weighting in random effects meta-

analysis. Diamond-shaped data markers indicate overall SMD or Mean difference with CI for each 

grouping of interventions. I2 statistic is reported for each group. Right side favours intervention. 

 

Thirteen studies included the timed up and go test as an outcome measure, but in our meta-analysis 

none of the interventions tested were superior to control. These were: nutrition supplementation (n 

= 3, SMD = -0.04 (CI -0.31–0.23), I2 = 0%), exercise alone (n = 8, SMD = -0.47 (CI -0.98–0.05), I2 = 

82%), and exercise plus nutrition education (n = 3, Mean Difference = -0.42 (CI -1.06–0.23), I2 = 53%) 

(supplementary figure in appendix 6). Seven studies used single-leg balance as an outcome measure 

and employed exercise and nutrition education (n = 4, Mean Difference = 3.88 (CI -1.72–9.48), I2 = 

71%) and exercise only (n = 4, Mean Difference = 0.04 (CI -2.98–3.06), I2 = 60%), which were not 

superior to control (appendix 7). Three studies tested the effect of exercise on functional reach, 

which was not found to be superior to control (n = 3, SMD = 0.19 (CI -0.10–0.48), I2 = 0%) (appendix 

7). Lastly, exercise was not superior to control for three studies using chair stands as an outcome 

measure, and these studies displayed a high degree of heterogeneity (n = 3, SMD = 0.63 (CI -1.02–

2.29), I2 = 92%) (appendix 7). 

DISCUSSION 

Our results suggest that physical frailty and related measures may be improved, mainly through 

resistance-based exercise. Exercise can confer functional and cognitive benefits for older individuals, 

even in the presence of comorbidities90,91, and our findings provide an up-to-date synthesis of the 

literature in support of this concept. 

In some cases, exercise alone appeared to improve frailty-associated measures such as gait speed or 

leg strength (albeit with a high degree of heterogeneity) whilst exercise plus nutrition 

supplementation did not. An additive effect might have been expected, but we only retrieved two 

studies utilising this combination of strategies therefore the reason for this effect remains unclear. 

Further exploration of the underlying causes of this variation (e.g. participant heterogeneity, 

nutritional status at time of recruitment, dosage, compliance etc.) should take precedence over a 
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quick interpretation that nutrition supplementation plus exercise is not a useful intervention. The 

range of possible dietary supplementation measures is also likely to be a confounding factor92. 

Although we retrieved only a few trials that examined the effect of nutrition alone in addressing 

frailty, and did not find it superior to control in improving any measures, it remains a potential 

avenue for further research. Indeed, poor nutritional status is associated with onset of frailty93, and 

intervention against the background levels of malnutrition commonly seen among older and frail 

individuals may at least act as an adjunct to support those individuals to make the best possible 

progress as they move through care and rehabilitation94,95. 

Since frailty by nature is a complex construct comprising multiple interacting dimensions of capacity, 

resilience, and incapacity11,79, it is unsurprising that some interventions purporting to address 

“frailty” as a phenomenon showed little effect on single-dimension frailty-associated measures. For 

example, endurance training focusing on walking and lower body strength could not reasonably be 

expected improve handgrip strength. It could, however, be expected to improve criteria such as 

exhaustion, gait speed, or physical activity. Changes in such measures cannot themselves be 

interpreted as constituting improvements in overall frailty, as they only represent one component in 

isolation. Caution must therefore be exercised in interpreting results in these cases, and attention 

must still be paid to the individual’s underlying risk factors associated with frailty. That 

notwithstanding, our results showing effects of interventions such as exercise in improving leg 

strength and gait speed are somewhat consistent with previous evidence syntheses from other 

groups that examined interventions against sarcopenia96–itself linked to many of the frailty-

associated measures included in our analysis80. Some interventions may also simply not yet have a 

well-developed literature base: although hormone supplementation has been shown to improve 

strength and muscle power in settings outside of frailty97, there was only sufficient data among 

frailty-associated measures for us to meta-analyse its effect on leg strength and grip strength. No 

overall effect was shown, although those studies did report gains in other measures such as upper 

body strength and body composition98,99. Synergistic benefits might still be gained from hormone 

supplementation in tandem with targeted functional exercise interventions against frailty. It may be 

the case that future combinatorial interventions will yield the greatest benefits. 

Heterogeneity among studies 

I2 statistics for our meta-analyses were generally low to moderate84, but when comparing nutrition 

interventions’ effect on changing frailty status, exercise-only interventions’ effect on leg strength 

and gait speed, effect of exercise and nutrition education, or exercise alone, on single-leg balance, 

and effect of exercise on chair stands, the I2 was considerable, ranging from 71% to 92%. We had 
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conducted the meta-analyses using the random effects model with the aim of producing more 

conservative levels of significance for the computed effect estimates84 however we explored 

whether small-study effects might have been influencing the results by re-analysing using the fixed-

effects model for the three analyses where a significant intervention effect was observed in the 

presence of heterogeneity greater than 60%. For the analysis of the effects of exercise alone on gait 

speed or leg strength the intervention effect estimate remained significant under the fixed-effects 

model, but for the analysis of the effect of exercise alone on grip strength, the effect estimate 

became non-significant (appendix 8). In the latter instance, the apparent positive intervention effect 

may have been due to the small-study effect. This does not preclude the presence of small-study 

effects in the other two analyses, however it was not likely the only influencing factor. 

In general, observed heterogeneity may have been due to diversity between approaches, since we 

did not narrow our searches within interventions (e.g. resistance training versus bodyweight, aerobic 

exercise etc.) but rather sought to examine if any intervention at all was a useful strategy. Dosage or 

adherence could also have influenced heterogeneity in outcomes–for example where self-directed 

exercise was encouraged in conjunction with the prescribed interventions, as opposed to only using 

a fixed regime. The frailty status of participants at the beginning of the studies is also likely to have 

been a source of heterogeneity to some degree: For example, the Fried criteria specify 

characteristics such as slowness, weight loss etc., which if present categorise a person as robust, pre-

frail, or frail, and in many cases participants were classified this way at baseline, with pre-frailty 

often a selection criteria for trials. It is, however, difficult to identify each individual’s capacity for 

improvement or decline, and a seemingly homogenous group of participants categorised as “pre-

frail” might nevertheless each experience markedly different outcomes. A mixture of clinical and 

methodological heterogeneity is the most likely case, and incorporation of future studies in the area 

will aid in exploring the degree to which each of these exerts an influence. 

The small number of studies in each outcome measure grouping also precluded our exploring 

heterogeneity using funnel plots in most cases100. However, we were able to do so for our meta-

analysis of the effect of exercise on gait speed (appendix 9), finding some degree of asymmetry 

around the overall effect line. For exploratory purposes, we excluded individual studies from the 

analysis and found that one study, Chen et al.101, was responsible for introducing the observed 

asymmetry (although we note additionally that the overall intervention effect remained significant 

even when that study was removed from the analysis). Participants in Chen and colleagues’ study 

were not blinded as to their allocated groups, which may have introduced some degree of 

performance bias (acknowledged as a key a difficulty in designing exercise interventions102). 
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Suggestions for further research 

We recommend that further studies should aim to delineate the optimal exercise interventions to 

delay or improve frailty status. Giné-Garriga and colleagues’ 2014 systematic review and meta-

analysis noted that there will certainly be differences in the type of interventions suitable for non-

frail older adults compared with those who are frail–for example the latter may require shorter-

duration, performance-based sessions103. Future research should also focus on contextual factors 

supporting frailty interventions, such as health resources provisioning104, linkages between acute 

and long-term care services105, configuration of care packages106, and public and patient involvement 

in co-designing interventions107. There is also some incompatibility between frailty measures 

themselves, necessitating caution in comparing outcomes74. Coordinated international movements 

towards a unifying set of frailty measures may be challenging, but will greatly aid future meta-

analyses to clarify best-practice interventions58. Our study may be interpreted as summarising the 

evidence related to the physical frailty phenotype, but the results should not be extrapolated to 

other frailty definition approaches such as the frailty index108, which defines frailty according to an 

accumulation of deficits model which often includes more advanced disability items. Lastly, several 

recent publications have reported successful results of multifactorial, multidisciplinary approaches 

simultaneously targeting physical activity, nutrition, polypharmacy, depression, cognitive function, 

and other factors109-113. These studies were beyond the scope of our meta-analysis due to the highly 

diverse components in each intervention, but this holistic approach certainly warrants further 

attention by researchers. 

Implications for clinical practice 

Resistance-based exercise could be employed alone, or in conjunction with nutrition 

supplementation or education, to help maintain functional capacity during the ageing process114,115. 

The majority of studies included in our meta-analysis featured resistance-based exercise, as 

performed using weights, elastic bands, or body weight. These were done alone or alongside aerobic 

or coordination and balance components. The ideal type, duration, and frequency of exercise will 

need to be tailored on a per-person basis, and such programming will likely feature a high degree of 

flexibility in configurations. As a starting point, our previous systematic review suggested generally 

higher effectiveness of resistance-based exercises compared to other forms of activity5, with the 

largest relative demonstrated effectiveness from a combinatorial programme of mixed exercises 

incorporating resistance7. Implementers may be guided by the existing syntheses of the current 

literature, for example as summarised by Bray and colleagues116 with training 2–3 times weekly using 

multi-component exercise programs featuring aerobic, resistance, balance, and flexibility, 
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commencing at moderate intensity and gradually increasing to moderate-vigorous levels117-119. Frost 

and colleagues’ recent systematic review and meta-analysis also highlighted a need to explore the 

role of exercise in groups in determining effectiveness of interventions120. There is also a small but 

growing evidence base indicating relatively greater effectiveness of multi-domain over mono-

domain interventions121. 

Dietary changes might include appropriately-considered uptake of plant-based proteins, or other 

protein sources such as milk, fish, eggs, chicken, or commercial formula nutrient drinks, whilst 

nutritional education could focus on improvements in dietary variety, particularly with regard to 

protein intake. Initiatives such as group activities, goal setting, and checklists may also help improve 

nutritional status by encouraging consumption of a properly balanced diet53,122. 

Three studies included CGA or CGA-like strategies as an intervention85,123,124, incorporating tools such 

as preventive home visits, multi-professional group meetings to discuss patients’ care, and 

treatments being prescribed based on individual need. Our meta-analysis suggests that this tailored 

approach is successful in reducing frailty prevalence but it is difficult to ascertain whether a specific 

component was responsible for improvement, or if there was a combinatorial effect, due to the 

varied needs of the individuals taking part in those studies. 

Limitations 

Our database searches were limited to literature published in English. This may be a source of bias 

towards selection of only positive results, which are more likely to be reported in international 

English-language journals whilst negative results may more commonly appear in local-language 

journals84. In this case, limitations of time and language expertise precluded full coverage. It was 

difficult to determine risk of bias regarding selective reporting of results within studies since original 

trial protocols were not available for many of the retrieved articles. However, this risk could be 

somewhat attenuated by our focus on commonly-reported frailty indices and associated measures. 

We could only include a small number of studies in our meta-analyses since, for any given 

intervention, they frequently did not employ the same outcome metrics. This variability is a common 

feature noted by other systematic reviews and meta-analyses103,120. We also chose to include some 

non-RCT study designs such as controlled pilot studies. This decision was made pragmatically to 

incorporate non-randomised trials which nevertheless were of sufficient quality and had usable 

data125. Our meta-analyses were also limited to cases where two or more studies used the same 

effect measures, reflecting the current fragmented status of the literature around frailty 

interventions as a whole5,49. The difficulty in comparisons between frailty indices is also not a minor 
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challenge for analysts74, and it must be noted that studies may have shown significant effects in 

reducing frailty126 but could not be compared with others since they used unique indicators 

developed specifically for those studies108. 

A possible limitation is that exercise/ physical activity is included in the definition of physical frailty, 

and as such exercise intervention may improve the definition, but not necessarily the person. This 

has been a criticism in the literature (especially when using self-reported physical activity127) and so 

well designed clinical trials are still necessary to remove this possible source of bias that may be 

present in some included studies. 

CONCLUSIONS 

Interventions using predominantly resistance-based exercise and nutrition supplementation, 

exercise and nutrition education, exercise alone, and CGA, appear effective in improving frailty 

status among community-dwelling adults aged 60 years or older. Such interventions may also 

improve frailty-associated measures of physical capacity. Future research should focus on exploring 

the optimal configurations for these interventions. Insufficient evidence is available at time of 

writing to support the use of interventions such as hormone supplementation in addressing frailty 

status or frailty-associated measures of physical function, and future analyses should seek to 

incorporate any forthcoming studies in this area in order to create meaningful syntheses of their 

effect. Lastly, there may be value in expanding research comparing the multiple diverse frailty 

indices that exist, and studying their individual components, to aid future meta-analyses. Although 

only a small number of articles was retrieved, our meta-analysis follows our previous systematic 

review5 in presenting an up-to-date view of the available information at the time of writing, and may 

guide clinicians and researchers wishing to develop and refine interventions against frailty in the 

primary care setting. 
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ABSTRACT 

Background 

An essential consideration in health research is to conduct research with members of the public 

rather than for them. Public and patient involvement (PPI) of older people in research can improve 

enrolment, relevance and impact. However, few studies with PPI in frailty research have been 

identified. PPI has fallen during the Covid-19 pandemic. 

Objective 

We aimed to involve older people in co-designing a randomised control trial (RCT) intervention to 

reverse frailty and build resilience. We also wished to encourage wider use of PPI with older people 

by outlining our approach. 

Methods 

Involvement of older people was undertaken in three stages. Eighteen over 65-year-olds helped co-

design an exercise intervention in two group discussions using the Socratic education method. 

Ninety-four contributed intervention feedback in one-on-one telephone interviews over nine 

months. Ten contributors helped optimise the intervention in three online workshops. 

Multidisciplinary team input and systematic review supported co-design. 

Results 

Eleven home-based resistance exercises were co-designed by group discussion contributors (mean 

age 75, 61% female). Frailty intervention format, gender balance and GP follow-up were shaped in 

telephone interviews (mean age 77, 63% female). Dietary guidance and patient communication were 

co-designed in workshops (mean age 71, 60% females). Technology proved no barrier to PPI. The co-

designed frailty intervention is being evaluated in a definitive RCT. 

Conclusion 

We enabled meaningful involvement of 112 older people in co-design of an intervention to reverse 

frailty and build resilience in diverse ways.  Inclusive involvement can be achieved during a 

pandemic. Feedback enhanced intervention feasibility for real-world primary care. 
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Lay summary 

Our research paper describes how we involved 112 older adults in the co-design of an intervention 

aiming to reverse frailty and build resilience. Involving participants in research can improve its 

feasibility and impact. However, there have been few studies involving older people in frailty 

research and involvement has fallen further during the Covid-19 pandemic. Involvement of older 

people was undertaken in three stages. Eighteen over 65-year-olds helped co-design an exercise 

intervention in two group discussions. Ninety-four older adults contributed intervention feedback in 

one-on-one telephone interviews over nine months. Ten contributors helped optimise the 

intervention in three online workshops. The co-designed intervention involved resistance exercises 

and dietary guidance and will be tested in a full randomised control trial. We enabled the meaningful 

involvement of 112 older people in our research in diverse ways.  Inclusive involvement can be 

achieved during a pandemic.  
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BACKGROUND 

Public and patient involvement (PPI) in health involves undertaking research with members of the 

public rather than for them128. It has become an essential consideration in health research culture 

and is a requirement for funding in several countries129-131. However, evidence for how to conduct 

PPI in health research remains limited132,133. Few studies implementing PPI with older people in 

frailty research have been identified134-137, despite benefits that can be achieved such as improved 

enrolment, relevance and dissemination133. Furthermore, recent evidence highlights a drop in public 

and patient involvement during the Covid-19 pandemic138,139. 

We set out to involve older people in co-designing a randomised control trial (RCT) intervention to 

reverse frailty and build resilience. We aimed to ensure their priorities were at the intervention’s 

core to increase its feasibility in a real-world primary care (PC) setting. We also wished to encourage 

wider use of PPI in research with older people by outlining our approach. 

Boote et al describe three key arguments for conducting effective PPI140. The benefit of informing 

research design with the experience and insights of patients underpins the epistemological 

argument141. The right of the public to be involved in research that may shape publicly funded 

healthcare underlines the moralistic argument142. Involvement of patients and public in improving 

the quality, relevance and impact of research reinforces the consequentialist argument143.  

A review of PPI approaches has identified six factors that contribute to effectiveness144: a shared 

understanding of the PPI purpose; a key individual co-ordinating PPI; a diversity of PPI contributors; 

a positive attitude in the research team to PPI; and PPI effectiveness evaluated by the team. 

Frailty is a state of vulnerability to external stressors that increases the risks of serious illness, falls, 

dependency and disability7,8. Prevalence increases with age to affect more than half of adults aged 

over 8026. Resilience reflects the capacity to recover following exposure to external stressors17. 

Screening for frailty by General Practitioners (GPs) is now established international best practice. 

However, there has been little guidance on the best interventions to address frailty and improve 

resilience until recently. 

A recent a systematic review of frailty interventions in PC5, followed by meta analysis145, found that 

frailty can be delayed and even reversed. Interventions with both muscle strength training and 

protein supplementation consistently scored highest for effectiveness and ease of implementation 

and demonstrated significant health benefits. These interventions are rarely offered to older people 

with frailty or sarcopaenia146. 
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We aimed to build on these review and meta-analysis findings and involve patients and public in co-

designing a definitive intervention to reverse frailty and build resilience. We aimed to develop such 

an intervention, founded on inclusive PPI, for trial and ultimately encourage mainstream adoption of 

an approach to improve health outcomes for all older people attending primary care.  

METHODS 

Involvement of older people in co-designing our RCT intervention was undertaken in three stages (a 

schematic is shown in figure 1). Their involvement overlapped with the Covid-19 pandemic. No prior 

relationship with participants had been established before the study. Study and investigator 

information was provided to participants. The research team comprised a GP, two geriatrician 

consultants and a university expert in PPI of older people in medicine. We ensured a diversity of 

involvement opportunities as outlined below. 

Public and patient involvement stages in co-designing a primary care 

frailty intervention with community dwelling adults

Two group discussions Telephone interviews Three online workshops

• 18 older adults involved in 

a hospital based 

education programme on 

ageing, mean age 75

• 10 older adults (average 5 

in each workshop) 

attending primary care, 

mean age 71

• 94 older adults attending 

primary care, mean age 77

April 2019 Dec 2019 – July 2020 May – July 2020

PPI contributors

• Two hour long group 

discussions

• Socratic method

• Online small group (5), 30-

45 minute, workshops

• Socratic method

• One-on-one <10 min calls

• Qualitative interviews
Format

• Initial exercise regime

• Acceptability and 

practicality confirmed

• Dietary protein guidance

• Final exercise regime

• Patient communication 

model

• Refined exercise regime

• Overall feasibility 

confirmed

Output

Timeline

Figure 1: Schematic of three PPI stages 

Firstly, 27 community-dwelling adults, aged 65 and over, attending a weekly health education 

programme in a hospital on aspects of ageing147 were invited to join dedicated discussions on frailty 

and to co-design an exercise intervention. Eighteen agreed to be involved in two, hour-long, group 

discussions, facilitated by JT. We discussed four key aspects of frailty, namely: definition, risks, 
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screening and interventions. The Socratic education method148 was used in discussions. This 

dialectical method involved using open questions to clarify people’s beliefs and assumptions, then 

build enhanced insight into frailty and resilience. We assessed practicality and demand for an 

exercise intervention. We designed a regime and format based on feedback. We involved a 

physiotherapist in refining exercises that had been drawn from the interventions that scored highest 

for effectiveness and ease of implementation in the systematic review and meta-analysis. We 

provided and demonstrated the draft regime (figure 2) in the second meeting and sought feedback.  

Exercise intervention co-designed with public and patient involvement of 

community dwelling older adults

 

Figure 2: Initial co-designed exercise intervention 

Secondly, 94 older adults agreed to be involved in contributing feedback on the exercise regime over 

nine months, helping to refine the regime prior to RCT. We offered the exercise regime to 

consecutive older adults presenting for routine consultations at a PC centre (aged 65 and over, with 

a score of 5 (mildly frail) or less on the Clinical Frailty Scale (CFS)37; not in need of emergency care, 

residential care or diagnosed with dementia). Participation rate was 88% (94/107). They were 

offered the pictorial leaflet with resistance-based exercises developed in stage one (figure 2). The GP 
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(JT) described the syndrome of frailty, how resistance exercises can help strengthen muscles and 

bones and demonstrated the exercises. Demographic details and health indicators (vital signs, BMI, 

handgrip strength, multi-morbidities, SHARE Frailty Instrument (SHARE-FI) score and CFS) were 

recorded. 

The principal investigator (PI), JT, conducted one-on-one telephone interviews with all 94 

contributors at two months, listening to feedback on the exercises. We sought feedback on ease of 

doing the exercises, compliance, self-reported benefits to general health on a Likert scale and asked 

an open question as to how the exercise regime could be improved or changed. Feedback was 

transcribed in pseudo-anonymised format by JT, synthesised and codified in Microsoft Excel and key 

themes were identified by Framework analysis149. 

Thirdly, we convened three online focussed workshops with an average of five older adults, to 

optimise our patient communication model, develop dietary protein guidance and refine the 

exercise regime for the RCT. Two researchers (JT and MTC) co-chaired the discussions.  

Twelve contributors who were familiar with the exercise from the second stage and represented a 

diversity of age and gender, were invited to join the workshops. Ten agreed to join. The average 

workshop attendance of five PPI contributors and two researchers aligned with best practice of 

group size of six-to-ten for conducting both group-based action learning150 and focus group 

activity150,151.  

The online format was chosen to facilitate safe gathering of older people during the Covid-19 

pandemic and to conform to national healthcare guidelines. An audio dial in facility was provided 

using secure ‘MeetUpCall’ software152 and was free to use for contributors. Contributors were called 

and invited by automated message to press one button to join the meeting. The first workshop was 

designed for forty-five minutes and the subsequent two workshops for thirty minutes each. 

Key themes and questions for each workshop were prepared in advance (figure 3). A Socratic 

approach of open questions with active listening was used in order to ensure the voices of the non-

researchers were primarily heard. The content of workshops was transcribed in pseudo-anonymised 

format by the PI in Microsoft Word. Summaries of the workshops were validated by the supervisor 

(MTC). Content analysis was undertaken by JT and MTC. 
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Public and patient involvement workshop themes and questions

Workshop 1 Themes: Introduction, definitions and communication

• Welcome and thanks. Introductions of participants and ice-breaker (10 mins)

o Can you each say your name, where you come from and what your favourite form of exercise is?

• Review of the workshops aims and objectives

• Discussion on what frailty and resilience mean and the benefits of exercise and protein consumption (15 mins)

• Discussion on how people would like GPs to engage/ communicate on the topics of frailty and resilience (20 mins)

o Do you think it is reasonable for a GP to raise the topics of frailty and resilience during a consultation?

o Does it matter whether a GP, nurse or physio engages on these topics?

o How do you think these topics can be discussed in a way that is most helpful? (probe: helpful language)

o What other advice would you have on engaging people on these topics?

Workshop 2

Workshop 3

Theme: Content of the exercise intervention

• Shaping an exercise regime (30 mins)

o Considering the exercise regime offered for the feasibility study: What works well? What would you change?

o How would you like the exercises to be presented? (probe as needed: paper leaflet vs. video vs. mix vs.

other?)

o How should we consider gender in the portrayal of the exercises?

o How important is it for the exercises to be demonstrated?

o How helpful would an initial group demonstration session be?

Theme: Dietary guidance and follow up support

• Discussion on how dietary protein can support resilience (15mins)

o What forms of protein do you think are easily available/ affordable? What are your favourite protein foods?

o Do you have suggestions for how we can share information on having sufficient protein in a diet?

• Clinical follow-up and support (15mins)

o Once a person has started the intervention, what follow up contact from the GP is acceptable and helpful

(probe as needed: follow up call(s) vs. text vs. online engagement; appropriate frequency)?

 

Figure 3: Workshop themes and questions 

Key PPI feedback was synthesised and codified through a collaborative effort of the research team 

under the headings of: ‘patient engagement and communication model’, ‘exercise regime’ and 

‘dietary guidance’. Analysis used both an inductive and deductive approach.  

Finally, in order to inform co-design in parallel with PPI, we secured multidisciplinary involvement 

from physiotherapists, dieticians, geriatricians/ gerontologists and GPs. Our proposed exercise 

regime was shared by email for feedback with a public health team of 80 physiotherapists. A 

physiotherapy manager and the lead physiotherapist for older people and frailty interventions 

synthesized feedback from email responses and a group zoom meeting. Two nutritionists for older 

people were consulted in the design of the protein dietary guidance. Six GPs at two PC centres 

provided input into shaping the intervention and its communication to patients. Three geriatric 

medicine consultants at three teaching hospitals provided input and supervision in developing the 

intervention. Input from these helped to inform our PPI activities. 
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RESULTS  

Eighteen over-65-year-olds attended the initial group discussions (mean age 75, 11 females (61%)). 

They confirmed patient demand for information and interventions on frailty and resilience. A regime 

of eleven resistance-based exercises was developed and shared with the group for feedback.  

One-on-one telephone calls conducted with 94 contributors aged 65 and over (mean age 77, 59 

females (63%)) provided strong endorsement for the exercise intervention and insights for further 

improvement.  

Contributors discussed formats for sharing the exercises, including leaflets or video. Universal 

preference was for exercises shown on a leaflet. Several contributors described how the leaflet was 

a helpful physical reminder. One left it at their bedside and exercises became part of their waking 

routine; another left the leaflet beside his daily medications and said that he felt the exercises gave 

him more benefit than any of the pills.  

Two female participants commented they would prefer photos of a woman doing the exercises. This 

led us to produce leaflets with male and female models (figure 4). Feedback from contributors and 

physiotherapy colleagues highlighted one exercise involving shoulder abduction that we removed to 

reduce a risk of rotator cuff strain (no adverse event had been reported). 
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Exercise intervention refined with female model and one exercise 

removed

 

Figure 4: Refined exercise intervention 

Contributors described the follow up telephone call from a GP as helpful motivation and suggested 

this be incorporated in the intervention design for the RCT. 

The three online workshops provided input in co-designing the protein dietary guidance, refining the 

exercise regime and optimising the patient communication model. The three workshops involved 

ten participants in total with an average of five present per workshop (mean age 71, 6 female 

(60%)). 

The key messages from contributors in designing dietary protein guidance were:  

1. There had previously been little understanding on recommended daily amounts of dietary 

protein and how this contributed to muscle strength and general health. 

2. The clear preference for means of information sharing was a well-illustrated/ pictorial leaflet 

with information on sources of protein, amounts per serving, daily intake guidance, 

suggested meals and recipes (being mindful of cost). 
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3. Participants were open to the idea of taking a protein supplement. While recognizing that 

sufficient protein could be consumed in a balanced diet, protein supplements may be helpful 

to some to ensure habitual consumption and to others to ‘top up’ if diet were occasionally 

lacking. 

4. The environmental impact of various food sources was not of large concern. Cost was a 

concern. 

The key messages from contributors in refining the exercises were:  

1. The exercises are valued by everyone. They are easy to do and make a difference to energy, 

mobility, strength and an overall feeling of wellness. 

2. The regime can create a new mindset to stay physically healthy and strong, see 

opportunities to exercise in daily tasks and take up complementary forms of exercise. 

3. Consider changing the pictures to a more appealing setting and ensure a gender balance. 

4. A video might be appealing to some. However, the leaflet is the primary means to share the 

exercises. It is a daily visible reminder to do them and can be incorporated in daily routine. 

5. Home based exercises are preferred over a group setting to maintain personal autonomy in 

how they are done. 

The key messages from contributors in designing the patient communication model were:  

1. It is appropriate and reasonable for a GP to raise the topics of frailty and resilience in a 

regular consultation and the interest taken is welcome. 

2. It would not matter which healthcare professional raised the topics. 

3. The approach used to engage participants on frailty and resilience was seen as appropriate: 

i.e., raising the topics during a normal consultation, offering a brief educational discussion 

on frailty and resilience, inviting a person to try the intervention (without pressure), calling 

(with consent) to check in on progress. 

4. Despite some negative perceptions of frailty, engaging on this topic can be of benefit. 

5. The intervention leaflets are appropriate and easy to follow. 

We found that the use of communication technology helped to overcome restrictions to  physical 

meetings during the Covid-19 pandemic and proved no barrier to involvement. Contributors readily 
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agreed to be involved and gave positive feedback about being invited to contribute. No technical 

difficulties were encountered. Contributors universally preferred audio rather than video gatherings. 

Several expressed how they would miss the gatherings on completion. 

DISCUSSION  

Involvement of public and patients in research is distinct from participation. Contributors to our 

research were actively involved in early design and direction of our RCT intervention in the three PPI 

stages, prior to actual trial recruitment, participation or feedback. Involvement is also distinct from 

engagement, which might include outreach activities, media publications or research open days for 

public and patients153. Mindful of terminology, community based participatory research (CBPR), 

more often applied in North American studies has similarity to PPI, more typically described in UK/ 

European studies. Both involve community members in early design and guidance of research. 

However, while the PPI approach has been described as formal and ‘top-down’ with contributors 

often sitting on research committees154, CBPR involves contributors in more informal community 

settings, beyond of the constraints of research or medical settings, an advantage we sought to apply 

in our approach. 

We noted a common belief among contributors that frailty was an inevitable consequence of 

growing older. It was source of hopeful encouragement for all involved to be able to unpack 

assumptions and achieve shared insight that frailty may in fact be delayed or reversed with simple 

interventions. 

Positive contributor feedback reinforced the team’s motivation to advance a RCT155 of the co-

designed intervention. 

It is hoped results can encourage mainstream adoption both of interventions to reverse clinical 

frailty and build resilience in primary care and also PPI in health research with older people. 

Comparison to existing literature 

Four studies undertaking PPI in frailty research have been identified134-137. Only two were 

community-based136,137. All used a single means of engagement – workshops or interviews. One 

study, co-designing delivery of care for frail patients in an Irish hospital, involved ten PPI contributors 

in six workshops over 18 months134. A UK hospital study examined how care of frail patients could be 

enhanced in 19 patient interviews135. A Puerto Rican community-based study on care needs of older 

adults was explored in five workshops over five years with an average 9.5 contributors136. Lastly, a 

UK community-based study exploring rehabilitation potential in frail adults conducted five 

workshops with 28 contributors, including clinicians, over two months137.  
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Characteristics of our study that appear to be unique in the literature include use of telephone or 

online communications technology to enable PPI; use of more than one format of engagement; and 

the scale of participation, with 112 contributors.  

Strengths and limitations 

A key strength of this study was realisation by patients of the importance of their role in improving 

health outcomes. Patients were placed at the heart of research that affected them directly. The 

diversity of ways to contribute and settings (hospital/ community) as well as the large number of 

contributors enabled diverse feedback, meaningful involvement and avoidance of PPI exclusivity or 

tokenism156. 

The risk of selection bias existed in each of the three PPI stages. Contributors to stage-one group 

discussions were already attending an existing hospital-based education programme. Contributors to 

the telephone interviews and online workshops were limited to patients attending a single PC 

centre. A limited number of contributors were invited to join the workshops to keep to group size 

best practice150,151. Although the hospital and centre serve diverse socio-economic groups, this 

limited data geographically and increased the risk for unconscious investigator bias. Efforts were 

made to reduce this bias by offering group discussion and telephone interview participation to every 

single person presenting, and by ensuring diversity of age and gender in the workshops. High 

participation rates of 18/27 (67%) in the hospital, 94/107 (88%) for telephone interviews and 10/12 

(83%) for workshops in the PC centre also mitigated potential bias.  

Measuring benefits to health resulting from the intervention was limited to self-reporting rather 

than objective efficacy measures as the emphasis of this study was on the subjective feedback. The 

measurement was recorded by the same person who was involved in co-design and delivery of the 

intervention. This bias was mitigated by using the same question wording with each contributor and 

using open questions in interviews. These limitations will be addressed in the definitive, multi-centre 

RCT155. 

CONCLUSIONS 

We enabled the meaningful involvement of 112 older people in the co-design of an intervention to 

reverse frailty and build resilience in diverse ways, such as group discussions, one-on-one interviews 

and focussed workshops.  

Our paper demonstrates that inclusive involvement can be achieved during a pandemic, despite 

physical restrictions. 
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Contributions shaped the format for sharing the intervention, gender balance in portraying the 

exercises, the content of dietary guidance and the language and approach for patient 

communication. This feedback enabled us to enhance the feasibility and relevance of a real-world PC 

intervention for a definitive RCT35. 
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ABSTRACT 

Background 

Resistance exercises have been shown to delay and reverse frailty but their application in clinical 

practice is low. We wished to test the feasibility of an optimised exercise intervention in a primary 

care setting and inform design of a definitive randomised control trial. 

Methods 

The intervention was co-designed with eighteen older adults in two group workshops, informed by 

systematic review and meta-analysis. Eligible patients aged 65 and over, mildly frail or less, 

presenting to a primary care practice were invited to participate. They were offered a pictorial 

exercise guide and educational discussion. Demographics, health indicators and frailty scores were 

recorded. Feasibility was assessed using the Bowen model for acceptability; participation; demand; 

implementation; practicality; adaptation; integration; expansion; and limited-efficacy. Half randomly 

selected participants were telephoned after one month, and all after two to measure effects on 

adherence. 

Findings 

94 of 107 eligible people (88%) participated (average age 77, 59 females (63%)). Only 15% had 

previously considered resistance exercises. The intervention satisfied all Bowen feasibility criteria. At 

one month, 65% of participants were exercising. At two months, adherence among those previously 

called was significantly higher at 78% (P=0.031). 87% described exercises as ‘very easy’ or ‘somewhat 

easy’. 66% felt ‘much better’ or ‘slightly better’. Many described how exercises helped with staying 

active and reducing anxiety while housebound during the Covid-19 pandemic.  

Interpretation 

Frailty intervention uptake and adherence were high. A single telephone call appeared to help 

increase adherence by 20%. Participants reported meaningful physical and mental health benefits. 
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Research in context 

Evidence before this study 

There was an absence of feasibility studies of primary care frailty interventions and participant co-

design, despite consensus guidance of the benefits of feasibility assessment and patient involvement 

before full randomised controlled trials. We identified a heterogeneity of trials, that had not tested 

initial feasibility, with wide variance of effectiveness. 

Added value of this study 

This is the first feasibility study of a GP led exercise intervention to address frailty in the community 

to our knowledge. The intervention satisfied feasibility criteria in a real-world primary care setting. 

We established high intervention uptake and adherence and found that adherence was improved by 

a single follow up call. Our results may encourage mainstream adoption of feasible primary care 

interventions to reverse frailty and build resilience in the community. 

Implications of all the available evidence 

The study of frailty is still at an early stage. A broad diversity of frailty tools and interventions have 

been trialled in recent years, and no definitive approach to tackling this medical syndrome has 

emerged. Establishing trials on a solid foundation of initial feasibility assessment may contribute to 

improved acceptability, effectiveness and impact. 
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INTRODUCTION 

A wide range of frailty interventions has been tested in recent years. This reflects an emerging 

recognition of the opportunity to reverse frailty and its detrimental impact on mortality, morbidity 

and society, and to build physical resilience. Resistance exercises, along with dietary protein, have 

been shown to be the most effective and easiest to implement interventions to delay or reverse 

frailty5,145. However, their use remains low with only 9% of exercise programmes offered to people 

with sarcopenia or frailty having resistance exercises as the main focus in a UK study146.  

There are several reasons why implementation may be so low. Firstly, frailty is a relatively new 

concept in medical care and research5. Screening for frailty was mandated in NHS England only in 

2017 and international guidelines on frailty screening continue to evolve157. Secondly, many studies 

have been undertaken in controlled environments that do not reflect a real-life primary care setting, 

where multiple, complex and competing demands on resources exist. Thirdly, dissemination of 

findings from successful intervention trials is just beginning to gather pace and knowledge among 

clinicians about benefits from frailty interventions is in its infancy.  

The benefits from successful interventions are significant. Our review showed that 71% of studies 

measuring impact on frailty status demonstrated significant improvement5. Furthermore, avoiding or 

reversing frailty can impact mortality, quality of life, and healthcare costs. The risk of death has been 

shown to be significantly higher, by a factor of almost three, in frail community dwelling adults aged 

60 and over22. The annual incremental healthcare cost of frailty per person among community 

dwelling adults has been found to be €12,068 in a German study24 and $12,360 (€7,940) in a 

Canadian study25. 

Community based GPs are in a unique position to offer frailty interventions to older people158. They 

have typically established long-term, trusting relationships. They are intimately aware of a person’s 

background medical, social, and family history as well as personal preferences. They see people 

recurrently and can continue to encourage participation in an intervention. This is important for 

frailty interventions where the benefit depends on continued participation.  

Our review and analysis of interventions has enabled us to select the most effective components, 

while avoiding identified shortcomings, and develop an optimised intervention.  However, questions 

about the feasibility of offering an intervention in primary care remain.  

Feasibility assessment may be indicated when previous interventions had positive outcomes but in 

different settings to the one of interest159; when it is useful to test an intervention in a real-world 

environment, prioritizing community needs over controlled conditions, to increase generalizability 
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and dissemination160; and to determine whether an intervention is appropriate for further efficacy 

testing in a trial159. Although there have been trials of exercise interventions for frailty in research 

settings, we could find no feasibility study in the literature that tested a GP led exercise intervention 

to address frailty in the community.  

It seemed appropriate therefore, to assess the feasibility of an optimised intervention to delay and 

reverse frailty and build resilience in a real-world primary care setting and establish a foundation for 

a future definitive randomised control trial (RCT)155.  

METHODS 

Study design: This is a feasibility study set in primary care practice in Ireland.  

We developed the exercise regime for this feasibility study based on the most effective and easiest 

to implement interventions identified in our systematic review and meta-analysis of primary care 

frailty intervention RCTs or cohort studies with control groups5,145.  

The exercise regime and format were co-designed in two group discussions with eighteen 

community-dwelling adults, aged 65 and over, attending a local weekly health education programme 

on aspects of aging147 and invited to participate in the co-design by the principal investigator (PI), 

JT161 (figure 1).   

The feasibility of this co-designed exercise intervention was then tested with new participants. Every 

older adult presenting to a primary care practice over a six-month period from January 2020, 

meeting eligibility criteria, was invited by their GP (JT) to participate in the feasibility assessment, 

with informed consent. Inclusion criteria were adults aged 65 and over with a score of 5 (mildly frail) 

or less on the clinical frailty scale (CFS)37. Exclusion criteria were persons under 65 years old; 

moderately or severely frail on the CFS; presenting with need for emergency care; persons in 

residential care; diagnosed with dementia; or needing to be accompanied by a support person. 

They were offered the co-designed pictorial guide with resistance-based exercises and an 

educational discussion by their GP. The GP defined frailty and resilience, described how resistance 

exercises can strengthen muscles and bones to delay or reverse frailty, and demonstrated the 

exercises. Demographic information, vital signs, BMI, handgrip strength, multi-morbidities, SHARE 

Frailty Instrument (SHARE-FI), and CFS were recorded.  
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Figure 1: Exercise intervention offered to participants in a primary care 

setting for feasibility study

 

One-on-one telephone interviews were conducted with half the participants at one month and all 

participants at two months. Patients were randomised on a 1:1 basis to receive the one month call 

to determine how that additional follow up contact might affect subsequent adherence. Statistical 

analysis was done by Fisher’s Exact test and interpreted using a 5% level of significance. 

Participants were asked by phone if they had followed the exercise regime, and if so, for how long 

and how many times a week. Ease of doing the exercise regime was recorded on a five-point Likert 

scale by asking if they found it ‘very easy’, ‘somewhat easy’, ‘neither easy nor hard’, ‘somewhat 

hard’, or ‘very hard’. Self-reported difference to general health as a result of doing the exercises was 

recorded on a five-point Likert scale by asking if they felt ‘much better’, ‘slightly better’, ‘about the 

same’, ‘slightly worse’ or ‘much worse’.  

Chi-squared tests followed by binomial tests were used to determine the difference in proportions 

across response types to ease of doing the exercises and general health as a result of the exercises. 

Multiple comparisons of responses to the same question were controlled for using the Bonferroni 

correction method.  All statistical testing was interpreted using a 5% level of significance. 
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Lastly, participants were asked an open question if they had any feedback or would change the 

exercise regime. The PI conducted these calls. Data was recorded in pseudo-anonymous format by 

the PI in Microsoft Excel. 

Feasibility was assessed using the Bowen feasibility model159. This approach has been applied in 

assessing public health and preventive medicine interventions and assesses feasibility across eight 

areas of focus. We applied the model as follows: 

• Acceptability: How potential participants and GPs react to the intervention, including 

participation rate and reported ease of the intervention. 

• Demand: Levels of adherence with the intervention. 

• Implementation: The ease with which the intervention can be implemented, including human 

resource requirements, time, and cost. 

• Practicality: Challenges to the intervention being offered in a primary care setting where there 

are constraints on time and commitment. 

• Adaptation: The need to modify the intervention to meet the needs of participants or the 

primary care setting. 

• Integration: The need to make system changes (e.g., at a practice level) to integrate an 

intervention into an existing system. 

• Expansion: The ability to apply the intervention designed in a research environment to a primary 

care setting. 

• Limited efficacy: Testing the intervention in a convenience sample with short follow-up (i.e., two 

months), including self-reported benefits to health. 

RESULTS 

A total of 94 of 107 eligible people (88%) agreed to participate in the exercise regime. The average 

age was 77 and 59 were female (63%). 95% of females and 78% of males enrolled. Only 15% had 

previously considered resistance exercises. One participant dropped out due to hospital admission 

for surgery, unrelated to the intervention. The median clinical frailty score for participants was 3 

(i.e., people whose medical problems were controlled but were not regularly active). Baseline 

characteristics are shown in Table 1 and are in line with national or comparable international 

population statistics for co-morbidities162, grip-strength163, overweight164, activity levels165, and 
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frailty26,166. Baseline characteristics differed from the wider population in terms of gender167: 63% of 

our sample were female versus 52% nationally, and obesity164, where our sample had a lower 

prevalence (23% versus 35% nationally).  

Table 1: Participant baseline characteristics

Mean SD Number %

Age in years 76.4 7.3

Female 59 62.8

Male 35 37.2

Number of co-morbidities 3.0 1.5

     Hypertension 48 52.2

     Ischaemic heart disease 17 18.5

     Atrial fibrillation 11 12.0

     Myocardial infarction 7 7.6

     Stroke 5 5.4

     Diabetes 12 13.0

     Osteoporosis 12 13.0

     Chronic respiratory disease 10 10.9

BMI 26.9 4.6

     BMI 25-29.9 39 41.5

     BMI 30-39.9 22 23.4

     BMI > 40 1 1.1

SHARE-FI frailty criteria

     Grip strengh female (kg) 20.9 4.4

     Grip strength male (kg) 32.5 7.7

     Exhaustion 26 27.7

     Reduced appetite 15 16.0

     Slowness 21 22.3

     Activity 1 (>once/week) 59 62.8

     Activity 2 (once/ week) 18 19.1

     Activity 3 (1-3/month) 10 10.6

     Activity 4 (hardly ever) 7 7.4

     Non-frail 42 52.5

     Pre-frail 26 32.5

     Frail 12 15.0

Current physical exercise (at least weekly)

     Walking 60 63.8

     Golf 11 11.7

     Dancing 9 9.6

     Swimming 8 8.5

     Cycling 3 3.2

     Other (e.g., yoga, gardening, gym) 26 27.7  

The eight areas of feasibility focus are described below and summarised in figure 2. 

Acceptability 

There was a positive reaction from potential participants to discussion on frailty and the offer of an 

intervention. Every person agreed to a discussion. Intervention participation was 88%. Participants 

found the exercises both easy to follow and generally easy to do (figure 3). 30.9% described 
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exercises as ‘very easy’, 54.4% ‘somewhat easy’, 8.8% ‘neither easy nor hard’, 5.9% ‘somewhat hard, 

and 0.0% ‘very hard’ after two months. A significant difference in how participants rated the 

exercises was found overall (P <0.001). There was a statistically equal distribution of participants 

rating the exercises ‘very easy’ and ‘somewhat easy’ (P > 0.05). Ratings in each of these two 

categories were significantly different compared to each of ‘neither easy nor hard’. ‘somewhat hard’ 

and ‘very hard’ (P < 0.01). 

Selected quotes from participants during the one- and two-month calls include: 

“They are very straightforward and I feel great doing them. They suit me for my age. I have 

shared them with friends.” 

“We enjoy doing them as a family. They make me feel stronger. They are excellent as they 

are. They get easier the longer you do them.”  

Many described how the home-based exercises helped with staying active and reducing anxiety 

while housebound during the Covid-19 pandemic: 

“The exercises motivate me, they are good for me, they bring discipline and routine into my 

life especially during (Covid19) isolation.” 

“They are so helpful as we can't get out at all. My training has been cancelled so this is all I 

have for exercise.” 

“I'm stuck inside and I do them almost every single day. They're a gift during the lock-down.” 

Demand 

At one month, 65% of participants called were exercising regularly (75% of females, 50% of males). 

At two months, adherence among those who had not been called at one month was: 65% (67% of 

females, 62% of males). However, adherence among those previously called was higher: 78% (88% 

of females, 63% of males). Fisher’s Exact test showed a statistically significant difference (P=0.031) in 

adherence rates at two months between those called at one month (n=45) and those not called at 

one month (n=46). 64% of those who were not doing exercises at one month had taken them up 

following a single phone call (67% of females, 63% of males) (figure 4). 

Implementation 

No additional primary care human resources were required to implement the intervention. The 

marginal cost was small and involved third party printing costs of some 0.05 euro per intervention at 

scale (commercial printing of the guide on colour, double sided, 170gms quality paper). Time spent 
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introducing and sharing the intervention, excluding time spent on providing a patient information 

leaflet for the study, gaining informed consent, and gathering data that applied to the feasibility 

study, was in the range of three to five minutes. 

Practicality 

Though the time required for sharing the intervention might appear short, it may force trade-offs in 

what a GP can cover in a typical ten to fifteen-minute consultation. A commitment to continue 

encouraging participation in the intervention places additional, ongoing time constraint on the GP in 

future consultations. 

Adaptation 

There were no requirements to adapt the intervention for the purposes of sharing in a primary care 

setting. Some feedback underlined the opportunity to adapt the intervention to meet participant 

preferences. Two participants commented that they would prefer photos of both men and women 

demonstrating the exercises. Two said they would like to follow a video of the exercises, though the 

consensus was that a physical sheet was essential and preferred. 

Integration 

No system changes were required to integrate the new intervention into the existing infrastructure 

and processes of the primary care practice. 

Expansion 

Transfer of the intervention from a research environment to a real-world primary care setting was 

straightforward. Long term relationships and recurrent consultations that are a feature of primary 

care underline the appropriateness of GPs offering this intervention.  

Limited testing 

The majority of participants self-reported their general health had improved as a result of doing the 

exercises and none reported feeling worse. 14.7% felt ‘much better’, 51.5% ‘slightly better’, 33.8% 

‘about the same’, 0.0% ‘slightly worse’, and 0.0% ‘much worse’. There was overall a significant 

difference in how participants rated impact on general health (P < 0.01). In particular, differences 

between each of ‘slightly worse’ and ‘much worse’ and all three other categories were significant (P 

< 0.01) (figure 5). Many reported mental health benefits. No adverse effects were reported.  

Some selected quotes from participants include: 
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“I feel a lot fitter. I realise now how much difference they make and must keep doing them 

or will stiffen up. I feel freer for walking and golf.” 

“I feel more cheerful and am sleeping better as a result of these exercises.” 

“It has stirred me on to do more exercises. I'm really grateful for this. They remind you that 

you can do more than you think you can.” 
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Figure 2: Feasibility assessment overview of an intervention to 
reverse frailty and build resilience

Acceptability

Demand

Implementation

Practicality

Adaptation

Integration

Expansion

Limited testing

Area of focus Definition Assessment 

Not feasible

Feasible

Feasible with challenges

How potential participants and GPs 

react to the intervention

Levels of compliance with the 

intervention

The ease with which the intervention 

can be implemented as planned 

(people, time and money resources)

How an intervention can be offered in a 

setting where there are constraints on 

time and commitment

The need to modify an intervention to 

meet the needs of an alternative setting 

(e.g., the GP consultation)

The need to make system changes 

(e.g., at a practice level) to integrate an 

intervention into an existing system

The ability to apply an already-

successful intervention in a different 

setting

Testing an intervention in a convenience 

sample, shorter follow-up periods and 

with appropriate statistical power

• Every person agreed to discussion

• 88% participation

• 87% found exercises ‘very’ or ‘somewhat’ easy

• 66% compliance at month 1 (76% F, 50% M)

• 78% compliance at month 2 after month 1 call 

(88% F, 63% M)

• No additional human resource required

• Minimal marginal cost (printing)

• Time of some 3 minutes required for discussion

• Time required may force consultation trade offs

• GP will be required to continue encouraging 

participation

• No requirement to adapt intervention

• Physical leaflet is easily transferrable

• No system changes required at practice level

• Buy in from all practice colleagues will help 

maintain patient participation

• Straightforward application in GP setting

• GPs are well placed for sharing intervention, 

given long term relationships, recurrent consults 

• Self reported improvement in health: 14% 

much better; 52% slightly better; 34% about the 

same, 0% worse

Source: Bowen feasibility assessment model (2010), team analysis

Very easy Somewhat 
easy

Figure 3: Participants found the exercises both easy to follow and easy to do

How participants responded to being asked how easy or hard they found the exercises on a five point scale

“They are very straightforward and I feel great doing them. They suit me for my age. I have shared them with friends.” 

32%

7%

Somewhat 
hard

Very hardNeither easy 
nor hard

6%

0%

55%

“My wife and daughter are doing them too, we enjoy doing them as a family. They make me feel stronger. They are 
excellent as they are. They get easier the longer you do them.” 

“I've made copies and given them to friends and hung one up at the gym.” 

“I have my husband doing them too. We enjoy them together.”
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Women Men

Figure 4: Adherence to exercises to reverse frailty was high and increased by 20% 
following a single phone call

Adherence rates 

At one month

Increase in adherence 

following one phone call

75%

50%

Women Men

17% 26%

Women Men

88%

63%
20%

At two months, following call

Total

* Fisher’s Exact test showed a statistically significant difference (P=0.031) in adherence rates at two months between those 

called at one month (n=45) and those not called at one month (n=46). 
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Much better Slightly better

Figure 5: The majority of participants found the exercises improved their general 
health and none reported feeling worse

How participants responded to being asked if they noticed any difference to their general health as a results of doing 
the exercises

“I feel a lot fitter. I realise now how much difference they make and must keep doing them or will stiffen up. I feel 
freer for walking and golf.”

14%

34%

Slightly worse Much worseAbout the same

0% 0%

52%

“I play the violin and get stiff occasionally and I find these exercises loosen me up.”

“I feel more cheerful and am sleeping better as a result of these exercises.”

“I felt better in myself by doing them, I felt more motivated, they were good for my mental health.”

“I started to do the leg ones and can now stand on one leg, which is amazing for me. It has stirred me on to do more 
exercises. I'm really grateful for this. They remind you that you can do more than you think you can.”

 

DISCUSSION 

Our assessment of an optimised frailty intervention in a real-world GP setting has established overall 

feasibility. There was positive engagement in discussion on frailty and resilience and exercise uptake 

was high. Adherence was as high as two-thirds and a single telephone call appeared to help increase 

participation by 20%. The intervention was feasible for both participants and GPs. The short time 

required to offer the intervention may still present a challenge in time-constrained consultations. 

Participants reported meaningful physical and mental health benefits. There were no adverse events 

reported. 

Strengths and limitations 

Our assessment bridges a gap between the need for evidence-based tools in a pragmatic setting and 

the fact that most evidence for behavioural interventions is based on controlled-setting efficacy 

trials160. 

This study demonstrates strong participant demand for such an exercise intervention with high 

participation and retention rates.  
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It was heartening to hear feedback from many participants about how the exercise regime 

supported mental health, providing a daily routine and means to reduce anxiety during the isolation 

of national pandemic lockdown. 

The testing of efficacy was limited to self-reported measures as the emphasis of this study was on 

feasibility parameters that underpin practical application. Feasibility testing was also limited to a 

single primary care centre and GP. Although the centre serves a diverse socio-economic group, this 

limitation increased the risk for unconscious investigator bias as well as limiting data to one 

geographic area. Methods that can account for confounding, such as stratification or multivariable 

models, were not applied. However, we have attempted to reduce the possibility of confounding by 

randomly assigning participants to the check-in call and to mitigate the risk of selection bias by 

assessing every consecutive patient for eligibility.  The extent to which retention and adherence may 

have been enhanced by participants staying at home more often during the pandemic has not been 

assessed. These limitations will be addressed in a subsequent definitive, multi-centre RCT measuring 

objective efficacy outcomes155.  

Comparison with existing literature 

Feasibility studies of primary care exercise interventions to address frailty are limited, despite 

several full controlled trials5.  

A primary care feasibility study of an exercise and dietary intervention to reverse or delay frailty 

among older African-Americans found similarly high participation and satisfaction ratings and met 

feasibility criteria168. However, the intervention was ‘low-dose’, with just one session per month 

delivered by an occupational therapist. 65% of participants were female, comparing closely with 63% 

in our study. 

A study testing feasibility and effectiveness of a nurse-led community exercise programme for frail 

older people in Japan found improved physical function and emotional status169. High participation 

was similar to our study. However, primary focus of this trial was on efficacy measures, with little 

attention to the seven other feasibility parameters, such as acceptability or practicality. 

A feasibility study of an intervention to prepare older patients for surgery focussed on a 

comprehensive geriatric nursing approach to prevent delirium, depression, pressure ulcers and 

infections, though with no exercise component170. 

The protocol for a planned feasibility study of a resistance training intervention in residential care 

settings proposes using the eight Bowen feasibility criteria with similar patient-centred efficacy 

measures to our study171. It also aims to inform a future clinical trial. 
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We could identify no feasibility study in the literature that tested a primary care, GP led, exercise 

intervention to address frailty in the community.  

Implications for research and/or practice 

The findings support the opportunity to offer a straightforward and minimal cost intervention to 

delay or reverse frailty. They help support key aspects of the bio-psycho-social model of primary 

care in the following ways: to improve health outcomes for among the most vulnerable people; 

apply tools that enable care for the whole person, rather than single system conditions; and consider 

the biological age of patients rather than chronological age.  

While overall feasibility criteria were satisfied, the practicality of spending even a few minutes 

introducing and offering a frailty intervention may force GPs to consider trade-offs in time 

constrained consultations. They will have to weigh up the potential for significant benefits from such 

an intervention with the opportunity cost for other patient care. A solution may rest with health care 

authorities resourcing dedicated GP frailty screening and intervention, similar to existing systems for 

chronic disease management in the community.   

It is notable that women on average demonstrated greater willingness to try the exercises (95% vs 

76%) and continued to do them more than men. A stereotype of men being more comfortable with 

doing weights does not seem to apply. Older men also lag in frequency of social interaction172, which 

has also been shown to be a risk factor for physical frailty173. GPs may wish to consider ways to 

increase male participation.  

Separate studies are warranted to assess the benefits of similar interventions for moderately and 

severely frail people.  

The positive results of this study suggest that testing this optimised intervention in a full-scale trial is 

justified. It is hoped these results can encourage mainstream adoption of feasible interventions to 

reverse frailty and build resilience in primary care. 

CONCLUSION 

Feasibility criteria for an exercise intervention to delay or reverse frailty in primary care have been 

satisfied. Intervention uptake and adherence were high. A single telephone call appeared to help 

increase adherence by 20%. Participants reported meaningful physical and mental health benefits. 

The findings informed the design of a definitive RCT. 
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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, feasibility assessment 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 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.  

Trial registration: ClinicalTrials.gov ID NCT04628754; registered on 13 November 2020. 

Ethical approval: Ethical approval has been granted by the research ethics committee of the Irish 

College of General Practitioners on November 3, 2020 

 

https://www.clinicaltrials.gov/ct2/show/NCT04628754?term=NCT04628754&draw=2&rank=1
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INTRODUCTION 

Rationale for the study 

Resistance training done at home and protein supplementation have been shown to be the most 

effective and easiest to implement interventions to reverse frailty and build resilience5,145. However, 

it is not common practice to offer and support such interventions in primary care146. 

Frailty is related to day-to-day symptoms, co-morbidities, disabilities, and overall physical and 

cognitive functioning. A composite measure of these, guided by the clinician’s clinical judgement, 

can be assessed by the Clinical Frailty Scale (CFS)37. The use of the CFS has become 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 exhaustion, weakness (by grip strength), slowness (by gait speed) and low levels of 

self-reported physical activity11. Researchers have adapted the physical frailty definition to allow the 

provision of a continuous score (e.g. SHARE-FI45). A core component of the physical frailty phenotype 

is the diagnosis of sarcopenia, which has been operationalised by consensus174 and objectively 

measured with bioelectrical impedance analysis. Bioelectrical impedance analysis is a safe, non-

invasive, rapid and relatively accurate way to assess body composition. Limitations include reduced 

accuracy for people with BMI > 34 kg/m2, though the technology remains acceptable for monitoring 

changes in body composition over time. Figure 1 shows the conceptual framework of the different 

frailty operationalisations used in this study. 

 

Figure 1. Conceptual framework of the different frailty operationalisations used in this study. 

Recruitment based CFS seems the most inclusive, but baseline measures will be obtained of all 

measures at baseline and follow up. 

Sarcopenia

Physical 
frailty

Clinical 
Frailty
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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 demonstrate how the intervention may be incorporated 

efficiently in clinical practice. The results are intended to encourage mainstream adoption of 

practical interventions to reverse clinical frailty and build resilience in primary care. 

An intervention with ten recommended resistance exercises and dietary guidance on protein 

consumption has been derived from findings of our systematic review5 and meta-analysis145 and 

optimised through a patient and public involvement (PPI) process161 and feasibility study.  

Benefits and risks 

The systematic review5 identified benefits to patients that include decreased risks of illnesses, falls, 

dependency, disability and improved mortality. Studies measuring impact on frailty status 

demonstrated significant improvement. Studies measuring impact on singular frailty indicators or 

other criteria demonstrated significant improvement. The exercises create a small risk of 

musculoskeletal strain. No such adverse event was recorded during a feasibility study of the 

intervention. 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 excluding 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. 

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. 
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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, Meath 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 

deviations175. A study scheme is shown in figure 2. 

Figure 2. Study schema. 
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Selection of study population 

All patients aged 65 or older attending the GP site investigator 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 sessions prior to enrolment, monthly 

meetings after enrolment and additional ad-hoc meetings when required, led by the principal 
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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 criteria, will be offered general information 

about the study by the attending GP. If interested and willing to consent, they will be offered an 

information leaflet for the trial, and invited to participate. 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 (figure 3). 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 assessment and measurement of health indicators and frailty status as 

described above by the GP. The follow up visits will be free of charge.  
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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 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 randomisation 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 subject. 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 summary 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 intervention 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. 
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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 determines 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. 

Participants 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.  

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 
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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 unfavourable 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  

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 
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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, probably) 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 assessment of severity for each AE/SAE and record this on the CRF 

according to one of the following categories: 

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. 
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Severe 

An event that prevents normal everyday activities. 

Reporting procedures for all adverse events 

All AEs occurring during the study observed by the investigator 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 removal from the study. A subject may also voluntarily withdraw 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 immediately 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 
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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 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; probability 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)175, Liu, Clin 

Rehab 2017 (sample size 79)52 and Serra-Prat, Age Aging 2017 (sample size 172)7. The average study 

size of the 31 studies included in our meta-analysis of frailty interventions145 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 stratified 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 secondary 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.  
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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 measured 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 measured 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 
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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 principal 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 accordance 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 participants, 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 study related procedures being undertaken. The GP will explain the nature of 

the study to the participant, and answer all questions 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 repository176. 

Subject confidentiality 
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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 planning 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 investigators 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.  

No competing interests were disclosed 

No funding has been received 

DATA AVAILABILITY  
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All data underlying the results are available as part of the article and no additional source data are 

required. 

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a 

copy of this license, visit http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative 

Commons, PO Box 1866, Mountain View, CA 94042, USA. 

Reporting guidelines: A Spirit checklist has been completed for this trial, with associated DOI 

(https://doi.org/10.7910/DVN/TCOCSV), and has been added to a repository at Harvard 

Dataverse177.  

https://doi.org/10.7910/DVN/TCOCSV
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ABSTRACT 

Objectives 

To study the effectiveness of a co-designed exercise and dietary protein intervention to help older 

adults combat frailty and build resilience. 

Design 

Multicentre, randomised-controlled, parallel-arm trial. 

Setting 

Six primary care practices, Ireland. 

Participants 

168 adults, aged 65 and over with Clinical Frailty Scale (CFS) score ≤5, presenting to primary care 

from December 2020 to April 2021, randomised to intervention or usual care. 

Interventions 

A co-designed exercise regime, emphasising strength, and dietary protein guidance, provided by 

their GP with one month check-in call and three-month follow-up. 

Main outcome measures 

Effectiveness measured by comparing SHARE-Frailty Instrument between groups, on intention-to-

treat basis. Secondary outcomes included muscle mass, bone mass, body fat, and biological age 

measured by bioelectrical impedance analysis (BIA), CFS, and ease of intervention and general health 

difference measured on Likert scales. 

Results 

359 adults were assessed for eligibility and 168 enrolled. 156 (92.9%) attended follow-up (mean age 

77.1 years (SD 5.2); 67.3% women; 79 intervention, 77 control). At baseline, frailty proportions were 

17.7% in the intervention and 16.9% in the control group. At follow-up, they were 6.3% and 18.2%, 

respectively. The odds ratio (OR) of being frail for the intervention group was 0.23 times that of the 

control group (95% confidence interval: 0.07 to 0.72; P=0.011), adjusting for age, sex and site. The 

absolute risk reduction was 11.9% (95% CI: 0.8% to 22.9%; P=0.018). The number needed to treat 

was 8.4. The adjusted OR for improvement in frailty status across any category (e.g., frail/pre-

frail/non-frail) was 0.43 (95% CI: 0.22 to 0.84; P=0.014). All BIA parameters improved, bone mass 
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significantly (P=0.040). 66.2% of participants found the intervention easy, 69.0% reported feeling 

better.  

Conclusions 

A combination of exercises and dietary protein guidance significantly reduced frailty and improved 

self-reported  health. This feasible primary care intervention appeared to reverse frailty in over one 

in nine participants.  

Registration: ClinicalTrials.gov: NCT04628754. 

https://www.clinicaltrials.gov/ct2/show/NCT04628754?term=NCT04628754&draw=2&rank=1
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INTRODUCTION 

Frailty in older people is a state of physical vulnerability to external stressors that is associated with 

increased risk of disability, dependency and mortality7,8. At the opposing end of the biological health 

spectrum lies resilience16, which is the capacity to withstand stressors17. Frailty poses multiple 

challenges in ageing societies due to high prevalence26, aging populations27-29, mortality rates22, and 

health and economic costs23-25.  

Population-based observational longitudinal studies have shown that bidirectional transitions 

between states of frailty are frequent178,179. There is evidence that frailty can be delayed and even 

reversed with appropriate interventions5,145. However, the implementation of interventions remains 

low in primary care146. This may in part be due to the absence of a standard approach to frailty 

screening and intervention5,34. Furthermore, older people tend to perceive frailty negatively2-4, 

believing that it is inevitable or unmodifiable4. Intervention acceptability and effectiveness may 

consequently be affected2. Resilience, on the other hand, tends to be viewed as a positive 

attribute21,22. 

In primary care, there is a need to provide person-centered interventions that engage older people 

in combatting frailty and building resilience, but evidence is lacking especially in those who have pre-

frailty or mild frailty38. The most effective and easiest to implement intervention may be a 

combination of exercises that emphasise weight-bearing for strength and sufficient dietary protein 

intake5,145. We co-designed an intervention of exercise and dietary protein education, informed by 

systematic review5, meta-analysis145, public and patient involvement161 and pre-trial feasibility 

assessment. We studied the effectiveness of this intervention in a multicentre, randomised-

controlled, parallel arm trial in six primary care practices in Ireland.  

METHODS 

Design 

This multicentre, randomised controlled, parallel arm trial measured effectiveness of an optimised 

primary care intervention to reverse frailty and build resilience versus usual care, among adults aged 

65 and over at three-month follow-up.  

The intervention was co-designed with 112 older people through public and patient involvement 

(PPI) over twelve months, described in a previous paper161. The intervention satisfied all Bowen 

feasibility criteria159 in a 2019-2020 study with ninety-four older people (acceptability; demand; 

implementation; practicality; adaptation; integration; expansion; and limited-efficacy). A randomised 

follow-up telephone call, appearing to help increase adherence by 20% (P=0.031) in the feasibility 
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study, was included for all participants in the randomised controlled trial (RCT). Multidisciplinary 

feedback was sought from physiotherapists, dieticians, geriatricians, and GPs to inform intervention 

co-design.  

A protocol was published155 and the trial registered at ClinicalTrials.gov (ID NCT04628754, 13 

November 2020). Trial enrolment took place in six primary care practices in Ireland over five months 

from December 2020.   

Participants 

All older adults presenting to GP site-investigators at six primary care practices were screened for 

eligibility by the GP. Inclusion criteria: aged 65 or older; Clinical Frailty Scale score ≤5 (i.e., mildly frail 

or less)37; able and willing to provide informed consent. Exclusion criteria: end-of-life care; persons in 

residential or nursing home care; concurrent malignancy; chronic kidney disease stage 3 or 4; 

baseline Montreal Cognitive Assessment (MoCA) score ≤10 or known  diagnosis of dementia; 

persons with acute care needs or determined to be inappropriate by GP (e.g., needing transfer to 

emergency department). 

Eligible adults were offered information about the study by the GP. If interested, they were offered 

an information leaflet, invited to ask any questions, and provide informed consent176.  

Randomisation and masking 

Participants were randomly assigned to intervention or usual care parallel arms on a 1:1 basis. The 

sequence was generated using the US National Cancer Institute randomisation tool, using 

asymptotic maximal methodology180. Allocation was concealed until a participant had consented to 

enrolment with a GP, who then assigned them and provided the intervention or usual care. 

Allocation was not masked to participants or GPs. A blinded assessor measured four self-reported 

components of the frailty outcome and the GP measured the objective component (i.e., handgrip 

strength). 

Procedures and intervention 

GP site-investigators participated in three pre-enrolment training sessions, monthly meetings after 

enrolment and additional ad-hoc meetings when required, led by the principal investigator, to align 

with the study protocol, including patient communication, intervention delivery and data gathering.  

Intervention participants were provided a leaflet with photographic overview of a home-based 

exercise regime, GP demonstration of key exercises and a discussion on how exercises may help 

delay and reverse frailty and build resilience. They were also provided with written and pictorial 
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information on post exercise protein consumption as part of a balanced diet. Participants assigned 

to the usual care group received normal primary care. The intervention lasted no more than five 

minutes (net of data gathering).  

The resistance exercise regime consisted of ten physical exercises, to be repeated ten times in one 

minute, increased to fifteen times per minute after about one month, when comfortable. Exercises 

were advised to be undertaken at least three times per week, up to once daily. Participants were 

also advised to walk for thirty to forty-five minutes, three to four times per week. Participants were 

advised to consume 1.2g protein per kg body weight each day181. The leaflet included information on 

sources of protein, including plant-based, amounts of protein per typical serving and guidance on 

timing of consumption (supplementary figure 1). The marginal cost of printing was 0.1 euro per 

intervention at scale (commercial printing of two colour leaflets). 

Intervention participants were telephoned by the GP after one month and after three months as 

consented for no more than five minutes and asked set questions about exercise and dietary 

adherence, ease of the intervention and had they noticed difference to general health as a result of 

the intervention. All participants were invited to return at three months for measurement of health 

indicators and frailty status by the GP.  

A schedule of events, including measurements, is shown in Table 1. Handgrip strength was measured 

using a Constant hydraulic dynamometer. BIA was recorded using a Tanita RD 545 Segmental Body 

Composition Analyser with dual frequency technology. BIA is a safe, non-invasive, and accurate way 

to assess body composition. Biological age is base metabolic rate (BMR) compared to same age 

averages182. BMR is the rate of energy expenditure per unit time at rest (calories per day). Higher 

muscle mass and quality and lower body fat increase BMR and lower biological age. 
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Table 1: Schedule of events       

Procedures Visit 1  Telephone call Visit 2 

  Baseline Month 1 Month 3 

Inclusion/Exclusion Criteria X     

Informed consent X     

Medical history assessment X   X 

Randomisation X     

Discussion on frailty and resilience X   X 

Age X     

Gender X     

Education X     

Living arrangements X     

Smoking status X     

Alcohol intake X     

MUST X   X 

Weight/height X   X 

Vital signs X   X 

Clinical frailty scale X   X 

SHARE-FI X   X 

Bioelectrical impedance (muscle mass etc.) X   X 

Compliance check   X X 

Subjective measures   X X 

Adverse event assessments     X 

 

Primary outcomes 

The primary outcome of the RCT was frailty measured by the SHARE-Frailty Instrument (FI)45, three 

months after the start of intervention. SHARE-FI is a validated, sex-specific tool based on exhaustion, 

weight loss, handgrip strength, slowness and low activity. 
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SHARE-FI was chosen as the primary outcome due to its advantages as a pragmatic, quantitative 

measurement compared to: 1) CFS, which is useful for rapid frailty assessment and eligibility 

screening, as applied in this RCT, but is qualitative and open to subjectivity; 2) the Fried tool11 and 3) 

cumulative deficit model37, both of which require population data that may not be available in 

primary care. 

Secondary outcomes 

• Muscle mass, bone mass, body fat, biological age by bioelectrical impedance analysis (BIA). 

• Ease of the intervention on a five-point Likert scale: ‘very easy’, ‘somewhat easy’, ‘neither 

easy nor hard’, ‘somewhat hard’, or ‘very hard’. 

• Difference to general health on a five-point Likert scale: ‘much better’, ‘slightly better’, 

‘about the same’, ‘slightly worse’ or ‘much worse’. 

Statistical analysis 

Sample size 

We calculated a target sample size of 176 based on: two independent study groups using a binomial 

test; absolute improvement of frailty status in the intervention group from frail or pre-frail to non-

frail of 15%; a 3% control group improvement due to bias; enrolment ratio of 1; probability of type I 

error of 5%; power 80%. 

Analysis sets 

Analysis was conducted on intention-to-treat population, which included all subjects randomised to 

the intervention group who attended follow-up, including those who had not adhered to the 

intervention (Figure 1). All statistical analyses were carried out using Stata software (version 14) with 

tables and figures produced in Microsoft Excel and PowerPoint respectively. 
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Figure 1: Trial profile 

Demographic and baseline disease characteristics 

Baseline descriptive statistics of the study were stratified by arm, with sample sizes reported. Mean 

(standard deviation) and median (interquartile range) were reported as appropriate for quantitative 

measurements, with frequencies and percentages for qualitative measurements.  Baseline 

differences were tested using either independent t-test or Mann-Whitney U-test for quantitative 

measurements, depending on measurements being normally distributed or not, while a chi-squared 

test was applied to determine potential differences in qualitative measurements. 

Efficacy analysis 

Efficacy analysis was performed on all primary and secondary efficacy endpoints. 95% confidence 

intervals and P-values were reported and interpreted using a 5% level of significance. 
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Primary efficacy endpoints 

Changes in proportions in SHARE-FI non-frail, pre-frail and frail categories were analysed using 

ordinal logistic regression and reported as an odds ratio, adjusting for age, sex and site, with 

associated 95% confidence intervals. Relative risk and number needed to treat were calculated as an 

addition to the protocol to increase clinical relevance.  

A linear mixed effects regression model was used to analyse the effect of treatment on SHARE-FI 

score at follow-up with arm allocation, sex and age included as fixed effects and GP practice included 

as a random effect. Mann-Whitney U tests were applied to determine where differences exist, with 

the Bonferroni correction method used to control for multiple comparisons. 

Secondary efficacy endpoints 

Muscle mass, bone mass, BMI, body fat and biological age were measured by bioelectrical 

impedance at three months was analysed using a linear mixed model regression with arm allocation, 

sex and age as fixed effects and GP practice as random effect. 

Ease of the intervention and difference to general health as a result of the intervention were 

measured on five-point Likert scales. Chi-squared tests assessed statistical differences, followed by 

binomial tests to determine where differences existed (controlled for multiple comparisons using 

the Bonferroni correction method). 

Data analysis was overseen by an independent statistician.  

RESULTS 

359 older adults, presenting to six primary care practices, from December 1, 2020 to April 20, 2021, 

were assessed and 197 (54.9%) met eligibility criteria. 168 (85.3%) were recruited. 156 (92.9%) 

completed follow-up, 79 in the intervention group and 77 in the control group. 105 (67.3%) were 

female and the mean age was 77.1 years (SD 5.2). Of the 12 (7.1%) participants who dropped out (5 

female (41.7%)), 6 cited unrelated illness, 4 preferred to withdraw and 2 were lost to follow up (see 

Figure 1). 

There were no significant differences in baseline characteristics between control and intervention 

groups except for smoking history (more smokers in the intervention group) (Table 2). 

The OR for improvement in frailty status across any of the three categories (e.g., frail, pre-frail, non-

frail) for the intervention group was 0.43 times that of the control group (95% CI: 0.22 to 0.84; 

P=0.014), adjusted for age, sex and site (Table 3) 
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Frailty status was significantly improved in the intervention group compared to the control group at 

three-month follow-up (Figure 2). At baseline, frailty proportions by SHARE-FI were 17.7% in the 

intervention and 16.9% in the control group. At follow-up, they were 6.3% and 18.2%, respectively. 

Adjusting for age, sex and site, the odds ratio (OR) of being frail at three months for the intervention 

group was 0.23 times that of the control group (95% confidence interval (CI): 0.07 to 0.72; P=0.011).  

The intervention group was significantly less frail than control 

at three months (P = 0.014)
3 months

Baseline

Non-frail

30 

(39.0%)

42 

(54.5%)

Control group (n=77)Intervention group (n=79)

Notes: OR of being frail at 3 months in intervention group: 0.23 (95% CI: 0.07 to 0.72; P=0.011). OR of being non-frail: 2.17 (CI: 1.07 to 4.39; P=0.032); 

OR for improvement across any category: 0.43 (CI 0.22 to 0.84; P=0.014)

Pre-frail

34 

(44.2%)

21 

(27.3%)

Frail

13 

(16.9%)

14 

(18.2%)

Non-frail

28 

(35.4%)

54 

(68.4%)

Pre-frail

37 

(46.8%)

20 

(25.3%)

Frail

14 

(17.7%)

5 

(6.3%)

Frailty status (SHARE Frailty Instrument)

 

Figure 2: Frailty status of groups at baseline and three months 

The absolute risk reduction (ARR) for frailty was 11.9% (95% CI: 0.8% to 22.9%; P=0.018). The 

number needed to treat (NNT) was 8.4.  

68.4% and 54.6% of intervention and control participants, respectively, were non-frail at follow-up. 

The odds ratio (OR) of being non-frail at three months for the intervention group was 2.17 times that 

of the control group (95% CI: 1.07 to 4.39; P=0.032), adjusting for age, sex and site in multivariate 

logistic regression analysis.  
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The intervention group had significantly better frailty scores than control at three-month follow-up 

(P=0.002). The median frailty scores were -0.10 (IQR 1.21) and 0.46 (IQR 1.95) in the intervention 

group and control group, respectively (Figure 3). 

Frailty score improved significantly in the intervention group 

compared to the control group at three months (P = 0.002)

Median frailty score (SHARE Frailty Instrument)

0.72*

0.46**

Control group (n=77)Intervention group (n=79)

More frail

Less frail

3 months

Baseline

0.93*

-0.10**

* Mann Whitney U test: interv. median 0.93; IQR 1.95 (95% CI  0.53 to 1.58); Control median 0.72; IQR 1.80 (CI 0.44 to 1.02); P=1.000 (Bonferroni corrected)

** Mann Whitney U test: interv. median -0.10; IQR 1.21 (95% CI -0.24 to 0.22); Control median 0.46; IQR 1.99 (CI 0.13 to 0.90); P=0.002 (Bonferroni corrected)

 

Figure 3: Frailty score of groups at baseline and three months 

Grip strength improved in the intervention group compared to the control group, with adjusted 

difference in means of 1.8kg (95% CI: 0.84 to 2.71; P<0.001) (Figure 4). There were also significant 

improvements in activity level (P=0.008) and slowness (P=0.014) in the intervention group compared 

to the control group. The other SHARE-FI frailty components (exhaustion and appetite) improved but 

not statistically significantly (Table 3).   

Frailty was significantly improved for those living with another person (n=110, -0.80; CI: -1.25 to 

0.36; P=0.001) but not significantly for those living alone. Frailty was significantly improved for those 

who completed secondary (n=43, -0.90; CI: -1.67 to 0.12; P=0.025) or tertiary education (n=53, -0.68; 

CI: -1.36 to 0.00; P=0.049) but not significantly for those who left school early. 



116 
 

Grip strength improved in the intervention group compared to 

the control group (P < 0.001)

Mean grip strength (kg)

Women

18.7
17.7

Men

29.6
29.3

Women

19.3
20.3

Men

29.2

30.4

Control group (n=77)Intervention group (n=79)

Grip strength difference in means, adjusted for age, gender, site: 1.78 (CI: 0.84-2.71; P<0.001). Error bars show standard deviation

3 months

Baseline

 

Figure 4: Grip strength in groups by sex at baseline and three months 

An increase in bone mass in the exercise and protein intervention group compared to the control 

group was statistically significant (0.05; 95% CI: 0.00 to 0.09; P=0.040). There seemed to be 

increased muscle mass and lower body fat in the intervention group but these were not statistically 

significant. Biological age seemed to increase by three and a half months in the control group and 

reduce by seven and a half months in the intervention group at three-month follow-up, but the 

result was not statistically significant (Table 3).  

65 intervention participants (82.3%) reported good adherence at the one-month call (exercising at 

least once and on average 4.1 times per week) and 73 (92.4%) reported good adherence at three 

months, following the check in call (average 4.0 times per week). 

66.2% of participants found the intervention easy or very easy, and 69.0% reported feeling better. 

Chi-squared tests confirmed statistical differences in perceptions in both questions (P<0.001) (Figure 

5). 

No adverse events were recorded during the trial.  
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Very easy Somewhat 
easy

Participants found the intervention easy to do and improved general health 

(P < 0.001)

How participants responded to being asked how easy or hard they found the exercises on a five point scale

18 (25.4%)

14 (19.7%)

Somewhat 
hard

Very hardNeither easy 
nor hard

10 (14.1%)

0 (0.0%)

29 (40.8%)

Much better Slightly better

14 (19.7%)

22 (31.0%)

Slightly worse Much worseAbout the same

0 (0%) 0 (0.0%)

35 (49.3%)
How participants responded to being asked if they noticed a difference to their health as a results of the exercises

Chi-squared tests confirmed statistical differences in perceptions in both questions (p<0.001). Multiple binomial tests, controlled using the Bonferroni 

correction method, showed significant differences between ‘somewhat easy’ and ‘somewhat hard’ (P=0.034) as well as ‘very hard’ and every other category 

(P<0.001); and ‘much better’ and ‘slightly better’ (P=0.038) as well as between both ‘slightly worse’ and ‘much worse’ and very other category (P<0.001)

 

Figure 5: Participant ratings of ease of intervention and impact on general health 
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Table 2: Baseline characteristics for control and intervention groups       

 Control    Interventio
n 

   P 

 Mean (SD) Median 
(IQR) 

Number 
(%) 

n Mean (SD) Median 
(IQR) 

Number 
(%) 

n  

Age in years (SD) 76.5 (5.2) 77.0 (7.0)  77 77.6 (5.2) 77.0 (7.0)  79 0.218b 

Female sex (%)   51 (66.2) 77   54 (68.3) 79 0.777a 

Living with someone, 'yes' (%)   53 (69.7) 76   57 (72.1) 79 0.741a 

Smoking history, 'yes' (%)   18 (23.4) 77   30 (38.0) 79 0.048a 

Drinks alcohol , 'yes' (%)   47 (61.8) 76   47 (61.0) 77 0.919a 

Third level education, 'yes' (%)   25 (35.2) 71   28 (37.8) 74 0.927a 

Number co-morbidities 3.4 (1.7)   63 3.1 (2.1)   61 0.231c 

BMI (SD) 27.4 (5.2) 26.6 (6.8)  77 28.1 (5.3) 28.1 (6.9)  79 0.280c 

Frail (%)   13 (16.9) 77   14 (17.7) 79  

Pre-frail (%)   34 (44.2) 77   37 (46.8) 79 0.902a 

Non-frail (%)   30 (39.0) 77   28 (35.4) 79  

SHARE-FI (SD) 1.0 (1.3) 0.7 (1.8)  77 1.1 (1.4) 0.9 (2.0)  79 0.588c 

   Grip strength (kg) (SD) 22.3 (7.4) 21.0 (9.5)  77 22.4 (7.4) 22.0 (8.9)  79 0.803c 

   Exhaustion (0/1)   0.51 77   0.52 79 0.876a 

   Appetite loss (0/1)   0.12 77   0.15 79 0.522a 

   Slowness (0/1)   0.38 77   0.35 79 0.774a 

   Activity 1 (>1/week) (%)   55 (71.4) 77   44 (55.7) 79  

   Activity 2 (1/week) (%)   13 (16.9) 77   15 (19.0) 79 0.137a 

   Activity 3 (1-3/month) (%)   7 (9.1) 77   16 (20.3) 79  

   Activity 4 (hardly/ never) (%)   2 (2.6) 77   4 (5.0) 79  

CFS          

   CFS 1 (%)   0 (0.0) 77   1 (1.3) 79  

   CFS 2 (%)   12 (15.6) 77   6 (7.6) 79  

   CFS 3 (%)   28 (36.4) 77   30 (38.0) 79 0.359a 

   CFS 4 (%)   30 (38.9) 77   30 (38.0) 79  

   CFS 5 (%)   7 (9.1) 77   12 (15.1) 79  

Muscle mass (kg) (SD) 43.7 (10.6) 41.2 (17.1)  75 43.9 (8.9) 41.5 (12.5)  73 0.691c 

Bone mass (kg) (SD) 2.3 (0.5) 2.2 (0.9)  75 2.3 (0.4) 2.2 (0.7)  73 0.726c 

Body fat (SD) 37.1 (8.8) 34.9 (10.7)  75 38.2 (10.0) 38.0 (13.0)  73 0.427c 

Biological age (SD) 73.6 (11.7) 73.0 (21.0)  69 74.7 (11.9) 73.0 (21.0)  65 0.499c 

a Chi-squared test, b independent t-test, c Mann Whitney U         
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 Table 3: Frailty and other health indicators at three month follow-up               

  Control       Intervention       Adjusted intervention effect*   

  Mean (SD) Median (IQR) Number (%) n Mean (SD) Median (IQR) Number (%) n OR (95% CI)a or Reg coeff (95% CI)b P 

Frail (%)     14 (18.2) 77     5 (6.3) 79 0.23 (0.07 to 0.72) a1  0.011 

Pre-frail (%)     21 (27.3) 77     20 (25.3) 79          0.43 (0.22 to 0.84) a2  0.014 

Non-frail (%)     42 (54.5) 77     54 (68.3) 79 2.17 (1.07 to 4.39) a3 0.032 

SHARE-FI 0.85 (1.3) 0.46 (2.0)   77 0.23 (1.0) -0.10 (1.2)   79 -0.70 (-1.06 to -0.34)b <0.001 

   Grip strength (kg) 21.6 (7.7) 20.2 (9.6)   77 23.5 (7.7) 22.1 (7.8)   79 2.40 (0.74 to 4.04) b 0.005 

   Exhaustion (0/1)     0.42 77     0.32 79 0.58 (0.29 to 1.17) a 0.128 

   Appetite loss (0/1)     0.20 77     0.09 79 0.39 (0.15 to 1.02) a 0.054 

   Slowness (0/1)     0.30 77     0.18 79 0.35 (0.15 to 0.81) a 0.014 

   Activity 1 (>1/week) (%)     60 (78.9) 76     73 (92.4) 79     

   Activity 2 (1/week) (%)     12 (15.8) 76     4 (5.1) 79 0.23 (0.08 to 0.68) a 0.008 

   Activity 3 (1-3/month) (%)     4 (5.3) 76     2 (2.5) 79     

   Activity 4 (hardly/never) (%)     0 (0.0) 76     0 (0.0) 79     

Change in muscle mass (kg) 0.4 (2.7) 0.2 (1.8)   73 0.5 (2.0) 0.4 (1.3)   70 0.15 (-0.65 to 0.95) b 0.710 

Change in body fat (kg) 0.4 (2.7) 0.3 (3.5)   75 1.3 (8.0) 0.9 (1.3)   71 -0.73 (-2.66 to 1.20) b 0.457 

Change in bone mass (kg) 0.0 (0.1) 0.0 (0.1)   75 0.1 (0.2) 0.0 (0.1)   69 0.05 (0.00 to 0.09) b 0.040 

Change in biological age (yrs) 0.3 (4.1) 0.0 (1.0)   69 -0.6 (3.8) 0.0 (2.0)   62 -0.86 (-2.22 to 0.51) b 0.217 

Change in grip strength (kg) -0.8 (2.7) -0.8 (2.7)   77 1.0 (3.2) 1.1 (3.9)   79 1.78 (0.84 to 2.71) b <0.001 

* Adjusted for age, sex, site. Reg coeff = regression coefficient. 1 OR of being frail in the intervention group was 0.23 times that of control group. 2 OR for improvement of frailty 

status in any category in the intervention group was 0.43 times that of the control group. 3 OR of being non-frail in the intervention group was 2.17 times that of the control group 
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DISCUSSION 

Statement of principle findings 

We studied the effectiveness of an optimised, co-designed intervention of exercise and dietary 

protein education in a multicentre, randomised-controlled, parallel arm trial. Significant 

improvements in frailty status, frailty score, grip strength, activity level, slowness, and bone mass 

appeared to result from an intervention of exercises and dietary protein in a short period of three 

months. The number of participants with frailty in the intervention group decreased by two thirds 

and frailty was reversed in more than one in nine participants. 

Strengths and weaknesses of the study 

This study provides a feasible, effective intervention to reverse frailty and build resilience where 

evidence was previously lacking. Participants reported meaningful health benefits and described the 

intervention as easy and enjoyable to do. Our intervention was optimised by PPI and prior feasibility 

assessment to increase participation, adherence and impact. It is the first frailty and resilience study 

to measure impact on muscle mass, bone mass, body fat and biological age and use BIA technology. 

As an open label study, this trial risked introducing selection and participant bias. This limitation was 

mitigated by applying eligibility criteria to every consecutive patient that presented. Site-

investigators were also blinded to control/intervention until the participant had committed. A 

blinded investigator called participants to measure subjective SHARE-FI components. Pre-established 

analysis plans and an independent statistician further helped to reduce bias.  

This study was conducted during the global COVID-19 pandemic. Adherence to home-based 

exercises may have been higher as older people stayed home more, following public-health 

guidance. We were heartened to hear participants describing how this intervention improved mood 

and reduced anxiety during the pandemic.  

BIA accuracy is in line with other gold standard measurements such as DXA183. However, BIA 

limitations include reduced absolute accuracy for people with BMI >34184. There were 14 (9.0%) such 

participants in this study. In particular, high extracellular water may overestimate fat-free mass 

(muscle and bone) and underestimate fat mass in individuals with BMI greater than 34 kg/m2. 

Dehydration may cause fat-free mass to be underestimated185. This limitation of single 

measurements is mitigated as BIA remains acceptable for monitoring changes in body composition 

over time186.  
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Contamination among control group participants is a common challenge in non-blinded trials with 

interventions such as exercise or dietary guidance. Behaviour of control participants who are aware 

of the intervention may be affected. Applying cluster-randomisation in our trial could have reduced 

such contamination risk. In this approach, all participants at each of the six discrete practices would 

have been allocated to either an intervention or control group. 

However, a cluster-randomised approach would run contrary to a core assumption of randomised 

controlled trials, namely that participants are independent. Participants at each practice may share 

family, socio-economic and practice based relationships. This may result in similarity in how they 

respond to the intervention as a cluster, reducing statistical power and consequently increasing the 

required sample size. Blinding of the outcome assessment would also have been more challenging 

with cluster-randomisation. If one participant were to reveal which group they were in, it would be 

clear to the ‘blinded’ assessor which group other participants attending the same GP had been 

allocated to. 

An individual-randomised trial design was determined to be more appropriate than a cluster-

randomised trial because the intervention was designed to be delivered to individual participants 

and the outcomes of interest were at the level of individual participants. The risk of contamination in 

the individual-randomised approach described above was mitigated in the sample size calculation by 

allowing for some improvement in the control group due to contamination. Individual-randomised 

trial design was applied in comparable studies reviewed in our systematic review and meta-analysis. 

Comparison with other studies 

We built on a platform of forty-six diverse primary care frailty interventions assessed in our 

systematic review and meta-analysis and achieved greater efficacy with this optimized intervention. 

Twenty-three other studies involved physical exercise, though only six involved strength exercises as 

the central component. Seven studies involved protein supplementation. Only one study used 

strength exercises and protein (Seino 2017) 122, while one trialed mixed exercises, including strength, 

and nutritional assessment (Serra-Prat 2017)7. Serra-Prat’s intervention appeared most effective 

among other studies assessed. Findings were comparable to this study with 15.3% of older people in 

a control group progressing to frailty after one year, and 4.9% undertaking exercises progressing to 

frailty (OR 0.29). Our study demonstrated positive results in a shorter period of time. Other studies 

involved interventions such as health education, hormone supplementation, home visits and 

counselling. We could not identify PPI or prior feasibility assessment, such as that undertaken for our 

study, in other studies. Ours is the first primary care study to temper the often negative 
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connotations of frailty with the positive language of resilience in participant engagement. 

Effectiveness of other interventions was varied.  

Meaning of the study: possible explanations 

Our study outlines an effective and feasible intervention that GPs can offer older people to combat 

frailty and build resilience in the community.  

The intervention elements of exercise and dietary protein are simple, accessible and low cost. They 

directly target each of the key components of the frailty phenotype. High participation and 

adherence rates may partly reflect the importance that older adults place on avoiding frailty and 

building resilience, as well as the strength of the trust-based relationship between people and their 

GPs.  

Unanswered questions and future research 

Further research is warranted to assess long term intervention impact, adherence and full cost 

effectiveness. Improvement of frailty status in the intervention group is contrary to increasing frailty 

prevalence among older people during the pandemic42,43 and warrants similar trials in other settings 

where physical activity may be restricted, such as hospitals and long-term residential care facilities. 

Further research would be welcome on how to blend such interventions with increased social 

interaction, which has been shown to be an important factor in reducing the risk of frailty187,188.  
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What is already known 

• Frailty is associated with increased disability and mortality and prevalence and societal costs 

are growing. 

• Systematic reviews highlight a wide diversity of interventions of varied effectiveness and no 

standard approach, though emerging evidence suggests exercises and protein consumption 

may be the most effective. 

• Definitive evidence for person-centered interventions that help older people combat frailty 

and build resilience is lacking and intervention in primary care remains low. 

What this study adds 

• A feasible, primary care intervention of exercise, emphasising strength, and dietary protein 

improved frailty status, grip strength, activity level, slowness, and bone mass in community-

dwelling older adults, over a short period of three months. 

• Findings indicate that the number needed to treat to reverse frailty is less than one in nine. 

• This is the first trial of a frailty and resilience intervention that has also assessed muscle 

mass, bone mass, body fat and biological age and used bioimpedance analysis technology. 
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Supplementary figure 1: Dietary intervention leaflet 

Dietary protein guidance (front and back of A5 leaflet)
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Dietary protein guidance (middle pages of A5 leaflet)



DISCUSSION 

This collection of papers has both advanced and brought together for the first time several strands 

of frailty and resilience research: a comprehensive systematic-review and meta-analysis, 

involvement of older people in intervention co-design, pre-trial feasibility testing, and a randomized 

controlled trial using pragmatic screening tools, assessing broader health care indicators and 

applying the language of both frailty and resilience.  

The systematic review of frailty interventions in primary care examined 925 studies and analysed in 

detail 46, involving 15,690 participants. This review was the first to confirm that frailty can be 

delayed and reversed. Interventions with both muscle strength training and protein 

supplementation consistently placed highest for effectiveness and ease of implementation.  

A subsequent meta-analysis, which studied 31 studies with a total of 4,794 participants, quantified 

how interventions using predominantly resistance-based exercise and nutrition, emphasising 

protein, improved frailty status versus control (RR = 0.62 (CI 0.48–0.79), I2 = 0%). 

An intervention was then co-designed with 112 older adults through a PPI process that built on the 

strengths identified in the systematic review and meta-analysis while avoiding shortcomings. This 

PPI ensured that what was important to the end user was at the heart of the intervention, including 

content, format and communication model.   

A feasibility study was conducted to establish a robust platform for the definitive trial. It confirmed 

acceptability and practicality in a real-world GP setting, highlighted marginal and opportunity costs 

and established the statistically significant impact of a single check in call (P=0.031).  

The randomized control trial demonstrated how frailty could be reversed and resilience enhanced 

with a feasible, low-cost, primary care intervention in a short period of three months. Significant 

improvements in frailty status (P=0.011), frailty score (P=0.002), grip strength (P<0.001), activity 

level (P=0.008), slowness (P=0.014) and bone mass (P=0.040) appeared to result from the 

intervention of exercises and dietary protein. The number of frail participants in the intervention 

group decreased by two thirds and frailty was reversed in more than one in nine participants.  
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These papers make an original contribution to current knowledge in the following ways: 

1. Systematic review of the literature on primary care frailty interventions (BJGP, 2019). 

o This is the most comprehensive review of diverse primary care interventions. It is the first 

review to confirm the reversible nature of frailty. It is the first to assess both effectiveness 

and ease of implementation, illustrated in a novel matrix to help clinicians and patients 

make shared decisions on alternative care plans.  

 

2. Meta-analysis of primary care frailty interventions (PLOS One, 2020). 

o This provides the highest level of quantitative assessment of interventions to date. 

 

3. Public and patient involvement in co-designing a definitive intervention to reverse frailty and 

build resilience (Fam Pract, 2021). 

o Meaningful PPI appears to have been lacking in previous trials. This initiative involved 112 

contributors over twelve months and establishes a new scale of PPI in this research field and 

beyond. 

 

4. Feasibility study of a co-designed exercise intervention (The Lancet eClinicalMedicine, 2022). 

o Feasibility assessment appears unique among previously published trials. The assessment 

built on the findings of the systematic review, meta-analysis and PPI and helped to inform 

the design of the subsequent trial.  

 

5. Protocol for a definitive primary care intervention to reverse frailty and build resilience (HRB 

Open, 2021) 

o This comprehensive protocol not only set out the rationale and plan for measuring the 

effectiveness of the co-designed intervention, but also went beyond other frailty and 

resilience trials by including assessment of health indicators such as muscle mass, bone mass 

and biological age as well as the use of bioimpedance analysis technology. 

 

6. Randomised control trial of a primary care intervention to reverse frailty and build resilience 

among community dwelling older adults (pending, 2022) 

o This was the first frailty and resilience trial to build on a foundation of PPI and feasibility 

assessment; the first to assess muscle mass, bone mass and biological age or use 

bioimpedance technology; and the first to marry the language of resilience with frailty to 
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enhance participation, adherence and impact. Effectiveness demonstrated was higher than 

that shown in other trials in the systematic review and meta-analysis. 

Is resilience the opposite to frailty? 

This research focussed primarily on addressing frailty, with an acceptance that resilience is 

consequently improved due to the symmetry between the constructs at either end of a 

spectrum16,21, 189. However, there has been some debate on potential differences between frailty and 

resilience190. It has been suggested that while resilience follows a continuum throughout a lifespan 

and may be quantified at any time, frailty manifests in older age, and therefore only represents the 

extreme end of the resilience spectrum190. This argument not only reinforces the concept of a 

singular spectrum but also overlooks the fact that frailty is not age specific191, even if its prevalence 

increases with age. Another contention suggests that frailty and resilience may depend on different 

mechanisms that affect physiological reserve, which is the capacity of organisms to function beyond 

basal levels in response to changes in physiological demands189. If different mechanisms are at play, 

the argument follows, then different molecular targets may exist for pharmacological intervention. 

However, this line of thinking relies on emerging evidence not from human studies but from studies 

of hibernating animals, which appear to demonstrate rapid repair of DNA and proteins, when 

exposed to stressful conditions192, and is in its infancy. 

The medical study of frailty is also in its infancy and the coupling of resilience to frailty is 

consequently also a new construct that remains open to debate. Considering alternatives reinforces 

their match. The term ‘non-frail’ has been applied in some frailty screening tools193 and may be 

useful as academic terminology, though is immeasurable as a stand-alone concept and lacks power 

to resonate with patients or caregivers. ‘Robust’ was first proposed by Fried11 and may appear to be 

a reasonable counterbalance to the states of sarcopaenia and osteopaenia that are associated with 

frailty, yet lacks a clinical definition and specificity. ‘Fitness’ has been linked to frailty16,33 but its 

definition and connotations are too broad for accurate alignment of the terms.  ‘Intrinsic capacity’, 

as introduced by the World Health Organisation194, incorporates both the capacity and physiological 

reserve aspects of frailty and resilience, yet remains inaccessible terminology for patient 

interactions. Resilience remains the strongest of these terms to pair with frailty with respect to its 

clinical definition and ability to engage and inspire people. The semantic arguments fade in the light 

of the personal and societal benefits that can result from reversing frailty and building resilience.  
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Considerations for policy and some future research opportunities 

Support for primary care implementation: 

Support from policy makers in implementation of this intervention would help realise an opportunity 

to improve the quality and length of healthy life of older people. The strong evidence in this research 

may inform policy guidance on interventions especially in those countries where the requirement to 

screen for frailty has been added to primary care service contracts, such as England. Ireland has 

recently introduced supports for primary care screening and intervention for specific chronic 

diseases (namely, cardiovascular disease, chronic respiratory diseases and type 2 diabetes). This 

echoes the single system approach to healthcare. The Irish Health Service Executive might consider 

adding frailty to the chronic disease management (CDM) initiative to broaden its impact on holistic 

care. A research pilot study on implementation in one geographic area might serve as a test base for 

wider CDM roll-out.   

Cost effectiveness: 

Conservative calculation, considering incremental healthcare costs at the low end of €8,000-12,000 

per frail person per year24,25, estimated prevalence rates and 2021 population statistics, would 

suggest an additional annual cost due to frailty among those aged 65 and over of €1.2 billion in 

Ireland and £18.7 billion in the UK. The marginal healthcare cost of intervention of some €0.1 per 

person and the opportunity cost for the healthcare professional (i.e., 5 minute intervention, which 

displaces other activity rather than lengthens a consultation, and a 3-5 minute follow up) and a NNT 

of less than 9 tip the balance strongly in favour of intervention. A full cost effectiveness study is 

needed to quantify net benefits and support policy decisions. 

Expanding the Acute Frailty Network: 

Policy makers may wish to support expanding the model of care established by the Acute Frailty 

Network (AFN) in the UK while considering the potential benefit of incorporating findings from this 

research. The AFN helps to optimise acute care of frail older adults by supporting delivery of 

Comprehensive Geriatric Assessment in urgent care settings195. A key output from CGA is the 

development of an integrated care plan to meet medical, social and functional needs that have been 

identified196, the effectiveness of which has been highlighted in the meta-analysis included in the 

research145. Interventions from this research may form a useful part of wider CGA care plans. The 

collaborative improvement model applied by the AFN could be applied not only in acute hospital 
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settings, but also in community and primary care settings if support can be extended by the NHS in 

the UK, the HSE in Ireland and similarly internationally.  

Further research for more severe levels of frailty: 

A limitation of this research arises from setting eligibility criteria for participants in our feasibility 

study and RCT to a CFS score ≤5, which equates to ‘mildly frail’ or less. Notwithstanding, ‘mildly frail’ 

remains a key and populous frailty category. The literal CFS terminology is less severe than the 

reality, considering that ‘mildly’ frail includes people needing support with ‘shopping, walking 

outside alone, meal preparation and housework’. It is also notable that the RCT sample included 

many ‘frail’ people, when the more quantitative and validated SHARE-FI frailty criteria were applied, 

at levels comparable to population prevalence. The CFS descriptor for ‘moderately’ frail includes 

people who ‘need help with all outside activities…often have problems with stairs and need help 

with bathing and might need minimal assistance with dressing.’ This intervention, co-designed with 

older people, comprising 10-15 repetitions per minute and 30-45 minutes walking 3-4 times a week 

may not be appropriate for moderately or more frail. Moderately frail people could benefit from a 

similar programme addressed in a separate study with design and intervention that takes account of 

their differing needs. The number of people with ‘moderate’ or ‘severe’ frailty that present to 

primary care practices is low (less than 10% for our RCT). Non primary care settings, such as 

hospitals or long term care facilities, may be more suitable for further collaborative study on 

interventions for more severe frailty. Such collaboration could also identify ways to strengthen the 

interface between primary and secondary care, which itself may result in improved outcomes for 

older people, including lower hospital readmission rates197,198. 

Using technology: 

Technology can play a key role in improving involvement with and adherence to exercise and dietary 

interventions. An intervention application for smart phone or tablet with free-to-use content is 

under development and will be the subject of subsequent research. Features such as (user 

preference) daily check-ins, ‘buddy-system’ accountability, social peer group interaction and 

bespoke exercise regimes depending on frailty/ resilience level will be tested. Understanding how 

such technology can support long term participation will be assessed. Adapting the intervention to 

meet needs arising from co-existing conditions may also be explored.  
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Considering co-existing conditions such as type-2 diabetes: 

Consensus guidance on management of frailty with co-existing conditions has been published for 

selected conditions. For example, guidance for managing frailty and type-2 diabetes outlines how 

assessment of frailty should be routine in a diabetes review and therapeutic choices should be 

adapted appropriately, in particular for adults at risk of hypoglycaemia and consequent falls and 

fractures199. It also highlights how increased dependency due to frailty on healthcare professionals 

and supports, including hospital or care home admission, may lead to increased medication 

adherence, resulting in potential over treatment and a fall in glycated haemoglobin (HbA1c) levels. 

The reversible and dynamic nature of frailty described in this thesis further underlines the need for 

constant review of frailty status with a co-existing condition such as type-2 diabetes. Future research 

might examine how improvement in frailty status due to appropriate intervention affects glycaemic 

control, HbA1c levels and therapeutic needs. 

Frailty and sarcopenic obesity: 

Sarcopenia and frailty are closely related. In some cases, an older person might lose muscle mass but 

gain fat mass and retain or increase overall weight, resulting in sarcopenic obesity200,201. Contributory 

factors are thought to include excess energy consumption, low physical activity, inflammatory 

conditions, insulin resistance and changes in hormonal homeostasis200. Obesity combined with 

sarcopenia or dynapenia (reduced muscle strength) is associated with poorer health outcomes 

similar to frailty such as risk of falls, loss of independence, disability and mortality202,203. 

Analysis of the RCT data showed inverse correlations between BMI and muscle mass, muscle quality 

and grip strength and a positive correlation between BMI and frailty score for those participants with 

BMI over 29.9 at enrollment (n=52). In other words, it appeared that muscle mass, muscle quality 

and strength all reduced and frailty was worse, the more obese the participant was. These 

correlations were not apparent in the overall sample of participants at enrollment (n=176) and the 

correlations between BMI and muscle mass, grip strength and overall frailty were reversed for those 

with a healthy weight (BMI: 18.5-24.9, n=59). It was also interesting to note an inverse correlation 

between BMI and muscle quality in every weight category, suggesting increased ‘marbling’ of muscle 

with fat content with any increase in BMI. These insights invite additional research with novel use of 

BIA technology to determine if obesity and sarcopenia each play a synergistic role in worsening 

health outcomes and furthermore, how interventions that are effective in reversing frailty might also 

affect sarcopenic obesity.  
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Dissemination 

Our results may encourage mainstream adoption of feasible primary care interventions to reverse 

frailty and build resilience in the community. Development of healthcare policy and its 

implementation to make this a reality require many groups to work together, including elected and 

public service health officials, healthcare professionals, communities, families and individuals. 

Effective dissemination of these findings will increase awareness among these groups and ultimately 

help improve intervention uptake.  

The Health Research Board (HRB) Primary Care Clinical Trials Network Ireland has agreed to help 

disseminate the research in the primary care community and the Health Service Executive in Ireland. 

Working with non-profit agencies such as Age Action, the Men’s Sheds Association and MyMind.org, 

where links have been established during this research, can help disseminate this knowledge among 

communities and individuals. There appears to be an appetite in the general media for this topic. On 

the initiative of the BJGP, the findings of the systematic review were reported as front page 

broadsheet news in Ireland and the UK, newspaper articles in multiple languages throughout 

Europe, international television and radio commentary, and online news reports across Europe, the 

US and Australia. The focus of media attention appeared to be on the ‘novel’ idea that frailty could 

be reversed and how the research challenged conceptions of weight bearing exercises for older 

people. Appropriate dissemination of this research through the media may also provide a means to 

advocate for improved health outcomes. 

Implementation 

The findings of this research provide an opportunity to offer feasible interventions to delay or 

reverse frailty and enhance resilience in older people. However, they will have no effect without 

meaningful implementation.  

The primary step in effecting meaningful implementation across an institution or organisation is to 

establish a sense of urgency in addressing the challenge presented204. The second is to demonstrate 

a feasible approach to addressing that challenge that also provides healthcare value205. This research 

provides a strong evidence base that can support each of these steps. 

Urgency is underlined by high frailty prevalence in rapidly aging societies and its profound impact on 

mortality and healthcare costs outlined in the introduction and separate papers. A feasible and 

effective approach to reversing frailty has been demonstrated in the definitive randomised 

controlled trial.  
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The principal investigator will now engage with key stakeholders in the Health Service Executive, 

Department of Health and Colleges of General Practice to further communicate the challenge of 

frailty, the opportunity to build resilience and agree an implementation plan.  

Proposals to facilitate implementation include adding frailty screening and intervention to the 

existing primary care 'Chronic Disease Management (CDM)' system206. The CDM system has been 

well established in recent years, has strong 'buy-in' from GPs, and avoids the need to establish a new 

system of implementation, bypassing barriers that often accompany novel organisational change. 

The CDM approach is also well suited to frailty screening and intervention as it has been tailored for 

older people with chronic conditions, and provides sufficient expanded consultations (45 minutes for 

nurse and GP involvement) to conduct an in-depth consultation. Expanding the name to 'Chronic 

Disease and Syndrome Management' (CDSM) will also be proposed. 

It is proposed that GPs apply the Clinical Frailty Scale (CFS) to frailty screening. GPs may intervene 

routinely with those up to and including CFS 5 (mildly frail) and intervene as appropriate for CFS 6 

(moderately frail), using the map of interventions derived in our systematic review analysis. The 

exercise regime and protein dietary guidance as outlined in our RCT may be offered unless contra-

indicated. GPs may refer those with CFS 6 and above (moderately and severely frail) to secondary 

care for CGA.  

A smart phone application, incorporating the findings of this research, is under development and 

may be offered. It will include exercise and dietary information, voluntary peer to peer 

accountability options, follow-along exercise videos and tracking tools for physical performance such 

as 'timed up and go' and 'sit to stand' exercises to provide personalised feedback and motivation. 

CONCLUSION 

Frailty is a reversible syndrome, contrary to common belief, and resilience can be enhanced. Simple, 

accessible and minimal cost interventions can be successful in reversing a global syndrome that 

affects among the most vulnerable people in society, increases mortality and places a growing 

pressure on national healthcare costs and resources. Primary care givers have a unique opportunity 

to improve the length and quality of life of older people, while fulfilling the biopsychosocial 

aspirations of healthcare. 
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Makizako H, 

Shimada H, et al

Geriatr Gerontol 

Int. 2017 Jun 18.

Prospective 

longitudinal 

cohort study Fried

90 min walking exercise ('usual' or 'robotic') bi-weekly for 

12 weeks and then weekly for 24 weeks. Increasing 

intensity, to 60% of max heart rate at 5 weeks. Total of 9 

months. 3 x 90 min health education classes over period. 514

Disability (incidence of certification of need for 

care according to Japanese long term care 

insurance (LTCI)). Co-variates: cognitive 

function; grip strength, walking speed; serum 

albumin, brain derived neurotrophic factor

Disability incidence of participants (11.3%); non-

participants (19.8%) P=0.007. No difference for grip 

strength or walking speed

Impact of a Community-Based Frailty 

Intervention Among Middle-Aged and 

Older Prefrail  and Frail  Homeless 

Women: A Pilot Randomized Controlled 

Trial.

Salem BE, Ma-

Pham J, et al

Community Ment 

Health J. 2017 May 

24. Pilot RCT SHARE-FI and Tilburg FI

Frailty Intervention (FI) vs. Health promotion (HP): FI 

consisted of 6 x 60min health education classes focussing 

on physical, psychological and social frailty topics and 

20min nurse case management. HP consisted of 6x60min 

group education sessions led by a community health 

worker, focussing on community resources, safety, htn, 32 15 items from Tilburg frailty index

No significant difference between FI and HP groups. HP has 

'medium to large effect sizes'

Self-Management Group Exercise 

Extends Healthy Life Expectancy in Frail  

Community-Dwelling Older Adults.

Yamada M, Arai 

H.

Int J Environ Res 

Public Health. 2017 

May 15;14(5). pii: 

E531

Analysis of cohort 

data from a 

prospective study Kihon checklist

60 min group exercise sessions once or twice every two 

weeks from Dec 2012 to Dec 2016. Standard format: 10min 

light aerobic, 20mild strength, 20min flexibil ity and 

balance, 10min cool down 3,240

Disability (incidence of certification of need for 

care according to Japanese long term care 

insurance (LTCI))

No difference at 2 years (9.6% of both participant and 

control groups were newly certified for LTCI, HR 1.01 95% 

CI = 0.81-1.26). At 4 years difference was 15.2% vs. 20.6%, 

HR 0.73 (95% CI = 0.62-0.86)

Acupressure for frail  older people in 

community dwellings-a randomised 

controlled trial.

Chan CWC, Chau 

PH, et al

Age Ageing. 2017 

May 2:1-8.

RCT with waiting 

l ist control Tilburg FI

15mins acupuncture 4 times a week for 12 weeks. Control 

group received same treatment after 12 weeks. 79

QOL (measured by WHOQOL-BREF); psycho-

social wellbeing (15 item geriatric depression 

scale); Sleep quality (Pittsburg sleep quality 

index); pain (0-10)

Significant differences between treatment and control 

groups in WHOQOL-BREF P=0.001; Sleep quality P<0.001; 

pain intensity P=0.006; depression P=0.002

Effects of a multifactorial intervention 

comprising resistance exercise, 

nutritional and psychosocial programs 

on frailty and functional health in 

community-dwelling older adults: A 

randomized, controlled, cross-over trial.

Seino S, Nishi M, 

et al

Geriatr Gerontol 

Int. 2017 Apr 10.

RC cross over trial 

with Hatoyama 

cohort study

Check list-15, validated by 

Fried's criteria

100min twice weekly resistance exercise (60min, 

increasing intensity), rest (10min), nutritional (dietary 

variety and protein) or psychosocial teaching (30min 

biweekly) 77

Check list-15 and Fried's criteria; physical, 

psychosocial and nutritional intake

Significant reduction in check list-15 score (-0.36 points, 

95% CI -0.74 to -0.03), frailty prevalence (-23.5% , 95% CI -

40.4 to -6.7), timed get up and go (-0.25s), ger dep score (-

0.92 points), dietary variety (0.65), protein intake (1.9%). 

Change in frailty status RR: 0.47 (95% CI 0.18, 0.22) 5/38 vs 

11/39

Effects on leisure activities and social 

participation of a case management 

intervention for frail  older people l iving 

at home: a randomised controlled trial.

Granbom M, 

Kristensson J, et 

al

Health Soc Care 

Community. 2017 

Jul;25(4):1416-

1429. RCT  

Woodhouse et al (over 65, 

dependent on two or more 

ADLs, admitted to hosp or 

regular primary care in 

last yr)

Monthly hour-long home visits by nurses (case 

management, info giving, safety) 153 Social participation; leisure activities

No difference in social participation. Intervention group 

performed more leisure activities (incl physical) P=0.034

Effectiveness of an intervention to 

prevent frailty in pre-frail  community-

dwelling older people consulting in 

primary care: a randomised controlled 

trial.

Serra-Prat M, 

Sist X, et al

Age Aging, 46 (3), 

401-407. 2017 

May 01 RCT Fried

Nutritional assessment; physical activity programme 

(aerobic: 30-45 mins outdoor walking x4/week, mixed 

strengthening, balance and coordination: 20-25 min 

exercises x4/week) 172

Fried's criteria; secondary: functional capacity 

(Barthel index and timed up and go), falls, 

nutritional status (short form mini nutritional 

assessment), self reported QOL

4.9% of intervention group (IG) and 15.3% of control had 

evolved to frailty, OR 0.29, adjusted OR 0.19; IG higher 

outdoors walking per day (0.97 vs. 0.73 P = 0.019) but no 

difference in muscle strength, gait speed or other 

functional indicators. Change in frailty status RR: 0.32 

(95% CI 0.09, 1.10) 3/61 vs 11/72

Integrated care for geriatric frailty and 

sarcopenia: a randomized control trial.

Chan DD, Tsou 

HH, et al

J Cachexia 

Sarcopenia Muscle. 

2017 Feb;8(1):78-

88. RCT Fried

Low level care (LLC) group received 2hour education 

course on frailty, sarcopaenia, coping, nutrition and 

exercise. High level care (HLC) group also received 6 

psychotherapy sessions and 48 exercise sessions (15min 

warm-up, 10min walk, 20-30min resistance - water bottle 

and rubber band, 10min balance) in 6 months. 289 Fried's criteria

35% of entire group had improvement in frailty status at 3 

months, 40% at 6m and 39% at 12m. Cohort improved 

walking speed (28-31%) with l ittle diff between LLC and 

HLC; HLC greater improvement in grip strength (14% vs. 

24%), energy of walking, walking speed, timed up and go, 

one leg stand time at 6 and 12 month assessments

Can an Intervention with Testosterone 

and Nutritional Supplement Improve the 

Frailty Level of Under-Nourished Older 

People?

Theou O, 

Chapman I, et al

J Frailty Aging. 

2016;5(4):247-252. RCT

FI-lab, FI-self-report, FI-

combined

Oral testosterone undecanoate and high calorie 

supplement (2108-2416 kJ/day) in intervention group vs. 

placebo and low calorie supplement (142-191 kJ/day) in 

non-intervention group 53 Frailty as per: FI-lab, FI-self-report, FI-combined

No significant differences in changes in frailty scores at 

either 6 or 12 months between two treatment groups. 

However, intervention group 4.8 times more likely to 

improve FI-combined score and 6 and 12 months

Differences in the effect of exercise 

interventions between prefrail  older 

adults and older adults without frailty: 

A pilot study.

Takano E, 

Teranishi T, et al

Geriatr Gerontol 

Int. 2016 Aug 21. Cohort

National Centre for 

Geriatrics and 

Gerontology in Japan 

modified Fried criteria

90 min education classes with physical therapist, OT, 2 

nurses and a doctor twice a month x 4months (on 'training 

methods, falls, healthcare'). Exercises were daily 

'locomotion' including one leg stands, squats, calf raises, 

front lunges x 4months 41

Timed get up and go; grip strength; one leg 

balance; knee extension strength, fall  risk index

Significant differences  (P<0.01) for timed get up and go; 

one leg balance; knee extension strength. 4 pre-frail  

patients returned to robust after intervention
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Cognitive-behavioural therapy-based 

intervention to reduce fear of fall ing in 

older people: therapy development and 

randomised controlled trial - the 

Strategies for Increasing Independence, 

Confidence and Energy (STRIDE) study.

Parry SW, 

Bamford C, et al

Health Technol 

Assess. 2016 

Jul;20(56):1-206. RCT

Falls Efficacy Scale 

International (FES-I) score 

> 23

Cognitive behavioural therapy delivered by health care 

assistant for 8 weeks with a 6 month booster session vs. 

usual care 415

Primary: fear of fall ing (FES-I) at 12 months; 

Secondary: falls, injuries, anxiety/ depression, 

qol, social participation, loneliness, physical 

function.

Significant reduction in FES-I score by 4.02 (95% CI 2.1 to 

5.95); depression score (HADS) fell  by -1 (95% CI -1.6 to -

0.3); no differences in other secondary outcome measures

Effectiveness of a Proactive Primary 

Care Program on Preserving Daily 

Functioning of Older People: A Cluster 

Randomized Controlled Trial.

Bleijenberg N, 

Drubbel I, et al

J Am Geriatr Soc. 

2016 

Sep;64(9):1779-88. RCT

Cumulative deficit model 

(>20%=frail); 

polypharmacy (>5 meds)

Three arms: 1) frailty screening followed by routine GP 

care, 2) frailty screening followed by nurse led care 

(further screening with Groningen frailty indicator, self 

assessment, CGA, then personalized nursing care plans), 

3) Control - GP care as usual 3,092

Primary: daily functioning using Katz-15 (6 ADLs, 

8 IADLs,1 mobility item). Secondary: QOL, 

primary care consultations, hospital 

admissions, emergency department visits, NH 

admissions, mortality

Screening intervention in primary care followed by 

personalised nurse led care had less decline in daily 

functioning but did not have a clear or convincing effect. 

Mean Katz-15: screening arm 1.87 (95% CI 1.77-1.97), 

screening and nurse led care arm 1.88 (95% CI 1.80-1.96), 

control group 2.03 (95% CI 1.92-2.13; P=0.03). No 

differences in QOL

Effects of a Home-Based and Volunteer-

Administered Physical Training, 

Nutritional, and Social Support Program 

on Malnutrition and Frailty in Older 

Persons: A Randomized Controlled Trial.

Luger E, Dorner 

TE, et al

J Am Med Dir 

Assoc. 2016 Jul 

1;17(7):671.e9-

671.e16. Cluster RCT

SHARE-FI, mini nutritional 

assessment short form 

(MNA-SF)

Physical training at home (6 strengthening exercises and 

circuit training for 1 hour twice weekly for 12 weeks) and 

nutritional (discussion) intervention group (PTN) Vs. 

social support group (social contact and cognitive 

training) (SoSu) 80

SHARE-FI, Mini nutritional assessment long form 

(MNA-LF)

Significant improvement in MNA-LF (1.54 points (95% CI 

0.51-2.56, P=0.004)) and SHARE-FI score (-0.71 95% CI -1.07 

to -.35, P<0.001) in PTN group. Prevalence of nutritional 

impairment decreased by 25% in PTN and 23% in SoSu 

groups. Prevalence of frailty decreased by 17% in PTN and 

16% in SoSu groups. 

The effects of a l ife goal-setting 

technique in a preventive care program 

for frail  community-dwelling older 

people: a cluster nonrandomized 

controlled trial.

Yuri Y, 

Takabatake S, et 

al

BMC Geriatr. 2016 

May 12;16:101. Cluster non-RCT Kihon checklist

All  received 120 min preventive care exercise classes each 

week for 3 months as well as oral care and nutrition 

education. Intervention group received OT and PHN life 

goal setting support 143

Primary: Kihon checklist for frailty, QOL. 

Secondary: physical function and assessment of 

l ife goals.

Significant difference in Kihon checklist between groups at 

3 months (P=0.043) and 6 months (p=0.015) but not at 9 

months (p=0.098). QOL improved at 3 months for 

intervention group and at no time for control group

An individualized exercise programme 

with and without behavioural change 

enhancement strategies for managing 

fatigue among frail  older people: a 

quasi-experimental pilot study.

Liu JY, Lai CK, et 

al

Clin Rehabil. 2017 

Apr;31(4):521-531.

Three armed, 

single blinded, 

quasi 

experimental pilot 

study Fried

16 weeks of 1) combined exercise training and 

behavioural enhancement programme, 2) exercise training 

and health talks, 3) health talks (control group) 79

Feasibil ity, fatigue, physical endurance, self-

efficacy, self-perceived compliance

No significant differences among all  outcomes. Some 

improvement in physical endurance in the combined group

Public health approach to preventing 

frailty in the community and its effect on 

healthy aging in Japan.

Shinkai S, 

Yoshida H, et al

Geriatr Gerontol 

Int. 2016 Mar;16 

Suppl 1:87-97. Cohort study

Checklist 15, based on the 

Kaigo-Yobo checklist

1) Community forum; 2) promotion of physical activity, 

nutrition and social participation; 3) annual health check 

up with CGA if secondary prevention; 4) long term care 

prevention programmes (physical, nutritional, social) for 

those identified as frail 686

Mobility, instrumental ADLs, intellectual 

activity, social role, healthy l ife expectancy, 

nutritional markers (serum albumin and Hb), 

walking speed, grip strength, GDS, MMSE

Functional health increased for men and women (e.g., 

walking speed, grip strength, one leg stance, GDS, MMSE all  

improved with significance in women P<0.001, walking 

speed, one-leg stance, grip strength improved sig in men, 

GDS, MMSE not sig. Life space mobility increased 80.8% to 

86.9% in men and 63.7% to 74.3% in women), healthy l ife 

expectancy increase 0.5 years for men and 1.2 years for 

women

A Multicomponent Exercise Intervention 

that Reverses Frailty and Improves 

Cognition, Emotion, and Social 

Networking in the Community-Dwelling 

Frail  Elderly: A Randomized Clinical 

Trial.

Tarazona-

Santabalbina FJ, 

Gómez-Cabrera 

MC, et al

J Am Med Dir 

Assoc. 2016 May 

1;17(5):426-33. RCT Fried

Trained group: proprioception (10-15min), aerobic (40-

>65% max HR), strength (elastic bands), stretching 

exercises for 65 mins, 5 days per week, 24 weeks (4 

physios and 4 nurses) Vs. Control group. Protein-calorie 

and vit D supplementation in both groups. 100

Frailty (Fried), Barthel, Lawton and Brody, 

Tinetti, SPPB, physical perf test, MMSE, GDS, 

QOL, Duke soc support, visits to primary care

Frailty (Fried) number needed to treat to recover 

robustness is 3.2, OR 4.4, 31.4% retruned to robustness. 

Barthel (trained group 91.6 vs. 82 control), Lawton and 

Brody (6.9 vs. 5.7), Tinetti (24.5 vs. 21.7), SPPB (9.5 vs. 7.1), 

physical perf test (23.5 vs. 16.5), MMSE (28.9 vs. 25.9), GDS 

(2.3 vs. 3.2), EuroQOL (8.2 vs. 7.6), Duke soc support (48.5 

vs. 41.2), visits to primary care (1.3 vs. 2.4). Change in 

frailty status RR: 0.69 (95% CI 0.57, 0.83) 35/51 vs 49/49

The effects of a pro-active integrated 

care intervention for frail  community-

dwelling older people: a quasi-

experimental study with the GP-practice 

as single entry point.

Looman WM, 

Fabbricotti IN, et 

al

BMC Geriatr. 2016 

Feb 15;16:43.

Quasi 

experimental 

controlled trial. 2 

group 

comparative 

analysis

Groningen frailty 

indicator

Walcheren Integrated care model. Nurse visit and 

assessment of care needs using EASYcare model, agreed by 

GP, delivered by GP nurse practitioner 377

Health experience, mental health, social 

functioning (RAND-36 questionnaire). Functional 

ability (Katz-15 instrument for ADLs). QOL (RAND-

36, EQ-5D, ICECAP)

Positive effect on love and friendship, moderately positive 

on qol. No significant differences found on health 

outcomes (experienced health, mental health, social 

functioning and functional abilities)

Long-Term Evaluation of the Ambulatory 

Geriatric Assessment: A Frailty 

Intervention Trial (AGe-FIT): Clinical 

Outcomes and Total Costs After 36 

Months.

Ekdahl AW, 

Alwin J, et al

J Am Med Dir 

Assoc. 2016 Mar 

1;17(3):263-8. RCT

Had received hosp care 3 

or more times in prev 12 

months, 3 or more 

concomitant diagnoses.

CGA based care for 25 to 31 months with follow up home 

visits, patient attendance at geriatric ambulatory unit and 

telephone calls Vs. care as usual 382

mortality, transfer to NH, days in hospital, total 

costs after 36 months

IG group lived 69 days longer; 27.9% of IG and 38.5% of CG 

died; inpatient days in IG 15.1, CG 21; costs did not differ 

significantly ($71,905 IG vs. $65,626 CG)
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Improving Health Related Quality of Life 

and Independence in Community 

Dwelling Frail  Older Adults through a 

Client-Centred and Activity-Oriented 

Program. A Pragmatic Randomized 

Controlled Trial.

De Vriendt P, 

Peersman W, et 

al

J Nutr Health Aging. 

2016 Jan;20(1):35-

40. RCT

BEL-profile scale (one or 

more functional ADL 

problem)

CGA, therapy plan (function training - cognitive and sensi-

motor; education of primary care giver; advice on 

assistive devices), delivered by OT, reported to GP, over 8-

10 weeks 168

Primary: b-ADL evaluated with WHO 

questionnaire; Secondary: QOL; physical 

function; physical role functioning; bodily pain; 

mental health; vitality

Improvement in b-ADL index (p=0.013), pain (p=0.049). 

Improvement in all  other measures, except mental health

Health Promotion Can Postpone Frailty: 

Results from the RCT Elderly Persons in 

the Risk Zone.

Behm L, Eklund 

K, et al

Public Health Nurs. 

2016 Jul;33(4):303-

15. RCT

8 frailty indicators 

(weakness, fatigue, weight 

loss, low physical activity, 

poor balance, gait speed, 

visual impairment and 

cognition) and the Mob-T 

scale (tiredness in daily 

activities) 

Intervention group 1: A weekly 2 hour meeting over four 

weeks ("senior meeting" giving information about the 

aging process, consequences, and providing tools and 

strategies for solving problems that arise in the home). 

Intervention group 2: A single preventive home visit (PHV) 

by one of OT, physio, social worker or nurse. Group 3: 

control 459 8 frailty indicators (as before) and Mob-T scale

Neither intervention group differed significantly from 

control wrt deterioration in the number of frailty 

indicators at 1 and 2 year follow ups. Frailty measured as 

tiredness in daily activities was significantly lower for 

intervention groups vs control at 1 year, OR 0.47 (95% CI: 

0.27 to 0.81) for PHV and OR 0.55 (95% CI: 0.40 to 1.07) for 

senior meetings. No difference at 2 years.

Nutritional, Physical, Cognitive, and 

Combination Interventions and Frailty 

Reversal Among Older Adults: A 

Randomized Controlled Trial.

Ng TP, Feng L, et 

al

Am J Med. 2015 

Nov;128(11):1225-

1236.e1. RCT Fried

1) Physical intervention: 90 mins exercise class (strength/ 

resistance and balance) twice a week for 12 weeks, 

followed by exercises for 12 weeks at home. 2) Nutritional 

intervention: 24 weeks of daily Fortisip multi fibre 

formula and iron, folate, vitamin B6, B12, D supplements. 

3) Cognitive intervention: 12 weeks of weekly 2 hour 

session (short term memory, attention and info 

processing, reasoning, problem solving), followed by 12 

weeks of fortnightly 2 hour booster sessions. 4) 

Combination intervention: all  3 of aforementioned. 5) 

Control group: care as usual and placebo supplement 246

Primary: frailty score, BMI, knee extension 

strength, gait speed, energy/ vitality, physical 

activity levels. Secondary: ADLs, hospitalisation, 

falls

Frailty score over 12 months were reduced in all  groups, 

including control (15%), but significantly higher in the 

intervention groups (35.6% to 47.8%): nutritional (OR 

2.98), cognition (OR 2.89), physical (OR 4.05), combination 

(5.0) intervention groups. Improvement in physical frailty 

domains: knee strength (physical, cognitive, combination), 

physical activity (nutrition), gait speed (physical), energy 

(combination). No major differences in in secondary 

outcomes. Change in frailty status RR: 0.71 (95% CI 0.54, 

0.93) 27/45 vs 29/46; Change in frailty status RR: 0.62 

(95% CI 0.45, 0.83) 24/46 vs 39/46

Effects of exercise and milk fat globule 

membrane (MFGM) supplementation on 

body composition, physical function, 

and hematological parameters in 

community-dwelling frail  Japanese 

women: a randomized double blind, 

placebo-controlled, follow-up trial.

Kim H, Suzuki T, 

et al

PLoS One. 2015 Feb 

6;10(2):e0116256. RCT Fried

1)  exercise (60 min training twice weekly x three months: 

5mins warm up, 30min strength with resistance bands, 

20min gait and balance, 5min warm down) and MFGM 

(pills of milk derived protein and lipids) supplementation, 

2) exercise and placebo, 3) MFGM, 4) placebo 131

Primary: Change in frailty status (Fried). 

Secondary: body composition, physical function, 

haematological parameters, l ifestyle factors

Significant groupxtime interactions for walking speed 

(p=0.005), timed up and go (P<0.001). Weight loss, 

exhaustion, low physical activity, slow walking speed all  

reversed but low muscle strength did not change. Reversal 

rate ex+MFGM (57.6%), MFGM (28.1%), placebo (30.3%) at 

end of intervention and ex+MFGM (45.5%), ex+placebo 

(39.4%) at 4 month follow up. Change in frailty status RR: 

0.71 (95% CI 0.52, 0.97) 20/33 vs 28/33. Change in frailty 

status RR: 0.64 (95% CI 0.46, 0.91) 18/33 vs 28/33

A physical activity intervention to treat 

the frailty syndrome in older persons-

results from the LIFE-P study.

Cesari M, Vellas 

B, et al

J Gerontol A Biol 

Sci Med Sci. 2015 

Feb;70(2):216-22.

Analysis of data 

from a RCT Fried

1) physical activity (40-60mins three times weekly, 

50mins walking and 10mins strengthening eg ankle 

weights, intensity increased on Borg scale) Vs. 2) aging 

education group 424 Frailty prevalence

Significant difference in frailty prevalence between groups 

(10.0% in PA group Vs. 19.1% in education group). OR was 

2.12 (95% CI 1.17 to 3.84). Sedentary behaviour/ low 

physical activity was the Fried criterion most affected. 

Change in frailty status RR: 0.51 (95% CI 0.31, 0.83) 21/213 

vs 41/211

The Home-based Older People's Exercise 

(HOPE) trial: a pilot randomised 

controlled trial of a home-based 

exercise intervention for older people 

with frailty.

Clegg A, Barber 

S, et al

Age Ageing. 2014 

Sep;43(5):687-95. RCT

Mobility as per timed get 

up and go test (TUGT)

12 weeks x exercise repititions 3 times a day, 5 days a 

week (strengthening for basic mobility, e.g., getting out of 

bed, standing from a chair, walking a short distance), 

facil itated by a physio in 5 home visits (1:1) and 7 phone 

calls 84

Primary: mobility - timed up and go test. 

Secondary: ADLs, health related QOL, depression

Non-significant improvement in intervention for TUGT 

(28.6s, 95% CI -8.5, 65.9s). No differences in secondary 

outcomes

Effects of comprehensive geriatric 

assessment-based individually targeted 

interventions on mobility of pre-frail  

and frail  community-dwelling older 

people.

Tikkanen P, 

Lönnroos E, et al

Geriatr Gerontol 

Int. 2015 

Jan;15(1):80-8.

Sub group 

analysis of a 

population based 

comparative 

study Fried

CGA with 2 nurses and 2 doctors, followed by nutritional 

support, oral hygiene, physical activity counselling from 

physio. 605 Mobility: ability to walk 400m

Intervention prevented loss of ability to walk 400m (OR 

0.74, 95% CI 0.59, 0.93, P=0.01)

Effectiveness of interdisciplinary 

primary care approach to reduce 

disability in community dwelling frail  

older people: cluster randomised 

controlled trial.

Metzelthin SF, 

van Rossum E, et 

al

BMJ. 2013 Sep 

10;347:f5264. RCT

Groningen frailty 

indicator

Intervention group: Prevention of Care approach: frailty 

screening -> assessment by practice nurse during home 

visit-> treatment plan agreed with GP and other mdt if 

needed -> toolbox for meaningful activities/ social 

activities/ physical activity -> evaluation. Vs. Control 

group: care as usual 346

Primary: disabilty as per Groningen Activity 

Restriction Scale. Secondary: depressive 

symptoms, social support interactions, fear of 

fall ing, social participation

No significant differences between groups in primary or 

secondary outcomes
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Positive Effects on Life Satisfaction 

Following Health-Promoting 

Interventions for Frail  Older Adults: A 

Randomized Controlled Study.

Wilhelmson K, 

Eklund K.

Health Psychol Res. 

2013 Mar 

22;1(1):e12. RCT

1) four, weekly, multi professional senior group meetings 

(discussing aging and consequences, encouraging an 

active l ifestyle) and a follow up home visit (by nurse, 

physio, OT or SW describing available municipal supports 

and assessing falls risks), 2) one preventive home visit, 3) 

control Life satisfaction as per LiSat-11 (8 questions)

Life satisfaction decreased in all  groups but at a lesser 

rate in the intervention groups. Odds of stil l  being 

satisfied doubled in the intervention groups vs control at 1 

and 2 years follow up. No significant difference between 

intervention groups.

Effect of a multifactorial 

interdisciplinary intervention on 

mobility-related disability in frail  older 

people: randomised controlled trial.

Fairhall  N, 

Sherrington C, et 

al

BMC Med. 2012 Oct 

15;10:120. RCT Fried

Tailored intervention depending on frailty phenotype. 

Delivery by 2 physios/ dietician/ geriatrician/ rehab 

physician/ nurse primarily in patient's home but also 

outpatient clinic. Included 45-60 min physio sessions x 5 

in first three months and x5 in next nine months. 241

Disability  (using the International 

Classification of Functioning, Disability and 

Health framework). Participation in l ife 

situations (using Life Space Assessment and 

Goal Attainment score). Activity in mobility 

tasks (using 4-metre walk and self reporting 

measures)

Intervention group scored higher on Goal Attainment (OR 

2.1, 95% CI 1.3, 3.3, P-0.004) and Life space assessment 

(4.68 points, 95% CI 1.4, 9.9, P=0.005), and walked 0.05 

m/s faster over 4 metres (95% CI 0.0004, 0.1, P=0.048)

A pilot randomized controlled trial to 

improve geriatric frailty.

Chan DC, Tsou 

HH, et al

BMC Geriatr. 2012 

Sep 25;12:58. RCT

Chinese Canadian study of 

health and aging clinical 

frailty scale telephone 

version; and Fried

All received an educational booklet on frailty, diet, 

exercise, self-coping. 1) Exercise and nutrition (EN) 1 hour 

session three times weekly for three months (15 min warm 

up, 10 min brisk walk, 20-30 min resistance training with 

bands and water bottles for major muscle groups UL and 

LL 15 repetitions, 10 mins postural and balance, 5 min 

warm down), 2) problem solving therapy (PST) 6 sessions 

over 3 months 117

Primary: improvement on CHS-PCF by one 

category (e.g., frail  to pre-frail  or robust, pre-

frail  to robust)

EN frailty improvement rate higher than non EN (45% vs 

27%, P=0.008) at 3 months but not 6 or 12. Also higher vit 

D (4.9 vs 1.2, p=0.006) and lower % osteopenia (74% vs 

89%, p=0.042) at 12 months. PST better improvement (2.7 

vs. 0.2, p=0.035, 6 month) and less deterioration (-3.5 vs. -

7.1, p=0.0.036, 12 month) of dominant leg extension than 

non-PST. Change in frailty status RR: 0.87 (95% CI 0.66, 

1.14) 33/55 vs 43/62

Preventive effect of protein-energy 

supplementation on the functional 

decline of frail  older adults with low 

socioeconomic status: a community-

based randomized controlled study. Kim CO, Lee KR.

J Gerontol A Biol 

Sci Med Sci. 2013 

Mar;68(3):309-16. RCT

Interventions on Frailty 

Working Group indicators 

of mobility and nutrition 

(measured by usual gait 

speed <0.6m/s and mini 

nutritional assessment 

<24)

Intervention group: 2 x 200mL cans of commercial formula 

(additional 400kcal energy, 25g protein, 9.4g essential 

amino acids, 400mL water) per day for 12 weeks, Vs. 

Control: no supplement 87

Primary: Change in physical functioning and 

short performance battery (SPPB). Secondary: 

gait speed, timed up and go test, hand grip 

strength, one legged stance

Physical functioning increased by 5.9% in intervention 

group, no change in control group (p=0.52). SPPB stable in 

IG, decreased 12.5% in control (p=0.39). Gait speed 

decreased 1% IG vs. 11.3% control (p=0.039). TUG 

improved 7.2% IG, decreased 3.4% control (p=0.038). No 

difference in grip strength or one-legged stance

Wii-hab for pre-frail  older adults. Daniel K.

Rehabil Nurs. 2012 

Jul-Aug;37(4):195-

201. RCT 15 weeks of: 1) wii-fit, 2) seated exercise, 3) control 23

Senior fitness test, body weight, balance 

efficiency scale, CHAMPS, late-life function, 

disability index, MOS SF-36. 

Improvements in senior fitness test (incl chair stands, arm 

curls, step 2, six minute walk, sit and reach, timed up and 

go) for both wii-fit and seated exercise groups compared to 

control

Community-based exercise program is 

cost-effective by preventing care and 

disability in Japanese frail  older adults.

Yamada M, Arai 

H, et al

J Am Med Dir 

Assoc. 2012 

Jul;13(6):507-11.

Prospective study 

using propensity 

score matching Frailty checklist (Japan)

Once weekly, 90 mins x 16 weeks physical exercise (20 

mins aerobic, 30 mins progressive strength, 20 mins 

flexibil ity and balance, 20 mins cool-down) supervised by 

physiotherapist Vs. Control 610

Primary: Long term care insurance requirement 

1 year post intervention. Secondary: change in 

frailty checklist, care and medical cost.

25 subjects (8.1%) in IG were newly certified for long-term 

care insurance after 1 year Vs. 55 (18%) in control group 

(RR=2.16, 95% CI 1.46, 3.20). IG frailty checklist score over 

1 year: 7.41 to 7.11 vs. Control: 7.34 to 8.02

Health-promoting interventions for 

persons aged 80 and older are 

successful in the short term--results 

from the randomized and three-armed 

Elderly Persons in the Risk Zone study.

Gustafsson S, 

Wilhelmson K, et 

al

J Am Geriatr Soc. 

2012 

Mar;60(3):447-54. RCT

6 criteria: Weakness, 

fatigue, weight loss, low 

physical activity, poor 

balance, gait speed (i.e., 

Fried's 5 plus balance)

3 arms: 1) preventive home visit (single 1.5-2 hour visit) 

by an OT, physio, nurse or SW providing info on municipal 

support services, assessing falls risks in the home), 2) 

Multiprofessional senior group meetings with one follow-

up home visit (four weekly 2 hour session with OT, physio, 

nurse, SW led group discussions on aging, activity, food, 

medicines, coping, technology, other. Home visit 2-3 weeks 

after meetings). 3) control group

Change in frailty, self rated health, ADLs between 

baseline and 3 month follow up 

Both interventions delayed deterioration of self rate health 

(OR = 1.99, 95% CI 1.12,3.54). Senior meetings most 

beneficial intervention for postponing dependence in ADLs 

(OR = 1.95, 95% CI 1.14,3.33). No effect on frailty 

demonstrated (although 71% control showed no 

progression to frailty, 70% preventive visit, 64% senior 

meetings group)

The effectiveness of a comprehensive 

geriatric assessment intervention 

program for frailty in community-

dwelling older people: a randomized, 

controlled trial.

Li CM, Chen CY, 

et al

Arch Gerontol 

Geriatr. 2010 

Feb;50 Suppl 1:S39-

42. RCT Fried and Barthel

CGA assessment followed by appropriate intervention, 

including meds adjustment (52.6%), exercise instruction 

(37.9%), exercise prescriptions (25.3%) nutrition support 

(23.6%), physical rehab (27.4%), sw consultation (5.3%), 

specialty referral (e.g., 12.6% to neurology). 310

Re-evaluation of frailty and barthel index 6 

months later

No significant outcomes, but intervention group more 

likely to improve frailty status and Barthel (OR = 1.19 95% 

CI 0.48, -3.04, p=0.71 and OR = 3.29 95% CI 0.65, 16.64) 

and also less l ikely to deteriorate



155 
 

 

Effectiveness of a geriatric intervention 

in primary care: a randomized clinical 

trial.

Monteserin R, 

Brotons C, et al

Fam Pract. 2010 

Jun;27(3):239-45. RCT

Age, Gijon social scale, 

Pfeiffer test, Charlson 

comorbidity index, 

Yesavage depression 

scale, Barthel, mini 

nutritional assess SF, 

polymeds, falls, urinary 

incont.

CGA followed by interventions for those with 'non-risk of 

frailty' (45 min info on healthy habits and adherence to 

treatment) and with 'risk of frailty' (30 min visit by 

geriatrician) Vs. Control group care as usual 620

Risk of frailty, other variables/ endpoints such 

as death, admissions to an institution, need for 

home care

Risk of frailty (as per definition) HR 1.33 95% CI 0.71, 2.51; 

33.8% of CG switched from not at risk of frailty to at risk, 

while 20.4% of IG did; 27.9% of IG and 13.5% of CG 

reversed their initial risk of frailty status, p=0.027

Effects of dehydroepiandrosterone and 

atamestane supplementation on frailty 

in elderly men.

Muller M, van 

den Beld AW, et 

al

J Clin Endocrinol 

Metab. 2006 

Oct;91(10):3988-

91. RCT

Physical frailty tests 

including: grip strength, 

leg extensor power, 

physical performance

Four arms: 1) atamestane (100mg/d) and placebo, 2) DHEA 

(50mg/d) and placebo, 3) atamestane (100mg/d) and DHEA 

(50mg/d), 3) two placebo tablets 100 Physical frailty

"The results do not support the hypothesis that hormone 

replacement with DHEA and/or atamestane might improve 

the course of frailty"

Reducing frailty and falls in older 

persons: an investigation of Tai Chi and 

computerized balance training. Atlanta 

FICSIT Group. Frailty and Injuries: 

Cooperative Studies of Intervention 

Techniques.

Wolf SL, 

Barnhart HX, et 

al

J Am Geriatr Soc. 

1996 

May;44(5):489-97. RCT None apparent

1) Tai-chi (15 mins twice a day of 108 forms of TC 

condensed into 10 forms for body and trunk rotation, 

reciprocal arm movements, progression in gradual 

reduction of base of standing support to single l imb 

stance), 2) computerised balance training (moveable 

standing base), 3)  education (instructed not to change 

their exercise regime. Weekly discussions on meds, sleep, 

cognitive deficits, coping) 200

Primary: biomedical (strength, flexibil ity, CV 

endurance (HR and BP before and after 12 min 

walk), body composition), functional and 

psychological (depression) indicators of frailty. 

Secondary: occurrences of falls

Lowered blood pressure before and after 12 minute walk 

following TC participation. Grip strength declined in all  

groups but least in TC group. Lower extremity range of 

motion limited but stat significant changes. Fear of fall ing 

and intrusiveness responses reduced after TC compared 

with ED (FoF actually increased in BT group). TC reduced 

the risk of multiple falls by 47.5%. No other stat sig 

findings on other outcome measures

Effects of exercise training on frailty in 

community-dwelling older adults: 

results of a randomized, controlled trial.

Binder EF, 

Schechtman KB, 

et al

J Am Geriatr Soc. 

2002 

Dec;50(12):1921-8. RCT

2/3 of: modified physical 

performance test score 

betwn 18 and 31; peak O2 

uptake betwn 10 and 18 

mL/kg/min; self reported 

difficulty in one basic or 

two instrumental ADLs

1) Exercise training three time weekly (3 months of 

flexibil ity, l ight resistance and balance), then 3 months 

added resistance (knee extension, knee flexion, seated 

bench press, seated row, leg press, biceps curl), then 3 

months added endurance (treadmill, stationary bicycle, 

rowing machines) training; Vs.2) control group doing low 

intensity home exercise (flexibil ity) programme 115

Modified PPT score, VO2 peak, ADLs and 

functional status questionnaire

Statistically significant improvement for ET group in 

modified PPT (95% CI 1.0, 5.2), VO2 peak (95% CI 0.9, 3.6), 

FSQ (95% CI 1.6, 4.9); knee strength, balance

Effects of an integrated health education 

and elastic band resistance training 

program on physical function and 

muscle strength in community-dwelling 

elderly women: Healthy Aging and Happy 

Aging II study.

Oh SL, Kim HJ, et 

al

Geriatr Gerontol 

Int, May2017; 

17(5): 825-833. 

(9p) RCT

None apparent. Inclusion 

criteria incl ability to 

participate and age >70

Intervention group: health education, individualised 

counselling, twice weekly 60 min elastic band exercises 

for 18 weeks (8 supervised, 10 at home) 38

Body composition (skeletal muscle index, fat 

free mass, total lean mass and total fat mass), 

muscle strength and quality, physical 

functioning 

No significant changes in skeletal muscle index, body 

composition for both  control and IG. However, interaction 

effect was significantly different in SPPB score (P < 0.05), 

isokinetic strength (60 deg/s, P < 0.001; 120 deg/s; P < 

0.05) and muscle quality (P < 0.05) after 18 weeks of 

intervention relative to the baseline of the control and 

intervention groups. Supervised elastic band training of 8 

weeks did not improve SPPB score and isokinetic strength, 

but significant increase of those outcomes (10.6% 

improvement, 9.8-23.5% improvement) after 10 weeks of 

self-directed exercise

Effects of testosterone and progressive 

resistance exercise in healthy, highly 

functioning older men with low-normal 

testosterone levels.

Hildreth 

KL, Barry DW, et 

al

J Clin Endocrinol 

Metab, 2013 May; 

98(5): 1891-1900. 

(10p) RCT None apparent 

Placebo or transdermal T gel (either low dose 400-550 

ng/dL or high dose 600 - 1000 ng/dL) and either 

progressive resistance training or no exercise 167

Primary:  functional performance. Secondary: 

strength, body composition

In PRT group, T made no difference in function or strength 

but body composition (fat mass, P=0.04 and fat free mass 

P=0.01) was improved compared with placebo. In non PRT 

group, T did not improve function but did improve body 

composition (fat mass P=0.005 and fat free mass P=0.03) 

and upper body strength P=0.03 (average upper body 

strength 12.4% vs 7.3%, grip strength 15.3% vs 7.8%) 

compared with placebo.

Raloxifene and Tibolone in Elderly 

Women: A Randomized, Double-Blind, 

Double-Dummy, Placebo-Controlled 

Trial.

Jacobsen DE, 

Melis RJ, et al

J Am Med Dir 

Assoc, Feb2012; 

13(2): 189.e1-7. 

(1p) RCT None apparent

1) 60mg Raloxifene (selective oestrogen receptor 

modulator, for treating osteoporosis), 2) Tibolone 1.25mg 

(synthetic steroid with oestrogenic, progestational and 

androgenic properties, for preventing osteoporosis) - 

stopped mid study due to increased risk of CVA. 3) control 

placebo 318

Primary: body mass density and handgrip 

strength. Secondary: muscle power and strength, 

mobility, body composition, verbal memory, 

mental processing speed, anxiety, mood, QOL.

Raloxifene and tibolone improved body mass density but 

had no effect on handgrip strength. Bone mineral density 

significantly increased by ral and tib at 24 months. 

Raloxifene improved verbal memory and health status 

Euro Qol

Training with a balance exercise assist 

robot is more effective than 

conventional training for frail  older 

adult

Ozaki K , Kondo I 

, et al

Geriatr Gerontol 

Int, 2017 RCT Fried

1) Robotic exercise moving centre of gravity by a balance 

exercise assist robot or 2) conventional balance training 

combining muscle strengthening exercise, postural 

training and applied motion exercises. 6 weeks, twice a 

week. 27

Preferred and maximum gait speeds, tandem 

gait speeds, timed up and go test, functional 

reach test, functional base of support, centre of 

pressure and muscle strength of the lower 

extremities

Robotic exercise achieved significant improvements for 

tandem gait speed (P = 0.012), functional reach test (P = 

0.002), timed up-and-go test (P = 0.023) and muscle 

strength of the lower extremities (P = 0.001-0.030) 

compared with conventional exercise. In frail  or prefrail  

older adults, robotic exercise was more effective for 

improving dynamic balance and lower extremity muscle 

strength than conventional exercise
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Fighting Frailty in Underserved 

Communities

Migliarese S, 

Smith N et al

Topics in Geriatric 

Rehabilitation: 

January/March 

2017 - Volume 33 - 

Issue 1 - p 62–67 RCT

Grip strength, Functional 

Assessment of Chronic 

Il lness Therapy Fatigue 

Scale, and Short Physical 

Performance Battery 6-week mixed exercise programme 62

Functional Assessment of Chronic Il lness 

Therapy Fatigue Scale, grip strength, Short 

Physical Performance Battery

Significant increases in Functional Assessment of Chronic 

Il lness Therapy Fatigue Scale (P  = .042), grip strength (P  < 

.001), and Short Physical Performance Battery (P  < .001)

Nutritional Supplementation during 

Resistance Training Improved Skeletal 

Muscle Mass in Community-Dwelling 

Frail  Older Adults.

Yamada M, Arai 

H et al

J Frailty Aging. 

2012;1(2):64-70 RCT Checklist  

3-month mixed physical exercise with multinutrient 

supplement  (S/ex) vs exercise alone (ex) 77

Skeletal muscle mass index (SMI) and several 

physical performance tests

Participants in S/Ex group had significant improvements 

for the outcome measures, including SMI and maximum 

walking time (P<0.05), compared to those in Ex group. The 

prevalence of sarcopenia decreased from 65.7% to 42.9% 

in S/Ex group, while that in Ex group remained unchanged 

(68.6% to 68.6%) (relative risk = 1.60, 95% CI: 1.03-2.49).

Low-intensity exercise as a modifier of 

physical frailty in older adults.

Brown M, 

Sinacore D et al

Arch Phys Med 

Rehabil. 2000 

Jul;81(7):960-5. RCT

Modified Reuben physical 

performance test (9 

functional tasks)

22 exercises for flexibility, balance, speed, coord, 

strength; 3 times per week; for 3 months. Supervised vs. 

home based 84

Physical performance test, strength range of 

motion, balance, gait, coordination, sensation

Significant improvement was made by the exercise group 

on our primary indicator of frailty, a physical performance 

test (PPT) (29 +/- 4 vs 31 +/- 4 out of a possible 36 points), 

as well as many of the risk factors previously identified as 

contributors to frailty; eg, reductions in flexibility, 

strength, gait speed, and poor balance
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Appendix 4: Meta-analysis supplementary table: Characteristics of included studies 

Study Methods (study design) Participants Interventions Outcomes Citation 

Akihiro et al. 2018 Randomised clinical trial. 84 physically-frail 
older adults, 
mean age 83+/-
4yrs. 

3 months low-intensity 
supervised exercise 3x per 
week including flexibility, 
balance, body handling, 
reaction, coordination, and 
strength (intervention, n= 
23) and 3 months 
unsupervised home-based 
flexibility exercises (control, 
n= 34). 

Timed up and go, 
gait speed, single 
leg balance, 
functional reach, 
measured at 3 
months. 

Akihiro S, Taira Y, Maeda K, 
Natsume K, Sakakima H. Feasibility 
and effectiveness of home-based 
exercise programs on physical 
performance and health-related 
quality of life of the older people 
dwelling on an isolated, doctor-less 
island. Geriatr Gerontol Int. 
2018;18(9):1313-1317. 
doi:10.1111/ggi.13459 

Behm et al. 2016 Randomised controlled 
trial. 

459 community-
dwelling adults 
aged 80+. 

Multiprofessional senior 
group meeting 
(intervention, n= 171) or 
usual care (control, n= 114). 
(Other intervention not 
included in meta-analysis: 
preventive home visits, n= 
174). 

Frailty status 
(expanded 
criteria based on 
Fried), measured 
at 1yr. 

Behm L, Eklund K, Wilhelmson K, et 
al. Health Promotion Can Postpone 
Frailty: Results from the RCT Elderly 
Persons in the Risk Zone. Public 
Health Nurs Boston Mass. 
2016;33(4):303-315. 
doi:10.1111/phn.12240 

Binder et al. 2002 Randomised controlled 
trial. 

119 adults with 
mild to moderate 
frailty, mean age 
83+/-4yrs. 

9-month exercise training 
programme using flexibility, 
light resistance, and 
balance training, adding 
resistance after 3 months, 
and endurance training 
after a further 3 months 
(intervention, n= 69) or 9-
month low-intensity home 
exercise programme 
(control, n= 50). 

Physical 
performance 
test, leg 
strength, 
measured at 9 
months. 

Binder EF, Schechtman KB, Ehsani 
AA, et al. Effects of exercise training 
on frailty in community-dwelling 
older adults: results of a 
randomized, controlled trial. J Am 
Geriatr Soc. 2002;50(12):1921-1928. 
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Brown et al. 2000 Randomised clinical trial. 84 frail older 
adults, mean age 
83+/- 4yrs. 

3 months low intensity 
supervised exercise 
(intervention, n= 48) or 3 
months home-based 
flexibility activities (control, 
n= 36). 

Physical 
performance 
test, leg strength 
measured at 3 
months. 

Brown M, Sinacore DR, Ehsani AA, 
Binder EF, Holloszy JO, Kohrt WM. 
Low-intensity exercise as a modifier 
of physical frailty in older adults. 
Arch Phys Med Rehabil. 
2000;81(7):960-965. 
doi:10.1053/apmr.2000.4425 

Cesari et al. 2015 Randomised controlled 
trial. 

424 community-
dwelling older 
adults, mean age 
76.8yrs. 

12 months physical activity 
including aerobic, strength, 
flexibility, and balance 
training (intervention, n= 
213) or health education 
(control, n= 211). 

Frailty (Fried), 
gait speed, grip 
strength, 
measured at 12 
months. 

Cesari M, Vellas B, Hsu F-C, et al. A 
physical activity intervention to 
treat the frailty syndrome in older 
persons-results from the LIFE-P 
study. J Gerontol A Biol Sci Med Sci. 
2015;70(2):216-222. 
doi:10.1093/gerona/glu099 

Chan et al. 2012 Randomised controlled 
trial with 2x2 factorial 
design. 

117 older adults 
(age range 65-
79yrs) who 
scored 3-6 on the 
Chinese Canadian 
Study of Health 
and Aging Clinical 
Frailty Scale 
Telephone 
Version and 
subsequently 
scored 1 or more 
on the 
Cardiovascular 
Health Study 
Phenotypic 
Classification of 
Frailty. 

3 months exercise and 
nutrition education 
programme including 
walking, stretching, 
resistance, postural control, 
and balance, plus a 
nutrition education booklet 
with guidance 
(intervention, n= 55), or 
educational booklet with 
monthly contact to check 
progress and answer 
question (control, n= 62). 

Single leg 
balance, 
measured at 3 
months. 

Chan D-CD, Tsou H-H, Yang R-S, et 
al. A pilot randomized controlled 
trial to improve geriatric frailty. 
BMC Geriatr. 2012;12(1):58-58. 
doi:10.1186/1471-2318-12-58 
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Chan et al. 2017 Randomised controlled 
trial. 

289 older adults 
(age range 65-
79yrs) who 
scored 3-6 on the 
Chinese Canadian 
Study of Health 
and Aging Clinical 
Frailty Scale 
Telephone 
Version and 
subsequently 
scored 1 or more 
on the 
Cardiovascular 
Health Study 
Phenotypic 
Classification of 
Frailty. 

High level care 
(intervention, n= 143): 6 
months of problem-solving 
therapy plus group exercise 
at a health facility 
incorporating walking, 
stretching, resistance, and 
balance training. Low level 
care (control, n= 146): same 
programme carried out 
unsupervised at home 
following one face to face 
educational session. 

Timed up and go 
test, grip 
strength, single 
leg balance 
measured at 6 
months. 

Chan D-C (Derrick), Tsou H-H, Chang 
C-B, et al. Integrated care for 
geriatric frailty and sarcopenia: a 
randomized control trial. J Cachexia 
Sarcopenia Muscle. 2017;8(1):78-
88. doi:10.1002/jcsm.12132 

Clegg et al. 2014 Randomised controlled 
trial. 

84 participants 
living at home 
and receiving 
case manager 
care, being 
housebound or 
attending day 
centres, mean 
age 79+/-9.2yrs. 

12-week exercise 
programme including 
strengthening exercises to 
support everyday living 
activities delivered at three 
levels of difficulty according 
to participant status 
(intervention, n= 45) or 
usual care (control, n= 39). 

Timed up and go 
test measured at 
12 weeks. 

Clegg A, Barber S, Young J, Iliffe S, 
Forster A. The Home-based Older 
People’s Exercise (HOPE) trial: a 
pilot randomised controlled trial of 
a home-based exercise intervention 
for older people with frailty. Age 
Ageing. 2014;43(5):687-695. 
doi:10.1093/ageing/afu033 
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Daniel 2012 Pilot study with control 
group. 

23 pre-frail older 
adults, mean age 
77+/-5.3yrs. 

15 weeks supervised small-
group exercise sessions 
using a motion-controlled 
video game system whilst 
wearing a weighted vest 
(intervention, n= 8) or usual 
physical activities (control, 
n= 7). (Other intervention 
group took part in seated 
exercise classes (n=8), not 
included in meta-analysis.) 

Timed up and go 
test, chair stand 
measured at 15 
weeks. 

Daniel K. Wii-hab for pre-frail older 
adults. Rehabil Nurs Off J Assoc 
Rehabil Nurses. 2012;37(4):195-201. 
doi:10.1002/rnj.25 

Fairhall et al. 
2012 

Randomised controlled 
trial. 

241 frail 
community-
dwelling older 
adults, mean age 
83.3+/-5.9yrs. 

12-month programme with 
supportive care and 
exercise targeting mobility 
(intervention, n=120) or 
usual care (control, n= 121). 

Gait speed 
measured at 12 
months. 

Fairhall N, Sherrington C, Kurrle SE, 
Lord SR, Lockwood K, Cameron ID. 
Effect of a multifactorial 
interdisciplinary intervention on 
mobility-related disability in frail 
older people: randomised 
controlled trial. BMC Med. 
2012;10(1):120-120. 
doi:10.1186/1741-7015-10-120 

Hildreth et al. 
2013 

Randomised placebo-
controlled trial. 

143 community-
dwelling older 
adult men, mean 
age 66+/-5yrs 
with low-normal 
baseline total 
testosterone 
levels. 

2 doses transdermal 
testosterone gel plus 
resistance training 
(intervention, n= 49) or 
placebo plus resistance 
training (control, n= 22) for 
12 months. (Placebo with 
no training, n= 25 and 
testosterone with no 
training, n= 47 not included 
in analysis.) 

Leg strength, 
grip strength 
measured at 12 
months. 

Hildreth KL, Barry DW, Moreau KL, 
et al. Effects of testosterone and 
progressive resistance exercise in 
healthy, highly functioning older 
men with low-normal testosterone 
levels. J Clin Endocrinol Metab. 
2013;98(5):1891-1900. 
doi:10.1210/jc.2013-2227 
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Jacobsen et al. 
2012 

Randomised controlled 
trial. 

290 older adult 
women aged over 
70yrs. 

24 months hormone 
supplementation (either 
raloxifene or tibolone) 
(intervention, n= 193) or 
placebo (control, n= 97) 

Grip strength 
measured at 24 
months. 

Jacobsen DE, Melis RJF, Verhaar HJJ, 
Olde Rikkert MGM. Raloxifene and 
tibolone in elderly women: a 
randomized, double-blind, double-
dummy, placebo-controlled trial. J 
Am Med Dir Assoc. 
2012;13(2):189.e1-7. 
doi:10.1016/j.jamda.2011.05.005 

Kim and Lee 2013 Randomised controlled 
trial. 

87 frail older 
adults, mean age 
78.9+/-5.5 
(intervention 
group), 78.4+/-
6.0 (control 
group). 

12 weeks nutritional 
supplementation with 
commercial liquid formula 
(intervention, n= 43) or no 
supplementation (control, 
n= 44). 

Short physical 
performance 
battery, timed 
up and go test, 
gait speed, grip 
strength 
measured at 12 
weeks. 

Kim CO, Lee KR. Preventive effect of 
protein-energy supplementation on 
the functional decline of frail older 
adults with low socioeconomic 
status: a community-based 
randomized controlled study. J 
Gerontol A Biol Sci Med Sci. 
2013;68(3):309-316. 

Kim et al. 2015 Randomised double-
blind placebo-controlled 
follow-up trial. 

131 frail older 
adult women 
aged over 75yrs. 

3 months moderate 
intensity physical exercise 
including strengthening 
resistance exercise, 
balance, and gait training 
and/or milk fat globule 
membrane 
(MFGM)supplementation: 
(exercise plus nutrition 
supplementation 
intervention, n= 33) or 
exercise plus placebo 
(exercise only intervention, 
n= 33) or placebo only 
(control, n= 33) or MFGM 
only (nutrition 

Frailty (Fried), 
leg strength, gait 
speed, grip 
strength 
measured at 3 
months. 

Kim H, Suzuki T, Kim M, et al. Effects 
of exercise and milk fat globule 
membrane (MFGM) 
supplementation on body 
composition, physical function, and 
hematological parameters in 
community-dwelling frail Japanese 
women: a randomized double blind, 
placebo-controlled, follow-up trial. 
PloS One. 2015;10(2):e0116256. 
doi:10.1371/journal.pone.0116256 
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supplementation, n= 32). 

Kwon et al. 2015 Randomised controlled 
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X 
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of a Home-Based and Volunteer-
Administered Physical Training, 
Nutritional, and Social Support 
Program on Malnutrition and Frailty 
in Older Persons: A Randomized 
Controlled Trial. J Am Med Dir 
Assoc. 2016;17(7):671.e9-671.e16. 
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with resistance training 
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246 community-
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18 weeks resistance 
exercise using resistance 
bands with increasing 
intensity plus health 
education (intervention, n= 
40) or standard care plus 
low intensity stretching 
(control, n= 40). 

Short physical 
performance 
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Characteristics of included studies 

Showing study identifier, methods, participant information, interventions, outcomes, and citation of each study included in the meta-analysis. Only relevant 
outcome measures extracted have been presented. 
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Appendix 5: Meta-analysis supplementary table:  Matrix of included measures 

Intervention type Study 
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Exercise and nutrition supplements Kim et al. 2015 (Exercise + nutrition) 1   1 1 1 1       

  Ng et al. 2015 (Exercise + nutrition) 1     1 1         

Exercise and nutrition education Chan et al. 2017 ND   1     1 1     

  Chan et al. 2012 ND     1     1     

  Kwon et al. 2015 (Exercise + nutr. ed)         1 1 1     

  Luger et al. 2016 1                 

  Seino et al. 2017 1   1   1 1 1     

  Serra-Prat et al. 2017 1   1     1       

  Tarazona-Santabalbina et al. 2016 1 1               

Exercise only Akihiro et al. 2018     1   1 ND 1 1   

  Binder et al. 2002   1   1           

  Brown et al. 2000   1   1 1   1 1   

  Cesari et al. 2015 1       1 1       

  Clegg et al. 2014     1             

  Daniel 2012     1           1 

  Fairhall et al. 2012         1         

  Kim et al. 2015 (Exercise only) 1   1 1 1 1       
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  Kwon et al. 2015         ND 1 1     

  Liu et al. 2017     1   1 1   1 1 

  Nagai et al. 2018 1   1 1 1 1       

  Ng et al. 2015 (Exercise only) 1     1 1         

  Oh et al. 2017   1   1 1       1 

  Wolf et al. 1996           1       

  Yoon et al. 2018 ND 1 1 1 1 1       

Nutrition only Kim and Lee 2013   1 1   1 1       

  Kim et al. 2015 (Nutrition only)     1 1 1 1       

  Ng et al. 2015 (Nutrition only)       1 1         

  Yamada et al. 2012     1 1   1   1 1 

Comprehensive geriatric assessment Behm et al. 2016 1                 

  Li et al. 2010 1                 

  Mazya et al. 2018 1                 

Hormone supplementation Hildreth       1   1       

  Jacobsen           1       

  Muller   1   1   1       

 

Matrix of included measures 

Showing grouping of studies by intervention type, and whether or not a particular outcome measure was reported by each individual study (1 = yes). Some 

studies featured multiple interventions and therefore appear in more than one group. Shaded cells indicate that two or more studies in a particular 

intervention grouping reported a given outcome measure and were therefore included in the meta-analysis. ND indicates cases where authors were unable 

to provide raw data. 
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Appendix 6: Meta-analysis: Effect of interventions on timed up and go test. 

 

Effect of interventions on timed up and go test. 
A) Shows SMD (square data markers) with 95% CI (horizontal lines) for meta-analysis of mean ± SD 
time taken to perform timed up and go test (measured in seconds), for interventions using nutrition 
supplements or exercise alone. B) Shows Mean Difference with 95% CI for meta-analysis of time 
taken to perform TUG (measured in seconds), reported either as change scores or as final 
measurements ± SD, separated into sub-groups for clarity, for interventions using exercise plus 
nutrition education. Size of data markers indicates study weighting in random effects meta-analysis. 
Diamond-shaped data markers indicate overall SMD or Mean difference with CI for each grouping of 
interventions. I2 statistic is reported for each group. Left side favours intervention. 
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Appendix 7: Effect of interventions on single-leg balance, functional reach, and chair stand test. 

 

Effect of interventions on single-leg balance, functional reach, and chair stand test. 
A, B) Show Mean Difference (square data markers) with 95% CI (horizontal lines) for meta-analysis of 
single-leg balance (seconds) reported as change scores or as final measurements ±SD, separated into 
sub-groups for clarity, for interventions using exercise plus nutrition education and exercise only. C) 
Shows SMD with 95% CI for meta-analysis of mean scores (centimetres or inches) for functional 
reach ±SD, for interventions using exercise. D) Shows SMD with 95% CI for meta-analysis of mean 
scores in chair stand test (measured as number of stands in 30 seconds or time taken to rise 5 times 
from sitting) ±SD for interventions using exercise. Size of markers indicates weighting in random 
effects meta-analysis. Diamond-shaped markers indicate overall SMD or Mean difference with CI for 
each grouping of interventions. I2 statistic is reported for each group. Right side favours intervention. 



Appendix 8: Meta-analysis: Comparison of random effects model vs. fixed effects model for meta-analysis of exercise interventions’ effect on gait speed, 
leg strength, and grip strength. 
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Comparison of random effects model vs. fixed effects model for meta-analysis of exercise interventions’ effect on gait speed, leg strength, and grip 
strength. 
Left side shows meta-analysis using Random Effects model; right side shows meta-analysis using Fixed Effects model. A) Shows effect (SMD) of exercise 
interventions on gait speed, B) shows effect (SMD) of interventions on leg strength, and C) shows effect (Mean Difference) of interventions on grip strength. 
Size of data markers indicates study weighting in meta-analysis. Diamond-shaped data markers indicate overall SMD or Mean difference with CI for each 
grouping of interventions. I2 statistic is reported for each group. Right side favours intervention. 
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Appendix 9: Meta-analysis: Funnel plot of results of exercise interventions' effect on gait speed. 
 

 
 
Funnel plot of results of exercise interventions' effect on gait speed. 
Open diamond shapes represent individual studies in the meta-analysis. Y axis shows SE of the SMD; X axis shows SMD. Blue dashed vertical line represents 
overall effect. Left panel shows funnel plot including the study by Chen et al. (2019); right panel shows funnel plot excluding Chen et al. 
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