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Abstract 

Introduction: Frailty can be defined as a reduction in person’s ability to maintain efficient homeostasis. 

Pre-frailty is state where person is neither frail nor robust and could be the stage where it is most effective 

to intervene to prevent decline. This thesis explores pre-frailty and the development of an intervention to 

prevent decline into frailty, following the MRC Framework for complex interventions. Methods: following 

the MRC Framework for complex interventions, a systematic style review was first undertaken aiming to 

establish whether interventions aimed at pre-frail community-dwelling adults were effective in reducing 

risk factors associated with frailty and preventing the transition in to frailty. Following the systematic style 

review, two studies were undertaken using statistical techniques in secondary analysis of existing datasets to 

further understand the population of interest. The first, used Latent Class Growth Modelling to identify 

trajectories of functional decline (FD) in a representative population of English 60 to 70 year olds using the 

English Longitudinal Study of Ageing (ELSA). The second also used ELSA and Latent Class Analysis with 

distal outcomes to identify whether baseline functional decline score was associated with frailty status. 

Results: The systematic style review identified seven eligible studies, with 918 total participants (513 

receiving interventions). Six studies had a physical activity component and one study had physical activity 

as a possible treatment. All multiple component interventions were combined with a nutritional component. 

A high risk of bias was identified for most studies and it was difficult to draw conclusions due to small 

numbers of participants and lack of between group analyses. Nonetheless, there was some evidence to 

suggest physical activity could be beneficial in preventing transition into frailty in a pre-frail population. 

Study one identified trajectories of functional decline; a four-trajectory class was found to be the model of 

best fit. Trajectory classes were: (a) Continuously healthy (40.29% participants), (b) Little decline (26.06% 

participants), (c) Intermediate decline (23.27% participants), (d) High decline (10.38% participants). Only 

class (c) clearly deteriorated over time. The functional decline trajectory classes were associated with frailty 

status, lower trajectory classes were less likely to be frail and higher trajectory classes more likely to be 

frail. Study two identified that age, gender and smoking status were positively associated with Frailty Index 

score and marital status and drinking regularly were negatively associated. Discussion: Results from these 

studies have identified that further research and interventions targeting pre-frail populations are 

required. The statistical studies identified that there was a trajectory class of intermediate decline which 

deteriorated over time and was likely to benefit from interventions to prevent decline. These trajectory 

classes were associated with frailty and therefore an intervention aiming to prevent functional decline 

may also work to prevent frailty. Next Steps: As part of the next steps in intervention development I 

designed an intervention and developed two protocols for studies to be undertaken in the future. The 

intervention was a signposting/behaviour change intervention linking participants to specific types of 

exercise groups/classes based on frailty phenotype criteria identified. (i) The first protocol outlined a 

qualitative study, which aimed to assess the perceived acceptability and ease of implementation of a 

behaviour change and signposting intervention through semi-structured interviews with professionals and 

focus groups with older adults. (ii) The second protocol was for a pilot feasibility RCT of a signposting and 

behaviour change intervention in pre-frail older adults. This would identify participants through the use of 

the electronic Frailty Index in primary care and explore the feasibility of the signposting/behaviour change 

intervention linking participants to specific types of exercise groups/classes based on frailty phenotype 

criteria identified. Overall conclusion: This thesis contributes to a vastly expanding research area with 

an interest in pre-frail individuals, although it was established that further funding is required in this 

field of research. The statistical studies identified an intermediate trajectory of functional decline who 

may benefit from an intervention to try and prevent further decline, it is recommended that the two 

studies designed as part of this thesis are explored further and undertaken. 
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Introduction: 

In this chapter I will introduce the concept of frailty and pre-frailty, I will explain different definitions 

of frailty and provide a brief overview of the problem and why it is important for research to be 

conducted in this area. 

Ageing Population 

The world-wide population is ageing rapidly, with forecasts predicting that by 2030 the population of 

adults aged 60 years and older will have increased from 901 million in 2015 to 1.4 billion by 2030 

(United Nations: Department of Economic and Social Affairs, 2015). In the United Kingdom (UK), the 

Office for National Statistics (ONS) (2015) predicts that the population of adults aged 60 years and 

older will increase from 20.1 million in 2014 to 31.8 million in 2039. The increase in the population of 

older adults is partially due to the increase in world-wide life expectancy, coupled with the ‘baby 

boomer’ population reaching older age (ONS, 2015). Adults are not necessarily remaining in good 

health into old age, and disability free life expectancy (DFLE) is historically considerably lower than 

total life expectancy (LE) (Jagger, 2015). Adults from lower income backgrounds have substantially 

lower DFLE than adults from more affluent backgrounds, with inequality between some areas of the 

UK having a range in DFLE being 15.1 years for men and 16.0 years for women in 2011 (Jagger., 

2015). The inequality in LE is also staggering, and had actually increased since 1991/1993 to 7.1 years 

from 6.2 for females in 2010/2012 (Jagger, 2015). Jagger (2015) states the North-South divide is still 

present in the UK, with the South having higher DFLE than the North. Moreover, in urban 

environments such as Manchester, there are large health inequalities present across the city (Greater 

Manchester Social Care Partnership, 2017) 

Currently, older adults (65+) in the UK occupy the majority of hospital bed days, with figures 

suggesting two thirds of hospital beds are occupied by adults aged 65 and older (Royal College of 

Physicians., 2012), equating to a high cost to the NHS to care for this population. Given the population 

forecasts of large increases in adults aged 60 and over in the coming years, and the associated costs of 

caring for this population, it is fundamentally important to develop and disseminate knowledge on 

affordable healthy ageing. 

Frailty definition, prevalence and estimated costs of frailty. 

Frailty is a condition associated with hospitalisation, loss of independence, adverse events and 

mortality (Fried et al., 2001; Morley et al, 2013). Frailty is commonly defined as a reduction in a 
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person’s ability to maintain efficient homeostasis resulting in increased vulnerability to stressors (Clegg 

et al., 2013; Mohler, Fain, Wertheimer, Najafi, Nikolich-Zugich, 2014). 

Frail adults often have disabilities, leading, to some speculation in the past that frailty and disability 

were the same construct, something that has since been challenged (Fried, Ferrucci, Darer, Williamson 

& Anderson., 2004) 

Whilst there is not a single operational definition of frailty within the literature, two prominent 

operational definitions of frailty used by researchers are (i) that of Fried et al (2001) and (ii) that of 

Rockwood’s group (Mitnitski et al, 2002). Fried et al (2001), propose a physical frailty phenotype, 

whereby frailty is defined by the presence of three or more of the following criteria: (i) unintentional 

weight loss, (ii) fatigue/exhaustion, (iii) physical inactivity, (iv) slow walk speed and (v) loss of 

strength (determined by grip strength). Rockwood (Mitnitski et al, 2002) proposes an accumulation of 

deficits model of frailty, assessed using a frailty index, whereby a list of deficits is chosen (examples 

include visual impairments, mobility impairments, number of chronic illnesses and difficulty with 

activities of daily living) and participants are provided with a frailty score between zero and one. The 

frailty index is scored by dividing the present number of deficits in an individual by the total number of 

deficits assessed (Mitnitski, Mogilner and Rockwood., 2001). A score of 0.2 on the Rockwood frailty 

index, indicates that a person is approaching frailty (Searle et al, 2008). Clegg et al (2016) created an 

electronic Frailty Index (eFI), that can be easily utilised by those in primary care. The eFI provides 

individuals with a frailty score from zero to one, however individuals are then categorised into the 

following frailty categories: Fit (0-0.12), Mild (0.13 to 0.24), Moderate (0.25 to 0.36) and Severe (> 

0.36). 

Malnutrition also plays a vital role in frailty; Bock et al (2016) identified that the ‘unintentional weight 

loss’ criterion in the Frailty Phenotype, was associated with the largest increase in healthcare costs. 

Malnutrition can lead to age-related anorexia, named Cachexia, which is the involuntary loss of muscle 

and fat mass (Jeejeebhoy, 2012), this offsets the metabolic balance (homeostasis), leading to 

individuals becoming more vulnerable to stressors (Goisser, Guyonnet & Volkert., 2016). It appears, 

that as we age older adults’ ability to utilise protein is diminished; resulting in increased daily protein 

intake recommendations in order to maintain or even build muscle mass and help prevent muscle 

wasting (Goisser, Guyonnet & Volkert., 2016).  

It is estimated that large numbers of adults become frail as they age, with the estimated worldwide 

prevalence of frailty in older adults being 9.9% when using the frailty phenotype (Cesari et al, 2016). 
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This estimate is higher when including only low- and middle-income countries and multiple methods of 

assessing frailty; Siriwardhana et al (2018) identified a pooled frailty prevalence of 17.4% in their 

systematic review of frailty prevalence in low-and-middle income countries. Whilst the frailty 

phenotype was used in the majority of the studies included in this review, other frailty assessment tools 

such as the Frailty Index, FRAIL scale, Edmonton Frail Scale and a multidimensional frailty model 

also contributed to this estimated prevalence (Siriwardhana et al, 2018). Frailty prevalence rates are 

often higher when using the frailty index to estimate prevalence (Clegg et al, 2013). Song et al (2010) 

identified a frailty prevalence rate of 22.7% in a population of adults with a mean age of 74 years at 

baseline. Frailty does not always coincide with age and can exist independent of age, however, 

prevalence rates do increase with age. Estimated prevalence of frailty in the UK is high, increasing 

from 10% in adults aged 65 years and older to between 25 and 50% in adults aged 85 years and older 

(The British Geriatrics Society, 2014).  

  

Although definitions of frailty differ, the risks of being frail are thought to be the same, regardless of 

the definition of frailty used (Cesari et al, 2016; Mohler et al, 2014). As frailty is associated with 

increase adverse events (such as falls and hospitalisations), it can be expected that the costs of caring 

for frail individuals would be higher than for robust or pre-frail adults. Bock et al, (2016) assess the 

healthcare costs of frail individuals in comparison with non-frail individuals using frailty phenotype 

cut-offs of four to five criteria present and three criteria present. They found that average cost over 

three months of caring for a frail individual with four to five criteria present was €3659, for adults with 

three criteria present was €1616, compared with a cost of €642 for adults with no criteria present (non-

frail) (Bock et al, 2016). Bock et al (2016) also calculated healthcare costs for pre-frail individuals; 

having one frailty phenotype criteria present was associated with an average healthcare cost of €733, 

whereas having two criteria present was associated with an average healthcare cost of €1014. The 

findings from this study indicate that with the increase and development of frailty by a single point 

criterion score change, comes increases in healthcare costs, providing justification for the necessity and 

importance in identifying potentially effective interventions in preventing decline in frailty status and 

for interventions that are able to revert or improve frailty status. 

The importance of acknowledging mental health as well as physical health is increasingly discussed in 

British politics (The Conservative Party, 2017; The Labour Party, 2017; The Liberal Democrats, 2017) 

and by NHS England (McShane and Strathdee, 2013). McShane and Strathdee (2013), acknowledge 
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that physical and mental health are extremely closely related, with the presence of a mental condition 

affecting a person’s physical health and vice versa.  

Therefore, where possible, a multidimensional operational definition of frailty will be used throughout 

this PhD. This will allow the inclusion of a broader range of adults whom may not be classified as 

physically frail (based on frailty phenotype (Fried et al., 2001)), however may have cognitive, mental 

and psychosocial determinants of frailty, as acknowledged by Mitnitski et al (2002) within the frailty 

index, using a multidimensional operational definition of frailty. 

 

Is the frail state reversible? 

Frailty is thought to be a state that can be managed and possibly even reversed with treatment (Morley 

et al., 2013). A systematic review has reported positive effects of exercise in the management of frailty 

(Apostolo et al., 2018; Dedeyne et al, 2017; Theou et al., 2011), with positive effects of nutritional, 

protein and vitamin D supplementation documented as well as recommended reduction in 

polypharmacy (Morley et al., 2013).  

It is promising to see that exercise, specifically group exercise appears to be of some benefit to adults 

experiencing frailty and pre-frailty (Apostolo et al., 2018).  

PA may be beneficial for frailty, as it is known to be beneficial for falls, which frail individuals are at 

increased risk of (Marshall, Nazroo, Tampubolon & Vanhoutee., 2015), and sarcopenia (age associated 

muscle loss) which is associated and possibly a feature of physical frailty (Cruz-Jentoft et al., 2010). To 

reduce the incidence of falls and the risk of injurious falls, we know that strength and balance training is 

effective (Hopewell et al., 2018), whereas resistance training is known to be the best treatment for 

sarcopenia, increasing muscle mass and strength (Montero Fernandez & Serra-Rexach., 2013). 

It could be hypothesised that it may be easier to reverse or prevent frailty if detected at an earlier stage. 

 

Pre-frailty definition and prevalence 

Pre-frailty is a recognised state whereby an individual is classified as being vulnerable to progression to 

frailty, however is not yet frail. Fried et al (2001), define pre-frailty as having one to two symptoms on 

their physical frailty phenotype, whereas Searle et al (2008) state an individual is at risk of frailty if an 

individual scores 0.2 on Rockwood’s frailty index (Mitnitski et al, 2002). Clegg et al (2016) created an 

electronic Frailty Index (eFI), which can be easily utilised by those in primary care and provides 
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individuals with a frailty score from zero to one. The eFI scores an individual as having ‘mild’ frailty 

with an eFI score of 0.13 to 0.24.  

Whilst Fried et al (2001) and Rockwood (Mitnitski et al., 2002) have different definitions of frailty and 

pre-frailty, it is important to acknowledge that both of their tools are trying to identify adults who are at 

risk of becoming frail and likely to suffer from adverse events associated with frailty such as death, 

hospitalisation, institutionalisation and reduction of independence (Fried et al, 2001; Morley et al, 

2013). The worldwide estimation of prevalence of pre-frailty, using the frailty phenotype (Fried et al., 

2001), in aged 65 years and older is 42.3% (Cesari et al, 2016). In Siriwardhana et al’s (2018) 

systematic review of frailty prevalence in low- and middle-income countries, they identified a pooled 

pre-frailty prevalence of 49.3%. Whilst the frailty phenotype and modifications of the phenotype were 

used in the majority of the studies, five studies used the Edmonton Frail Scale and three use the FRAIL 

scale. The estimated prevalence of pre-frailty accounts for a large proportion of the population of older 

adults, indicating that huge gains could be made from targeting those with this condition with 

interventions either to prevent the transition into frailty, or to aim to reverse frailty status to robust, this 

is deemed to be possible, as the frail condition has been acknowledged as fluid, with individuals able to 

transition between frail, pre-fail and robust states (Mohler et al, 2014).  

 

Problem statement: necessity for public health interventions targeting pre-frailty/preventing 

people from progressing into the frail state. 

Becoming frail can be devastating, as frailty is associated with reductions of life expectancy, increasing 

risk of hospitalisation and the likelihood of becoming institutionalised, therefore reducing their 

independence (Fried, et al, 2004) and perhaps also quality of life. It seems of high importance that 

effective interventions should be available that target the pre-frail population to reduce the numbers of 

individuals who become frail, therefore improving individual outcomes as well as reducing the burden 

and cost of caring for this population for the health services. 

The World Health Organisation (WHO) (2015) hypothesise three phases of an ageing trajectory as 

‘high and stable’, ‘declining’ and ‘significant loss’ of capacity and state that public health interventions 

should differ depending on the phase targeted. For the declining capacity group, which seems to be the 

most relatable to the pre-frail population, the WHO recommend that services should aim to maintain, 

reverse and stop the decline in function (WHO., 2015).  
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 Medical Research Council (MRC) Complex Intervention Framework 

This thesis will follow the Medical Research Council (MRC) complex intervention framework, 

originally by Campbell et al (2000) and has since been updated by Craig et al (2008) and Skivington et 

al (2021), however the work presented in this thesis was undertaken prior to the Skivington et al (2021) 

update and therefore uses the previous version of the framework (Craig et al., 2008). 

The MRC Complex Intervention Framework defines a complex intervention as an intervention with 

several interacting components (Craig et al., 2008), acknowledging that the population of interest and 

outcomes could also be the reason an intervention would be deemed to be complex. As pre-frailty is a 

complex construct and is multi-factorial (Gordon Baker, Kidd, Maeder & Grimmer, 2020), designing 

an intervention for a pre-frail population, would be considered a complex intervention. 

When designing a complex intervention, the MRC complex intervention framework suggests it should 

be a systematic process, initially guided by evidence and theory, and once an intervention has been 

designed, it should be tested thoroughly in pilot studies initially, to test any areas of uncertainty within 

the design (Craig et al., 2008). Craig et al (2008) also suggest that exploratory work should be 

undertaken, to explore the acceptability of interventions. 

 

Figure 1 Key elements of the development and evaluation process, taken from “Developing and evaluating complex interventions” Craig 
et al (2008 p.980) 

Figure 1 illustrates that developing and evaluating complex interventions should be an iterative and 

reflective process, with the development, feasibility and piloting and evaluation stages able to occur 

multiple times, with researchers being encouraged to go back to development after feasibility if 

necessary and to evaluate feasibility trials and then hold further feasibility studies if required and 

evaluate ahead of wider implementation and dissemination. The updated 2021 framework (Skivington 
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et al., 2021) has further refined this image (Figure 2) and emphasises the importance of continuous 

improvement, going back to the theory, modifying the intervention as necessary to address the 

uncertainties and to consult stakeholders and evaluate the study economically for cost effectiveness. 

 

 

Figure 2 Key elements for developing and evaluating complex interventions taken from: "A new framework for developing and 
evaluating complex interventions: update of Medical Research Council guidance” (Skivington et al., 2021, p4.) 

This thesis will therefore focus initially on identifying the pre-existing evidence base of interventions 

targeting frailty status in pre-frail populations, to identify if this is an area that needs to be explored 

earlier in the life-course. Due to the health inequalities already identified within the UK (Jagger., 

2015), it is important that interventions should be accessible to all older adults and be cost effective. 

This exploration of existing interventions will be performed by undertaking a systematic style review 

of the literature. Further work will be done to explore trajectories of functional decline and associations 

with frailty in the older population in the UK. This work will inform the design of an intervention 

targeting pre-frailty. 

COVID-19 Pandemic 

It is important to acknowledge that the majority of the work for this PhD was conducted prior to the 

COVID-19 Pandemic; however, it is likely that research into pre-frail individuals will be even more 

necessary in a post-pandemic climate. In England, adults over 70 years old were instructed to shield 

from the onset of the first lockdown in March 2020 until August 2020, and again in the further 

COVID-19 local tier system and the national lockdowns from November 2020 until April 2021. This 

increases the likelihood that there will be many more adults who are classified as pre-frail and frail than 

previously, with activity largely restricted for many months as well as increases in inactivity, with large 
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reductions observed in strength and balance activity, leading to projected increases in falls by 3.9% 

during the pandemic (Public Health England, 2021). Briguglio et al (2020) hypothesised that coming 

out of lockdown older adults may experience functional decline similar to that observed in an inpatient 

environment, with older adults being more susceptible to ill health, more likely to be malnourished and 

more fragile than before the pandemic. Therefore, understanding potential interventions which can 

reduce the risk of frailty and functional decline are of even more importance. 

In this chapter I have introduced the concept of frailty and pre-frailty and defined physical and multi-

dimensional constructs of frailty. I have discussed the prevalence of frailty and introduced the theory 

that the frail state may be reversible. I have described the problem-statement and explained that this 

PhD will focus on pre-frailty and will follow the MRC complex intervention framework (Craig et al., 

2008). 

In the next chapter I will further explore the evidence base for the effectiveness of interventions 

targeting pre-frailty through a systematic style review. 

 

 

Chapter Two. Systematic Style Review 
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Systematic Style Review 

This chapter provides a detailed write-up of a systematic style review protocol and completed review. 

The protocol details question development, search strategy, eligibility criteria, data extraction and 

synthesis methods. The systematic style review aims to answer the following question:  Are 

interventions aimed at pre-frail community-dwelling adults effective in reducing risk factors associated 

with frailty and preventing the transition into frailty? 

Systematic Style Review Protocol 

Background 

Description of condition 

Frailty is a condition associated with hospitalisation, loss of independence, adverse events and 

mortality (Fried et al., 2001; Morley et al, 2013). Frailty is commonly defined as a reduction in a 

person’s ability to maintain efficient homeostasis resulting in increased vulnerability to stressors (Clegg 

et al., 2013; Mohler, Fain, Wertheimer, Najafi, Nikolich-Zugich, 2014). As discussed in Chapter One 

pre-frailty is a recognised state whereby an individual is classified as being vulnerable to progression to 
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frailty, however is not yet frail. Pre-frailty is prevalent in the worldwide population with an estimated 

42.3% of the population being classed as physically pre-frail (Cesari et al., 2016). 

A scoping review undertaken by Puts et al (2017) identified 14 studies that had undertaken 

interventions aimed at either preventing or reducing frailty in older adults. Some of the studies included 

in the review investigated the effects of interventions on the pre-frail population as well as the frail 

population (Puts et al., 2017). Interventions that were deemed effective in either reducing prevalence of 

frailty or decreasing frailty markers were (i) exercise and nutrition, (ii) exercise interventions and a (iii) 

a multifactorial intervention including exercise, nutrition and cognition with varied findings of 

effectiveness for a comprehensive geriatric assessment (CGA) (Puts et al., 2017). This is interesting as 

the comprehensive geriatric assessment is deemed to be the current gold standard assessment in 

treatment of frail older adults currently in the UK (Turner & Clegg., 2014), however, the CGA is 

purely an assessment, and clinicians use this to inform a subsequent care plan. As only 14 studies were 

included in the systematic review the application of the findings are limited. Another limitation of this 

review is that it included studies targeting frail adults as well as pre-frail adult, making it difficult to 

identify the type of intervention that may be most beneficial to pre-frail adults compared to frail adults. 

As pre-frail adults will be more robust than frail adults it could be expected that their needs and 

capabilities would be different and that an intervention targeting frail adults may not be as effective for 

pre-frail adults, for example, it could be expected that exercise type and dose required could differ 

between pre-frail and frail individuals.  

The scientific underpinning as to why exercise programmes may be beneficial in decreasing prevalence 

of frailty and reducing frailty markers are numerous. Physical activity, specifically multiple component 

exercise programmes incorporating balance and strength training, have been found to be effective in 

reducing number of falls and risk of falls (Sherrington et al., 2019) events that frail adults are at risk of 

facing. Exercise, specifically progressive resistance training is an effective method of combating 

sarcopenia (Montero-Fernandez & Serra-Rexach., 2013), which is the age-associated loss of muscle 

mass, commonly experienced by frail older adults (Cruz-Jentoft et al., 2019). 

As frailty is such a complex syndrome with many potentially contributing factors, with large 

proportions of the population being estimated to be frail or pre-frail, it is important to identify how 

healthcare systems and policy makers can reduce numbers of individuals who become frail and pre-

frail, aiming to maintain the health of the population, allowing people longer to live in good health. 
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Aims: This systematic style review aims to identify the effectiveness of interventions targeting pre-frail 

older adults, I will aim to assess the evidence base to identify which type of intervention, if any, 

appears effective in preventing transition from pre-frailty into frailty or is effective in reverting those 

who are pre-frail into a robust state. 

Description of intervention 

This systematic style review will assess the effectiveness of interventions targeting adults who are pre-

frail with interventions aiming to target their pre-frailty, aiming to prevent transition on to frailty or 

revert the pre-frail state to a robust state. This will include studies that have focused on a symptom of 

frailty (such as inactivity, reduced muscle strength, loss of weight, cognitive impairment), but which 

collect and report on frailty status as an outcome measure, as well as studies that are targeting the 

frailty syndrome as a whole.  

The ProFaNE taxonomy of interventions (Lamb et al., 2011) provides categories of falls interventions, 

allowing researchers and reviewers to easily categorise interventions, thus facilitating ease of 

understanding. There is no taxonomy of interventions for frailty, however, being frail is positively 

associated with experiencing falls and injurious falls, with the prevalence of falling in the past year 

being over 50% in this population (British Geriatrics Society, 2020).   It could therefore be anticipated 

that interventions targeting frailty would be able to be categorised into the same categories as 

interventions targeting fall prevention. The ProFaNE taxonomy of interventions (Lamb et al., 2011) has 

also been used in other systematic reviews investigating physical activity to prevent frailty and 

sarcopenia (Oliveira et al, 2020). 

Using the ProFaNE taxonomy of interventions (Lamb et al., 2011), the following sub-domains of 

interventions were considered for inclusion in the review: exercises, fluid or nutrition therapy, 

psychological (including cognition), environment/assistive technology, social environment and 

knowledge/education interventions; or combinations of the above. 

These interventions are expected to be delivered by researchers and exercise group leaders, dieticians 

or physiotherapists. The delivery mode will likely be face-to-face either individually, in a group setting 

or remotely. The interventions may take place in the participants’ home, in hospital outpatient settings, 

at a clinic or in the community, perhaps in places such as Leisure Centres or village halls. 

Complex interventions, whereby an intervention contains multiple components (Craig et al., 2008) may 

be included in the review. This raises the possibility that authors may publish studies across multiple 

papers including evaluations of interventions using qualitative and quantitative methods. 
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How the intervention might work 

Frailty is an extremely complex construct with no straightforward mechanism for onset and 

development. Frailty has many symptoms and components and assessment methods; therefore, the 

review team believe that interventions should aim to address frailty status (assessed using a validated 

frailty assessment measure) or symptoms of frailty, perhaps using exercise and fluid/nutrition therapy 

to address the physical frailty criterion, or target activities of daily living and other deficits listed on a 

frailty index.  

 

Why it is important to do this review 

There has been a considerable amount of work undertaken to define frailty, associations of frailty and 

identify frail adults (Fried et al., 2001; Gobbens et al, 2010; de Carvalho Mello, Engstrom, Alves, 

2014; Mitnitski et al., 2002; Morley et al, 2013; deVries et al, 2011). Researchers are now working to 

identify interventions to manage and improve frailty status and function for frail older adults (Lee, Lee 

and Chan, 2012). However, with a larger proportion of the population estimated to be pre-frail than 

frail, it is important to identify effective interventions to prevent or postpone adults classified as pre-

frail from becoming frail. 

The scoping review undertaken by Puts et al (2017) aimed to identify effective interventions to reduce 

frailty status in older adults. Some of the papers identified by Puts et al (2017) included pre-frail 

participants, some frail and some studies included a mixture of both frail and pre-frail participants. Puts 

et al (2017) did not attempt to differentiate between the frail and pre-frail populations and only 

provided an overview of the effectiveness of the interventions. We believe that it is imperative to 

identify the effectiveness of interventions specifically targeting pre-frail adults if we are to prevent 

people from becoming frail. This would not only have significant implications to health services, but 

by targeting a larger proportion of the population, could also have important implications to public 

health. 

This review could prove valuable to policy makers and health care practitioners by providing an 

unbiased synthesised evidence base detailing the most efficacious interventions thus far, highlighting if 

the evidence base is sufficiently strong enough to make policy and guideline recommendations or 

whether more research is required in this field to provide recommendations of the gold-standard 

intervention to target pre-frailty. 
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Objectives 

The primary objectives of this review is to answer the following questions: 

• Are interventions aimed at pre-frail community-dwelling adults effective in preventing the 

transition in to frailty? 

• Are interventions aimed at pre-frail community-dwelling adults effective in reducing risk 

factors associated with frailty? 

The secondary objectives of this review, are to  

• Identify which type of interventions appear to be effective in preventing transition into frailty. 

• Identify if changes in frailty status are associated with improved functional ability and quality 

of life 

 

Methods 

Criteria for considering studies for this review 

Table 1 Eligibility Criteria for systematic review 

Table 1. Eligibility criteria for systematic style review 

Inclusion Criteria Exclusion Criteria 

Primarily aimed at pre-frail adults Studies including adults within in-patient 

and nursing home settings only. 

 

Intervention designed to target frailty 

status/risk of frailty outcome measures 

Focused on adults with a specific health 

condition (e.g. cancer, diabetes) 

RCTs, Quasi-experimental, pragmatic study 

designs 

Books 

Community-dwelling adults Review/systematic review articles/review or 

trial protocols 

Written/published in English Non-intervention, observational studies 

 

Types of Studies 

Randomised controlled trials (RCTs), quasi-experimental and pragmatic trial designs investigating the 

effect of an intervention on frailty status and frailty risk factors were included. Observational studies 

were excluded as this study is interested on the effectiveness of interventions and experimental designs 

are more highly regarded than observational designs in the hierarchy of evidence (University of 

Canberra Library, 2022).  
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As this review was focused on the effectiveness of interventions, information from quantitative 

interventions were used, however additional information was able to be drawn from related qualitative 

research papers. 

Only primary research articles were eligible for inclusion in the study, therefore books, systematic 

reviews, protocol papers and other review articles were excluded when searching for eligible articles. 

These sources would not haved provided sufficient information regarding the aims, methods and results 

of the study, this information can only be found, in full, within the primary research article and articles 

relating to this. 

Types of Participants 

Studies were included if they had recruited community-dwelling adults who had been classified as pre-

frail using a validated frailty tool (e.g. scoring one to two on the Fried Frailty Phenotype (Fried et al., 

2001) and between 0.2 and 0.35 on Rockwood’s Frailty Index (Kulminski et al., 2008). Studies that 

recruited institutionalised adults (such as nursing home residents and hospitalised patients), may have 

been eligible if they had also included community-dwelling adults, however, only information from the 

community-dwelling adults would be extracted. If these participants could not be differentiated the 

study was excluded, that is because community-dwelling is defined as living independently (Steultjens 

et al, 2004), which individuals are not, if they are currently hospitalised or a nursing home resident.  

Although frailty is associated with age, it is possible individuals could become pre-frail prior to being 

classified as an ‘older adult’ (defined by the WHO as being 60 or 65 and older (World Health 

Organization (WHO), 2017), therefore all studies including adults (aged ≥18) were considered for 

inclusion. 

The participant population could not have a specific condition (such as diabetes, cancer) in common, as 

results of these interventions would not be very generalisable to the wider population. 

Types of Intervention 

Interventions could be included if they target community dwelling adults. Examples of eligible sub-

groups of interventions are: 

• Exercise interventions (unsupervised, supervised, group, individual) collecting information on 

frailty status (e.g. strength and conditioning, resistance and balance training)  

• Fluid or nutrition therapy (e.g. vitamin D supplementation, protein supplements, meal 

replacement, provision of additional calories) 
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• Psychological interventions (e.g. cognitive interventions, designed to improve cognitive 

function, behaviour change interventions, designed to increase exercise adherence) 

• Environment/assistive technology (e.g. the use of apps to decrease social isolation, improve 

social participation) 

• Social environment (e.g. telephone support, family/carer training) 

• Knowledge/education interventions (e.g. provision of education booklet on exercises and 

nutritional information to increase strength and facilitate weight maintenance) 

• Medication (Interventions targeting a drug to reduce frailty status, or medication review) 

 

These interventions could be delivered as single component (involving one-subdomain only), multiple 

component (multiple sub-domains, each participant experiences same intervention) or, multifactorial 

(multiple sub-domains, individually tailored based on risk-profile) interventions (Lamb et al, 2011). 

Comparison groups were those in a control group or those receiving current treatment/other 

intervention. 

Types of outcome measures 

Studies that use a validated measure of frailty status either as a primary or secondary outcome measure 

were included. Studies could also be included if they had not measured frailty status at post-

intervention but they had collected information on frailty associated risk factors, such as disability, 

death, institutionalisation, hospitalisations, falls, reduced independence and had used a pre-frail 

population assessed using a validated frailty measure. 

Primary outcomes 

Multiple outcome measures were considered as primary outcomes of the systematic style review. 

Change in frailty status from pre to post intervention was recorded if documented. This provided 

insight into the effectiveness of the intervention in improving frailty status or preventing the transition 

into frailty from a pre-frail state. 

The risks associated with frailty (disability, death, institutionalisation, falls, hospitalisation and loss of 

independence) were recorded if provided, this provided insight into the effectiveness of interventions 

on these risks that are known to increase with frailty. It would be interesting to assess (if possible), 

whether changes in frailty status correspond with changes in risk factors. 
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For studies that used frailty as an outcome measure, a validated tool must have been used to measure 

frailty status. Examples of validated tools for which measures could be categorised to include pre-

frailty are the Edmonton Frail Scale (EFS) (Rolfson et al, 2006), Fried Physical Frailty Phenotype 

(Fried et al, 2001), Rockwood’s Frailty Index (FI) (Mitnitski et al, 2002) and the electronic Frailty 

Index (eFI) (Clegg et al., 2016). 

Secondary outcomes 

Additional measures to be recorded, where provided, were: 

• Quality of Life (e.g. EQ5-D, SF-12 or SF-32) 

• Satisfaction with intervention (self-report Likert scale or qualitative) 

• Adherence to intervention (completion, intensity, attendance or duration adherence (Visek, 

Olson, and DiPietro, 2011)) 

• Gait Speed 

• Hand grip strength (e.g. using hand-held dynamometer) 

• Activities of Daily Living (ADLs) or Instrumental ADLs (IADL) (getting dressed, brushing 

teeth, going shopping, household chores) 

• Fear of falling (e.g. FES-I) 

• Cognitive ability (e.g. Mini Mental State Examination (MMSE)) 

• Measures of mental health (e.g. depression, anxiety) 

• Adverse events and symptoms (e.g. pain, anxiety) 

• Timed get Up and Go (TUG) 

• Short Performance Physical Battery (SPPB) 

• Balance (e.g. Berg Balance Scale) 

• Chair stands 

 

 

These outcome measures provided further information on the acceptance and effectiveness of the 

interventions in relation to wider variables that could be linked to frailty such as function.  

 

Search methods for identification of studies: 

Electronic searches: 

Search terms were developed by DR and PhD Supervisors (HHH, NP and CT), and included terms 

such as older adults, pre-frailty, mild frailty. For full search terms used, please see appendix 1. The 
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search strategy was developed to be relatively restrictive as initial scoping of search terms had 

identified that extreme numbers of ineligible studies were retrieved if BOOLEAN operator terms were 

not used to narrow the field. Having a more restricted search strategy meant that there were fewer 

unrelated papers retrieved whilst still encapsulating eligible studies.   

The following databases were interrogated using the pre-determined search criteria: 

• MEDLINE 

• Scopus 

• CINAHL 

• PsycINFO 

• AMED 

• Web of Science 

• ASSIA 

• Cochrane Database of Systematic Reviews 

 

The only restriction on the searches was that papers must be published in English, due to lack of 

resources to translate papers from other languages into English.  

Data collection and analysis 

Selection of studies 

All articles identified by the searches were assessed for eligibility.  

Initially, the titles of all articles were assessed for eligibility. Reasons for exclusion were documented 

in all instances. Articles that may have been eligible were retrieved and read in full to fully assess for 

eligibility against the inclusion/exclusion criteria.  

A PRISMA (Page, McKenzie, Bossuyt, Boutron, Hoffmann, Mulrow et al, 2021) flowchart was created 

(Figure 3), documenting the article selection process. When handling the searches, Microsoft Excel 

was used to manage the articles identified by the searches. If some research studies were published 

across multiple articles, all related articles were retrieved to facilitate the extraction of information 

regarding the intervention and the assessment of bias of the study. All duplicates were removed at the 

initial phase of eligibility screening. 
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Data extraction and management 

Data was extracted from the articles. A data extraction form, was used to extract information from the 

studies. This form ensured rigorous methods of data extraction was implemented. The following 

information was collected from the included studies: 

Study design: e.g explanatory RCT, pragmatic RCT, cluster RCT, Quasi-experimental trial 

Study aims: e.g. reduce frailty status in pre-frail adults 

Intervention and control: e.g. strength and resistance training vs. control/usual care 

Methods: data collection methods, frailty outcome measure used, location (where research conducted), 

length of intervention, length of follow-up 

Participant characteristics: Using the eight ‘PROGRESS’ factors (place, race, occupation, gender, 

religion, education, socioeconomic status, social status) (O’Neill et al., 2013), age, number of chronic 

conditions. 

Outcome measures: The time points at which relevant outcome measures were collected was 

documented (e.g. baseline, post-intervention, follow-up). These were included in the synthesis of the 

studies. All potential moderators and confounders of the interventions were accounted for in the 

extraction form.  

Assessment of risk of bias in included studies 

Risk of bias was assessed using the Cochrane Collaboration’s Risk of Bias tool (Higgins, Altman, & 

Sterne, 2011). This tool accounts for bias that could be present in randomised controlled trials 

(performance, detection, selection, reporting, attrition).  

Risk of bias was rated as ‘low’, ‘unclear’ or ‘high’. 

Measures of treatment effect 

The primary outcome measures of interest in this review were changes in frailty status and changes in 

frailty proxies. 

As frailty status can be measured using multiple validated tools, synthesis of this variable was difficult. 

Initially, all studies using the same tool to assess frailty status were combined and descriptive statistics 

of participants’ change in frailty status from baseline to post-intervention were calculated. As frailty 

status is measured in numerous ways from continuous to categorical, a categorical score may have to 

be used in this review to determine the effectiveness of the interventions, 
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Unit of analysis issues 

As this study included various interventions; interventions were initially grouped depending on the type 

of outcome. 

It was anticipated it may be difficult to synthesise the interventions to provide a single measure of 

treatment effect for each type of intervention, as it was expected they may be too heterogeneous to do 

this. If this was the case, studies will be provided with individual treatment effects and then grouped by 

intervention type to identify the type of intervention that appears most effective. It isacknowledged that 

this method is not the most robust method of synthesis, however it was anticipated that a meta-analysis 

may not be possible, but would be conducted if feasible. 

If a meta-analysis was possible multiple intervention arms of studies would be combined to provide 

one intervention arm versus one control arm, (Higgins, Deeks and Altman, 2011), if this was not 

possible due to vast differences between the participant characteristics in the groups, only the arms 

deemed relevant to this review would be chosen for data extraction. 

Data Synthesis 

If, as anticipated, the variance between the studies was heterogeneous, a narrative form of synthesis 

would be undertaken, whereby studies would be grouped thematically.  

If there were a sufficient number of studies included in the review, meta-analysis by intervention type 

would be considered, however preliminary searches indicated this would not be the case. 

If the studies indicated that a meta-analysis would have been possible, then a meta-analysis would have 

been undertaken. If some heterogeneity was present, which cannot be explained, a random effects 

model meta-analysis would have been performed (Deeks, Higgins and Altman, 2011). A random 

effects meta-analysis is able to provide an effect estimate from across all studies, however this assumes 

that biases across the studies are balanced. A random effects model may not have been the most 

suitable if only a small number of studies were present as the estimates of the effect and confidence 

interval surrounding this could be inaccurate (Deeks, Higgins and Altman, 2011). This could lead to 

inaccuracies when interpreting the meta-analysis and overall misinterpretation of the results, therefore 

in an instance when there appeared to be some heterogeneity and a small number of studies present 

(less than 10), a meta-analysis would not have been undertaken. 
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Subgroup analysis and investigation of heterogeneity 

If possible, subgroup analyses would have been conducted across the following areas if sufficient data 

was provided in the studies: 

• Gender. It is of importance to identify how females and males respond to the interventions and 

if the interventions have similar effectiveness regardless of gender. 

• Age.  

• QoL. It is of importance to see if the interventions have any effect on quality of life in the 

participants. 

• Physical Function (by ADL and IADL status). It is of importance to see if the interventions had 

any effect on the physical function of participants and whether this was related to changes in 

frailty status. 

Sensitivity analysis 

If the studies were sufficiently homogeneous, and a meta-analysis was undertaken, sensitivity analyses 

would be undertaken. Sensitivity analyses allow the researchers to account for any decisions made 

during the systematic style review process that they may have been uncertain about (Deeks, Higgins 

and Altman, 2011). For example, if the reviewer was uncertain if a study was eligible or ineligible, a 

sensitivity analysis would remove uncertainties and compare results between the studies, to ensure the 

results from the meta-analysis are as robust as they could be. Itwas difficult to identify the sensitivity 

analyses to be undertaken prior to commencing the review, however all sensitivity analyses undertaken 

is included in a summary table, as suggested by the Cochrane Handbook (Deeks, Higgins and Douglas, 

2011). 
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Systematic Style Review Results: 

Database searches ran between December 2018 and February 2019 retrieved 314 hits, of which 28 were 

duplicates. The titles of 286 articles were evaluated against the eligibility criteria, of which, 108 

abstracts were screened and 45 full papers read and assessed against the eligibility criteria. Seven 

articles met all eligibility criteria and were assessed for bias, underwent data extraction and were 

included in the systematic style review. Figure 3. provides a PRISMA flow diagram of the search and 

screening process (Page, McKenzie, Bossuyt, Boutron, Hoffman, Mulrow et al, 2020).  

 

 

Figure 3 PRISMA flow diagram of the search and screening process (Page et al, 2020) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
 

For more information, visit: http://www.prisma-statement.org/ 
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Design 

Of the seven studies included in the review, six studies (Chan et al., 2012; Daniel, 2012; Huguet et 

al,2018; Gomes et al, 2018; Li et al, 2010; Serra-Prat et al, 2017) used a randomised design 

methodology, of these six (Chan et al., 2012; Daniel, 2012; Gomes et al, Huguet et al., 2018; 2018; Li 

et al, 2010; Serra-Prat et al, 2017) were Randomised Controlled Trials (RCT’s), although Huguet et al. 

(2018) used the methodology ‘Randomised Clinical Trial’ to describe their RCT. Of the RCT’s, two 

(Chan et al, 2012 & Gomes et al, 2018) were classified as pilot or feasibility studies. A pilot or 

feasibility study is typically conducted prior to a full-stage evaluation of an intervention to test the 

protocol procedures, identify the required sample size for a full scale trial and assess the feasibility of 

recruitment and attrition to a study (Craig et al, 2008). One study (Chatterjee et al., 2018) used random-

allocation experimental pre-post study design. 

Study Characteristics 

Study Aims 

The studies included in the review had a variety of aims and objectives which could be categorised into 

two broad categories: One: aiming to explore the effect of the intervention on frailty status (Chatterjee 

et al, 2018; Huguet et al, 2018; Li e al, 2010; Serra-Prat et al., 2017) and Two: exploring the effect of 

the intervention on a frailty proxy (for example gait speed) (Chan et al, 2012, Daniel et al, 2012; 

Gomes et al, 2018). All of the studies within the first category were interested in preventing the onset 

of frailty in pre-frail adults (Chatterjee et al., 2018, Huguet et al, 2018; Li et al., 2010 Serra-Prat et al, 

2017)  

Throughout this review, the interventions are discussed in one of two groups, 1) Frailty Status or 2) 

Frailty Proxy. 

Participants 

Frailty Status 

Of the studies that aimed to explore the effect of their intervention on frailty status (Chatterjee et al, 

2018; Huguet et al, 2018; Li et al, 2010; Serra-Prat et al, 2017), Chatterjee et al (2018) recruited 66 

participants (24 female, 42 male), Serra-Prat et al (2017) recruited 172 participants (98 female, 74 

male), Huguet et al (2018) recruited 200 participants (129 female, 71 male) and Li et al (2010) 

recruited 310 participants (148 female, 162 male). In total, the number of participants recruited to this 

group was 748 (399 female (53%), 349 male). This would be considered a small sample size for a 

systematic review and therefore the results from this review must be treated with caution. 
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Frailty Proxy 

Of the studies that were interested in the effect of the intervention on a frailty proxy (Chan et al, 2012; 

Daniel, 2012; Gomes et al, 2018), two studies recruited less than 100 participants. Daniel (2012) 

recruited 23 participants (14 female, nine male) and Gomes et al (2018) recruited 30 participants (28 

female, 2 male). Chan et al (2012) recruited 117 participants (69 female, 48 male). In total, 170 

participants (111 female (65%), 59 male) were recruited to this group, with a higher proportion of 

females. The results from this review must be treated with extreme caution.  

Population and Setting 

All studies included community-dwelling adults, as well as older adults as defined by the United 

Nations as individuals aged 60-65 and above (United Nations, 2019). All studies also included 

participants classified as pre-frail. All of the studies applied a physical definition of frailty, making 

comparison between studies more straight forward. There were differences between studies in the age 

of participants included as well as the assessment measure of frailty used. 

Frailty Status 

One study (Chatterjee et al 2018) included adults aged 60 and over. Li et al (2010) stated participants 

must be aged 65 and over, one study (Serra-Prat et al, 2017) stated participants must be aged 70 and 

over and Huguet et al (2018) stated participants must be aged 80 and over.  

Li et al (2010) was the only study to include frail as well as pre-frail participants.  

All of the studies (Chatterjee et al., 2018; Huguet et al, 2018; Li et al., 2010; Serra-Prat et al, 2017) 

used Fried et al’s (2001) frailty phenotype to assess frailty status  

The six studies were set across two continents: Asia (Chatterjee et al 2018; Li et al, 2010) and Europe 

(Huguet et al, 2018; Serra-Prat et al, 2017).  

Frailty Proxy 

 Gomes et al (2018) included adults aged 60 and over and one study Daniel (2012) included adults aged 

65 years and older. Chan et al (2012) recruited participants aged between 65 and 79 years old. 

Two studies (Chan et al, 2012 & Gomes et al, 2018) included participants who were classified as frail 

as well as pre-frail individuals.  

Two of the studies (Daniel, 2012 & Gomes et al, 2018) used Fried et al’s (2001) frailty phenotype to 

define frailty and pre-frailty. Chan et al (2018) used the ‘Chinese Canadian study of Health and Aging 
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Clinical Frailty Scale Telephone Version’ (Chan, Tsou, Chen, 2010), which is adapted from the 

Clinical Frailty Scale developed by Rockwood, Song, MacKnight et al (2005).  

The three studies were set across three continents: Asia (Chan et al 2012); North America (Daniel, 

2012) and South America (Gomes et al, 2018). As all of the studies were based in different continents, 

this could limit the generalisability and comparability of the study results. 

Assessment of bias: 

The designs of all seven studies included in the review, were assessed for bias using the Cochrane 

assessment of bias tool (Higgins, Altman, & Sterne, 2011) (see table 2). Papers were assessed for: 

selection bias (where comparison groups may differ at baseline (Higgins, Altman, & Sterne, 2011)); 

performance bias (where comparison groups may differ in the care they receive other than the 

intervention of interest(Higgins, Altman, & Sterne, 2011)); detection bias (differences between groups 

in how outcomes are assessed or measured (Higgins, Altman, & Sterne, 2011)); attrition bias 

(differences between groups in the number of participants who exit a study(Higgins, Altman, & Sterne, 

2011)) and reporting bias (differences between findings that are reported and those that are not 

(Higgins, Altman, & Sterne, 2011)). Higgins, Altman & Sterne (2011), recommend rating the risk of 

bias as either ‘Low’ ‘High’ or ‘Unclear’. 
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Table 2 Assessment of bias of eligible studies using Cochrane assessment of bias tool (Higgins, Altman and Sterne, 2011) 

Table 2. Assessment of bias of eligible studies using Cochrane Assessment of bias tool 

(Higgins, Altman and Sterne, 2011) 

Study Selection Bias Performance 

bias 

Detection 

bias 

Attrition 

Bias 

Reporting 

bias 

 Random 

sequence 

generation 

Allocation 

concealment 

Blinding of 

participants 

and 

researchers 

Blinding 

of 

outcome 

assessment 

Incomplete 

outcome 

data 

Selective 

reporting 

Chan et al 

(2012) 

Low Low High Low Low Low 

Chatterjee 

et al 

(2018) 

Low Low High Unclear Unclear High 

Daniel 

(2012) 

Unclear Unclear High Unclear High High 

Gomes et 

al (2018) 

Low High High Low Low Unclear 

Huguet et 

al (2018) 

Unclear High High Unclear High Low 

Li et al 

(2010) 

Unclear Unclear High Low Unclear Unclear 

Serra-Prat 

et al 

(2017) 

Low Low High Unclear Low Low 

 

Selection Bias: 

All studies were assessed for selection bias by assessing whether studies had used appropriate methods 

of random sequence generation, so that groups would have been comparable (Higgins, Altman, & 

Sterne, 2011) and any differences between the groups could be attributed to chance; allocation 

concealment was also assessed and the authors questioned if it would have been possible for 

researchers to have known which group participants would be allocated to, prior to 
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randomisation/recruitment to the study (Higgins, Altman, & Sterne, 2011). Of the seven studies 

included in the study, three (Chan et al., 2012; Chatterjee et al., 2018 & Serra-Prat et al, 2017) were 

deemed to have low risk of selection bias when taking into consideration both random sequence 

generation and allocation concealment.  Chan et al (2012) used computer-generated block 

randomisation whereas Chatterjee et al (2018) and Serra-Prat et al (2017) both used an opaque sealed 

envelope method. Chatterjee et al (2018) used computer software to generate their envelope allocation, 

whereas, Serra-Prat et al (2017) provided all participating GP practices with 10 sequentially numbered 

envelopes each (5 for each group) and used blocked random codes to decide which participant received 

which envelope. All three studies adequately concealed allocation to researchers prior to participants 

being enrolled in the study, Chan et al (2012) used a project manager to manage allocation, Chatterjee 

et al (2018) used software to generate allocation and Serra-Prat et al (2018) used blocked random codes 

and sealed envelopes to conceal allocation. 

Gomes et al’s (2018) study was also deemed to have low risk of selection bias due to implementing 

adequate methods of randomising participants into study groups. Gomes et al (2018) used block 

randomisation and opaque envelopes to randomise participants into groups. 

Whilst all remaining studies (Daniel et al, 2012; Huguet et al, 2018 &Li et al, 2010) randomised 

participants into study groups; it was unclear in the study report, whether the randomisation techniques 

used were adequate.  

When assessing methods implemented to reduce risk of selection bias through allocation concealment, 

one study was deemed to have intermediate (Gomes et al, 2018) risk. Gomes et al (2018) state that an 

allocation of 1:1 ratio was implemented, meaning that it would be easy for the individual performing 

randomisation to know which study group an individual would be assigned to, prior to randomisation. 

It would therefore be easy for an individual to choose when to randomise a participant to ensure they 

would be placed in a group they wanted them to be allocated to. The risk has been ranked as 

intermediate and not high as Gomes et al (2018) state that the individual who performed randomisation 

was not involved in recruitment, data collection or assessment and therefore should have been 

independent and not necessarily have known the characteristics of participants prior to randomisation. 

Although this sounds like the Gomes et al (2018) are trying to reduce the overall bias of the study by 

ensuring group characteristics are equal at baseline, it could be easy for the study coordinator to inflict 

(intentionally or unintentionally) selection bias into the study by enabling them to alter the allocation 

methods. 
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The rest of the studies (Daniel et al, 2012; Huguet et al, 2018 and Li et al, 2010), did not adequately 

describe the methods of allocation and the team members involved in this process to enable assessment 

of the risk of selection bias due to allocation concealment. 

Performance Bias 

Blinding of participants was not possible for seven studies included in the systematic style review 

(Chan et al, 2012; Chatterjee et al, 2018; Daniel, 2012; Gomes et al, 2018; Huguet et al, 2018; Li et al, 

2010; Serra-Prat et al, 2017), as the interventions were primarily exercise based, or had physical 

activity components, and therefore participant blinding would not be possible. This inevitably leaves 

the studies at risk of performance bias. Whilst the risk of performance bias is present in the majority of 

studies included in this systematic style review, and therefore must be considered when reviewing the 

results of this review; it should be noted that the risk of performance bias is present in the majority of 

physical activity interventions, due to not being able to blind participants to whether they have been 

assigned to an exercise intervention or not (Banerjee, Pluddermann, O’Sullivan, Nunan, 2019). 

Detection Bias 

Three studies (Chan et al, 2012; Gomes e al, 2018;  & Li et al, 2010) were classed as having low risk of 

detection bias, and in four studies (Chatterjee et al, 2018; Daniel et al, 2012; Huguet et al, 2018 & 

Serra-Prat et al, 2017) this risk was unclear. 

In the studies (Chan et al, 2012; Gomes et al, 2018 & Li et al, 2010) where risk of detection bias was 

classed as low, researchers who were collecting data and performing outcome or baseline assessments 

on participants were blinded. Four studies (Chatterjee et al, 2018; Daniel et al, 2012; Huguet et al, 2018 

& Serra-Prat et al, 2017) did not clearly state whether outcome assessors were blinded. 

Attrition Bias 

 Two studies were assessed as having a low risk of attrition bias (Chan et al, 2012; Gomes et al, 2018), 

one study had a high risk of attrition bias (Daniel et al, 2012) and in one study (Chatterjee et al, 2018) 

the risk of attrition bias was unclear. 

Chan et al (2012) and Gomes et al (2018) undertook an intention-to-treat analysis, meaning that all 

participants that were recruited were analysed in the groups that they were allocated to, reducing the 

risk of bias (Petrie and Sabin, 2009) Daniel et al (2012), did not provide detail of the analysis that they 

had undertaken, however did not appear to include all participants in the analysis of their study (stated 

that two participants had withdrawn from the study, however did not account for an additional two 

participants) and therefore the risk of attrition bias in this study has been assessed as high. Chatterjee et 
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al (2018), did not state if they had undertaken an intention-to-treat analysis and therefore the risk of 

attrition bias in this study was unclear. 

Reporting Bias 

Three studies (Chan et al., 2012; Huguet et al, 2018; Serra-Prat et al., 2017) were considered to have 

low risk of reporting bias, two studies were assessed to have high risk of reporting bias (Chatterjee et 

al., 2018 & Daniel et al, 2012), in two studies the risk of reporting bias was unclear (Gomes et al, 2018 

& Li et al, 2010). 

 

Interventions 

Table 3 summarises the interventions of each of the studies: 
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Table 3 Summary of the interventions of all included studies 

Table 3. Summary of the interventions of all included studies Frailty Status 

Frailty Status 

Author Population Intervention 
Chatterjee et al, 

2018 
Pre-frail older 

adults, mean age 

in each group 75 

years and older. 

Country: India 

12 weeks. Three study arms comparing a multiple component 

nutritional and physical activity intervention to two single 

component interventions matching the nutritional and physical 

activity components of the multiple component intervention. 

All participants were assessed for calorie and protein deficiencies. 

 
Indoor Nordic 

Walking and 

Dietary 

Counselling 

 

Physiotherapy led 

indoor Nordic 

Walking 

 

Three 60 minute 

sessions a week. 

 

Sessions started with 

a flexibility warm-up 

and finished with 

stretching and 

breathing exercises. 

 

Had nutritional 

counselling about 

baseline calorie and 

protein deficits and 

told to improve diet. 

Individualised 

Nutritional 

Supplementation 

 

Assessment of 

calorie and protein 

deficiency, 

supplements given 

as required.  

 

Carbohydrates 

supplemented at 

approximately 50% 

of total daily calorie 

requirement and 

protein at one to 2g 

per Kg of body 

weight. 

 

 

Indoor Nordic 

Walking and 

Individualised 

nutritional 

supplementation 

 

Combination of both 

the Indoor Nordic 

walking and 

Individualised 

nutritional 

supplementation 

intervention 

 

 

 

 

 

 

Huguet et al, 

2018 

Community 

dwelling, pre-frail 

(Fried et al., 

2001), aged 80 

and older. 

Country: Spain 

6-month multifactorial intervention, with 4-month follow-up. 

Intervention compared with control-group who received treatment as 

usual. 

Intervention: 

1. Medication assessment, using STOPP-START criteria 

(Silveira, Errasquin, Garcia, Velez-Diaz-Pallares, Montoya, 

Castellano, Cruz-Jentoft, 2015) if poly-pharmacy identified 

(5 or more drugs), changes recommended to doctor of 

individual 

2. Nutritional advice in a group session by Mediterranean Diet 

expert nurse, provided with individualised advice on dietary 

changes 

3. Physical exercise program led by nurse and doctor. Home 

exercises recommendations, using a pamphlet. 

Recommended three 60-minute aerobic exercise sessions a 

week as well as strength and balance exercises (10 

repetitions, increasing to 15 repetitions after two months). 

In addition nine fortnightly in person sessions for six 

months, followed by home sessions three to four days a 

week. 

4. Telephone social worker review of environmental and 

personal conditions. Participants were assessed for whether 

they required telecare (which was contact with paramedic 
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unit when necessary). If participant was at risk, home visit 

may be scheduled. 

 

Li et al, 2010 Community 

dwelling, pre-frail 

and frail adults, 

aged 65 years and 

older. Country: 

Taiwan 

Intervention group compared with a control group, who received 

screening only. 

 

Intervention: 

Screened using Comprehensive Geriatric Assessment (CGA) and 

any subsequent treatments as recommended by CGA. 

 

CGA included screening for falls, polypharmacy, nutrition, pain, 

incontinence and sleep disturbances, using standardised assessment 

tools. 

Serra-Prat et al, 

2017 

Community 

dwelling adults 

aged 70 years and 

older. Pre-frail 

(Fried et al, 

2001). Country: 

Spain 

Intervention group compared with control group who received usual 

care. 

 

Intervention: 

The intervention had both nutritional and physical activity 

components: 

 

1. Nutritional component: Participants assessed for 

malnutrition using Short-Form Mini Nutritional Assessment 

questionnaire (Kaiser, Bauer, Ramsch et al., 2009). ‘At 

risk’ participants referred for further assessment, follow-up 

and treatment at Nutritional unit. 

2. Physical activity component: (a) outdoor walking 4 days 

per week for 30 to 45 minutes and (b) 15 mixed strength 

and balance exercises to be undertaken 4 days per week for 

20 to 25 minutes. 10 repetitions per minute (increasing to 

15 repetitions after two to three months). Sessions initially 

held at centre and participants provided with leaflet to 

continue at home. Regular telephone contact with a nurse to 

increase adherence. 

 

Frailty Proxy 

Chan et al, 2012 Community 

dwelling adults 

aged between 65 

and 79 years old. 

Country: Taiwan 

 

Scoring three to 

six on The 

Chinese Canadian 

Study of Health 

and Aging 

Clinical Frailty 

Scale Telephone 

Version (Chan et 

al, 2010). This is 

a combination of 

robust (scoring 

three), pre-frail 

(scoring four to 

five) and frail 

(scoring six) 

participants. 

Randomised participants into four groups. The interventions lasted 

3-months and participants were followed up at 3-months, six months 

and 12 months. All participants received an educational booklet with 

information about frailty, healthy nutrition and exercise. 

 

  

Problem 

Solving 

Therapy 

(PST) and no 

Exercise and 

Nutrition 

(EN): 

six sessions of 

PST by trained 

providers. 

 

PST teaches 

how to solve 

problems 

relating to 

mood and 

increases self-

efficacy. 

EN and No 

PST: 

Hospital ran 

exercise 

classes, 60 

minutes each, 

three times per 

week for three 

months. 

 

15 minute 

warm-up 

(walking and 

stretching). 

20 – 30 

minutes 

resistance 

training with 

EN and PST: 

Received both 

the EN and 

PST 

interventions. 

 

No EN and 

No PST 

Contacted 

monthly to see 

how often they 

had read and 

adhered to the 

educational 

booklet. 
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 resistance 

band and water 

bottle, upper 

and lower 

limbs. 10 to 15 

repetitions. 

10 minutes 

postural 

control and 

balance 

exercises (such 

as tandem 

gaits, heel and 

toe walking, 

one leg 

standing) 

5 minute cool-

down. 

 

Also asked 

about 

compliance 

with diet and 

answered any 

dietary 

questions. 

Daniels, 2012  Community 

dwelling, Pre-frail 

(Fried, 2001), 

aged 65 years and 

older. 

Participants randomised to seated exercise, wii-fit or control groups 

(continued as normal). The interventions lasted for 15 weeks. 

Seated Exercise: 

Certified instructor-led, group 

exercise session three times per 

week for 45 minutes. The classes 

were progressive and aimed to 

increase strength in leg, upper 

body and flexibility. 

 

Exercises based on traditional 

seated fitness and rigorous 

aerobics seated exercises. 

Including chair stands and 

lunges, triceps extensions and 

shoulder presses using 

Therabands. 

 

5 – 10 minutes walking 

10 – 15 minutes stretching 

Wii-Fit: 

Instructor led group exercise 

session three times per week for 

45 minutes. 

 

Used the bowling, tennis and 

boxing Wii-Fit games while 

wearing a weight vest of 2% of 

participant body weight added 

every 2-weeks. 

Gomes et al, 

2018 

Frail and pre-frail 

(Fried et al, 2001) 

community 

dwelling adults 

who could walk 

independently 

with normal (or 

corrected) vision 

and hearing, with 

no previous 

experience of the 

Wii-Fit  

Country: Brazil 

Participants were randomly assigned to intervention or control 

group. The control group had an educational booklet based on World 

Health Organisation guidelines (Organizacao Mundial Da Saude, 

2014) for physical activity. 

 

The intervention lasted for seven weeks. 

 

Intervention: 

14 sessions, lasting 50 minutes. Sessions occurred twice a week. 

Participants were provided with 10 Wii-Fit games, split evenly into 

two blocks, based on their cognitive and motor needs.  

Participants did the blocks on alternate days. 
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Game order within the block were pre-determined. Games were 

repeated twice each sessions, the first time participants were assisted 

and provided with physical and verbal feedback by a therapist and 

the second time the participants performed independently, but were 

still supervised. 

 

Frailty status: 

Of the four studies within this group (Chatterjee et al, 2018; Huguet et al, 2018; Li e al, 2010 & Serra-

Prat et al., 2017), two of the studies (Chatterjee et al, 2018 & Serra-Prat et al, 2017) tested at least one 

multiple component intervention. In a multiple component intervention, participants will receive the 

same intervention which will have more than one component (for example an education and physical 

activity component) (Hopewell et al, 2018). Two of the studies (Li et al, 2010 Huguet et al, 2018) were 

multifactorial, meaning that the components and exact intervention participants receive is dependent on 

an individual’s risk factors (Hopewell et al, 2018) (for example an individual’s fall risk being 

considered when deciding the components and exact intervention for a participant). 

Of the multiple component studies, two studies (Chatterjee et al, 2018 & Serra Prat et al, 2017) 

combined a nutritional component with a physical activity component. One study (Chatterjee et al, 

2018) compared a multiple component nutritional and physical activity intervention to a single 

component nutritional intervention, matching the nutritional intervention and a single component 

physical activity intervention (same as the physical activity intervention in the multiple component 

intervention). 

Physical activity and nutritional components 

Three studies (Chatterjee et al, 2018 & Serra-Prat et al, 2017) discussed interventions containing 

physical activity and nutritional components. The interventions conducted by the three studies were all 

different.  

Chatterjee et al’s (2018) physical activity component was a Nordic Walking (NW) intervention that 

was structured so that participants would practice NW, inside, with a therapist. Chatterjee et al (2018) 

implemented Nordic Walking Federation (INWA) guidelines in their protocol, meaning that these 

methods would be easy to implement in future studies, participants had 36 sessions, lasting 60 minutes 

over 12 weeks. In Chatterjee et al’s (2018) nutritional component, participants were assessed by a 

nutritionist for calorie and protein deficiencies, participants were supplemented with carbohydrates and 

protein as necessary. Carbohydrates were supplemented at ~50% of total daily calorie requirement and 
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protein was supplemented at 1-2 grams per kilogram of body weight, with the aim of providing an 

additional 100Kcal and 8-10grams of protein per day. 

Serra-Prat et al (2017) physical activity component had aerobic, strength, balance and flexibility 

components and utilised a combination of centre-based and independent exercise methods. For the 

independent exercise methods, participants were provided with an exercise booklet to use. Serra-Prat et 

al (2017) also used walking as the aerobic component of the intervention, which was undertaken 

separately to the strength and balance aspects of the intervention. Participants were advised to walk 30-

45 minutes four times per week. For the strength and balance aspect of Serra-Prat et al (2017) 

intervention, the authors specified that exercises targeted the upper and lower body, with three 

exercises targeting the arms, seven the legs and five balance and co-ordination. No further details of the 

exercises were provided. The nutritional aspect of Serra-Prat et al’s (2017) intervention, referred 

participants at risk of malnutrition to a Nutritional Unit for assessment, follow-up and usual practice 

dietary recommendations and corrective measures. 

Li et al’s (2010) multifaceted intervention, implemented a Comprehensive Geriatric Assessment (CGA) 

intervention, whereby the results of the participants assessment would inform the treatment they 

received. Treatment options included medication adjustment, exercise instruction, nutritional support, 

physical rehabilitation, social worker consultation and speciality referrals. 

Frailty Proxy 

Of the three studies within the Frailty Proxy group, two studies had interventions with a single 

component (Daniels , 2012; & Gomes et al, 2018) and one study tested a multiple component 

intervention (Chan et al, 2012). 

Both Daniels (2012) and Gomes et al (2018) interventions were physical activity interventions using 

games. Daniels (2012) used the Nintendo Wii-Fit in their intervention, participants played games such 

as bowling, tennis and boxing whilst wearing a weight vest with two percent of body weight added 

every two weeks. Participants had three sessions per week for 15 weeks and sessions lasted 45 minutes 

each. This intervention was compared with a professionally led seated aerobic programme with 

participants performing lower and upper body exercises with a medium strength resistance band as well 

as three bouts of walking within a session, each bout lasting 10-15 minutes as well as 10-15 minutes of 

stretching. The frequency and duration of these sessions matched the intervention, however participants 

did not wear a weight vest, so it would not be possible to determine whether an effect would be due to 

the Nintendo Wii Fit games or weight vest worn by participants. 
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Gomes et al (2018) also utilised the Nintendo Wii-Fit Plus in their intervention. Gomes and colleagues 

selected 10 games based on cognitive and motor requirements and divided games equally into two 

groups (A and B). Participants would play the games from each group on alternate days. They would 

play each game within the group twice, the first time with feedback from a therapist and the second 

time without supervision. Each game would take about two to three minutes to complete. Participants 

took part in the intervention twice per week, with each session lasting 50 minutes. This intervention 

lasted for seven weeks. 

The multiple component intervention implemented by Chan et al (2012), had three components 

(educational, nutritional and a physical activity component), they compared this with another multiple 

component intervention that had an educational and problem solving and behaviour change 

components. For the educational component in each intervention, Chan et al (2012) provided an 

educational booklet on frailty, exercise, nutrition and self-cope mechanisms to their participants as part 

of their ‘exercise and nutrition’ and ‘problem solving therapy’ interventions. Chan et al’s (2012) 

physical activity intervention had aerobic, strength, balance and flexibility components. Chan et al 

(2012) used walking as the aerobic part of their physical activity intervention, which formed part of a 

session that also incorporated strength, balance and flexibility components. Participants walked for 10 

minutes per session. Chan et al (2012) specified that strengthening exercises targeted the upper and 

lower body and specified the muscles the exercises targeted (deltoids, biceps, hand grip, hip and knee 

flexors and extensors, hip abductors, ankle plantar flexors and dorsiflexors), participants utilised water 

bottles ranging from 0.6L to 1L. The durations of the strengthening aspects of the studies were: 20-30 

minutes three times per week. Participants were asked dietary questions and were asked about dietary 

compliance. The comparison intervention had a problem-solving component in addition to the 

educational component. The problem-solving component involved participants receiving problem 

solving therapy where they were aiming to solve ‘here and now’ problems. Participants received six 

sessions. 

Effects of the intervention 

Due to the extreme heterogeneity of the study designs, aims, interventions and outcome measures a 

meta-analysis was not possible and therefore, a thematic synthesis has been undertaken.  

Frailty Status 

Four studies had a primary aim to investigate the effects of the intervention on frailty status (Chatterjee 

et al, 2018; Huguet et al, 2018; Li et al. 2010; & Serra-Prat et al, 2017). All four studies reported 

outcome of frailty status post intervention and three studies reported using a frailty proxy as an 
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outcome (Chatterjee et al, 2018; Huguet et al, 2018; & Serra-Prat et al, 2017). Only Huguet et al (2018) 

reported between group comparisons between intervention groups and control groups, instead opting to 

provide within group differences from baseline to post intervention and follow-up. This makes it 

difficult to assess whether the interventions were statistically deemed to be more effective than the 

control group or other intervention group. 

As all of the interventions were very different, it is not possible to synthesise the results from the 

interventions, so they will be discussed separately, with comparisons drawn when possible. 

Frailty status 

Chatterjee et al 2018) saw changes of frailty status within each of their intervention groups, with the 

largest changes being observed within the indoor NW and nutritional supplementation group. Within 

this group, six participants transitioned into a non-frail state and 16 remained pre-frail. In the NW and 

dietary counselling intervention, two participants transitioned into a non-frail state, one participant 

transitioned into a frail state and the rest remained pre-frail. In the individualised nutritional 

supplementation group, four participants transitioned into a non-frail state, two transitioned into a frail 

state and 16 remained pre-frail. Significance values for these within group comparisons were not 

discussed or provided, possibly due to the low numbers of participants.  

Huguet et al (2018) analysed 173 participants in their study and discussed that at follow-up, 21 (23.9%) 

participants in the control group had progressed to frailty at follow-up compared to only seven (8.2%) 

participants within the intervention group. The risk ratio (RR) of progressing to frailty was 2.90 higher 

in the control group (95% CI was 1.45 to 8.69), the confidence interval range for this result is quite 

large. In the intervention group, 12 (14.1%) of participants transition from a pre-frail state to being 

robust, this was higher than the control group where only 1.1% of participants reverted to robustness 

(p<0.001). This demonstrates that the intervention group was more effective than the control group in 

reverting people back to a robust state, however, as Huguet et al (2018) did not provide any confidence 

intervals for these results, the reader is unable to be certain of the precision of these results. Huguet et 

al (2018) also discussed that there were few changes in the Fried Criteria (Fried et al, 2001) within the 

intervention group, however it was observed that the control group significantly declined for the 

exhaustion (28.4% at baseline vs. 59.1% follow-up, P<0.001), low physical activity (10.2% baseline vs. 

21.6% follow-up, P=0.024) and slow mobility (10.2% baseline vs. 22.7% follow-up, P=0.010) frailty 

criteria. 
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Li et al (2010) assigned 310 participants to intervention and control group and had 269 participants 

complete follow-up. Li et al (2010) included frail participants as well as pre-frail participants in their 

intervention assessing Comprehensive Geriatric Assessment (CGA). Li et al (2010) commented that the 

control group had an increase in the percentage of frail participants at six months post the trial (19.6% 

to 24.3%) when compared to the intervention group (17.1% to 17.8%), whereas the intervention group 

observed a larger increase in the percentage of non-frail participants at the same time point. The 

intervention group saw an increase from 0% to 3.9% in non-frail participants whereas the control group 

increase from 0% to 2.1%. 95% confidence intervals were not provided for these results. Li et al (2010) 

reported that frailty status was more likely to improve in the intervention group, with an Odds Ratio 

(OR) of 1.19 (95% CI = 0.48 to 3.04), frailty status was also less likely to deteriorate (OR =0.78, 95% 

CI=0.34 to 1.79). Neither of these ORs are significant, the OR being close to one and the broad range 

of the 95% CI (which also includes one). 

Li et al (2010), observed that the decrease in pre-frail participants was greater in the control group 

(80.4% to 73.6%) than the intervention group (82.9% to 78.3%), however have not reported any 

between group analysis to identify if this was significant.  

Serra-Prat et al (2017) reported that 4.9% of their intervention group transitioned to a frail state, 

compared to 15.3% in the control group, this was a frailty incidence rate of 0.40/100 person years for 

the intervention group and 0.88/100 person years in the control group. The Risk Ratio (RR) of this was 

0.46 (95% CI=0.20 to 1.04), however, as the 95% CI included one in the range, indicating no effect. 

Serra-Prat et al (2017) logistic regression analysis determined that there was an association between the 

intervention and frailty (OR=0.29, 95% CI = 0.08 to 1.08, p=0.052), however this was not significant. 

When adjusting for age, gender, and the number of comorbidities, an independent effect of the 

intervention was identified (OR=0.19, 95% CI =0.04 to 0.95, p=0.044), and this was significant. When 

adjusting for chronic lung diseases (as they were significantly different between intervention and 

control at baseline) and confounding factors, the association was not significant. When looking at frail 

(versus non-frail) there were 11 (15.3%) participants in the control group at 12-month follow-up, 

compared to three (4.9%) in the intervention group (p=0.052), the adjusted intervention effect was 

significant (OR=0.23, 95% CI= 0.06 to 0.91, p=0.036). When looking at robust (versus non-robust), 

there were 11 (15.3%) participants in the control group at 12-month follow-up, compared to 13 (21.3%) 

in the intervention group (p=0.37). This was not significant when looking at the adjusted effect 

(p=0.21). 
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Frailty Proxy 

Three studies (Chatterjee et al, 2018; Huguet et al, 2018; & Serra-Prat et al, 2017) collected 

information on frailty proxies in addition to frailty status. Many of the frailty proxy outcome measures 

differed between the studies. However, Chatterjee et al (2018) and Serra-Prat et al (2017), both 

reported on gait speed and Serra Prat et al (2017) and Huguet et al (2018) both report on Timed Up and 

Go (TUG) (Podsiadlo and Richardson, 1991). 

Gait Speed 

When discussing gait speed, Chatterjee et al (2018), identified an intervention effect on gait speed for 

both NW groups (NW with dietary counselling (p=0.001) and NW with individualised Nutritional 

Supplementation (p-0.002)), but not for the intervention using solely Individualised Nutritional 

Supplementation. There was no significant difference between the two exercise intervention groups, 

although the study was a pilot study and therefore was not powered sufficiently to detect change with 

only 22 participants in each arm. 

Serra-Prat et al (2017), also provided reports on analysis of the change in gait speed between control 

and intervention group after an intervention targeting pre-frailty. At follow-up, fewer people in the 

control and intervention group were deemed to have a low gait speed when compared to baseline 

(control: 22 people baseline, 12 people follow-up; intervention 28 people baseline, eight people follow-

up). The difference between the control and intervention group at follow-up was not deemed to be 

significant (p=0.057), especially not when looking at the adjusted intervention effect (when adjusting 

for age, gender and chronic lung disease) (p=0.33).  

Timed Up and Go (TUG) 

Huguet et al (2018) and Serra Prat et al (2017) reported Timed up and Go, both reporting TUG scores 

at baseline and 12 months. Huguet et al (2018) reported that the control group TUG results were 

significantly slower at 12 months (baseline: 13.4  5.1, 12 months 14.0  5.9; p=0.013) and the 

intervention group were significantly quicker at 12 months (Baseline 13.4  4.3, 12 months 12.4  4.2; 

p=0.004), the difference between the groups at 12 months was significant (-1.57 (-2.36 to -0.78; 

P<0.001). 

Serra-Prat et al (2017) did not identify significant differences between the control and intervention 

group at 12-month follow-up (control: 8.0  2.1; intervention: 8.0  2.5; OR = -0.04 (95% CI -0.64 to 

0.57) p=0.91, when adjusting for age, gender and chronic lung disease. 



55 
 
 

Barthel Index of Activities of Daily Living (BI) 

Chatterjee et al (2018) report on the Barthel Activity of Daily Living (BADL) and Huguet et al (2018), 

Li et al (2010) and Serra-Prat et al (2017) report on the Barthel Index (BI) (Mahoney & Barthel, 1965). 

The scoring implemented by the studies is different, with Chatterjee et al (2018) using a scale of zero to 

20, whereas Huguet et al (2018), Li et al (2010) and Serra-Prat et al (2017) use a scale of zero to 100. 

The BADL used by Chatterjee et al (2018) is a modification of the BI, implemented by Collin, Wade, 

Davies & Horne (1988). For both tools, a lower score indicates higher dependency and a higher score 

indicates lower dependency. 

Serra-Prat et al (2017), did not observe an intervention effect on BI scores at the 12-month follow-up 

(adjusted intervention effect: OR -0.31; 95% CI -1.01 to 0.40; P=0.39).  

Li et al (2010) observed that the BI of the intervention group was more likely to improve than the BI of 

the control group, this was not significant (OR = 3.29, 95% CI= 0.65 to 16.64, p=0.15). Huguet et al 

(2018) observed that the intervention group was significantly more likely to improve than the control 

group (OR=2.37, 95% CI=1.14 to 3.61, P<0.001). The BI scores for the control group in Huguet et al 

(2018) study decreased whereas the scores for the intervention group increased (both significantly 

control: baseline 95.2, SD 6.4 12 months 94.1 SD 7.9, p= 0,032; Intervention: baseline 94.9 SD 5.4 12 

months 96.2 SD 5.1, p=0,001). Although significant, the changes within each group were relatively 

small with the mean changes being a decrease of 1.1 (control) and an increase of 1.3 (intervention), 

which is relatively small change on a 100-point scale. The Minimal Clinically Important Differences 

(MCID) for the BI (in a population of stroke patients) was identified to be 1.85 (Hsieh et al, 2007), 

however this was a population of individuals whose BI scores improved and therefore results are not 

applicable to populations with a lower score at follow-up (Hsieh et al, 2007), also this study was 

conducted in stroke patients and therefore may not be generalisable to the population included in 

Huguet et al’s (2018) study and the population included in this systematic style review. 

 The 95% CI range for the OR in Huguet et al’s (2018) study is much smaller than the range reported 

by Li et al (2010) indicating more precision in the results reported. Although sample size can influence 

the 95% CI range, Li et al (2010) had a larger sample size than Huguet et al (2018), indicating that this 

was not the reason why Huguet et al (2018) had smaller 95% CI range. 

Interestingly, Chatterjee et al (2018) observed significant improvements within each intervention group 

from pre to post test (Indoor NW and Dietary counselling A: Pre – 3.95 1.46; Post – 5.27 1.20; 

P<0.001. Individualised Nutritional Supplementation B: Pre -3.36 0.90; Post – 4.81 0.90; P<0.001. 
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Indoor NW and Individualised Nutritional Supplementation: Pre – 3.77 1.15; Post – 6.40 0.95; 

P<0.001). Chatterjee et al (2018) observed between group differences between the Indoor NW and 

Dietary counselling and Individualised Nutritional Supplementation groups (P<0.001) and the 

Individualised Nutritional supplementation and Indoor NW and Individualised Nutritional 

supplementation groups (P<0.001) but not between the indoor NW and dietary counselling and the 

indoor NW and individualised nutritional supplementation groups (P=0.677). Although, as each group 

had such low numbers these results must be interpreted with caution.  

When comparing baseline scores for Chatterjee et al (2018), Li et al (2010) and Serra-Prat et al (2017), 

it was apparent that the participants in Li et al (2010) and Serra-Prat et al’s (2017) study had lower 

dependency at baseline than those in Chatterjee et al’s (2018) study. 

Instrumental Activities of Daily Living (IADL) 

Only Chatterjee et al (2018) reported IADL. All three intervention groups had similar IADL scores at 

baseline (P=0.555) and all three groups improved at the 12-month follow-up (Indoor NW and dietary 

counselling: Pre - 1.400.50; Post – 2.591.00; p<0.001. Individualised nutritional supplementation: 

Pre - 1.360.58; Post – 2.220.81; P<0.001. Indoor NW and individualised nutritional 

supplementation: Pre – 1.591.00; Post – 3.311.21; P<0.001). When analysing differences between 

groups, Chatterjee et al (2018) reported only a statistically significant difference between the 

Individualised nutritional supplementation and Indoor NW with individualised nutritional 

supplementation groups (P=0.005). These results must be interpreted with caution as numbers of 

participants within this study were so small. 

Modified Physical Performance Test (MPPT) 

Chatterjee et al (2018) used the MPPT as part of their physical domain assessment. The MPPT was 

used as an additional measure of frailty and was scored from zero to 36, with lower scores indicating a 

higher severity of frailty. Classifications were: zero to 16, severe; 17 to 24, moderate; 25 to 31, mild 

and 32 to 36, non-frail. Chatterjee et al (2018), observed no real differences when comparing pre and 

post-test results within the indoor NW with dietary counselling and individualised nutritional 

supplementation groups, however the difference in pre and post-test was considered statistically 

significant within the indoor NW and individualised nutritional supplementation group (P=0.020). 

These results must be interpreted with caution as numbers of participants within this study were so 

small. 
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Berg Balance Scale (BBS) 

Chatterjee et al (2018), measured the balance of their participants using the BBS, a 14-point scale 

where participants are scored between zero and 56, with lower scores indicating lower risk and higher 

scores indicating higher risk (of falls). Categories of the BBS were as follows: zero to 20, low risk; 21 

to 40, medium risk; 41 to 56, high risk, this is contrasting to how the BBS is usually scored, with 

higher scores indicating lower risk and low scores indicating high risk. The BBS is also not usually 

categorised and instead is a continuous variable. Chatterjee et al (2018) reported that their NW 

interventions had a significant effect on BBS score when comparing within group scores from baseline 

to follow-up (Indoor NW with dietary counselling: P=0.046; Indoor NW with individualised nutritional 

supplementation: p=0.024). Although the significance value appears to be lower for Indoor NW with 

individualised nutritional supplementation; the two groups had the same number of individuals within 

each category at pre and post-test, with both groups actually reducing the number of individuals within 

the low and medium risk groups and increasing the number of participants within the high-risk groups. 

Due to the small number of participants within this study, the results must be interpreted with caution.  

Cognition 

Chatterjee et al (2018), assessed the cognitive domain of their study using the Hindi Mental Status 

Examination Scale (HMSE), a questionnaire scored out of 30, with scores of less than 24 indicating 

cognitive impairment (Ganguli, Ratcliff, Chandra, Sharma, Gilby, Pandav et al, 1995). Chatterjee et al 

(2018) categorised participants in two groups, those with scores of less than 24 and those with scores of 

24 or more. Within group scores from pre and post study did not show large amount of change, with 

the indoor NW and dietary counselling group increasing the number of people with a score of less than 

24 by one participant and reducing the number of participants with a score of 24 or more by one, the 

individualised nutritional supplementation group had opposite results and the indoor NW and 

individualised nutritional supplementation group decreased the number of participants with a score of 

less than 24 by three and increase the number of participant with a score of 24 or more by three. None 

of these results were significant, although this study was not powered to test for the effectiveness of the 

interventions, with only 22 participants within each intervention arm. 

Mood 

Chatterjee et al (2018) assessed mood using the short-form, Geriatric Depression Scale (GDS) 

(Greenberg, 2007), with a score of five  and over indicating depression. Participants were categorised 

into two groups. Those with scores of less than five and those with scores of five and over. When 

comparing pre and post-test results for all groups there was one more participant in the indoor NW and 
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dietary counselling group who scored five or more at post-test than pre-test. In both the individualised 

nutritional supplementation and indoor NW with individualised nutritional supplementation groups, 

there were more participants at post-test who scored less than five (Pre-test: individualised nutritional 

supplementation group <5 = 11, ≥5 = 11; indoor NW and individualised nutritional supplementation 

group <5=6, ≥5 =16; Post-test: individualised nutritional supplementation group <5=16, ≥5=6; indoor 

NW and individualised nutritional supplementation group <5 =14, ≥5=8), indicating improved mood 

after the interventions that included the individualised nutritional supplementation element of the 

intervention, whilst these results were significant (individualised nutritional supplementation group 

p=0.025; indoor NW and individualised nutritional supplementation group p=0.021) due to the small 

number of participants in this study, the study was not powered to test for the effectiveness of the 

intervention on this variable. 

Grip Strength 

One component of the Fried Frailty Phenotype (Fried et al, 2001) is grip strength. Chatterjee et al 

(2018) reported on the individual components of the frailty phenotype as well as differences in frailty 

status in their study. When assessing grip strength of participants within each of their intervention 

groups pre and post intervention, Chatterjee et al (2018) did not note any statistical differences in the 

indoor NW and dietary counselling and individualised nutritional supplementation groups. Chatterjee et 

al (2018) did notice a statistical difference in the indoor NW and individualised nutritional 

supplementation group (pre-test =8.45  2.3, post-test 9.86 2.8, p=0.013), whose grip strength 

improved from pre-test to post-test, the between group differences were not significant. The difference 

between pre and post-test results in the indoor NW and individualised nutritional supplementation 

group was 1.41Kg. Although there is not definitive guidance on what constitutes a minimal clinically 

important difference (MCID) for grip strength (Bohannon, 2019), the difference reported by the indoor 

NW and individualised nutritional supplementation group (Chatterjee et al., 2018) is much lower than 

the 6.5kg suggested by Kim, Park and Shin (2014). Due to the small number of participants in this 

study, the study was not powered to test for the effectiveness of the intervention on this variable. 

Both Huguet et al (2018) and Serra-Prat et al (2017) used grip strength to identify if participants had 

‘low muscle strength’ or ‘muscular weakness’ in their studies. Both studies reported on the number (%) 

of participants who met this aspect of the Fried Frailty Phenotype (Fried et al, 2001) criteria, however 

neither study clarified the thresholds used to determine this. Serra-Prat et al (2017) also reported mean 

(SD) grip strength (Kg) for male and female participants in their study. 
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Serra-Prat et al (2017) undertook between group analyses, comparing control to intervention group at 

12-months whereas Huguet et al (2018) performed only within group comparisons, comparing baseline 

to 12-months results. 

Serra-Prat et al (2017) did not observe any differences between groups at 12-months in those 

categorised as having ‘low muscle strength’ (control: 49 (68.1%); baseline 44 (72.1%); p=0.61) and did 

not observe a reduced risk of low muscle strength occurring within the intervention group, when 

compared to the control group at 12-months (OR= 1.26; 95% CI 0.54 to 2.93; p=0.60). When analysing 

the grip strength of male and female participants between control and intervention groups, no 

differences were observed (Men: control 24.9 (7.9) Intervention 25.2 (6.6) p=0.44; OR = 1.17, 95% 

CI -0.95 to 3.29; p=0.27; Women: control 16.5 (4.4) Intervention 15.6 (5.1) p=0.23; OR = -0.58, 

95% CI -2.41 to 1.26; p=0.53).  

Huguet et al (2018) compared the number of participants classified as having muscular weakness with 

the control and intervention group at baseline and at 12-months and did not observe an effect in either 

group (Control Baseline: 70 (79.5%); 12-months: 70 (79.5%); p=1; Intervention: Baseline: 65 (76.5%); 

12-months: 59 (69.4%); p=0.264). 

Quality of Life (QoL) 

Huguet et al (2018) measured QoL using the EuroQol-5 (EQ-5D)(Rabin and de Charro., 2001), with 

higher scores indicating greater quality of life. When comparing baseline to 12-month follow-up scores 

within groups, the control group’s score increased marginally, indicating marginal improvement in 

QoL, however this was not significant (EQ-5D baseline =6.71.3; 12-month follow-up=6.9 1.5; 

p=0.075). When comparing baseline to 12-month scores within the intervention group, the EQ-5D 

score decreased at the 12-month follow-up, indicating a decline in QoL, this was statistically significant 

(EQ-5D baseline =7.11.5; 12-month follow-up=6.2 1.1; p<0.001). When comparing between the 

control and intervention group, the intervention had a negative effect on QoL, this was statistically 

significant (OR = -1.11; 95% CI = -1.48 to -0.74; p<0.001). 

Five Times Sit to Stand Test (FTSST) 

The FTSST (Whitney et al, 2005) was one of three measures used as part of the physical assessment 

implemented by Huguet et al (2018). The FTSST measures the amount of time it takes a participant to 

move from a seated position to a standing position and back again, with their arms folded against their 

chest, five times, using a stopwatch and a chair (43-45cm, 17-18 inches high) (Whitney et al, 2005), a 

MCID was classified as 2.3 seconds (Meretta, Whitney, Marchetti, Sparto, Muirhead, 2006). In the 
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FTSST, quicker times indicate better lower limb strength and balance (Lord, Murray, Chapman, Munro 

and Tiedemann., 2002). Sit to stand test scores are also impacted by psychological factors such as 

anxiety as well as sensorimotor processes (Lord et al., 2002). Huguet et al (2018), provided results as a 

mean (SD) as well as providing the number and percentage of participants within five categories: ‘0’ 

– unable to compete; ‘1’ greater than 16.6; ‘2’ 13.7 to 16.6; ‘3’ 11.2 to 13.6; ‘4’ less than 11.2. The 

lower the category number, indicated poorer physical function. 

Comparing within groups, Huguet et al (2018) observed that the intervention group had a significant as 

well as clinically important improvement in their times from baseline to 12-months (baseline 19.6  

6.8; 12-months 17.0 6.0, P<0.001), although the SD’s were relatively large. On the other hand, the 

control group had neither a statistically significant or minimal clinically important change in FTSST 

results from baseline to 12 months (baseline 18.3  5.2; 12-months 17.7  4.8; p=0.661). When 

comparing the differences between groups, these were also significant (OR = -2.46; 95% CI 3.87 to -

1.06; p=0.001). The 12-month results from both the intervention and control group are higher than the 

score considered normal for individuals within the age category that the groups’ mean age fell within 

(14.8 seconds was provided as the norm score for adults aged 80 to 89 years old) (Bohannon, 2006)).  

Weight Loss 

Both Huguet et al (2018) and Serra-Prat et al (2017) reported weight loss, which is one of the components 

of the Fried Frailty Phenotype (Fried et al, 2001). Both studies reported weight loss as the number of 

participants and percentage of the group population. Huguet et al (2018) provided within group 

comparisons from baseline to 12-months, whereas Serra-Prat et al (2017) reported between group 

differences at 12-months. Huguet et al (2018) did not observe any significant effect on the number of 

participants who experienced weight loss from baseline to 12-months in the control (baseline: nine 

(10.2%); 12 months: nine (10.2%); P=1) or intervention group (baseline: 5 (5.9%); 12-months: 6 (7.1%); 

P=1).  

When comparing between groups, Serra-Prat et al (2017) compared 12-month scores of the intervention 

and control group. Neither groups had participants who had experienced weight-loss at 12-months, so no 

odds ratios were provided, as the groups were the same. At baseline, Serra-Prat et al (2017) reported that 

there were no statistical differences between the groups observed, the control group had one (1.1%) 

participant who experienced weight loss and the intervention group had four (5%) participants who 

experienced weight loss.  
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Exhaustion 

Both Huguet et al (2018) and Serra-Prat et al (2017) reported on exhaustion, which is also one of the 

components of the Fried Frailty Phenotype (Fried et al, 2001). Similarly to the weight loss component, 

Huguet et al (2018) provided within group comparisons and Serra-Prat et al (2017) compared between 

groups. 

Whilst Huguet et al (2018) did not notice any significant reduction in the number of participants who 

felt exhausted within their intervention group (baseline 37 (43.5%); 12-months 28 (32.9%), p=0.11), 

there was a significant increase in the numbers of individuals who did experience feelings of 

exhaustion within the control group (baseline 25 (28.4%), 12 months 52 (59.1%), p<0.001). This 

indicates that perhaps the intervention undertaken by Huguet et al (2018) had a relationship with 

maintaining this component of frailty. 

When comparing between groups at 12-months, Serra-Prat et al (2017) did not record any significant 

differences (control 30 (41.7%); intervention 19 (31.1%), p=0.21) (OR=0.62; 95% CI 0.30 – 1.28; 

p=0.20). 

Low PA 

Huguet et al (2018) and Serra-Prat et al (2017) both reported on whether a person was classified as 

having a low physical activity status, which is also one of the components of the Fried Frailty 

Phenotype (Fried et al, 2001). Huguet et al (2018) reported a significant increase in the number of 

participants classified as having low physical activity status within the control group (baseline nine 

(10.2%); 12-months 19 (21.6%), p=0.024), whereas, although the intervention group decreased in the 

number of participants who were classified as having low physical activity at 12-months compared to 

baseline, this decrease was marginal, and not significant (baseline 13 (15.3%), 12-months 11 (12.9%), 

p=0.773). 

Serra-Prat et al (2017) did not notice any differences between the groups at 12-months, the control 

group had 11 (15.3%) participants who classified as having low physical activity status, whereas the 

intervention group had three (4.9%), p=0.052. These results were not significant (OR =0.57; 95% CI 

0.12 to 2.76; p=0.49). When looking at baseline values, the control group had decreased the number of 

participants classified as having low physical activity by nine participants, whereas the intervention 

group had decreased by six participants. 
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Walking speed 

Serra-Prat et al (2017) recorded the walking speed (m/s) of their participants, as this is also a criterion 

of the Fried Frailty Phenotype (Fried et al, 2001); in addition to walking speed, they also recorded the 

number hours spent walking outdoors per day. Serra-Prat et al (2017) compared 12-month results 

between the control and intervention group and did not observe any differences between the control 

and intervention group in walking speed (m/s) at 12-months (control: 0.9 (0.2); intervention: 1.0 

(0.2); p=0.33. OR= -0.35; 95% CI -0.77 to 0.08; p=0.11) despite the hours spent walking outside per 

day being significantly higher in the intervention group (control: 0.7 ( 0.7); intervention: 1.0 (0.6); 

p=0.019. OR = 0.20; 95% CI 0.01 to 0.40; p=0.05). 

Huguet et al (2018) assessed ‘slowness of mobility’ as part of their Fried Frailty Phenotype criterion 

(Fried et al, 2001), however they did not define what they classified as ‘slowness of mobility’. Huguet 

et al (2018) did not observe any changes within their intervention group when comparing number of 

participants classified as having slow mobility at baseline to 12-months (baseline 10 (11.8); 12-months 

11 (12.9%); p=1); the number of participants classified as having slow mobility significantly increased 

within the control group over the same period of time (baseline nine (10.2%); 12-months 20 (22.7%); 

p=0.01). Huguet et al (2018) did not conduct any between group analyses for this outcome measure and 

therefore it is unknown if the differences between the control and intervention group is significant. 

Falls in previous three months 

Serra-Prat et al (2017) collected falls data at the twelve-month follow-up. They asked participants 

about the number of falls experienced in the previous three months and observed no effect of the 

intervention (control: 14 (19.4%); intervention 11 (18%); p=0.84. OR = 0.87; 95% CI 0.36 – 2.11; 

p=0.76). 

 

Frailty Proxy 

When evaluating the studies who reported on frailty proxies only (Chan et al, 2012; Daniel et al, 2012; 

Gomes et al, 2018), all of the other variables were only reported by one study and therefore synthesis of 

and comparison between the studies will be difficult. All of the frailty proxy variables discussed by the 

studies will be discussed. 

One study (Chan et al, 2012) reported on the five criterion of the Fried Frailty Phenotype (Fried et al, 

2001): weight loss; exhaustion; low activity level; slowness; and weakness. They reported these 

variables at baseline, three, six and 12 months for their Exercise and Nutritional programme (EN); 
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Non-EN; Problem Solving Therapy (PST); Non-PST groups; comparing EN to Non-EN and PST to 

non-PST at each time-point. They presented results as number of participants (%) and provided 

between group comparisons. 

Weight loss 

Chan et al’s (2012) results indicate that the weight-loss criterion of the Fried Frailty Phenotype (Fried 

et al, 2001) was not affected at three, six or twelve-month follow-ups, by either the EN or PST 

intervention. Chan et al (2012) measured weight loss as a dichotomous variable, whereby respondents 

answered whether they had experienced weight loss (yes or no) at baseline. At follow-up, Chan et al 

(2012) reported on whether participants who had answered yes to the weight loss questions previously, 

had experienced improvements at three, six and 12 month follow-ups and identified that weight loss 

was not affected differently at any follow-ups for the EN (three months: EN 9; Non-EN 6; p=0.277. six 

months: EN 8; Non-EN 8; p=0.761. 12 months: EN 11; Non-EN 9; p=0.400.) or PST intervention 

(three months: PST 7; Non-PST 8; p=0.838. six months: PST 6; Non-PST 10; p=0.329. 12 months: 

PST 8; Non-PST 12; p=0.372.) when compared to the Non-EN and Non-PST groups respectively. 

Exhaustion 

Whilst Chan et al’s (2012) results report a decrease in the number of participants experiencing 

exhaustion in all groups from baseline to three-month follow-up, by the twelve-month follow-ups three 

groups have increased from the three-month reported value, with an exception of the PST group whose 

number of individuals experiencing exhaustion remained the same throughout all follow-ups. When 

comparing between groups at each follow-up, there were no differences observed between the EN and 

Non-EN groups (three months: EN 16; Non-EN 17; p=0.824. six months EN 17; Non-EN 18; p=0.806. 

12 months: EN 19, Non-EN 20; p=0.769.) or the PST and Non-PST groups (three months: PST 16; 

Non-PST 17; p=0.968. six months:  PST 16; Non-PST 19; p=0.666. 12 months: PST 16; Non-PST 23; 

p=0.328). Chan et al (2012) state that they analysed data using intention-to-treat principles, however 

the six-month results for the Non-PST group (19 participants accounting for 42%) indicate that perhaps 

not all participants were included in this analysis, or that data was not available for all participants at 

this follow-up as at the 12-month follow-up there were more participants classified as having 

exhaustion, yet accounting for a lower proportion (23 participants accounting for 38%). Chan et al 

(2012) state that missing variables were not analysed, which could explain these differences in 

proportions. Although Chan et al (2012) do not provide the numbers of participants who completed the 

six-month assessment, they do state that 53 participants in the Non-PST group completed the 12-month 

assessment, meaning seven participants from the 60 originally assigned to the Non-PST group were 
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lost during the course of the 12 months. Chan et al (2012) state the reason for attrition to be refusal, but 

provide no further information on these participants, they do however claim in the results table that an 

intention-to-treat analysis was undertaken and state the number of participants as being the same as 

baseline. 

Low Activity Level 

Chan et al (2012) measured low activity level. The number of participants within each group who had a 

low activity level were minimal and did not change throughout the course of the follow-ups in any 

group, the differences between the EN and Non-EN groups were not significant (EN 2 (4%); Non-EN 

(4 (6%); p=0.495) and neither were the differences between the PST and Non-PST groups (PST 3 

(5%); Non-PST 3 (5%); p=0.926). 

Slowness 

Similarly to previously mentioned Fried Frailty Phenotype criterion, Chan et al (2012) identified no 

significant differences in the number of participants classified as having ‘slowness’ between their EN 

and Non-EN (three months: EN 6 (11%); Non-EN 2 (3%); p=0.126. six months: EN 4 (7%); Non-EN 3 

(5%); p=0.585. 12 months: EN 6 (11%); Non-EN 3(5%); p=0.232.) and PST and Non-PST groups 

(three months: PST 5 (9%); 3 (5%); p=0.423. six months: PST 6 (11%); Non-PST 1 (2%); p=0.085. 12 

months: PST 7 (12%); Non-PST 2 (3%); p=0.090) at three-month, six-month and 12-month follow-ups. 

‘Slowness’ was defined by assessing time to walk five metres and cut-offs varied by gender and height. 

For men who were 173cm or less, slowness was defined as taking seven seconds or more to walk five 

metres. For men who were taller than 173cm, slowness was defined as taking six seconds or more. For 

women who were 159cm or less, slowness was defined by taking seven seconds or more to walk five 

metres. For women who were taller than 159cm, slowness was defined by taking six or more seconds 

to walk five metres. 

Weakness 

Whilst the number of participants in Chan et al’s (2012) study, identified as having weakness, 

decreased by a large amount from baseline to 3-months follow-up for all groups, there were no 

observed differences between the EN and Non-EN (three month: EN 11 (20%); Non-EN 17 (27%); 

p=0.346. six month: EN 9 (16%); Non-EN 16 (26%); p=0.218. 12 month: EN 7 (13%); Non-EN 17 

(27%); p=0.055) and PST and Non-PST (three months: PST 17 (30%); 11 (18%); p=0.135. six-months: 

PST 9 (16%); Non-PST 16 (27%); p=0.170. 12 months: PST 12 (21%); Non-PST 12 (20%); p=0.837.) 

groups at the three month, six month and 12 month follow-ups. 
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Barthel Index (BI) 

Chan et al (2012) used the BI to measure functional independence and scored it from zero to 100 with 

higher scores indicating better function. When comparing between the groups, Chan et al (2012) 

compared the mean change from baseline (±SD) values. Chan et al (2012) observed no differences 

when comparing between the EN and Non-EN (three months: EN 1.09 (± 3.81); Non-EN 1.53 (± 4.11); 

p=0.520. six months: EN 0.36 (± 2.33); Non-EN 0.73 (± 4.78); p= 0.597. 12 months: EN 0.55 (± 2.99); 

Non-EN 0.89 (± 3.68); p= 0.617) and PST and Non-PST (three months: PST 1.05 (± 3.98); Non-PST 

1.58 (± 3.96); p=0.458. six months: PST 0.88 (± 4.13); Non-PST 0.25 (± 3.50); p= 0.354 12 months: 

PST 0.88 (± 3.29); 0.58 (± 3.46); p= 0.655) groups. Within group differences were identified when 

comparing baseline to three-month follow-up data, with the BI scores of all four groups significantly 

improving (EN and PST p<0.05; Non-EN and Non-PST p<0.01). 

Lower Limb Strength 

Two studies used tools to measure lower limb strength; Chan et al (2012) measured Dominant Leg 

Extension power (Kg) and Daniel (2012) used the number of chair stands completed in 30 seconds as a 

proxy of lower limb strength. Daniel (2012) reported pre-test post-test results for each of their groups 

and Chan et al (2012) reported change from baseline at three-month, six month and 12 month follow up 

and compared between the EN and Non-EN and PST and Non-PST groups. Chan et al (2012) also 

indicated whether the change at three-month follow-up within groups was a statistically significant 

change from the baseline value. 

Chan et al (2012) reported that leg strength increased significantly from baseline to three-month 

follow-up within the EN (p<0.01), Non-EN (p<0.05) and PST (P<0.001) groups, but not within the 

Non-PST group. The difference between baseline and six-month follow up was also significant for the 

PST group (P<0.01), but not for the others. By the 12 month follow-up all groups had significantly 

decreased from baseline values (for PST p<0.01; for EN, Non-EN and Non-PST p<0.001). When 

comparing between groups no significant differences between the changes were observed when 

comparing the EN and Non-EN group (three month: EN 3.06 (± 7.13); Non-EN 1.72 (± 6.6); p=0.330. 

six month: EN 1.48 (± 5.9); Non-EN 1.35 (± 7.00); p= 0.986. 12 month EN –6.44 (± 10.08); Non-EN −

4.44 (± 8.59); p= 0.217). Differences between the PST and Non-PST group were identified at the six 

month and 12 month follow-up, with the PST group having greater increases in power at six months 

and less decreases in power at 12 months than the Non-PST group (three month: PST 3.42 (± 7.36); 

Non-PST 1.33 (± 6.32); p= 0.102. six month: PST 2.71 (± 6.08); Non-PST 0.18 (± 6.68); p= 0.035. 12 

month: PST −3.52 (± 9.65); Non-PST −7.14 (± 8.74); p= 0.036). 
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Daniel (2012) reported within group mean (±SD) chair stands completed in 30 seconds at pre-test and 

post-test for their control, seated exercise and wii-fit groups and reported effect size (ES) for the seated 

exercise and wii-fit groups. The number of chair stands completed in 30 seconds increased at post-test 

for both the Seated exercise (Pre-test 8.9 (±5.6); Post-test 11.63 (±4); ES = 0.32) and Wii-Fit (Pre-test 

8.9 (±3.9); post-test 14.43 (±3); ES = .06) groups, and decreased ever so slightly in the control group 

(Pre-test 15.8 (5.6); Post-test 15.0 (5.7)). Due to the extremely small sample size used by this study 

(control n=7, seated exercise n=8; wii-fit n=8) the effect size reported should be interpreted with 

caution, as it is not powered to determine this. 

 

Fear of falling and balance confidence 

Two studies (Daniel, 2012; & Gomes et al, 2018) assessed balance and fear of falling in their 

participants, however used different tools to assess these outcomes. Daniel (2012) assessed fear of 

falling and balance confidence in participants using the Activities Specific Balance Confidence Scale 

(ABC) (Powell & Myers, 1995), with lower scores in this tool indicating less confidence and higher 

fear of falling. On the other hand, Gomes et al (2018) used the Mini-Balance Evaluation Systems Test 

(MiniBESTest) (Maia, Rodrigues-de Paula, Magalhaes, Teixeira, 2013) to assess postural control. The 

MiniBESTest (Maia et al, 2013) is a physical balance assessment. Gomes et al (2018) used the Falls 

Efficacy Scale (FES-I) (Yardley, Beyer, Hauer, Kempen, Piot-Ziegler, Todd; 2005) to assess fear of 

falling in their population. The MiniBESTest is scored from zero to 28, with higher scores indicating 

better postural control. The FES-I is a 16-item scale, with each item being scored from one to four, 

therefore the scale has an overall minimum score of 16 and a maximum score of 64. Lower scores 

indicate less fear of falling and higher scores indicate higher fear of falling. As the studies use different 

assessment measures for these outcomes, as well as different populations (Daniel (2012) recruited pre-

frail participants and Gomes et al (2018) recruited pre-frail and frail participants), the results are unable 

to be synthesised, however comparisons and similarities will be drawn when possible. 

 

Daniel (2012) report pre-test and post-test results and provide effect size for the seated-exercise and 

wii-fit intervention groups; however, confidence intervals are not provided and the sample size is 

extremely small, so the effect size should be interpreted with caution. Gomes et al (2018) provide 

before training, after training and follow-up results (mean (±SD)) for their control and experimental 

groups. Gomes et al (2018) also provide within group mean differences and 95% confidence intervals 

for before and after training, as well as after training and at follow-up. Similarly to Daniel (2012), the 

results from Gomes et al (2018) cannot be used to infer intervention effect, as the study is a feasibility 
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study and therefore the study was not powered to assess effect sizes, and was instead used to inform 

feasibility (recruitment and acceptability) (Gomes et al, 2018). 

 

Daniel (2012) reported that mean ABC score of participants within the control group decreased from 

pre-test to post-test (pre-test 73.4 (±21.6); post-test 64.3 (±31)), whereas the mean ABC score of 

participants within the Seated exercise class (pre-test 81.5 (±20); post-test 86.2 (±11); ES=0.43) and 

wii-fit class (pre-test 75.4 (±21); post-test 81.4 (±24); ES=0.3) increased from pre-test to post-test, 

however, standard deviations were large for all results, indicating some results variated largely from the 

mean, possibly due to the small sample size. A reminder that these results should be interpreted with 

caution. 

 

Gomes et al (2018) also reported that postural control significantly increased (p<0.05) within the 

intervention group from before training to after training and whilst it decreased slightly from after-

training to follow-up, the difference between before training and follow-up was still meaningful (before 

training 14.5 (±6.22); after training: 18.5 (±7.95); follow-up 17.2 (±8.12). Mean difference between 

before training and after training 4.00 [95% CI 2.09 to 5.91]. Mean difference between after training 

and follow up 2.67 [95% CI 0.72 to4.62]). Gomes et al (2018) implemented a minimum detectable 

change (MDC) threshold of 3.5 points in the MiniBEST tool to determine a clinically significant 

change, therefore the changes from before training to after training, in the intervention group, were 

deemed, by this study, as clinically significant. The postural control of the control group, remained 

relatively stable throughout the study and follow-up period (before training 17.4 (±6.87); after training 

17.3 (±5.68); follow-up 17.2 (±6.34). Mean difference between before training and after training -0.07 

[95% CI -1.83, 1.69]. Mean difference between after training and follow-up -0.20 [95% CI -1.81, 

1.41]). 

 

The FES-I score of participants within Gomes et al (2018) study decreased slightly for both the control 

and intervention group from before training to after training and decreased further at follow-up 

(Control: before training 38.3 (±16.4); after training 34.7 (±14.0); follow-up 34.5 (±15.3). Mean 

difference between before training and after training -3.67 [95% CI -9.29, 1.95]. Mean difference 

between after training and follow-up  -3.87 [95% CI-9.03, 1.29]. Intervention before training 43.8 

(±13.8); after training 40.3 (±11.6); follow-up 38.6 (±13.3). Mean difference between before training 

and after training -3.47 [95% CI -8.68, 1.74]. Mean difference between after training and follow-up -

5.20 [-11.27, 0.87]. None of these differences were statistically significant. 
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Physical Activity  

Daniel (2012) assessed energy expenditure using the Community Health Activities Model Program for 

Seniors (CHAMPS) self-report survey (Stewart et al., 2001), a tool designed to measure physical 

activity and energy expenditure in older adults. CHAMPS scores provided are mean (±SD) kilocalorie 

expenditure, with higher scores indicating greater expenditure and activity. 

 

Daniel (2012) provides pre-test and post-test scores for the control, seated exercise and wii-fit groups, 

as well as effect size for the seated exercise and wii-fit groups. It is important to note that due to the 

small number of participants and lack of confidence intervals provided, effect sizes should be 

interpreted with caution. When observing pre-test data, all groups had different pre-test scores. Both 

the Control (pre-test 7981 (±6081); post-test 7106 (±4389)) and seated exercise class (pre-test 4815 

(±3404); post-test 3569 (±3069); ES 0.42) groups decreased their mean kilocalorie expenditure from at 

post-test, whereas the wii-fit group’s (pre-test 1791 (±1218); post-test 5389 (±2625); ES 0.3) 

kilocalorie expenditure had increased. Standard deviations were large for all results, indicating some 

results variated largely from the mean, possibly due to the small sample size. A reminder that these 

results should be interpreted with caution. 

 

Function and Disability 

Daniel (2012) assessed function and disability using the Late Life Function and Disability Index 

(LLFDI) (Jette, Haley, Coster et al, 2002), and reported the results of the total function, disability 

frequency and disability limitations for all groups. Daniel (2012) the score as mean (±SD), with higher 

scores in the function domain indicating better function, and higher scores in the disability frequency 

and disability limitation domains indicating higher disability frequency and limitations respectively. 

  

When assessing the function of participants, mean scores increased from pre-test to post-test in the 

control (pre-test 131.4 (±16); post-test 142.4 (±11.4)), seated exercise (pre-test 128.2 (±19); post-test 

128.4 (±26.5); ES=0.32) and wii-fit class (pre-test 122.6 (±17); post-test 124.6 (±20.1); ES=0.12). 

 

The frequency of disabilities decreased in all groups from pre-test to post-test, with the largest decrease 

occurring in the control group (pre-test 65.1 (±3.9); post-test 24.4 (7.4)) followed by the seated exercise 

group (pre test: 62.4 (±8.3); post-test 28.3 (±9.7); ES=0.22) and the wii-fit group (pre-test 57.9 (±9.2); 

post-test 22.4 (±8.2); ES = 0.12). 
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Similarly to the frequency of disabilities, the scores from the disability limitations domain decreased in 

the seated exercise (pre-test 71.1 (±8.9); post-test 6.3 (±8.2); ES=0.22) and wii-fit groups (pre-test 64.6 

(±12.8); post-test 13.5 (±18.3), ES=0.46). Daniel (2012) was unable to provide post-test scores for the 

control group as only one participants completed the post-test disability limitations domain. Daniel 

(2012) did not discuss how many participants within each group completed the assessments for all 

other variables. The standard deviations for the post-test scores were large, indicating variation in the 

results. This may have been due to the extremely small sample size of this study and emphasises that 

these results should be interpreted with caution. 

 

Senior Fitness Test 

The Senior Fitness Test (SFT) (Rikli & Jones 2001) was used to assess all participants in Daniel’s 

(2012) study and comprised of the:  

• number of chair stands completed in 30 seconds (reported on within lower limb strength) 

• Number of arm curls in 30 seconds 

• Number of steps taken in place over 2-minutes 

• Chair sit and reach test 

• Back scratch test 

• 8 foot up and go test 

• Time it takes to walk 15 feet 

 

Whilst these results are not generalisable to a wider population and must be interpreted with caution, 

due to the extremely small number of participants recruited into the study, Daniel (2012) reported pre-

test and post-test results (mean (±SD) for each variable) for each group, and changes to the mean at 

post-test were evident. 

 

In the eight-foot timed up and go test, the mean times decreased within the seated exercise and wii-fit 

group from pre-test to post-test (seated exercise: pre-test 7.8 (±1.3); post-test 7.3 (±1); ES = 0.27; wii-

fit: pre-test 8.0 (±1.1); post-test 7.4 (±1.1); ES=0.3) and remained the same within the control group 

(pre-test 6.4 (±1); post-test 6.4 (±2)). 

 

The mean number of bicep curls completed in 30 seconds increased from pre-test to post-test in every 

group (control: pre-test 18.5 (±2); post-test 19.8 (±3.9). Seated Exercise: pre-test 16.3 (±3.5); post-test 



70 
 
 

18.1 (±3.6); ES=0.22. Wii-fit: pre-test 14.5 (±2.9); post-test 16.9 (±3.2); ES= 0.38); the sit and reach 

also increased amongst all groups (control: pre-test -0.25 (±1.5); post-test 1.5 (±0.8). Seated Exercise: 

pre-test 1.6 (±3.2); post-test 2.2 (±2.5); ES=0.19. Wii-fit: pre-test 1.1 (±3); post-test 1.8 (±2.6); ES= 

0.07). 

 

Interestingly, the mean number of steps completed in two minutes decreased from pre-test to post-test 

in all groups (Control: pre-test 98 (±10); post-test 21.6 (±29). Seated Exercise: pre-test 72.5 (±32); 

post-test 59.75 (±32.5); ES=0.5. Wii-Fit:  pre-test 86.6 (±24); post-test 34.1 (±37.5); ES=0.18) and the 

mean back scratch test score decreased for control and seated exercise (control: pre-test 9.1 (±6.1); 

post-test 8.4 (±6.2). Seated Exercise pre-test 7.12 (±3.6); post-test 6.4 (±3.3); ES=0.2) groups and 

increased within the wii-fit group (pre-test 6.2 (±5); post-test 7.4 (±5.3); ES=0.8) from pre-test to post-

test.  

 

Daniel (2012) did not report the results of the time taken to walk 15 feet, instead reporting the number 

of feet travelled in 6-minutes; named the 6-minute walk. The mean number of feet walked in 6-minutes 

increased from pre-test to post-test within the seated exercise and wii-fit groups (seated exercise: pre-

test 518 (±73); post-test 750 (±190); ES=0.6. Wii-fit: pre-test 498 (±104); post-test 632 (±228); 

ES=0.4); and decreased in the control group (pre-test 579 (±109); post-test 425 (±236)). 

 

Cognition 

Gomes et al (2018) used the Montreal Cognitive Assessment (Duro, Simoes, Ponciano, Santana, 2010) 

to assess cognition in their participants. Higher scores in the Montreal Cognitive Assessment indicate 

higher cognitive ability, scores range from zero to 30. The mean cognitive scores reported by Gomes et 

al (2018) were low, and were below (control) and only slightly above (intervention) the score 

recognised as the average for patients with Alzheimer’s disease (Nasreddine et al., 2005). Although the 

scores improved from before training to after training in both the control and intervention groups 

(control before training 15.3 (±6.15); after training 15.8 (±5.76); follow-up 16.1 (±5.78). Mean 

difference between before training and after training 0.53 [95% CI -0.58, 1.64]. Mean difference 

between after training and follow-up 0.80 [95% CI-0.37, 1.97]. Intervention: before training: 16.3 

(±5.23); after training 17.5 (±6.13); follow-up 16.8 (±5.98). Mean difference between before training 

and after training 1.27 [95% CI -0.14, 2.68]. Main difference between after training and follow-up 0.53 

[95% CI -1.12 to 2.18]), these changes were not statistically significant. 
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Mood 

Gomes et al (2018) measured mood using the Geriatric Depression Scale and observed no statistical 

differences from before training to after-training and follow-up for either the control (before training 

5.33 (±3.29); after training 5.40 (±3.00); follow-up 5.47 (±3.16); mean difference between before 

training and after training 0.07 [95% CI -0.91 to 1.05]; mean difference between after training and 

follow-up 0.13 [95% CI -0.84 to 1.10]) or intervention (before training 5.93 (±2.76); after training 6.13 

(±3.04); follow-up 6.07 (±2.89) 0.20 [95% CI -0.54 to 0.94] 0.13 [95% CI -0.44 to 0.70])  groups. 

 

 

Gait Assessment  

Gomes et al (2018) assessed gait and postural control using the Functional Gait Assessment (FGA) 

(Wrisley, Marchetti, Kuharsky, Whitney, 2004). The FGA is a ten-item test assessing the participants 

ability to walk with additional tasks and instructions being included that participants have to follow. 

Each item is rated from zero, severe impairment to three normal; with a maximum available score of 30 

across the whole test. Higher scores indicate less impairment, whereas lower scores indicate greater 

impairment. Gomes et al (2018) decided that a change in score of 4.2 in the FGA would be considered 

as clinically significant in their study. Gomes et al (2018) conducted within group analyses only and 

did not compare between control and intervention group.  

 

Neither the control (before training 17.1 (±6.32); after training 16.9 (±5.82); follow-up 18.6 (±5.93); 

mean difference between before training and after training -0.13, [95% CI-1.82 to 1.56]; mean 

difference between after training and follow-up 1.53, [95% CI -0.58 to 3.64]) or experimental (before 

training 15.7 (±4.59); after training 18.8 (±5.75); follow-up 19.5 (±6.12); mean difference between 

before training and after training 3.07 [95% CI 1.46 to 4.67]; mean difference between after training 

and follow-up 3.73 [95% CI 1.73 to 5.73]) groups experienced a clinically significant change during 

the study, although the observed changes from before training to after training and follow-up in the 

intervention group were classified as significant (p<0.05). 

 
 

Discussion: 

This systematic style review concludes that there is not currently sufficient evidence to make any 

evidence-based recommendations for interventions targeting pre-frail adults, with the aim of reverting 

frailty status back to a robust state or the prevention of transitioning from a pre-frail to a frail state.  
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This systematic style review identified seven studies that were eligible for inclusion (Chan et al, 2012; 

Chatterjee et al 2018; Daniel, 2012; Huguet et al, 2018; Gomes et al, 2018; Li et al, 2010; Serra-Prat et 

al, 2017). All studies (Chan et al, 2012; Chatterjee et al, 2018; Daniel, 2012; Gomes et al, 2018; Huguet 

et al, 2018; Li et al, 2010; Serra-Prat et al, 2017) were randomised controlled trials, with two of these 

studies being classified as pilot or feasibility studies (Chan et al, 2012; Gomes et al, 2018), and 

therefore were underpowered to test the hypothesis that interventions were effective. 

The studies were categorised into two groups, based on whether they aimed to explore the effect of the 

intervention on frailty status (Chatterjee et al, 2018; Huguet et al, 2018; Li e al, 2010; Serra-Prat et al., 

2017) or whether they were aiming to explore the effect of the intervention in frailty proxies. The 

number of participants evaluated by this systematic style review was small, with a total of 918 

participants across the two groups (748 frailty status and 170 frailty proxy) and 513 participants 

randomised to receive the interventions (398 frailty status 115 frailty proxy). Three studies recruited 

fewer than 100 participants (Daniel, (2012) recruited 23 participants; Gomes et al (2018) recruited 30 

participants and Chatterjee et al (2018) recruited 66 participants), two of these studies were classified 

as a pilot or feasibility study (Chatterjee et al, 2018; Gomes et al, 2018). 

Three studies (Chan et al, 2012; Chatterjee et al, 2018; Serra-Prat et al, 2017) implemented a multiple 

component intervention, two studies (Huguet et al, 2018; Li et al, 2010) used a multifactorial 

intervention and two studies (Daniels et al, 2012; Gomes et al, 2018) tested single component 

interventions. 

Chatterjee et al (2018) utilised a three-arm design and compared a multiple component intervention 

(combined the single component nutritional and physical activity interventions to one multiple 

component intervention) to two single component interventions (nutritional and physical activity). 

Six of the studies (Chan et al, 2012; Chatterjee et al, 2018; Daniel, 2012; Gomes et al, 2018; Huguet et 

al, 2018; Serra-Prat et al, 2017) had a physical activity component and Li et al (2010) had physical 

rehabilitation as one course of possible treatment in their multifactorial intervention. Of the multiple 

component interventions (Chan et al, 2012; Chatterjee et al, Serra-Prat et al, 2017), all were combined 

with a nutritional component. Chan et al (2012), compared one multiple component intervention 

(consisting of educational, physical activity and nutritional components) with another (consisting of 

problem solving therapy and educational components).  

All of the interventions were different, and while most studies contained a physical activity component, 

no physical activity interventions were similar in terms of the types of activity used, this made it 
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extremely difficult to synthesise the results of this systematic style review. Further adding to this 

difficulty was the fact that two studies (Li et al, 2010; Gomes et al, 2018), recruited frail participants as 

well as pre-frail participants. Whilst Li et al (2010), provided information on the number of participants 

classified as pre-frail and frail at baseline and 6-months, the reviewer could not be certain of the flow 

of participants and the true number of pre-frail participants (at baseline) who transitioned into either a 

frail or robust state at 6-months. 

Gomes et al (2018), do not provide the breakdown of number of participants who were classified as 

pre-frail or frail at any point in their study. Perhaps this could explain why the average Montreal 

Cognitive Assessment scores were low in this population and were below (control) and only slightly 

above (intervention) the score recognised as the average for patients with Alzheimer’s disease 

(Nasreddine et al., 2005), however, without further breakdown of mean scores Montreal Cognitive 

Assessment scores by frailty status, it is impossible to tell. 

Due to the extreme heterogeneity of the study designs, aims, interventions and outcome measures a 

meta-analysis was not possible and therefore, a thematic synthesis was undertaken.  

Frailty Status 

Of the studies that reported on frailty status (Chatterjee et al, 2018; Huguet et al, 2018; Li et al, 2010; 

Serra-Prat et al, 2017), only Huguet et al, (2018) conducted between group analysis when reporting 

changes in frailty status. Huguet et al (2018) reported that significantly higher numbers of participants 

reverted to a robust state from a pre-frail state in their multifactorial intervention group (with 

nutritional, physical activity, medicine and environmental review factors), than control group, 

providing some support that holistic approach to pre-frailty could be beneficial in preventing the onset 

of frailty and reverting participants to a robust status. A limitation of the reporting in Huguet et al’s 

(2018) study was that confidence intervals were not reported for this analysis, preventing the reviewer 

from assessing whether the confidence intervals supported this significance. Serra-Prat et al (2017) 

reported an association between frailty and their intervention group, however this was not significant 

and Li et al (2010) reported that frailty status was more likely to improve and less likely to deteriorate, 

however their results had large confidence intervals (suggesting imprecision) and were not significant. 

Chatterjee et al, (2018), recruited 66 participants to their study, and therefore were not able to make any 

inferences regarding causality and effectiveness of their intervention. 
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Frailty Proxy 

The frailty proxy results were inconclusive, with mixed results reported across studies, some showing 

improvement in the intervention group and others showing no effect. Many of the studies did not report 

between group analyses (although three groups would not have been powered to compare means 

(Chatterjee et al, 2018; Daniel, 2012; Gomes et al, 2018)), meaning the reviewer was unable to assess 

whether an intervention was more effective than the control.  

There were some fundamental issues with how some frailty proxies had been reported. For example, 

Chatterjee et al (2018), reported that higher scores on the Berg Balance Scale indicated greater risk of 

falls, and lower scores indicated lower risk of falls. This is the opposite of how this outcome is usually 

reported (Berg, Wood-Dauphinee, Williams, Maki, 1992) and therefore would be difficult to 

compare between a study that had reported this outcome in the usual way. In addition to this, Chatterjee 

et al (2018), reported the Berg Balance Scale results within categories as opposed to a mean score, 

which would be easier to compare, they did not provide justification for reporting the Berg Balance 

Scale as they did, and as such, is not particularly meaningful for this review. 

Whilst Chatterjee et al (2018) did not provide significance values for their frailty status outcome 

measures, they did provide significance values for frailty proxy’s, this is misleading, as the study 

sample size would not be large enough to provide power to detect changes for these variables, as it is a 

pilot study only. Pilot studies can act to inform sample size for future full-scale studies (Petrie and 

Sabin, 2009).  

Whilst there seemed to be some indication that interventions were beneficial for some frailty 

proxies, for example Huguet et al, (2018) observed significant improvement in TUG, FTSST as 

well as maintenance in walking speed and those experiencing exhaustion, conflicting results were 

published between studies. It was extremely difficult to synthesise frailty proxy results as many 

studies reported on different outcome measures and did not report on all of the same proxies.  

Strengths and Limitations of the review 

This systematic style review had several strengths. One strength was the initial scoping of the 

literature. This identified that it would be imperative to use Boolean operators in the search 

strategy to ensure the retrieved results limited many ineligible papers. The literature  search and 

assessment for eligibility was therefore much narrower and more manageable for the researcher, 

meaning far fewer ineligible papers were retrieved whilst still ensuring to identify any eligible 

results. 
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Strengths of the review included using the validated Cochrane bias assessment tool (Higgins, 

Altman, & Sterne, 2011) to assess the papers for risk of bias and quality. The risk of bias 

assessment undertaken would therefore be comparable to other reviews using the same tool.  

Another strength was that a data extraction template was used, this improved the rigour of the 

review as it ensured a systematic approach to extracting data was undertaken, removing risk of 

bias infiltrating this aspect of the review. 

This systematic style review had several limitations, the primary limitation being that there was 

only one primary reviewer, instead of the recommended two (with a third reviewer available to 

resolve any dispute). This was due to lack of resource and availability of other reviewers. The 

review therefore is open to assessor bias which would have been mitigated by having access to a 

second and third reviewer. Steps were introduced to try and limit the introduction of assessor bias, 

including having PhD supervisors consult on search terms and strategy and by using validated 

tools to assess the risk of bias present in the studies. 

Limitations of the evidence 

There were limitations of the evidence included in the review, the primary limitation was that  a 

meta-analysis could not be undertaken due to the extreme heterogeneity of the study designs, aims, 

interventions and outcome measures, and therefore, a thematic synthesis was undertaken.  

Another limitation of the evidence was that none of the studies were set across multiple continents, 

which could limit the generalisability and comparability of the study results. 

In addition, the overall quality of the studies included was quite poor. Chan et al (2012) and Serra-

Prat et al (2017) had the lowest bias scores, only scoring highly for performance bias and Serra-

Prat et al’s (2017) detection bias score being unclear. In general, the sample sizes of the individual 

studies were small, with three of the seven studies recruiting less than 100 participants  (Chatterjee 

et al, 2018; Daniel, 2012; Gomes et al, 2018), and two of these being classified as pilot studies 

(Chatterjee et al, 2018; Gomes et al, 2018). Whilst pilot studies are beneficial in establishing the 

feasibility of recruitment methods, acceptability of the intervention and informing sample size 

calculations; they are not able to provide evidence towards the efficacy of an intervention, and 

larger scale studies must be undertaken.  

Few of the studies reported between group analyses and whilst this would not be recommended 

for the studies with extremely few participants, it would have been interesting and easier to draw 

conclusions from the larger studies if they had drawn between group comparisons. 
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Recommendations for future work 

As this systematic style review was unable to provide any conclusions towards or against the 

effectiveness of interventions aiming to prevent pre-frail adults from transitioning into a frail 

state, it is recommended that further research be undertaken in this field. Previously undertaken 

systematic reviews reported evidence in favour of interventions aimed at improving specific physical 

outcomes (Kidd, Mold, Jones, Ream, Grosvenor, Sund-Levander, Tingstrom & Carey, 2019) in frail 

and pre-frail individuals, so there is reason to believe that interventions could be beneficial. The 

benefits of physical activity for older adults and for the reduction of falls is widely known (Sherrington 

et al, 2019) and older adults are recommended to undertake aerobic, strength and balance training 

(WHO, 2020), a systematic review has also reported positive effects of exercise in the management of 

frailty (Theou et al., 2011), so it is possible that physical activity interventions could be beneficial in 

preventing the transition into frailty in the pre-frail population. It is possible that the type of physical 

activity most beneficial to this population could be different to that identified for the frail population or 

for fall prevention.  The positive effects of nutritional, protein and vitamin D supplementation has also 

been documented as being beneficial in frail populations as well as recommended reduction in 

polypharmacy (Morley et al., 2013) 

When conducting future research, it would be beneficial for researchers to use comparable and 

validated tools when collecting outcome measure data. Work should be undertaken to establish gold 

standard outcome measures and thresholds of clinically meaningful difference for the pre-frail 

population, similar to the falls taxonomy (Lamb, Becker, Gillespie, Smith, Finnegan, Potter, Pfeiffer, 

2011). This would be beneficial for future researchers in choosing the best outcome measures to use for 

the pre-frail population as well as facilitate any future systematic reviews in evidence synthesis. 

Similarly, it would be beneficial for similar frailty proxies, such as muscle strength, specifically grip 

strength measured using a hand dynamometer (Lee, Patel, Costa, Bryce, Hillier, Slonim, Hunter, 

Heckman & Molnar, 2017) and gait speed (Lee et al., 2017) to be included in research, as this would 

help to build the evidence base for how frailty proxies could be affected by different types of 

intervention. 

As the proportion of individuals estimated to be pre-frail is 42.3% (Cesari et al., 2016), developing and 

investigating public health interventions targeting pre-frail individuals, with the aim of prevention or 

postponement of the transition into frailty would be extremely worthwhile. 
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When conducting this systematic style review, five protocol studies were identified (Castell et al., 

2019; Jadczak et al, 2018; Summers et al, 2018; Teh et al, 2018; & van Dongen et al, 2018) 

emphasising that this is a developing area of research and that it would be beneficial to continue to 

update this systematic style review, to ensure that it is updated as the evidence base grows. 

This chapter detailed a systematic style review aiming to answer the following question: Are 

interventions aimed at pre-frail community-dwelling adults effective in reducing risk factors associated 

with frailty and preventing the transition in to frailty? 

Whilst there was some evidence to support exercise and nutritional interventions may be beneficial for 

the pre-frail population, the evidence base was not strong enough to draw any firm conclusions and 

recommendations were made for further research to be conducted in this field and to identify 

populations who may benefit from interventions aiming to postpone frailty and decline. Further 

recommendations included identifying gold standard outcome measures and thresholds of clinically 

meaningful difference for the pre-frail population, similar to the falls taxonomy (Lamb, Becker, 

Gillespie, Smith, Finnegan, Potter, Pfeiffer, 2011). 

In the next chapter I will discuss a secondary statistical analysis which aimed to identify trajectories of 

functional decline in older adults over an 8-year period, using the English Longitudinal Study of 

Ageing (ELSA), to see if there was a trajectory who may benefit most from early intervention. 
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Chapter Three. Identifying trajectories of functional decline 
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Following the recommendations suggested by the systematic style review in Chapter One, this chapter 

aims to identify populations who may benefit from interventions aiming to postpone frailty and decline. 

This chapter uses data from the ELSA study to initially create a functional decline variable, using 

variables available in ELSA to then analyse the trajectories of functional decline in a population of 60-

to-70 year olds at repeated waves of ELSA data collection. The chapter will use the Latent Class 

Growth Modelling statistical technique to identify the best model of fit and identify how many 

trajectory classes are within this model of best fit. 

Introduction 

In 2015, the WHO hypothesised that there were three trajectories of ageing: ‘high and stable’; 

‘declining’; and ‘significant loss’of capacity (WHO, 2015); and that interventions should cater for 

individual trajectories. It may be beneficial to identify if these trajectories are evident within ageing 

populations and identify mechanisms of targeting these interventions, in order to develop future 

interventions targeting specific trajectories of ageing. 

A recent European Horizon 2020 project entitled the ‘PreventIT project’ (PreventIT, 2016) 

incorporated functional decline trajectory identification into one of their sub-projects (Jonkman et al., 

2017). This study used data from two longitudinal studies of ageing (Longitudinal Aging Study of 

Amsterdam (LASA) (Huisman et al., 2011) and Invecchiare in Chianti (InCHIANTI study) 

(translation: Ageing in Chianti) (Ferrucci et al., 2000)) to identify trajectories of functional decline. 

This study included younger older adults aged between 60 and 70 years of age, and harmonised 

variables collected in both studies to create a functional decline variable. Using Latent Class Growth 

Modelling (LCGM) analysis, over nine years of follow up, Jonkman et al (2017) identified a model of 

best fit of three trajectories of physical function, with trajectories highlighting low, intermediate and 

severe functional decline over time. 

Although data used by this study was collected from studies occurring in two countries, the samples 

used in the studies are not representative of the older adult population from that study. LASA is based 

in Amsterdam only and the InCHIANTI study is based in Chianti, therefore, the results from Jonkman 

et al (2017) may not be transferable to the English population of older adults. 

The English Longitudinal Study of Ageing (ELSA) originates from the Health Survey for England 

(HSE) and is a longitudinal study of adults and their partners, aged 50 years and older (Steptoe, Breeze, 

Banks, Nazroo, 2013). ELSA’s first wave of data collection commenced between 2001 and 2003, and 

follow-up waves have occurred every two years since. At the time of designing the study to be reported 
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here, seven waves of ELSA were available for researchers to use (Banks, Batty, Nazroo and Steptoe, 

2016). Each wave of data collection consists of a face-to-face computer assisted interview and self-

report questions. Examples of information collected from participants includes: demographics (age, 

gender, education and employment status); financial position (including pension); ability to perform 

activities of daily living (ADLs) and Instrumental Activities of Daily Living (IADLs) (Steptoe et al., 

2013). ELSA used a population sampling frame, representing the English population of adults aged 50 

and older, with refreshment samples supporting maintenance; alongside using sample weighting 

generated from UK census data. Therefore, we can infer that results from studies using the ELSA 

dataset are relevant to the English population. A limitation of using the ELSA dataset is that there are 

not many participants recruited from ethnic minorities (Steptoe et al., 2013), meaning that it is 

unknown whether the results of this study are generalisable to individuals from ethnic minorities.  

 

Trajectories of functional decline may relate to the theorised trajectories of frailty used and tested 

within the literature (robust, pre-frail and frail (Fried et al, 2001;Moreira and Lourenco, 2013; 

Rockwood, Andrew and Mitnitski, 2007). Functional decline is known to be a risk factor associated 

with frailty, therefore, it is hypothesised that the functional decline trajectories identified using LCGM, 

will be associated with future frailty status. 

If trajectories of functional decline are associated with future frailty status, it could be useful in the 

development of future interventions, which could aim to target functional decline as a means of 

simultaneously improving frailty status. This is particularly useful when the review demonstrates a lack 

of knowledge about what physical interventions should be used to target frailty.  

The objectives of the study to be presented are two-fold. 

1) Using ELSA variables, to create a functional decline assessment tool, similar to the PreventIT 

variable. 

2) Identify trajectories of functional decline in an English population of 60-70 year olds using LCGM 

analyses using the same methods as the PreventIT study. 

Objectives one and two discuss aiming to create a similar functional decline assessment tool and 

following the same methods to the PreventIT study when conducting my analysis. By using the same 

methods, the results from this study will be more comparable to the PreventIT study and will facilitate 

any future researchers hoping to conduct reviews into this subject area. 
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Methods 

Participants 

All adults aged between 60 and 70 years of age at wave 2 (2004-2005) of ELSA data collection were 

eligible for inclusion in this study. The age of participants at baseline was set to 60 to 70 years old to 

match the criteria used in the PreventIT study, who aimed to identify a younger cohort of older adults 

some of whom would not have already experienced functional decline, to identify a population who 

may benefit from interventions targeting decline (Jonkman et al., 2017). In addition, this age range 

includes the English statutory retirement age (65). Retirement is known to be a key lifestyle event for 

individuals and is a period where lifestyle changes can occur and could be an opportunity for 

prevention interventions (Zatinge, van den Berg, Smit and Picavet, 2013), so it was important to 

identify if any trajectory classes supported the theory prevention over the course of this time period 

could be beneficial for a subgroup of the population. 

Data Set 

Waves 2 through to 6 of the ELSA database will be used for this study. Waves 2 to 6 were used to 

identify trajectories of functional decline.  

Wave 2 was used as baseline in this study, as the first nurse visit was conducted in Wave 2. The study 

used wave 2 as baseline as opposed to wave 1 as wave 2 included a nurse visit. Nurse visits are 

conducted every second wave and involve additional data collection, including physical measures such 

as hand grip strength, blood pressure, Body Mass Index (BMI), waist circumference and balance tests 

(Steptoe et al, 2013). Using Wave 2 as baseline, opened up the possibility of identifying additional 

predictors and protectors of functional decline in future analyses. 

Creating the functional decline variable 

In order to meet the primary objective, it was necessary to create a functional decline variable, similar 

to the one used by the PreventIT study (Jonkman et al., 2017). The PreventIT study variable was 

created by harmonising six variables from both LASA and InCHIANTI, all of which were scored from 

zero to three. The scores from each of the six variables were summed to create the functional decline 

variable that had a score between zero and 18, with higher scores indicating greater functional decline. 

The variables used by PreventIT were based on perceived difficulty in undertaking certain activities of 

daily living (ADLs), such as: dressing, cutting toenails, walking 400m without stopping, using own or 

public transport, sitting down or standing up and walking up and down a staircase of 10-15 steps 

without stopping (Jonkman et al., 2017). 
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When creating the functional decline variable within ELSA a number of challenges were encountered. 

Primarily, many of the variables required within ELSA are dichotomous, with an individual stating 

presence or absence of difficulty performing a task. When an exact match to variable used by 

PreventIT was not available in ELSA, the document used by PreventIT to harmonise variables 

(“European Project on Osteoarthritis (EPOSA): methodological challenges in harmonization of 

existing data from five European population-based cohorts of aging” (Schaap et al., 2011)) was used to 

find suitable alternatives within the ELSA data set. Table 4 provides the harmonised PreventIT 

variables alongside the equivalent ELSA variables, with scoring. 

Schaap et al’s (2011) harmonisation paper had to be used to identify a suitable replacement for the 

variable ‘cutting own toenails’, as a similar variable was not available within ELSA. Schaap et al 

(2011), suggested that as cutting toenails is a fine motor skill, then other skills involving the 

requirement to handle small objects would be suitable to use in replacement, therefore the variable 

‘picking up a 5p coin from a table’ was used. Three variables within ELSA were harmonised to create a 

‘difficulty using own/public transportation’ variable, as there was not a single suitable variable to use 

for this item.  

Due to five out of the six variables being scored dichotomously in ELSA, the PhD candidate in 

consultation with supervisors, decided to harmonise the ‘Walking ¼ mile unaided’ variable to be 

scored in line with the other variables so it did not have more weighting than the other variables 

included in the FD tool. 

 The scale of the FD tool in the present study was scored from zero to six as opposed to zero to 18 in 

the PreventIT study (Jonkman et al., 2017). Higher scores in both of the tools indicate higher severity 

of functional decline. 
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Table 4 The harmonised PreventIT variables, alongside their scoring methods and the equivalent or harmonised ELSA variable, with their 
scoring methods. 

Table 4: The harmonised PreventIT variables, alongside their scoring methods and the equivalent or 

harmonised ELSA variable, with their scoring methods.  

PreventIT 

variable 

PreventIT 

variable 

categories 

ELSA variable ELSA variable 

categories 

Additional, 

harmonised 

variable. 

Additional, 

harmonised variable 

categories 

Dressing and 

undressing  

 Dressing, 

including putting 

on shoes and 

socks  

   

 0-no difficulty  0- no problems 

reported 

  

 1 – with 

difficulty, but 

without help 

 1- some difficulty 

reported 

  

 2 – only with 

help 

    

 3 – unable to 

do 

    

Using own or 

public 

transportation 

 Whether 

respondent has 

use of car or van 

when needed 

either as driver or 

passenger?  

 Using 

own/public 

transportation 

 

 0 – no 

difficulty 

 1 – Yes (scored 0)  0 – No difficulty 

 1 – with 

difficulty but 

without help 

 2 – No 

(next question) 

 1 – Some difficulty 

 2 – only with 

help 

 -1.0 – not 

applicable (next 

question) 

  

 3 – unable to 

do 

How often 

respondent uses 

public transport  

   

   1 – a lot (scored 0)   

   2 – quite often 

(scored 0) 

  

   3 – sometimes 

(next question)  

  

   4 – rarely (next 

question) 

  

   5 – never (next 

question) 
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  Reasons for not 

using public 

transport more 

often  

   

   1 – too expensive 

(scored 0) 

  

   2 – unreliable 

(scored 0) 

  

   3 – infrequent 

(scored 0) 

  

   4 – my health 

prevents me 

(scored 1) 

  

   5 – do not need to 

(scored 0) 

  

   6 – no public 

transport available 

(scored 0) 

  

   7 -  not convenient 

(scored 0) 

  

Sitting down, 

standing up 

 Getting up from 

a chair after 

sitting for long 

periods  

   

 0 – no 

difficulty 

 0 – no problems 

reported 

  

 1 – with 

difficulty, but 

without help 

 1 – some difficulty 

reported 

  

 2 – only with 

help 

    

 3 – unable to 

do 

    

Walking up 

and down a 

staircase of 

10-15 steps 

without 

resting 

 Climbing one 

flight of stairs 

without resting  

   

 0 – no 

difficulty 

 0 – no problems 

reported 

  

 1 – with 

difficulty, but 

without help 

 1 – some difficulty 

reported 

  

 2 – only with 

help 

    

 3 – unable to 

do 
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Descriptive statistics 

Once the functional decline variable was created, descriptive statistics were undertaken to identify the 

number of participants with eligible functional decline scores across each wave of ELSA. The mean 

functional decline score for each wave was calculated and the distribution of the data was interrogated, 

it was anticipated that the data would not be parametrically distributed, due to expected higher numbers 

of adults with no or little functional decline. 

Latent Class Growth Modelling (LCGM) to identify trajectories of functional decline 

LCGM analysis methods were used for this project. This method requires data to have been collected at 

a minimum of three time points (Andruff, Carraro, Thompson & Gaudreau., 2009), and therefore, can 

only be used with longitudinal data. LCGM analysis methods allows researchers to identify multiple 

trajectories that may occur within one population. Each trajectory must be homogenous to the group of 

Cutting own 

toenails 

 Difficulty 

picking up 5p 

coin from table  

   

 0 – no 

difficulty 

 0 – no problems 

reported 

  

 1 – with 

difficulty, but 

without help 

 1 – some difficulty 

reported 

  

 2 – only with 

help 

    

 3 – unable to 

do 

    

Walking 

outside for 

400 meters 

during five 

minutes 

without 

stopping 

 Difficulty 

walking ¼ mile 

unaided  

 Difficulty 

walking ¼ 

mile unaided 

 

 0– no 

difficulty 

 1 - no difficulty  0 – no difficulty 

 1 – with 

difficulty, but 

without help 

 2 - some difficulty  1 – some difficulty 

reported 

 2– only with 

help 

 3 - much difficulty   

 3 – unable to 

do 

 4 - unable to do 

this 
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people within the trajectory, yet distinctly heterogeneous to the other groups of trajectories within the 

model (Andruff, Carraro, Thompson & Gaudreau., 2009; Jung & Wickrama., 2008). 

LCGM methods are able to determine group classifications based on one or more outcome measures, 

with the option of using non-continuous measures (Lynch & Taylor, 2016). To determine the best 

model of fit (number of trajectory classes within the model), the LCGM often uses a casewise forwards 

approach, starting with one trajectory, and gradually building the model with an additional class being 

added at each analysis. Bayesian Information Criteria (BIC) and Akaike’s Information Criterion (AIC) 

are used to inform the goodness of fit of the model (Tein et al., 2013).  

Posterior probabilities are also used to inform the goodness of fit of the model (Lynch & Taylor., 

2016). A model is thought to have a better goodness of fit than a previous model if the BIC value has 

decreased by at least 10.00 with the addition of another trajectory (Walraven et al., 2015). Posterior 

probabilities indicate goodness of fit as they indicate the probability an individual will be assigned to 

the correct trajectory (Nagin, 2005). A posterior probability value of 0.8 and above is deemed to have 

high goodness of fit and supports the argument for best model of fit (Walraven et al., 2015). Posterior 

probabilities and BIC should be used in conjunction with each other to identify the best model of fit for 

trajectories. Classes will continue to be added to the model until the BIC fails to decrease by 10.00 or 

the posterior probabilities of a trajectory is less than the value of 0.8. 

LCGM is a relatively flexible analysis method, whereby researchers must take into consideration the 

statistical indication of model of best fit, however must also consider the theoretical and clinical models 

of best fit (Nagin, 2005). 

The statistical programme Latent Gold 5.1 (Vermunt & Magidson, 2016) was used for this study, as it 

provides the user with the opportunity to take into consideration covariates whilst conducting the 

LCGM and accounts for non-parametric data within the analysis (Vermunt & Magidson, 2016). This 

was extremely beneficial in the current analysis as we wished to use the Frailty Index (as created in 

ELSA by Marshall, Nazroo, Tampubolon, Vanhoutte, (2015)) as a covariate in the analysis, to identify 

if there was an association between class trajectories and frailty status. It was also anticipated that the 

functional decline variable would be non-parametric, with the majority of older adults having lower 

scores, indicating higher functional ability, as was the case in Jonkman et al (2017). 
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Missing Data 

Participants were only included in the analysis if they had an eligible functional decline score at wave 

2, meaning that no missing values were recorded for all variables used to create the score. Similarly to 

the PreventIT study (Jonkman et al., 2017), participants who had at least two additional follow-ups 

were identified by Latent Gold and included in the LCGM analyses. Latent Gold accounts for missing 

data in LCGM by making a missing at random (MAR) assumption (Vermunt & Magidson, 2016) and 

excluding that data point from the analysis. 

Missing data was interrogated, as it is possible that participants with higher functional decline would be 

more likely to drop out of the study due to poor health or becoming institutionalised.  

Descriptive statistics were used to explore the missingness within the data. Missing data across all 

variables was identified using a pre-specified value.  

Results 

Participants 

There were 3179 participants aged between 60 and 70 at baseline (wave 2) on the ELSA database, of 

these, 3081 had a valid functional decline (FD) score. Slightly more than half of the sample were 

female (1655, 52.1%). The mean FD score at baseline was 1.97, rising to 2.29 by wave 6. Table 5 

provides the mean (SD), 95% confidence interval and the number of eligible FD scores per wave of 

ELSA data collection. 

Table 5 Mean (SD) functional decline (FD) scores and number of participants (aged 60-70 at baseline) with valid scores from waves 2 
through to 6 of ELSA data collection. 

Table 5. Mean (SD) functional decline (FD) scores and number of participants (aged 60-

70 at baseline) with valid scores from waves 2 through to 6 of ELSA data collection. 

 Mean FD score (SD) 95% confidence 

interval 

Number of valid 

participants (% 

missing) 

Wave 2 1.97 (1.66) 1.91 to 2.03 3081 (0%) 

Wave 3 2.00 (1.66) 

 

1.93 to 2.06 2518 (18.3%) 

Wave 4 2.05 (1.69) 1.98 to 2.11 2286 (25.8%) 

Wave 5 2.19 (1.82) 2.11 to 2.26 2233 (27.5%) 

Wave 6 2.29 (1.89) 2.20 to 2.38 1750 (43.2%) 
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Functional decline assessment tool 

The FD assessment tool scores had a non-parametric distribution across all waves (2 through 6) of 

ELSA data. Due to the majority of participants having a low FD score, the curve is heavily skewed to 

the right. This interpretation is supported by the additional assumptions of a normal distribution not 

being met (SD-2SD <0 and the points on the normal Q plot have deviated). The 95% CIs throughout 

the waves suggest these results are relatively precise, as the intervals are narrow (suggesting we can be 

95% certain the true population mean lies within these values). As expected, the number of missing 

values (ineligible FD score or missing data to input FD score or attrition from study) increased 

throughout the follow-up waves, with 43.2% of FD scores missing by wave 6. This means that the 

mean FD score calculated at this point, may not be representative of the population included at wave 2, 

as a large proportion of this population are not included in the analysis. However, it is important to note 

that FD had increased over the eight years, with the 95% CIs for wave 5 and 6 no longer overlapping 

with baseline 95% CI, suggesting significant change, however, the drop out makes this difficult to 

interpret. It would be expected that those with more severe FD may drop out over the course of the 

study, and the more functionally able participants to remain in the sample.  

 

Latent Class Growth Modelling 

Figure 4 visually presents Latent Class Growth Models of three to five trajectories. Each model has a 

graph depicting the mean curve of functional decline for each distinct trajectory. Within each model, 

the trajectories have different baseline values of functional decline, differing from the PreventIT 

(Jonkman et al, 2017) findings of a three-class model with each trajectory having similar baseline 

values. Each model has a class whose trajectory does not appear to deviate from the lowest functional 

decline score of zero throughout the full 8-year follow-up period, the proportion of participants within 

this trajectory remains extremely similar throughout each model (Model 3: 40.28%, Model 4: 40.29%, 

Model 5: 40.30%), implying that this trajectory was heterogeneous enough to remain the same with the 

addition of a cluster in a new model. In the 5-cluster model, the trajectory of highest functional decline 

appears to ever-so-slightly improve over the course of the 8-year follow-up, whereas in the 4-cluster 

model it appears they mainly stay the same over the course of the follow-up and in the 3-cluster model 

it would appear they slightly-decline further over time. It is important to note that the FD scores of the 

highest FD trajectory differ between the models, with the score being greatest in the 5-cluster model 

and lowest in the 3-cluster model. 
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In all of the models, the scores in each trajectory do not change by over one FD score over the 8-year 

follow-up period. This suggests that for the most-part, FD is maintained in this participant population 

(those aged 60-70 at baseline) over the course of the follow-up. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Pictural depiction of three, four and five class trajectory models of 
functional decline over the course of the 8-year follow-up. 
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Assessing model goodness-of-fit 

When assessing the goodness-of-fit of the functional decline models, it was important to assess the BIC 

and AIC values, proportion of participants assigned to each class and the proportion of those assigned 

correctly to each class. Table 6 provides the goodness-of-fit indices for the two, three, four and five 

class models. The BIC and AIC values indicated that the models improved with the addition of each 

new group, as they decreased by more than 10 with the addition of each new model which is indicative 

of a better goodness of fit (Walraven et al., 2015). When assessing the models for the proportion of 

participants within each trajectory, the 5-cluster model can be excluded as the certainty of participants 

correctly assigned to each class is below 70% for two of the classes, at 55% and 66%. In addition, one 

of the classes in the 5-cluster model (the class of highest FD) has less than 5% of the population placed 

within it. The two and three cluster models have extremely high levels of certainty regarding proportion 

of individuals correctly assigned to a trajectory. The two-cluster model can be excluded as the BIC 

value is much higher than the three-cluster model (-595.46 in the two-cluster, compared to -6523.7 in 

the three-cluster). The three-cluster model appears to have relatively good fit, however, the four-cluster 

model has a far lower BIC values (-8486.41), although there are lower proportions of participants who 

have been correctly assigned to the trajectories within the four-cluster model (ranging from 91.77% to 

99.80% in the three-cluster model and 77.18% to 99.82% in the four-cluster model).  

LCGM is a flexible method of analysis, which takes into consideration theoretical and clinical 

perspectives. It is therefore important to consider the results of the Jonkman et al (2017) when deciding 

upon the model of best fit in the present study. Jonkman et al (2017) decided upon a three-cluster 

model as the model of best fit, finding three clear trajectories of low, intermediate and high functional 

decline. The trajectories in the present study, clearly deviate from the trajectories identified by the 

PreventIT study, due to their differing in baseline values and lack of large decline over time, with many 

of the trajectories appearing not to change drastically over the course of the follow-up. Jonkman et al 

(2017) also had a smaller study population (798), whereas the present study includes 3082 participants. 

Due to the clear differences between the Jonkman et al (2017) and present study and based on the 

Latent Gold Outputs it appeared that the 4-cluster model was the best model of fit in the present study 

(presented in Figure 5) and was taken forward into the next phase of the analysis.  

 

 

Table 6 Goodness-of-fit indices for two, three, four and five class models 

Table 6: Goodness-of-fit indices for two, three, four and five class models 
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 two cluster model three cluster 

model 

four cluster 

model 

five cluster 

model 

BIC -595.455 -6523.74 -8486.41 -9672.55 

AIC -643.722 -6602.18 -8595.01 -9811.32 

Proportions of participants in each class 

1 40.30% 32.58% 23.27% 21.48% 

2 59.70% 40.28% 40.29% 4.85% 

3  27.13% 10.38% 40.30% 

4   26.06% 18.64% 

5    14.73% 

Proportions of participants correctly assigned to each class 

1 99.84% 93.02% 77.18% 81.08% 

2 99.89% 99.80% 99.82% 75.62% 

3  91.77% 79.54% 99.83% 

4   88.65% 55.16% 

5    66.49% 
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Discussion 

The present study used adults aged 60-70 at Wave 2 of English Longitudinal Study of Ageing (ELSA) 

and followed their FD over the course of 8-years, using an adopted and adapted FD tool from a 

previous epidemiological study (Jonkman et al, 2017), to investigate trajectories of FD within this 

population. A LCGM analysis identified a four-trajectory model as the model of best fit. This model 

identified four trajectories that were heterogeneous to each other, yet individuals within the trajectory 

were homogenous to each other, this compares to three trajectories of healthy ageing identified by 

Nguyen, Moreno-Agostino, Chua, Vitoratou and Prina (2021), using waves 2 to 7 of ELSA and a 

healthy ageing index score.  

The four trajectory classes identified in the present study were:  

(a) Continuously healthy (cluster 2, figure 5): a class which remained healthy throughout the 

whole duration of the study, with a score of zero on the FD scale and contained the largest 

proportion of participants (40.29%), which is lower than the 61% allocated to the ‘high stable’ 

group by Nguyen et al (2021). 

Figure 5 The 4-cluster model appears to have the best goodness-of-fit and will be taken forward in to the next phase of the 
analysis. 
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(b)  Little decline (cluster 4, figure 5): one which had very little FD at baseline and did not vary 

greatly over the course of the study and had the second largest proportion of participants 

(26.06). The average FD score of this class also remained below zero for the whole duration of 

follow-up.  

(c) Intermediate decline (cluster 1, figure 5): one with an intermediate FD over the course of the 

follow-up and the only trajectory which clearly worsened over time, although this decline was 

still marginal, with the average score increasing from above one to approximately two by the 

end of the eight-year period. This trajectory class contained the third largest proportion of 

participants (23.27%).  

(d) High decline (cluster 3, figure 5): highest baseline FD score (~3.5) and lowest proportion of 

individuals (10.38%). It appeared that the curve of this trajectory ever-so-slightly worsened in 

FD score and then returned to almost baseline value over the course of the follow-up period. 

Nguyen et al (2021), identified three trajectories of healthy ageing using waves 2 to 7 of ELSA and a 

healthy ageing index score.  

Combining the proportions of participants within the two trajectories of lowest decline, who appeared 

to remain relatively stable provides a proportion of 66% of the study population, which is much similar 

to the 61% identified within the ‘high stable’ group by Nguyen et al (2021).  

A possible reason for the high decline trajectory curve appearing to worsen before returning to near 

baseline values could be due to participants with the highest FD scores in follow-up waves, dropping 

out of the study due to ill-health or death and therefore their final scores being estimated based on their 

initial FD scores, as opposed to true FD scores as this information was not available.  A study 

investigating attrition rates in the ELSA population identified that individuals who died during follow-

up, were more likely to have higher baseline incidence of disease (Banks, Muriel & Smith, 2011), 

therefore it is more likely that there would be more attrition in the high decline trajectory class as they 

already had functional decline at baseline. The present study did not attempt to account for attrition. 

Whilst imputation may have been possible, this could have introduced bias as imputation is based on 

assumptions about the population, and a strength of Latent Gold and LCGM is that it accounts for 

missingness by making a missing at random (MAR) assumption (Vermunt & Magidson, 2016) and 

excluding that data point from the analysis. 

When comparing the model of best fit to the model of best fit identified by Jonkman et al (2017), the 

results from the present study are clearly quite different. Jonkman et al (2017) identified a three-cluster 
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model to be the best fit. The FD clusters within this model had extremely different trajectories to the 

present study also. The trajectories in Jonkman et al’s (2017) study had extremely similar baseline 

values. The trajectory of Low FD, remained healthy for the duration of follow-up (9 years), there was a 

trajectory of intermediate decline, who gradually worsened over the duration of follow-up and a 

trajectory of severe FD whose decline was much steeper over the course of the follow-up. There are a 

few possible explanations for why the results from the two studies are so different. 

Firstly, the FD assessment tool used in the present study, differs substantially to the one used in 

Jonkman et al (2017). Although the present tool was modelled off the Jonkman et al (2017) tool, each 

variable used within the tool was dichotomous, reducing the power of the tool (as Jonkman et al (2017) 

tool was scored 0-18 and the present study’s tool was scored 0-6), meaning the present tool was not as 

sensitive at capturing the level of difficulty experienced by the individual with each activity as the 

Jonkman et al (2017) tool. 

Secondly, the populations included in both of the studies are different. Jonkman et al (2017) had a 

much smaller study population that was not representative of a national population from either the 

Netherlands or Italy, whereas the results from the present study can be generalised to the wider English 

population of 60 to 70 year olds as ELSA uses a sample representative of the English population of 

older adults, which is a huge strength of this study. 

A limitation of the study, is that attrition by cluster was not described. This would have enabled a more 

in-depth understanding of the results and the ability to identify differing patterns between the clusters. 

This would have enabled the researcher to identify whether the hypothesis of there being more attrition 

in the ‘high decline’ trajectory was true. A limitation of using the ELSA dataset is that there are not 

many participants recruited from ethnic minorities (Steptoe et al., 2013), meaning that it is unknown 

whether the results of this study are generalisable to individuals from ethnic minorities. This limitation 

is not unique to the ELSA dataset and it is acknowledged in the literature that more needs to be done to 

promote the representation of minority groups in research (Redwood, 2013). 

Whilst understanding the trajectories of FD identified within the ELSA population provides highly 

valuable information, further research is required to identify whether the trajectories of FD are 

associated with frailty, and whether the trajectories could be insightful in identifying a group of 

individuals who may benefit from an intervention with an aim of preventing further decline into frailty. 

The preliminary results from this first study indicate intermediate decline trajectory class as one which 

may benefit from an intervention, as it may be possible to target individuals who are more likely to 
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decline over time with an intervention to prevent them from declining. However, it first needs to be 

identified whether these trajectories are associated with frailty. 

This chapter used ELSA waves 2 through to 6, to identify trajectories of functional decline present in a 

population who were aged 60 to 70 at wave 2 of ELSA data collection. The model of best fit had four 

trajectory classes. The classes identified were: (a) continuously healthy; (b) little decline; (c) 

intermediate decline; and (d) high decline. The intermediate decline class, was the only trajectory class 

which declined substantially over the course of the 8-year follow-up. 

The next chapter will further explore the trajectory classes, aiming to identify if trajectory class 

membership is associated with frailty. 
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Chapter Four Assessing whether functional decline trajectories relate to 

frailty 
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The previous chapter used ELSA waves 2 through to 6 and LCGM to identify the model of best fit for 

the number of functional decline trajectory classes present in a population who were aged 60 to 70 at 

wave 2 of ELSA data collection. The model of best fit contained four trajectory classes: (a) 

continuously healthy; (b) little decline; (c) intermediate decline; and (d) high decline. 

Chapter four will conduct further Latent Class Analysis (LCA) using distal outcomes to assess whether 

the trajectory classes in the four-class model are associated with frailty index scores at wave 7 of ELSA 

data collection and to model frailty status across the ELSA waves 2 to 6 by baseline FD score. 

Introduction. 

When assessing trajectories of functional decline (FD) in a sample representative of English 60- to 70-

year-old adults, using the English Longitudinal Study of Ageing (ELSA) Data, Latent Class Growth 

Modelling (LCGM) analysis alongside theoretical judgement indicated that a four-trajectory model was 

the best model of fit. The four trajectories identified consisted of a ‘continuously healthy’ class who 

remained healthy throughout the duration of the 8-year period, with a score of zero on the FD scale. 

This class contained the largest proportion of participants (40.29%). A ‘little decline’ class which 

contained the second largest proportion of participants (26.06%), also had low baseline FD scores and 

the average FD score for this class remained below zero for the whole duration of the study. The class 

containing the third largest proportion of participants (23.27%) was the ‘intermediate decline’ class 

which experienced functional decline over the course of the study with their scores worsening over the 

8-year period, although this decline was marginal. The class containing the lowest proportion of 

participants (10.38%) was the ‘high decline’ class, which had the highest baseline FD score. The 

trajectory of the ‘high decline’ class appeared to worsen ever so slightly before returning to baseline 

values over the course of the study. 

The trajectories identified in this study, differed to previous published literature (Jonkman et al, 2017), 

that identified a three-trajectory model to be the best fit. Jonkman et al (2017), used a different sample 

of adults, which was not representative of the national populations the studies were conducted in. Their 

FD scale was also greater than the one used to assess the trajectories in the previous study and therefore 

perhaps had more power to identify changes of FD over time. 

Whilst it is extremely useful to have identified the trajectories of FD within this sample of 60-to-70-

year-old adults (at baseline) of the English population, it is important to now assess whether the 

trajectory classes are associated with frailty and additionally what other factors are associated with this. 
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This study will therefore aim to identify whether the FD trajectory classes are associated with frailty 

(measured using a frailty index) and identify additional factors associated with frailty in our study 

population. 

If associated with frailty, the information from the previous study and current study could be useful for 

designing interventions targeting a specific trajectory class, with the aim of improving function and 

reducing the risk of functional decline and progression of frailty. 

Objectives 

The objectives of the present study are: 

1) Using frailty index scores from waves 2 through to 6, identify if trajectory classes were associated 

with frailty index score. 

2) Undertake LCA with Distal Outcomes using data from Wave 7 and frailty index scores for the LCA 

2) Investigate the association of the accumulation of functional decline variables with frailty status 

between Waves 2 and 6. 

Methods 

Following the decision that the four-cluster model is the best model of fit in the LCGM, it was decided 

to undertake two further analyses. The first analysis undertaken aimed to identify whether frailty status 

(from waves 2 through to 6) was associated with trajectory class membership, within the 4-cluster 

model identified as being the model of best fit. The second analysis aimed to model frailty status across 

the ELSA waves by baseline FD score. 

Frailty status was assessed by creating a frailty index out of variables collected by ELSA. A frailty 

index should include at least 30 variables as then it is more likely to be highly associated with adverse 

events that frail adults are at risk of, such as institutionalisation and death (Searle et al., 2008). This 

means that a higher frailty index score corresponds with a higher association of death and 

institutionalisation. There are 70 possible variables to choose from when creating a frailty index (Searle 

et al, 2008), regardless of the variables you choose, as long as over 30 variables are used, it will be 

sufficient to be able to indicate frailty status (Searle et al, 2008).  

Frailty was assessed using a frailty index. Marshall et al (2015) have already created a frailty index out 

of the ELSA data in their study investigating frailty status differences between age groups adults within 

ELSA. Marshall et al’s (2015) frailty index included 60 variables, of which, participants had to have 
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data present for a minimum of 30 variables in order for the frailty index to be created. The current 

study used the same variables as Marshall et al (2015). 

Once the frailty index was created, the variable was used as a Distal Outcome when conducting Latent 

Class Analysis with Distal Outcomes. This step involved using the Frailty Index at Waves 2 through to 

6 (created by Marshall et al (2015)), as a covariate within the LCA to identify the probability of 

becoming frail within each of the classes of the 4-class trajectory model, whilst maintaining the 

classification errors. 

Once this step had been undertaken, Latent Class Analysis with Distal Outcomes was undertaken. This 

time, using data from Wave 7 only and using Frailty Index score for the LCA. The distal outcomes 

included, therefore provided the coefficients of each variable against a given intercept for the model 

and provided the association of each variable with frailty index score. 

The variables included as distal outcomes were: 

• Age 

• Sex 

• Education 

• Wealth 

• Smoking behaviour 

• Marital status 

• Drinking regularly 

These variables were chosen as they are known to be associated with frailty (Feng, Lugtenberg, Franse, 

Fang, Hu, Jin & Raat., 2017) and could be confounding factors. By including them in the analysis as a 

distal outcome the researcher was able to understand if a model including trajectory classes is better 

able to predict future frailty status than a model only containing these confounding variables.  

The trajectory classes were included in model two of this analysis. 

In addition to the Latent Class Analysis with Distal Outcomes, growth curve modelling was 

undertaken, looking at frailty index scores across the ELSA waves by baseline FD scores (ranging from 

0 to 6). Growth curve modelling is a longitudinal data analysis method, enabling researchers to 

understand change over time in different groups of individuals (Diakow, 2018). This modelling was 

undertaken to provide more insight in to how frailty changed over time for individuals with the same 

baseline FD scores. 
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Results 

Associations of Functional Decline Trajectories with Frailty Index (FI) 

Following the decision that the 4-cluster model is the best model of fit in the LCGM, Latent Class 

Analysis with Distal Outcomes was undertaken, using the four-trajectory model. This step involved 

using the Frailty Index at Waves 2 through to 6 (created by Marshall et al (2015)), as a covariate within 

the LCGM to identify if FI was associated with the FD trajectories within the 4-cluster model. It was 

identified that frailty status (as measured using the FI) was associated with the functional decline 

trajectories identified in the 4-cluster model (portrayed in Table 7) 

The ‘intermediate decline’ class which appears to have a linear and intermediate functional decline 

trajectory) was associated with the FI with a coefficient of 0.25 and was used as a comparison 

trajectory against all other clusters. The ‘continuously healthy’ and ‘little decline’ classes had negative 

associations with the ‘intermediate decline’ class (-0.13 and -0.09 respectively), meaning that 

individuals within these clusters were less likely than those in the ‘intermediate decline’ class to have 

higher FI scores. The ‘high decline’ class was positively associated with the ‘intermediate decline’ 

class (0.15), meaning that they were more likely than those in the ‘intermediate decline’ class to have 

higher FI scores. 

The overall model had a coefficient of 25%, this association is extremely significant, (p<0.001).  

Table 7 Associations of Functional Decline Trajectories with Frailty Index (FI) 

Table 7: Associations of Functional Decline Trajectories with Frailty Index (FI) 

Cluster Model Coefficient p-value 

4 cluster model 0.2531 P<0.001 

 

It was then decided to perform further growth curve analyses investigating FI score across all waves 

when taking into consideration FD score at wave 2 (baseline). Figure 6 depicts a growth curve (cluster 

0 to 6) by baseline FD score, for frailty index scores (Y-axis) over the ELSA waves (x-axis). The 

growth curve model graph clearly depicts that FD score at baseline was associated with FI score across 

the full 8-year follow-up (Figure 6).Interestingly, those with an FD score of six at baseline, appeared to 

improve in FI score in the middle-follow-up waves and then worsen towards the end of follow-up, 

similar to the trajectory of highest functional decline.  

When comparing the FI growth curves by FD score at baseline, it was interesting to view it through the 

lens of frailty categories as discussed by Rockwood et al (2011), whereby those with FI scores of ≤ 

0.03 would be classified as “relatively fit”, those scoring 0.03 ≤ 0.10 classified as “less fit”, FI scores 
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of 0.10 ≤ 0.21 being classified as “least fit”, a score of > 0.21 being classified as “frail” and scores of 

≥0.45 being classified as “most frail”.   

Those with a baseline FD score of zero, had an extremely low FI score at baseline, being categorised as 

“relatively fit”, however the FI score increased throughout follow-up waves and individuals would be 

classified as “least fit” by wave 6. Individuals with a baseline FD score of one remained in the “least 

fit” category throughout baseline and follow-up. Those with an FD score of two at baseline were on the 

border of being classified as “least fit” and “frail” at baseline, but would definitely be classified as 

“frail” by wave 4 onwards. The FI growth curve for FD scores of three and four at baseline remained 

within the “frail” threshold throughout all waves (2 to 6). The FI growth curve for FD scores of five 

were borderline between “frail” and “most frail” for waves 2 through to 5, but by wave 6 were 

classified as “most frail”. Interestingly, and as previously discussed, the FI growth curve for an FD 

score of six at baseline appeared to improve from “most frail” at baseline to “frail” at waves 3, 4 and 5 

before returning to “most frail” again at wave 6. The exact reason for this is unknown, however, one 

possible explanation is that, this could be due to those with the highest FI scores dropping out of the 

study in the middle-waves due to poor health and those who were remaining worsened further towards 

the end of the study. 
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Latent Class Analysis with Distal Outcomes at Wave 7 

 

When conducting the latent class analysis with distal outcomes at wave 7, there were 1,657 participants 

included in the analysis. 

In Model one (without including the trajectory classes) age, being female and being a past or current 

smoker were positively and significantly associated with frailty index score (Age: β 0.003, SE 0.0003; 

p<0.001. Female: β 0.018; SE 0.002; p<0.001. Smoking (using non-smoker as reference) past smoker: 

β 0.018, SE 0.002, p<0.001; current smoker: β 0.046, SE 0.005; p<0.001), whereas higher educational 

status, being married, wealth and drinking regularly were negatively and significantly associated with 

frailty index score (Education (using primary as reference): High school β -0.012, SE 0.002, p<0.001; 

College or higher β -0.019, SE 0.002, p<0.001. Married: β -0.010, SE 0.002, p<0.001. Wealth (using 1st 

quintile (poorest) as reference): 2nd quintile β -0.017, SE 0.003, p<0.001; 3rd quintile β -0.038, SE 

Figure 6 Frailty Index scores across all waves by FD score at baseline 
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0.003, p<0.001; 4th quintile β -0.041, SE 0.003, p<0.001; 5th quintile (richest) β -0.057, SE 0.003, 

p<0.001. Drinking regularly: β -0.016, SE 0.002, p<0.001.) 

When adding the FD trajectory classes to the second model, they were also significantly associated 

with frailty index scores. Using the ‘high decline’ class as the reference group, all other trajectory 

classes were negatively associated with frailty index, meaning that individuals assigned to lower FD 

trajectory classes were less likely to have higher frailty index scores. A graded effect was observed, 

with the coefficient having a greater negative value with the lowering of each FD trajectory class 

(intermediate decline: β -0.092, SE 0.007, p<0.001; little decline: β -0.163, SE 0.006, p<0.001; 

continuously healthy, β -0.0253, SE 0.006, p<0.001). Table 8 provides full results for model one and 

model two. 
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Table 8 Results for LCA with distal outcomes (with and without recent trajectories of functional limitation) 

Table 8: Results for LCA with distal outcomes (with and without recent trajectories of functional 

limitation) 

 Model 1 Model 2 

 Coeff (SE) p-value Coeff (SE) p-value 

Intercept -0.034 (0.024) 0.16 -0.050 (0.018) 0.006 

Class trajectories (Ref: High decline 

class) 
    

Continuously healthy class   -0.253 (0.006) <0.001 

Little decline class   -0.163 (0.006) <0.001 

Intermediate decline class   -0.092 (0.007) <0.001 

Age 0.003 (0.0003) <0.001 0.002 (0.0002) <0.001 

Female 0.018 (0.002) <0.001 0.008 (0.001) <0.001 

Education (Ref: Primary)     

High school -0.012 (0.002) <0.001 -0.001 (0.001) 0.53 

College or higher -0.019 (0.002) <0.001 -0.005 (0.002) 0.006 

Married -0.010 (0.002) <0.001 -0.005 (0.001) 0.005 

Wealth (Ref: 1st quintile/poorest)     

2nd -0.017 (0.003) <0.001 -0.004 (0.002) 0.10 

3rd -0.038 (0.003) <0.001 -0.011 (0.08) <0.001 

4th  -0.041 (0.003) <0.001 -0.013 (0.002) <0.001 

5th quintile (richest) -0.057 (0.003) <0.001 -0.022 (0.002) <0.001 

     

Smoking behaviour  (Ref: Non-

smoker) 
    

Past smoker 0.018 (0.002) <0.001 0.002 (0.001) 0.073 

Current smoker 0.046 (0.005) <0.001 0.013 (0.004) 0.001 

Drinking regularly 
-0.016 (0.002) <0.001 

-0.0008 

(0.001) 
0.67 

Note: Coeff=coefficient; SE=standard errors. 

 

Discussion 

The present study aimed to identify if frailty index scores from waves 2 through to 6 were associated 

with trajectory classes of function decline, using the four-class model identified as the model of best-fit 

in the previous chapter. It also aimed to identify variables that were associated with frailty index scores 

at wave 7 of the ELSA data. 

Frailty Index (as created by Marshall et al, 2015) scores were associated with all FD trajectory classes, 

with lower FD trajectory classes having a negative association and higher classes having a positive 

association (compared to the comparison trajectory which had a coefficient of 0.25). 
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It was theorised that functional decline would relate to theorised trajectories of frailty used and tested 

within the literature (robust, pre-frail and frail (Fried et al, 2001; Moreira and Lourenco, 2013; 

Rockwood, Andrew and Mitnitski, 2007)), as functional decline is a known risk factor associated with 

frailty. This study has demonstrated that the model of best fit identified by the LCGM (4 class model) 

is significantly associated with FI scores, throughout waves 2 through to 6.  

Growth curve analyses of FI scores by baseline FD scores identified that a lower FD score at wave 2, 

had lower FI scores throughout waves 2 through to 6, with FI scores appearing to increase with the 

addition of each FD score. Interestingly, those with an FD score of six at baseline, appeared to improve 

in FI score in the middle-follow-up waves and then worsen towards the end of follow-up, similar to the 

trajectory of highest functional decline. The exact reason for this is unknown, however, one possible 

explanation is that, this could be due to those with the highest FI scores dropping out of the study in the 

middle-waves due to poor health and those who were remaining worsened further towards the end of 

the study. Rogers, Marshall, Roberts, Demakokos, Steptoe and Scholes (2017), undertook multi-level 

growth curve modelling of ELSA participants and were interested in physical activity status and frailty 

index scores. Rogers et al (2017) observed that adults who participated in more vigorous physical 

activity had slower frailty progression than those who were more sedentary. The findings of the present 

study are supportive of those of Rogers et al (2017) as physical activity and functional decline are 

closely associated. 

When applying frailty categories (as determined by Rockwood et al (2011)) to the FI scores, FD scores 

of three and above at baseline were categorised as “frail” or “most frail” throughout all waves of data 

collection, with an FD score of two being borderline classified as “least fit” and “frail” at baseline, but 

definitely “frail” by wave 4 onwards. Whilst this is interesting, it would have been more insightful had 

the FD assessment tool created in the previous ELSA study had more power to detect changes in FD, as 

this may have added further insight when conducting these growth curve analyses. It appeared that 

whilst FD scores were identified to not alter much over the course of the study (as discussed in chapter 

three), frailty scores and status, as determined by Rockwood et al (2011) did change when assessing FI 

between waves 2 and 6 when split into classes based on baseline FD score. It would be insightful to 

conduct the same growth curve analyses with a more powerful FD tool. Although this analysis appears 

to identify that individuals with an FD score of two and above were frail either at baseline or by wave 4 

(FD score two) of the ELSA data collection, it is important to place this in the context of the FD 

trajectory classes, whereby only the third class (accounting for 10.38% of the population) had a 

baseline FD score of over two. 
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The latent class analysis with distal outcomes analysis, conducted at wave 7 identified that being older, 

female and having had smoked, or currently smoking were all positively associated with having higher 

frailty index scores, whereas higher education, being married, drinking regularly and having more 

wealth were associated with lower frailty index scores. These findings contribute to the pre-existing 

literature which shows some evidence that being female, older, smoking and having lower education 

level have positive associations with frailty, although the review also showed some evidence that being 

female had no association with frailty (Feng, Lugtenberg, Franse, Fang, Hu, Jin & Raat., 2017). These 

findings also contribute to the evidence base that drinking regularly and having a higher income have 

negative associations with frailty (Feng et al, 2017). When adding the FD trajectory classes into the 

second model, being in a trajectory class with higher FD was associated with higher FI scores, whereas 

classes with lower FD were associated with lower FI scores. 

The findings from this study are useful as we have established that the FD trajectory classes are 

associated with frailty. The intermediate FD class had the most decline in FD over the course of the 

study, starting with an average FD score of over one and increased to a score of over two by the end of 

wave 6. When comparing these scores to the FI growth curve analysis, using baseline (w2) FD scores 

to model the growth curves on, we know that a baseline FD score of one remained in the “least fit” 

frailty category for the duration of the waves, whereas those with a FD score of two were borderline 

between “least fit” and “frail”. The “least fit” category roughly aligns with the “mild” frailty category 

(eFI score of 0.13 to 0.24) as defined by Clegg et al (2016) in the electronic Frailty Index (eFI). This 

trajectory class, which contained 23.27% of the study population, declines over time and individuals 

within this trajectory class could benefit from an intervention to try and prevent any further decline. As 

the trajectory classes were found to be associated with the FI, any improvement in FD status, which 

could aim to reduce or prevent the increase in the trajectory over time, could be hypothesised to affect 

frailty status (FI score) as well. 

This study has provided considerable insight, as it established that FD trajectory classes were 

associated with frailty index. I also identified that frailty index growth curves were different depending 

on baseline FD value. This is valuable and provides further insight into the English population of older 

adults. As FD was associated with the frailty index, an intervention could be designed to try and target 

pre-frail adults, which also aligns with the intermediate decline trajectory class population as well. The 

following chapter will describe and discuss a qualitative study that was developed with the aim of 

assessing the perceived acceptability and feasibility of a proposed intervention by health care, public 
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health and leisure centre professionals, as they are the key stakeholders and gatekeepers for the 

intervention. 

This chapter identified through LCA with distal outcomes, that the four trajectory classes of functional 

decline were significantly associated with frailty index scores at wave 7 of ELSA data collection, with 

trajectories of lower decline being negatively associated and trajectories of higher decline having a 

positive association. Through further growth curve analyses of frailty index scores by baseline FD 

score, it was identified that the intermediate decline trajectory class may benefit from an intervention to 

try and prevent further decline. As the trajectory classes were found to be associated with frailty, any 

improvement in FD status, could be hypothesised to improve frailty status over time also. 

The next two chapters will follow the MRC complex intervention framework (Craig et al, 2008), which 

provides recommendations for conducting research in complex interventions. Chapter five will detail a 

qualitative study protocol, exploring the acceptability and perceived ease of implementation of an 

intervention aimed at pre-frail adults. 
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Chapter Five. Investigating the acceptability of a behaviour change and 

signposting intervention for pre-frail adults: A protocol for a qualitative 

study. 
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The previous chapter identified a trajectory class of ‘intermediate decline’ which may benefit from 

intervention to prevent future functional decline and frailty. The systematic style review chapter 

identified that there was some evidence to suggest physical activity could be beneficial for the pre-frail 

population. This chapter details a qualitative protocol to explore the acceptability and practical 

implementation of an intervention which has been designed following the complex intervention 

framework (Craig et al., 2008). The intervention is a behaviour change and signposting intervention in 

a community-dwelling pre-frail population. The previous studies have informed the design of the 

intervention by highlighting that frailty and functional decline are associated and therefore this 

intervention aims to target those who were in the trajectory class of ‘intermediate decline’, participants 

who have some functional decline and are at risk of declining further. The intervention will sign-post 

pre-frail individuals to specific types of exercise groups/classes based on their frailty phenotype criteria 

identified. The behaviour change element of the intervention is that participants will set behavioural 

goals, identify barriers to achieving the goals followed by action planning of activities, documenting 

goals on an activity planner. 

It is important to note that the complex intervention framework has recently been updated in 2021 

(Skivington et al 2021), however the protocols presented in this thesis were produced prior to this and 

therefore used the previous version of the framework (Craig et al., 2008). 

The complex intervention framework (Craig et al., 2008), defines a complex intervention as an 

intervention with several interacting components, however also explains that an intervention could be 

considered complex due to the population receiving the intervention. As pre-frailty is a complex 

construct and is multi-factorial (Gordon et al, 2020), an intervention targeting a pre-frail population 

would be considered a complex intervention. 

The complex intervention framework (Craig et al., 2008) outlines the following steps when developing 

a complex intervention i. identifying the evidence base; ii. identifying or developing the appropriate 

theory and iii. modelling process and outcomes. These steps indicate that there should be a theoretical 

basis behind an intervention, preferably from conducting a systematic review, understanding the basis 

behind the intervention and the desired process of change. The framework also states that an 

intervention should be able to be implemented into practice. It was therefore really important to 

understand whether this intervention is perceived to be practical to implement from those who would 

be involved in the recruitment and running of the intervention. This chapter details a qualitative 

protocol to explore the acceptability and practical implementation of an intervention targeting pre-frail 

individuals. 
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Introduction 

Background 

Chapter one of this thesis has discussed how frailty is defined, the implications of becoming frail on 

individuals and the cost to the health service.  

Chapter one outlined that there is some evidence to show that physical activity and nutritional 

interventions may be beneficial for older adults with frailty (Morley et al., 2013), which has been 

further supported by the systematic style review undertaken in Chapter two of this thesis. The study 

outlined in this chapter, will focus only on physical activity as a means of treating pre-frailty. 

Motivating older adults to exercise 

Exercise and physical activity is beneficial to older adults. Physical activity recommendations for older 

adults are: a minimum of 150 minutes of moderate physical activity, as well as a minimum of two strength 

sessions a week with balance and co-ordination exercises for adults at risk of falls (NHS., 2018a). Whilst 

the benefits of physical activity are numerous, rates of inactivity (less than 30 minutes per week)high 

with almost a quarter (24.6%) of all adults in the 2018 to 2019 year reporting being inactive (Sport 

England, 2020). Data from the November 2018 to 2019 year are reported here as this report was not 

impacted by the COVID-19 pandemic and later reports have been. In the November 2018 to 2019 year, 

there were 18% more people classified as active from higher socio-economic groups than lower socio-

economic groups (Sport England, 2020). In English adults (in 2018 to 2019) aged 55-74, 61% were 

classified as active (Sport England, 2020), with this dropping to 40% from the age of 75 upwards. (Sport 

England, 2020). This highlights the reduction of physical activity with age.  

Walking is the most common type of physical activity undertaken by adults (Sport England, 2020). 

To combat the high proportion of physical inactivity in the population it is important to make exercise 

enjoyable.  

Getting healthcare professionals involved in providing advice on activity can motivate adults to 

exercise (Bennett and Winters-Stone, 2011). The intervention described in this chapter will identify 

older adults classified as having ‘mild frailty’ using the eFI and participants would then receive a letter 

from their GP practice with information about the study, which could help to initially engage older 

adults with the intervention. Once determined to be physically pre-frail, and if receiving the 

intervention, participants will be signposted to a menu of activities and supported with behaviour 

change techniques and choose the activities that appeal most to them, thus introducing factors of 
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enjoyment and individualisation, which are known to be key to adherence (Collado-Mateo et al., 2021) 

and engagement. 

 

Cost effective interventions? 

Undertaking a research project in pre-existing exercise groups and classes means we are able to 

investigate if people are able to reduce their frailty status by attending classes targeting specific aspects 

of frailty. If this intervention appears to be effective, it would be extremely cost-effective, as the types 

of classes we would refer to, already exist within leisure centre facilities, however it is acknowledged 

that the intervention has economic cost, so if this study is positive, further health economic analysis 

would be required. A quasi-experimental study undertaken by Higgerson et al (2018), identified that 

when local authority facilities, including swimming and gym activities, were free of charge, uptake and 

adherence to physical activity increased, especially in those from the most disadvantaged background, 

decreasing socio-inequalities. 

The rest of this chapter details a qualitative research protocol to investigate the acceptability of a 

behaviour change and signposting intervention for pre-frail adults. This study was not able to be 

undertaken. 

Study Summary 

The Acceptability of the Signpost to Health Intervention is a qualitative study, aiming to recruit public 

health professionals, leisure centre employees and older adults to explore the acceptability and practical 

implementation of an intervention that: 

• Uses the electronic Frailty Index (eFI) (Clegg et al., 2016) to define a sample of older adults with 

mild frailty.  

• Comprises a signposting and behaviour change intervention for pre-frail adults aged 65 years 

and older, deciding which exercise classes to signpost to, based on criteria contributing to the 

individuals’ pre-frail status. 

The objective of the study is to conduct a qualitative study, exploring the acceptability of the proposed 

intervention with health professionals with a public health role (including General Practitioners, 

physiotherapists, community nurses, allied health professionals), leisure centre staff and older adults, as 

well as exploring the perceived ease of implementation of the proposed intervention with professionals, 

as recommended by the MRC complex intervention framework (Craig et al., 2008).
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Study Protocol 

Title: Investigating the acceptability of a behaviour change and signposting intervention for 

pre-frail adults: A qualitative study 

Rationale 

Frailty is defined as an individual’s reduction in ability to maintain efficient homeostasis, 

leading to increased vulnerability to stressors (Chan et al., 2017). Frailty is recognised as a 

long-term condition (Young., 2014), and some aspects of frailty may be reversible (Chen et al., 

2014). The prevalence of frailty increases with age, from 10% aged 65, to 25-50% when aged 

85 years and older (The British Geriatrics Society., 2014) and approximately 35% of the 

population are considered to meet the criteria for mild frailty (Clegg et al., 2016). Physical 

activity (PA) has been highlighted as a possible effective treatment for frailty (Chen et al., 

2014), and has the potential to reverse some of the effects. PA has beneficial effects on falls 

(Hopewell et al., 2018) (falls risk increases with frailty) and sarcopenia (highly associated with 

physical frailty). 

This study will explore the acceptability and practicality of a complex intervention with 

multiple components (Craig et al., 2008). The intervention to be explored is: 

1. Identifying patients with ‘mild frailty’ using the eFI in primary care settings, then 

identifying those with pre-frailty as per Fried Frailty Phenotype (Fried et al., 2001) 

2. Behaviour change and signposting intervention based on deficiencies identified by the 

frailty phenotype 

This exploratory study will use qualitative research methodology to assess whether the 

proposed intervention would be acceptable to health professionals with a public health role 

(including General Practitioners, physiotherapists, community nurses, allied health 

professionals), leisure centre staff (including managers and exercise instructors) and older 

adults. We will also explore whether health and public health professionals, believe the 

intervention would be practical and easy to implement locally as well as nationally as part of a 

public health intervention. This explorative study will hone the development of the intervention 

prior to undertaking a feasibility pilot Randomised Controlled Trial (RCT). 

This qualitative study has the potential to: 

• Explore whether the proposed intervention would be acceptable to all involved with the 

provision and undertaking of the intervention (older adults and professionals) 
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• Explore whether the proposed intervention would be easy to implement both locally 

and nationally as part of a larger public health intervention aiming to prevent 

individuals from transitioning to frailty. 

 

Theoretical framework 

As this study is an explorative study, aiming to understand the perceived acceptability and 

perceived ease of implementation of a behaviour change and signposting intervention, a 

qualitative research methodology will be the most appropriate methodology to use. 

Research Question / Aims 

Explore the acceptability and pragmatism of an intervention that 

• Uses the electronic Frailty Index (eFI) (Clegg et al., 2016) to define a sample of older 

adults with mild frailty. At the time of designing this intervention it was part of the 

General Practice contract in England to screen for moderate and severe frailty in all 

patients aged 65 years and older, with a tool such as the eFI (Clegg et al., 2016) (NHS 

Digital, 2020) 

• Comprises a signposting and behaviour change intervention for pre-frail adults aged 

65 years and older, deciding which types of exercise classes to signpost to, based on 

criteria contributing to the individuals’ pre-frail status. 

 

The intervention design is informed by the systematic style review chapter which identified 

that exercise could have the potential to be beneficial for the pre-frail population, and chapter 

four, which identified that functional decline is related to frailty and therefore interventions 

targeting this could be a key area of focus. 

Objectives 

 

• Conduct a qualitative study, exploring the acceptability and ease of implementation of 

the proposed intervention with public health professionals, leisure centre staff and older 

adults. 
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Study design and methods of data collection and data analysis 

As this study is an explorative study, aiming to understand the perceived acceptability and 

perceived ease of implementation of a behaviour change and signposting intervention, a 

qualitative research methodology will be the most appropriate methodology to use. 

To assess the perceived acceptability and ease of implementation of the intervention, semi-

structured interviews will be conducted with the following participant groups: 

• Health professionals with a public health role (including General Practitioners, 

physiotherapists, community nurses, allied health professionals) 

• Leisure centre staff members (e.g. managers, referral team, exercise instructors) 

It was decided to undertaken semi-structured interviews with the population of professionals 

as the researcher felt professionals may feel more comfortable and confident expressing their 

personal views relating to the feasibility of conducing this study in practice without their peers 

and colleagues present. Also, this would allow the researcher to be flexible to timings that 

worked best for individual professionals, as it is known they are all extremely busy so to 

facilitate participation in this study, meeting their availability needs would be key to successful 

engagement. 

To assess the perceived acceptability of the proposed intervention, focus groups will be 

conducted with older adults (aged ≥65 years) 

The researcher decided to conduct focus groups with the older adult participant population due 

to the study setting, with data collection being planned to take place at either leisure centres or 

the University of Manchester. If participants were already attending leisure centre classes, it 

would be less burdensome for individuals if they could stay behind after the class and attend a 

focus-group together. It was not considered a risk to the depth of data collected to conduct 

focus groups with this participant population, as we were not exploring anything of a sensitive 

nature so participants should feel comfortable in sharing their views in this setting and richer 

discussions could take place due to having multiple perspectives shared (Finch, Lewis and 

Turley, 2013). 

Data Collection 

Interviews may be carried out face-to-face in the participants’ work place or at a leisure centre 

or at the University of Manchester. Interviews may also be conducted over the phone, 

participants will be provided with the choice (unless they are outside of the Manchester area, 
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in which case, they will only be offered the option of a phone interview). All interviews will 

be recorded using an encrypted and approved audio-recorder. Participants will be made aware 

in the information sheet that all interviews will be recorded, they will provide permission for 

this in the consent form.  

Participants will be provided with a Participant information sheet prior to providing consent 

to participate in the study. They will also be provided with a summary of the proposed 

intervention prior to the interview/focus group.  

Focus groups will take place at the leisure centre or at the University of Manchester and would 

be organised by the researcher, with the leisure centre managers and exercise instructors acting 

as gatekeepers and identifying individuals to approach with the study information (for 

individuals approached within the leisure centre settings).  

All focus groups will contain at least four and a maximum of ten participants, to allow 

generation of discussion yet allowing everyone to have a voice. Two researchers would be 

present at focus groups to allow for note-taking as well as facilitation of the focus group. 

Data Saturation 

In qualitative research, the aim is often to reach data saturation, whereby the addition of a new 

interview/focus group does not bring any new themes, codes or categories into the analysis, 

showing saturation within the data. Due to this it is extremely difficult to estimate the required 

numbers of participants to reach saturation. It has been estimated it can occur with as little as 

six participants (Guest et al., 2006). 

As this study will be using experts within the field to provide feedback and their perception on 

whether the proposed intervention would be acceptable and easy to implement, it is anticipated 

that the data collected will be rich (Fusch & Ness., 2015). The researchers wish to contact many 

individuals from multiple participant groups (public health, leisure facilities and older adults) 

meaning this study should have the capacity to capture both thick (volume of data) and rich 

(quality of data) data (Fusch & Ness., 2015). Collecting both thick and rich data should allow 

for data saturation to occur (Fusch & Ness., 2015). Appropriate methods will be implemented 

to facilitate the achievement of data saturation; interviews/focus groups will be structured 

(Guest et al., 2006); focus groups will be implemented, allowing open discussions within 

participant groups (Fusch & Ness., 2015). 
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Transcription 

A university approved transcription service will be used to transcribe the audio recordings of 

the interviews and the University’s SOP related to audio and video recordings will be followed. 

Participants will be sent a copy of their interview transcription and will be asked if they are 

happy that the transcription is accurate.  

Analysis 

Qualitative analysis software NVivo will be used to analyse the qualitative data.  

Constant comparison analysis methods will be used and will take place after each interview or 

focus group (Given, 2008). Two researchers will count, code and categorise the data and 

compare to previous interviews or focus groups, drawing out emerging similarities and 

comparisons (Given, 2008). Using this method of analysis, the researchers will be able to 

establish that data saturation has occurred when additional interview or focus groups does not 

bring any new categories.  

Participant groups (e.g. health professionals) will be compared with each other, as well as all 

data being analysed together as well. The use of multiple different participant groups will 

enable data triangulation and should provide an in depth understanding of the acceptability of 

the study to a variety of different participant groups, allowing to assess similarities and 

differences between the findings. 

Rigour 

The data collection, transcription and analysis methods used in this study introduce rigour in 

to the study. Using a semi-structured interview format, ensures a systematic approach to data-

collection, reducing researcher subjectivity whilst also allowing follow-up questions to 

enhance the richness of data. Using a Dictaphone and transcribing the interviews ensures 

accurate recordings of the interviews. Allowing participants to check the transcription for 

accuracy also ensures that the transcription reflects their understanding of the conversation 

also. The use of two researchers to code, count and categorise the data introduces rigour in to 

the study and follows the consolidated criteria for reporting qualitative research (COREQ) 

checklist (Tong, Sainsbury, Craig, 2007).  Analysing the data using the NVivo programme 

introduces rigour in to the analysis as it reduces the chances of researcher bias being 

introduced into the analysis process. In reporting of the analysis, counts of comments within 
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the categories will be reported, further enhancing the trustworthiness of the overall reporting 

of the study and the COREQ checklist will be followed (Tong, Sainsbury, Craig, 2007). 

Study setting 

Potential professional participants, sites and older adult participatory groups have already 

been identified and discussed within the Research Project advisory group. The supervisor 

who knows the individual(s) to be contacted, will first introduce the student to the 

individual(s) via email, and the student will then send a further email, detailing the premise of 

the qualitative study, and will attach an information sheet. It is possible that the supervisors 

will contact a gatekeeper, who will then forward the students email to potentially eligible 

professional participants. 

 

Professionals who wish to participate in the study will contact the student if they wish to 

discuss any questions with the researcher and to arrange a convenient date and time for their 

interview. 

 

Older adults will be recruited via gatekeepers. Older adults who currently attend exercise 

classes the intervention proposes signposting to, will be informed about the study by a 

gatekeeper who will be an employee at the leisure centre. They will be provided with the 

study information, if they wish to take it, and will be informed to contact the researcher if 

they wish to participate in a focus group. 

 

Similarly, the Greater Manchester Ageing Hub will be contacted to see if they would be 

willing to act as gatekeepers for the older adults they interact with, and if they will circulate 

participant information sheets to these individuals, who would then contact the researcher if 

they wished to participate in the study and arrange a focus group. Greater Manchester Ageing 

Hub has stated they will include an 'advertisement' (brief summary of the study with a web 

link to the PIS) in their newsletter. 

 

Individuals (professional and older adults) who wish to participate in the study will all be 

required to complete a consent form prior to the interview or focus group, ensuring they fully 

understand what is entailed in participation. 
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Sample and recruitment 

Eligibility Criteria 

Inclusion criteria  

Acceptability 

• To be working as a health professional with a public health role, in leisure services or 

be an older adult aged ≥65 years, attending the types of exercise class we would refer 

to in the proposed intervention. 

Ease of implementation 

• To be working in either public health or leisure services 

Exclusion criteria  

• To not have full capacity to provide informed consent 

• To not be able to communicate fluently in the English Language 

Sampling 

The primary method of sampling implemented in this study will be purposive, sampling with 

the opportunity also to use snowball sampling, as it will be imperative to talk to a range of 

individuals with expert knowledge within the health professional (with public health role), 

leisure service and older adult participant groups. 

Whilst this study is being conducted within the Greater Manchester locality, the researcher 

wishes also to discuss the acceptability and ease of implementation of the intervention with 

experts outside of the Manchester area. A recent piece of work undertaken by the Centre for 

Aging Better has highlighted areas of the country where exceptional practice is occurring 

(Centre for Ageing Better, 2019). It will be of vital important to try and discuss the intervention 

with these groups of individuals to identify if they perceive it would be of possible clinical 

benefit as well as being easy to implement and undertake within their localities. As this has the 

potential to be a public health intervention, it is important to understand the views of those not 

just located in Manchester. 

Size of sample 

In qualitative research, the aim is often to reach data saturation, whereby the addition of a 

new interview/focus group does not bring any new themes, codes or categories into the 

analysis, showing saturation within the data. Due to this it is extremely difficult to estimate 
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the required numbers of participants to reach saturation. It has been estimated it can occur 

with as little as six participants (Guest et al., 2006). As this study will be using experts within 

the field to provide feedback and their perception on whether the proposed intervention 

would be acceptable and easy to implement, it is anticipated that the data collected will be 

rich (Fusch & Ness., 2015). It is also important to consider that the study will be conducted 

by a lone researcher (with help provided for focus groups). Therefore, it has been decided 

that up to 20 people will be recruited within each group. However, if saturation occurs before 

20 individuals are recruited, then data collection will stop for that group. 

 

Recruitment 

Potential professional participants and sites have already been identified and discussed within 

the Research Project advisory group and will initially be contacted via email, detailing the 

premise of this qualitative study. For example, emails will be sent to activity referral services 

in Greater Manchester, and identified experts outside of Greater Manchester. Potential 

participants who respond to the email will be sent an information pack (cover letter, 

information sheet). Once participants have read the information sheet, they will be able to 

discuss any questions (if they have any) with the researcher. Participants who wish to 

participate in the study will then arrange an interview/focus group appointment at their 

convenience with the researcher (can either be via telephone or face-to-face), they will then be 

sent all of the relevant information regarding the proposed intervention (intervention summary, 

information sheet) and be asked to read the material prior to the interview/focus group. 

Older adults who will be classified as experts and give invaluable insight into whether the 

intervention would be acceptable to them, will be recruited within the community at Leisure 

Centres with exercise instructors/leisure centre staff acting as gatekeepers, or via the snowball 

method once some older adults have been interviewed/participated in focus groups. 

Older adults that wish to participate in interviews or participants will be provided with an 

information sheet and brief summary of the intervention (one page summary plus proposed 

PIS) by the gatekeeper, providing participants with sufficient time to read the information sheet 

and decide if they would like to participate in the study. Participants will be made aware that 

the researcher may attend the exercise class the week later and will run interviews/focus groups 

before or after the class for those that wish to participate, they will be told if they wish to 

participate, they can arrive early or stay behind after the class.  
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Sample identification 

Interviews will take place either at the University of Manchester or at the place of work of the 

professional individual (e.g. Leisure Centre). Due to this, there will be multiple research sites.  

Potential professional participants, sites and older adult participatory groups have already 

been identified and discussed within the Research Project advisory group. The supervisor 

who knows the individual(s) to be contacted, will first introduce the student to the 

individual(s) via email, and the student will then send a further email, detailing the premise of 

the qualitative study, and will attach an information sheet. It is possible that the supervisors 

will contact a gatekeeper, who will then forward the students email to potentially eligible 

professional participants. 

 

Professionals who wish to participate in the study will contact the student if they wish to 

discuss any questions with the researcher and to arrange a convenient date and time for their 

interview. 

 

Older adults will be recruited via gatekeepers. Older adults who currently attend exercise 

classes the intervention proposes signposting to, will be informed about the study by a 

gatekeeper who will be an employee at the leisure centre. They will be provided with the 

study information, if they wish to take it, and will be informed to contact the researcher if 

they wish to participate in a focus group. 

 

Similarly, the Greater Manchester Ageing Hub will be contacted to see if they would be 

willing to act as gatekeepers for the older adults they interact with and if they will circulate 

participant information sheets to these individuals, who would then contact the researcher if 

they wished to participate in the study and arrange a focus group. Greater Manchester Ageing 

Hub has stated they will include an 'advertisement' (brief summary of the study with a web 

link to the PIS) in their newsletter. 

 

Individuals (professional and older adults) who wish to participate in the study will all be 

required to complete a consent form prior to the interview or focus group, ensuring they fully 

understand what is entailed in participation. 
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Individuals travelling to the University of Manchester for a focus group or interview will be 

reimbursed for their travel expenses. 

 

Consent 

All participants will be required to provide written informed consent stating they are willing to 

participate in the study and for their interview to be recorded and transcribed by a University 

approved third party. At consent (either face-to-face or over the phone), the researcher will 

ensure the participant fully understands that their interview/focus group will be recorded, that 

it will be transcribed by a University of Manchester approved third party and that extracts of 

their interview may be used in research, although all extracts will be anonymous. Also, 

participants will be informed that transcriptions will not contain any personal data and the audio 

recording of their interview will be securely disposed of once the transcription has been made. 

Ethical and regulatory considerations  

It is possible that in interviews, subject matter could lead participants to become distressed, 

however, in this instance, the risk of this within interviews/focus groups is extremely 

minimal, as participants are simply being asked their opinions on a proposed intervention, 

whether they believe it to be acceptable and whether it would be easy to implement into 

practice. 

 

If the participant does appear to get distressed, the researcher will offer to pause, suspend or 

stop the interview, the participant will also be able to withdraw from the study at any point, 

without providing a reason for doing so. 

 

Participants will be reassured that any excerpts provided in research reports/journal 

articles/theses will be completely anonymised, this should ease any concerns for 

professionals. 

 

Assessment and management of risk 

There is only one risk identified by the researcher and research advisory group; that 

professionals could express personal opinions. To mitigate this risk, professionals will be 

informed that their opinions and information provided in the interview or focus group will 

remain confidential, and only anonymous excerpts of transcripts will be used in study write-

ups and publications. 
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The researcher has adapted the University of Manchester's lone working guidance to be 

suitable to the present study. The researcher will use the buddy system to notify a supervisor 

of the planned interview, where it will take place. She will notify the supervisor when she 

arrives and when she leaves and the supervisor will know to call the researcher if she has not 

notified them of her departure by a time agreed prior to the interview/focus group. 

 

Research Ethics Committee (REC) and other Regulatory review & reports 

This study has been reviewed by the University of Manchester University Research Ethics 

Committee group five, code: UREC Ref: 2019-6016-9304.  

The IRAS ID for this study is: 260218 

 

Regulatory Review & Compliance  

The research team will ensure all required approvals are in place prior to participant recruitment. 

In the case of study amendments, the CI and research team will work with the sponsor to ensure 

approvals are gained prior to implementing the amendment. 

 

Amendments  

Amendments will be handled in line with the sponsors and site management organisations 

polices.  

Peer review 

This qualitative study has been reviewed by members of the research team. 

 

Patient,Public and Stakeholder Involvement 

A General Practitioner (GP) and a Leisure Centre employee were consulted with when 

initially designing the intervention to discuss how the intervention, recruitment and 

identification of participants may work in these settings. These conversations were 

instrumental in informing the researcher of how the eFI was being used in the GP practice 

and whether it would be possible to identify individuals with ‘mild’ frailty. These 

conversations also helped to inform the proposed research sites for the designed pilot and 

feasibility RCT. The conversations conducted as part of PPI highlighted that it would be 
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useful to conduct the qualitative study discussed here, as the researcher felt it was important 

to gain wider perspectives on the perceived acceptability and feasibility of the intervention, 

identification and recruitment of participants ahead of conducting a pilot feasibility RCT. 

Data protection and patient confidentiality  

Participants will be made aware that all of the information provided to the researchers is 

completely confidential, and that all data will be anonymised as soon as practically possible, 

with all transcripts being completely anonymous. Participants will be provided with a number 

and an indication of their participant group (e.g. older adult). 

 

All data are processed by computer in accordance with the University of Manchester’s 

registration under the General Data Protection Regulation and Data Protection Act (2018) and 

the University’s policy ensuring compliance with the UK Policy Framework for Health and 

Social Care research (2017). The Data Custodian for this study is the CI. Data will be kept to 

enable back reference for publication. However, once the dataset is linked and ready for 

analysis then any identifiable links can be removed and deleted. We also retain participants 

contact details (with their consent) to enable us to send them copies of any publications. 

Consent forms and contact details will be retained for two years after study completion. This 

will allow the researchers to provide participants with a summary of study results. If 

participants have not requested to be informed of the study results, consent forms will be 

destroyed as soon as practically possible once the study has finished, in accordance with the 

University of Manchester records retention schedule. Transcripts and demographic data will 

be stored for five years following study completion. Encrypted Dictaphones will be wiped as 

soon as practically possible following audio recordings being stored on the shared University 

of Manchester research drive. 

 

Access to the final study dataset 

The research team will have access to the final study dataset, it will not be used for any 

secondary analyses. 

Conclusion 

This chapter continues to follow the complex intervention framework (Craig et al., 2008). The 

study design and intervention was informed by the systematic style review chapter which 

identified that exercise could have the potential to be beneficial for the pre-frail population, 
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and chapter four, which identified that functional decline is related to frailty and therefore 

interventions targeting this could be a key area of focus. This chapter has described a protocol 

for a qualitative research study, aiming to explore whether health and public health 

professionals, believe the intervention would be practical and easy to implement locally as well 

as nationally as part of a public health intervention. Another aim of the explorative study was 

to hone the development of the intervention prior to undertaking a feasibility pilot Randomised 

Controlled Trial (RCT). Both the explorative study and feasibility pilot RCT were unable to be 

undertaken due to practical issues.  

The next chapter continues to follow the complex intervention framework (Craig et al., 2008) 

and is a pilot feasibility randomised controlled trial protocol, with qualitative focus groups 

and interviews. The aim of the protocol outlines research design and methods to test the 

feasibility of conducting the study, recruitment and acceptability of the intervention in a small 

pilot study as well as informing sample size calculations for a full-scale study. Craig et al 

(2008) recommend feasibility and pilot studies may be best suited to use qualitative and 

quantitative research methods, to assess the acceptability and feasibility of the intervention 

prior to undertaking a full-scale study. Conducting smaller scale pilot studies allows 

researchers to identify potential pitfalls of a study design and intervention allowing for 

redesign and re-testing prior to a full-scale trial.  
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Chapter 6. A protocol for a pilot feasibility RCT of a signposting 

and behaviour change intervention in pre-frail older adults. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



127 
 
 

This chapter continues to follow the Complex intervention framework (Craig et al., 2008) and 

details a protocol for a pilot feasibility randomised controlled trial including qualitative focus 

groups and interviews to assess the initial acceptability of the intervention and feasibility of 

the research, recruitment and sampling methods used in the research design. The study is 

aimed at a pre-frail community dwelling population and the intervention discussed is a 

signposting intervention, whereby participants would be signposted to exercise groups or 

classes based on identified frailty phenotype criteria. 

Research Protocol 

A pilot feasibility Randomised Controlled Trial (RCT) of a signposting and behaviour change 

intervention in pre-frail older adults 

Short title: The Signpost to Health Study 

Introduction 

Frailty is defined as an individual’s reduction in ability to maintain efficient homeostasis, 

leading to increased vulnerability to stressors (Chan et al., 2017). Frailty is recognised as a 

long-term condition (Young 2014) and some aspects of frailty may be reversible (Chen et al, 

2014). The prevalence of frailty increases with age, from 10% aged 65, to 25-50% when aged 

85 years and older (The British Geriatrics Society, 2014) and approximately 35% of the 

population are considered to meet the criteria for mild frailty (Clegg et al., 2016). Physical 

activity (PA) has been highlighted as a possible effective treatment for frailty (Chen et al., 

2014), and has the potential to reverse some of the effects. PA has beneficial effects on falls 

due (Hopewell et al., 2018) (falls risk increases with frailty) and sarcopenia (highly 

associated with physical frailty).  

This study will recruit individuals who have been classified as having ‘mild frailty’ using the 

electronic Frailty Index (eFI) (Clegg et al., 2016), which is now undertaken by GPs with all 

adults aged 65 years and older. Participants identified as having mild frailty, will then be 

screened for pre-frailty using Fried et al’s (2001) definition (1-2 criteria on the Fried frailty 

phenotype. Pre-frail individuals will then be consented, have baseline assessments taken, and 

then randomised. Participants in the intervention group will be signposted to exercise classes 

based their most dominant domain on Fried’s et al (2001) frailty phenotype. Participants will 

also participate in a behaviour change intervention, where they will goal set, problem solve to 

identify any barriers to exercise participation and action plan with the researcher. 
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We will assess whether it is feasible for adults identified within primary care using the eFI, to 

be signposted to appropriate exercise classes/groups based on their most dominant domain of 

physical frailty as assessed using Fried’s Frailty Phenotype. A behavioural intervention will 

occur simultaneously, whereby participants will goal set behaviours (identify classes they 

wish to attend and the frequency they will attend the classes), problem solve, identifying any 

barriers that may affect their ability to achieve their goals and action plan, and all goals will 

be written on an activity log calendar (Michie et al., 2011). Greaves, Reddy and Sheppard 

(2010), discuss the effectiveness of self-regulatory techniques, such as setting specific goals, 

barrier identification and strategies to overcome barriers, to facilitate behaviour change and 

maintenance of the behaviour change. Greaves, Reddy and Sheppard (2010) proposed the 

process model of the lifestyle behaviour change (Figure 7), which  

 

 

 

 

 

 

 

 

 

 

 

incorporates a motivation, action and maintenance phase. The intervention I have designed 

incorporates the elements of motivation, action and maintenance suggested by Graves, Reddy 

and Sheppard (2010) and would promote physical activity becoming a habit for participants, 

leading to possible frailty prevention, but also other lifestyle enhancements known to be 

associated with increased physical activity such as: reducing the risk of cardiovascular disease; 

certain types of cancer; type 2 diabetes (NHS, 2021); falls; losing independence; dementia; 

depression (NHS, 2018). 

Figure 7 Taken from: Greaves, Reddy and Sheppard, (2010 p24), process model of lifestyle 
behaviour change 
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The intervention will occur at baseline and only includes the signposting and behavioural 

intervention.   

The intervention has the potential to: 

1. Decrease frailty status (measured using the Frailty Phenotype) 

2. Reduce frailty associated risks (functional decline, depression, anxiety, loneliness, falls) 

Aims and Objectives 

Aims: Assess the feasibility of an RCT that uses the electronic Frailty Index (eFI) (Clegg et 

al., 2016) to define a sample of older adults with mild frailty. We propose to undertake a 

feasibility RCT comprising a signposting and behaviour change intervention for pre-frail adults 

aged 65 years and older versus a control group receiving treatment as normal. 

Assess the feasibility of a signposting and behaviour change intervention using the Fried Frailty 

Phenotype (FP)(Fried et al., 2001) to identify participants classified as pre-frail and to decide 

to which exercise classes to signpost, based on criteria contributing to the participants pre-frail 

status. 

Objectives 

• Conduct a feasibility RCT to test study procedures (e.g. recruitment, randomisation, 

attrition, analysis time, suitability of outcome measures). 

• Conduct a feasibility RCT to explore the feasibility of a signposting and behaviour 

change intervention to target frailty in pre-frail community-dwelling adults. 

 

Methods to be used 

Proposed study design 

A complex intervention is defined by the Medical Research Council as an “intervention with 

several interacting components” (Craig et al, 2008). Signposting pre-frail older adults to 

exercise groups and classes based on their frailty criteria is a complex intervention, as the 

intervention is multi-faceted. This research should follow the MRC guidance for complex 

interventions (Craig et al, 2008). This intervention has been informed by the systematic style 

review chapter which identified that exercise could have the potential to be beneficial for the 

pre-frail population, and chapter four, which identified that functional decline is related to 

frailty and therefore interventions targeting this could be a key area of focus. Following the 



130 
 
 

complex intervention framework will eventually result in a definitive trial, allowing us to 

establish if the intervention has a direct impact on frailty status. As advised by the MRC (Craig 

et al., 2008), the project will utilise a mixed method design, we will initially undertake a 

feasibility RCT which will then be followed by qualitative interviews/focus groups to further 

understand the acceptability and feasibility of the intervention to both the participants and GPs 

(who will be responsible for identification of patients). 

As the intervention will be a feasibility RCT, 77 participants will be recruited in total, 36 in 

each arm, allowing for attrition; a minimum of 30 participants per arm is recommended for a 

feasibility RCT (Lancaster et al., 2004), also a maximum of five General Practitioners (GPs) 

will be interviewed. 

Sampling principles and procedures 

Eligibility Criteria 

Inclusion Criteria: 

• Older adults (aged 65+) 

• Older adults identified as having ‘mild frailty’ by the GP practice using the eFI (scores 

0.13 to 0.24) 

• Older adults identified as ‘pre-frail’ as determined by the Fried Frailty Phenotype in 

further screening (one – two criteria present out of five) 

Exclusion Criteria: 

• Older adults identified as ‘pre-frail’ due to ‘unexpected weight loss’ criteria 

• Older adults who have already been referred to specific exercise classes by GP 

• Adults who are not community-dwelling older adults 

• Adults who have not been approved to exercise by their GP 

• Those who are receiving palliative care or have been diagnosed with a terminal illness 

• Those who lack capacity to provide informed consent to participate in the study 

• Those who do not understand the English language, either written or verbal 

• Adults identified as not medically fit for exercise by their GP 

• Wheelchair users (and lower limb amputees) 

Potential participants will be identified by a database search of electronic Frailty Index (eFI) 

(Clegg et al, 2016) scores of adults aged 65 years and older, undertaken by the GP practice. 

This site is being used as GPs in this area can refer to local Leisure Centre services, the provider 
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of exercise classes for this study. The GP practice will post a recruitment pack (GP practice 

cover letter, Participant Information Sheet (PIS), Consent to contact form) to individuals with 

eFI scores between 0.13 and 0.24 and who are subsequently classified as having ‘mild frailty’. 

If individuals are interested in receiving further information regarding the study and are 

interested in participating in the study, they can complete the consent to contact form, return it 

directly to the researcher, and the researcher will contact them. 

Individuals who are interested in participating will be invited to attend an appointment whereby 

they will be consented into the study, be screened for pre-frailty as determined by the Fried 

Frailty phenotype (One to two criteria present from: weakness, slow walking speed, 

unintentional weight loss, inactivity and exhaustion) (Fried et al., 2001). If participants are not 

deemed as pre-frail they will not be eligible to participate in the intervention and will be 

withdrawn from the study. Additionally, for participants who answer ‘yes’ to the question 

regarding unintentional weight loss (unintentional weight loss of 10lb or more) will not be 

eligible to participate in the study and will be recommended to contact their GP to discuss this 

with them, as this can be a red flag for certain health conditions. 

As the frailty index is often more sensitive in identifying frailty than the frailty phenotype, we 

are not expecting any individuals to be classified as frail. 

After baseline measurements are completed, participants will be assigned to groups with 

permuted block randomisation (using blocks of two, four and six) using online randomisation 

(https://www.sealedenvelope.com/randomisation/blinding/), stratified by gender (male, 

female), an independent randomisation administrator will be used. Participants then assigned 

to the intervention arm, will receive the signposting and behaviour change intervention. 

Follow-ups will occur at weeks eight and 16. 

Blinding 

It will not be possible to blind either the researcher or participants to group allocation. If 

allocated to the control arm, participants will not receive the intervention, but will receive 

treatment as usual. They will be offered the opportunity to access exercise classes of their 

choice at the leisure centre, free of charge for eight weeks, following study completion (i.e. 

post week 16). There will only be one researcher working on this study, and as she will be 

recruiting all participants and undertaking the follow-up data collection, it will be impossible 

for her to be blinded. It is acknowledged that this is a limitation of the present study, however, 

https://www.sealedenvelope.com/randomisation/blinding/
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in a definitive RCT, researchers performing data collection at baseline and follow-up would be 

blinded to group allocation. 

The Intervention 

If randomised to the intervention, participants will immediately be signposted to specific 

types of exercise groups/classes based on their frailty phenotype criteria identified. If 

participants are identified as being pre-frail due to ‘weakness’ they will be signposted to 

strength exercise classes. If participants are pre-frail due to ‘inactivity’, ‘exhaustion’ or ‘slow 

walk speed’ they will be signposted to walking groups/classes to increase physical activity 

and endurance. If participants are identified as ‘weak’ as well as another criterion, 

participants will be signposted to strength classes and classes to increase physical activity and 

endurance. Participants will be provided with a menu of appropriate activities to choose from 

based on their schedule and preferences. A behavioural intervention will run simultaneously. 

The behaviour change element of the intervention will make participants identify activities 

they wish to participate in from a range of sign-posted activities, participants will choose 

activities they are motivated to participate in. Participants will set behavioural goals, 

identifying which exercise classes they wish to attend and how frequently they will attend 

these classes (it will be recommended that participants attend between two and three classes a 

week for optimum health benefits). Whilst setting their behavioural goals, participants will 

also problem solve with the researcher, identifying possible barriers that may affect them 

achieving their goals. This will be followed by an action planning activity, where participants 

will document behavioural goals on an activity planner, including the days they will attend 

which activities and where the activities will take place. All strength classes will be provided 

by the leisure centre services who will be responsible for delivery of classes by appropriately 

trained instructors. The behaviour change element of the intervention utilised the ‘refined 

taxonomy of behaviour change techniques’ (Michie et al., 2011) as well as adopting elements 

of the process model of lifestyle behaviour change first utilised by Greaves, Reddy and 

Sheppard (2010). 

The intervention has been designed with the aim of achieving high adherence and promoting 

habit development. Factors such as enjoyment, individualisation (including frequency, 

duration, volume and intensity), goal setting and exploration of barriers and facilitators are all 

cited as key factors of adherence (Collado-Mateo et al., 2021). Goal setting, action planning 

and barrier identification are also listed within the process model of lifestyle behaviour 

change within ‘explore and enhance motivation for change’, ‘intention formation’ and ‘action 
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planning’ (Graves, Reddy and Sheppard, 2010).These factors are met through various aspects 

of the intervention, from enabling participants to choose from a menu of activities 

(enjoyment), setting behavioural goals (intention formation, goal setting), problem solving to 

identify barriers that could affect them from achieving their goals (explore and enhance 

motivation for change, intention formation) and activity planning, choosing the frequency 

and duration of activities (individualisation, action planning). Therefore, we should be able to 

identify if this design has high adherence and will support individuals in creating a habit as 

the process model of lifestyle behaviour change (Greaves, Reddy and Sheppard, 2010) 

suggests. 

The intervention will occur at baseline, participants will be followed up at eight weeks and 16 

weeks. The first follow-up will occur at eight weeks because the current service offer 

provided by the leisure centre is an eight week offer. 

Participants who are assigned to the control arm, will also be followed up at eight and 16 

weeks, however will not be provided with the intervention. 

This intervention is purely a signposting and behavioural intervention, recommending 

activities based on frailty criteria present in a participant, all of the activities to which 

participants will be signposted, are pre-existing in the communities and participants are able 

to attend all of the classes without being involved in the trial. Normally participants would 

have to pay to attend the classes, however, for the purpose of this trial, participants assigned 

to the intervention arm will be able to attend as many classes, provided by the leisure centre 

as they wish, the cost of this (£20 for eight weeks) will be covered by the project. Participants 

will have to arrange their own transport to and from the class/group location. 

Participants who have been allocated to the control group will have the opportunity to attend 

as many classes as they wish for eight weeks free of charge, with the cost being covered by 

the research team at the end of the data collection period once 16-week follow-up has been 

undertaken. 

Demographics 

At baseline, demographic data will be taken to provide more of an insight into the population 

of participants recruited into this trial, social demography data to be collected is based on the 

PROGRESS criteria (O’Neill et al, 2013). Social demography variables to be collected 
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include: ethnicity, age, gender, employment status, occupation, living status, postcode, 

religion, education, socioeconomic status and social capital. 

Outcome measures 

Primary Outcome Measures 

The primary outcome measure for this study will be to assess the feasibility and acceptability 

of the study design including:  

• Willingness of individuals to participate in study 

• Willingness of individuals to be randomised 

• Willingness of GPs to facilitate with recruitment (identify patients, provide information 

to participants, identify with ‘mild frailty’ individuals 

• Acceptability of the intervention to participants  

• Acceptability of recruitment facilitation to GPs 

• Recruitment rates 

• Follow-up rates 

• Time needed to collect and analyse data 

• Determine effect sizes for a future definitive RCT 
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Figure 8 details a CONSORT (Schulz, Altman, Moher, 2010) diagram detailing these outcome 

measures.

 

Figure 8 CONSORT (Schulz, Altman, Moher, 2010) diagram detailing primary outcome measures for feasibility pilot RCT 

Secondary Outcome Measures 

Frailty status (Fried et al., 2001) 

The primary outcome measure in a definitive trial would be frailty, this would be expressed as 

change in frailty status over the course of intervention and follow-up. Frailty status will be 

measured using Fried’s Frailty Phenotype (Fried et al., 2001). Participants will be classified as 
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robust if they have 0/5 criteria, pre-frail if they score 1-2/5 and frail if their score is greater than 

3/5. The criteria are: ‘weakness’, ‘slowness’, ‘exhaustion’, inactive’, and ‘shrinking’. 

Height and Weight (National Health and Nutrition Examination Survey III, 1998) 

Height and weight are required for the cut-offs for weakness and slowness measures, and will 

be measured at baseline, eight and 16 weeks. Height and weight will be measured in accordance 

with the National Health and Nutrition Examination Survey III, anthropometry manual (1998) 

BMI (National Health and Nutrition Examination Survey III, 1998) 

BMI is required for the weakness variable and will be calculated using the height and weight 

measurements. 

Assessment measures for frailty 

It is necessary to measure weakness, slowness, inactivity, exhaustion and shrinking as these 

are the five frailty phenotype criteria (Fried et al., 2001) that will be used to determine frailty 

status. 

Weakness (Roberts et al., 2011) 

Weakness will be measured by using hand grip strength as a proxy. A Jamar hand 

dynamometer will be used to measure grip strength as it is known to be the gold standard tool 

(Roberts et al., 2011). Participants will perform the assessment in a seated position, with 

forearms rested on the chair and feet on the floor, as per The NIHR Southampton Biomedical 

Research Centre SOP (Retrieved: 2018). 

The cut-off points for grip strength will be based on gender and BMI as outlined by Fried et 

al (2001) and are documented in the Table 9. 

 

Table 9 Grip strength scoring thresholds based on gender and BMI (Fried et al., 2001) 

Grip Strength 

(Fried et al., 

2001)  

 

 

Male BMI ≤24 ≤29 

BMI 24.1-26 ≤30 

BMI 26.1-28 ≤30 

BMI >28 ≤32 

Female BMI ≤23 ≤17 

BMI 23.1-26 ≤17.3 

BMI 26.1-29 ≤18 

BMI >29 ≤21 
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Slowness (Fried et al., 2001) 

Slowness will be assessed using walking speed as a proxy. Walking speed will be measured 

as per Fried et al (2001), over a distance of 15 feet. Walking speed cut-offs will be 

categorised by height for male and females as per Fried frailty phenotype (Fried et al., 2001) 

and are documented in Table 10. 

 

Table 10 Walking speed scoring thresholds based on gender and height (Fried et al., 2001) 

Walking Speed Male ≤ 173cm ≥7s 

>173cm ≥6s 

Female ≤ 159cm ≥7s 

>159cm ≥6s 

 

Inactivity (Taylor et al, 1978) 

Physical activity will be measured using self-report questions used by Fried et al (2001), 

based on the short version of the Minnesota Leisure Time Activity questionnaire (Taylor et 

al., 1978), which asks about many different types of physical activity. The same cut-offs will 

be used to categorise inactivity as Fried et al (2001) and are documented in the Table 11. 

  

Table 11 Physical activity thresholds based on gender and the short version of the Minnesota Leisure Time Activity 
questionnaire (Taylor et al., 1978) (Fried et al., 2001) 

Physical activity Male <383Kcals/wk 

Female <270Kcals/wk 

 

Exhaustion (Radloff et al., 1977) 

Exhaustion will be measured using two questions from the CES-D depression scale (Radloff 

1997) ‘I felt that everything I did was an effort’ and ‘I could not get going’. These items are 

scored from zero (‘rarely or none of the time’) to three (‘most of the time’). Participants 

scoring two or three for either of the questions would be categorised as having exhaustion 

(Fried et al., 2001).  

 

Shrinking (Fried et al., 2001) 

Participants are identified as having unintentional weight loss if they have lost ≥10 lbs 

unintentionally over the past year, or, at follow-up ≥5% of body weight (Fried et al., 2001), 

this is the least common of the frailty phenotype criteria, with only 6% of participants 

experiencing this criterion. Participants will not be eligible to participate in this study if they 
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have this criterion present at baseline, however it will be important to re-assess this criterion 

at eight and 16 week follow-ups. If such weight loss has occurred, participants will be 

advised to contact their GP. 

 

Depression and Anxiety (Zigmond & Snaith, 1983) 

It is important to assess depression and anxiety as they are associated with frailty (Soysal et al., 

2017; Uchmanowicz & Gobbens, 2015). There is substantial evidence to suggest that physical 

activity and exercise are beneficial for depression (NHS., 2018b) and anxiety (Anxiety UK., 

2018) so it will be important to monitor the impact of this intervention on these factors. 

Depression and anxiety will be measured using the Hospital Anxiety and Depression Scale 

(HADS) (Zigmond & Snaith, 1983). The HADS tool has been validated for use in the older 

adult population (Djukanovic, Carlsson and Arestedt, 2017) and is quick to administer, taking 

between 2 and 5 minutes (Snaith, 2003) making it an appropriate tool to use in this study. This 

tool provides separate scores for anxiety and depression, and scores them both on a scale from 

zero to 21, with higher scores indicative of higher levels of both anxiety and depression. Scores 

from 11 to 21 in both cases are considered abnormal; if participants score 11 and above in 

either scale, they will be made aware of their result and advised to book an appointment with 

their GP to discuss this further. 

Loneliness 

Loneliness will be measured as it is associated with frailty and risk of frailty (Davies, Maharani, 

Chandola, Todd and Pendleton, 2021). It is also possible that by signposting participants to 

classes or walking groups, loneliness scores could change and it will be important to assess 

this. Loneliness will be measured using the Three Item Loneliness Scale (Hughes et al., 2004), 

whereby scores are summed to provide an overall loneliness score. Greater scores indicate 

greater loneliness. 

Functional Decline 

 

Previous work in this thesis has identified that frailty was associated with functional decline 

trajectories, and therefore it could be hypothesised that an improvement in frailty status 

would be associated with a reduction in functional decline. It will be important to assess this. 

Functional decline will be assessed using questions asking about an individuals difficulty 

performing activities of daily living (ADLs) and instrumental ADLs (IADLs). The functional 

decline assessment tool used will be a tool constructed by Jonkman et al (2017), contains six 
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items and is scored from 0-18, with higher scores indicating higher functional decline. The 

Jonkman et al (2017) tool will be used as it is a six-item self-report tool, with each item and is 

therefore quick to administer. Each item on the tool is scored from 0 (no difficulty) to 3 

(unable to do it), meaning the tool overall is scored from 0 to 18 and is therefore relatively 

sensitive at capturing the level of difficulty experienced by the individual with each activity. 

 

Adherence 

As this intervention has been designed with the aim of achieving high adherence and behaviour 

change, it is vital to capture adherence to the intervention. Adherence will be measured in two 

ways: 

1) Attendance data will be collected from the leisure centre regarding the number of classes 

participants have attended over the course of the eight weeks between intervention and 

the first follow-up. The data collected will be count data regarding the number of classes 

attended by the participants and will be achieved when participants cards are scanned on 

attendance and is recorded routinely. Basic instructor information will also be collected as 

this is known to effect adherence (Hawley-Hague, Horne, Campbell, Demack, Skelton, 

Todd., 2014). Instructors will be provided with a number, we will also collect their gender 

and age, however no other information will be collected from the instructors. We will not 

collect further information regarding instructors in this study, however this may be 

investigated more thoroughly in a larger scale RCT. 

 

2) A self-report measure of physical activity will be collected aiming to capture any activity 

undertaken outside of groups/classes attended by the individuals. As the Minnesota 

Leisure Time Activity Questionnaire (MLTAQ) (Taylor et al., 1978) will be used to 

assess activity status for the frailty phenotype, it will also be used to assess adherence. 

The MLTAQ collects information on activity completed within the past two weeks and 

will give the researcher information on average activity status of participants. It will 

enable us to identify if the PA status of individuals differs over the course of the 

intervention and how this is altered during the follow-up period (8 weeks). 
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Health Related Quality of Life 

Health Related quality of life (HRQoL)will be measured as it is important to capture whether 

a participants perception in their quality of life and health changes over the course of the study. 

HRQoL will be measured using the European Quality of Life 5 Dimensions (EQ-5D-5L, 2009) 

which is a validated tool. 

Interviews and Focus Groups 

Interviews will be conducted with participants, to assess the acceptability of the study to them. 

The interviews will cover the following areas: 

• The acceptability of the menu of activities participants were signposted to 

• Enjoyment experienced in undertaking the activities 

• Barriers and/or facilitators to attending the signposted activities 

 

Interviews and/or focus groups will also be conducted with GPs and practice staff to assess the 

feasibility and acceptability of using them to facilitate with recruitment of participants, by 

identifying individuals classified as having ‘mild frailty’ and providing them with the study 

information and screening for ‘shrinking’. The interviews/focus groups will cover: 

• Barriers/facilitators to recruitment facilitation 

• Experience of being involved in the study 

The feedback from both qualitative aspects will be considered and changes will be made to the 

intervention and recruitment as necessary prior to the definitive RCT. 

Data Analysis 

Sample Size 

Analysis 

Quantitative data will be analysed using IBM SPSS version 22.0. Data will be double entered 

into SPSS for analysis, with two data files cross-checked in SPSS for errors. 

The main analyses will be descriptive involving the estimation of recruitment rates, attrition 

rates, non-adherence rates, means and standard deviations of outcomes by group at baseline 

and end trial, and 95% CIs for differences of means of outcomes between groups at end trial.  
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Primary and Secondary outcomes at end of the trial will also be compared by group adjusted 

for baseline values using analysis of covariance. 

 

Data from the semi-structured interviews will be analysed using thematic framework analysis 

(Braun & Clark, 2006). The qualitative research aims to provide further understanding to the 

quantitative findings. Categories and themes will emerge from the analysis as opposed to 

having pre-constructed aims and objectives, aiming to reduce bias (Braun & Clark, 2006). 

Data will be analysed using NVivo 10 qualitative data analysis software. The transcripts’ 

accuracy will be checked in discussion with the participants. 

 

Data will be stored on the University P drive and a secure shared drive accessible only to the 

research team on the University of Manchester’s secure network. This storage is resilient and 

is suitable for long-term keeping of files. The storage satisfies the RCUK Research Data 

Management guidelines and GDPR requirements. Files corrupted or accidentally deleted can 

be recovered for up to 35 days. Files will be archived at the end of the project and held by the 

University. Files will be archived with a date when they can be securely destroyed. Data will 

be kept for a minimum of five years following the 

University of Manchester SOP:UoM/Archiving/SOP20/4.0 in line with the University's 

Records Retention Schedule (RRS) and/or funders requirements. 
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Table 12 Timescales/Outputs 

Table 12. Timescales / Outputs 

Month  Targets 

1-2  Ethical approval for proposed study granted. 

1-2  Protocol trial registered and submitted for publication. 

1-2  Research Governance approval granted from GP practices 

2-4  Patient recruitment 

2-4  Baseline assessments carried out, RCT begins 

4-7  Cleaning of baseline assessment data and checking for missing data 

4-7  Interviews/focus groups with willing GPs 

4-6  8 week assessments carried out 

6-8  Interviews with participants carried out 

6-8  16 week assessments carried out 

6-9 Transcription and analysis of qualitative data 

7-8  Full quantitative data analysis of baseline and eight week data. 

8-9  Write up of study including baseline and eight week data – to include in 

PhD thesis. 

10-11 Full analysis of all quantitative data (including 16 weeks) 

12 Report writing, dissemination, submission of paper of full results 

 

Ethical issues 

This study will undergo ethical review. The research will comply with the principles of Good 

Clinical Practice (GCP) and will follow all research laws and regulations within England. 

The GP practice will act as gatekeepers to the participants, only providing study information 

to patients that are identified as having ‘mild frailty’. Individuals will be sent recruitment packs 

(Cover letter from GP practice, information sheet, consent to contact form), and if they wish to 

receive more information regarding the study or they wish to participate in the study they will 

complete the consent to contact form and the researcher will contact them and arrange an 

appointment for consent and baseline assessments. 

Participants will complete a consent form at the appointment with the researcher 
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 Individuals will then be asked if they wish to consent to being contacted by the primary 

researcher with regards to further information about the study. Once eligibility screening has 

been performed, informed consent will be taken with all eligible individuals by the research. 

The intervention is a signposting and behavioural intervention, delivered by the researcher. 

Participants will be signposted to attend either exercise classes provided by the leisure centre 

or walking group/classes provided by leisure centre/walking for health groups. Participants in 

the control group will able to continue with normal activity (treatment as usual).  

The risk of participating in the study is minimal. The exercise groups and classes participants 

will be signposted to will be ran by appropriately qualified exercise trainers. The majority of 

classes and groups will be provided through the leisure centre; these classes will be fully 

supervised and attended by people who are not part of the research project, whilst the leisure 

centre will know participants will be have been signposted to certain classes due to an 

intervention (detailed in the consent form and PIS), other members of the classes and groups 

will not know this information. The leisure centre services will undertake their standard 

assessment of suitability for classes to ensure individuals are receiving exercises tailored to 

their needs at an appropriate level. Participants enrolled in the study will be made aware they 

are able to withdraw at any time. 

Participants’ GPs will be told the participant is taking part in the trial (participants will consent 

to this during the informed consent process). 

All data will be pseudonymised, with demographic data kept separately from the frailty, 

intervention and interview data. Participants will be issued with a unique identification code 

that will be used on all data to link all files together. The identification codes will be stored on 

separately and securely from other data as per data protection requirements. 

The risk of the interviews are extremely minimal. During interviews, the patient or GP will be 

able to ask the researcher to move on to another question or topic if they feel uncomfortable at 

any point. The interviewees will be able to withdraw at any point. Should the participants 

experience any distress, they will be signposted to suitable follow up services. 

Data monitoring and Quality Assurance 

The primary researcher (DR) will be responsible for recruiting all participants, randomising 

them to intervention or control and providing information on which exercise groups/classes 

they are signposted to. DR will report to Professor Chris Todd. A third party member of the 
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University of Manchester’s Healthy Ageing Research Group (HARG) will administer the block 

randomisation sequences. DR will manage the project and liaise with the GP practice and the 

leisure centre staff. 

Bi-weekly progress meetings will be held with Professor Todd and other members of DR’s 

supervisory team (Dr. Helen Hawley-Hague and Prof. Neil Pendleton) dependent on 

availability. 

DR has completed a complete risk assessment identifying any risks to the participant, study 

and organisation, detailing the seriousness of the risk and the possibility/likelihood of it 

occurring. 

A Standard Operating Procedure (SOP) has been created for the running of the study, detailing 

any Adverse Events (AE) (a medical event that does not have to have been caused by the 

intervention)  and Serious Adverse Events (SAE) (a medical occurrence that may lead to death, 

hospitalisation, life-threatening, results in disability). All AEs and SAEs will be recorded in 

the participants data and on a AE sheet and will be discussed in the bi-weekly meeting. If an 

SAE occurs, participants will be provided with study contact details and the CI will be 

contacted and they will determine whether it is related to the intervention and whether or not 

to report this to the ethics committee, this will all be in accordance with the SOP. 

Conclusion 

This chapter provided a protocol for a pilot feasibility randomised controlled trial and 

qualitative focus groups and interviews with the aim to assess the acceptability of the 

intervention and feasibility of the research, recruitment and sampling methods used in the 

research design. The protocol is aimed at a pre-frail community dwelling population and the 

intervention discussed is a signposting intervention, whereby participants would be 

signposted to exercise groups or classes based on identified frailty phenotype criteria. The 

intervention has elements of social prescribing and adopts a pragmatic approach with some 

public health focus. 

Although the research protocols outlined in chapters five and six of this thesis were unable to 

be undertaken, they have outlined potential avenues for future researchers to explore to 

further expand the pre-frailty literature. 

The next chapter will discuss all of the findings of this thesis, outlining the strengths and 

limitations as well as implications for policy and future research. 
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Chapter 7: Discussion 
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This chapter will discuss all of the findings of my thesis, including the systematic style 

review presented in Chapter Two, the analytical study identifying trajectories of functional 

decline in Chapter Three and the analytical study assessing whether the functional decline 

trajectories were related to frailty in Chapter Four. It will also discuss how the findings of my 

thesis and research protocols designed in Chapter Five and Chapter Six in the context of 

policy and future research, as well as discussing the strengths and limitations of this thesis. 

Overview 

It could be hypothesised that it may be easier to reverse or prevent frailty if detected at an 

earlier stage. The implications of becoming frail are detrimental to an individual as well as 

health services. Therefore, within the MRC framework for complex interventions (Craig et 

al., 2008), this PhD aimed to: 

1. Identify the literature regarding interventions to target pre-frail individuals to assess 

the evidence base and inform the design of an intervention (Chapter One) 

2. identify trajectories of functional decline within a sample of 60-to-70 year olds, 

representative of the English population (Chapter Two) 

3. identify the associations of functional decline trajectories with frailty in order to 

(Chapters Three Four) 

4. design a qualitative study to explore the characteristics required in an intervention for 

it to be acceptable and practical to implement (Chapter Five) 

5. design and test a pilot feasibility RCT focused on physical frailty and preventing 

functional decline and the transition to frailty in pre-frail adults to inform the eventual 

design of a definitive RCT (Chapter Six). 

This thesis discussed a systematic style review, whereby the aim was to identify the 

effectiveness of interventions targeting pre-frail older adults, aiming to assess the evidence 

base to identify which type of intervention, if any, was effective in preventing the transition 

from pre-frailty into frailty or whether they were effective in reverting those who are pre-frail 

into a robust state. The systematic style review concluded that whilst there was some 

evidence to support exercise and nutritional interventions may be beneficial for the pre-frail 

population, the evidence base was not strong enough to draw any firm conclusions and 

recommendations were made for further research to be conducted in this field and to identify 

populations who may benefit from interventions aiming to postpone frailty and functional 

decline. Further recommendations included identifying gold standard outcome measures and 
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thresholds of clinically meaningful difference for the pre-frail population, similar to the falls 

taxonomy (Lamb, Becker, Gillespie, Smith, Finnegan, Potter, Pfeiffer, 2011). 

As the recommendations of the systematic style review included the need to identify 

populations who may benefit from interventions aiming to postpone frailty and functional 

decline, two secondary data analyses of a large-scale longitudinal survey studies were 

conducted. The first, to identify trajectories of functional decline (FD) in a population of 60 

to 70 year olds, representative of the English population, using Latent Class Growth 

Modelling (LCGM); the second, to identify if the trajectory model of best fit, was associated 

with frailty index scores, and then investigating frailty index growth curves by  FD baseline 

score before finally identifying whether frailty index at wave 7 was associated with FD 

trajectory classes as well as other factors in a Latent Class Analysis (LCA) with distal 

outcomes. The reasons for conducting this research was that if trajectories of FD were 

associated with frailty status and future frailty status, it could be useful in the development of 

future interventions, which could aim to target FD as a means of simultaneously improving 

frailty status. 

Finally, the thesis proposed and developed two research protocols, following the Medical 

Research Councils (MRC) complex intervention framework (Craig et al., 2008). The first 

protocol was for a qualitative study to explore the acceptability and perceived feasibility of 

the intervention by key professions required to make the intervention work. The second 

protocol was for a pilot feasibility RCT aiming to assess the feasibility of the intervention 

which would use the electronic Frailty Index (eFI) (Clegg et al., 2016), to define a sample of 

older adults with mild frailty, prior to conducting a signposting and behaviour change 

intervention for pre-frail adults aged 65 years and older, versus a control group receiving 

treatment as usual. 

Main findings 

The systematic style review identified seven studies (Chan et al, 2012; Chatterjee et al, 2018; 

Daniel et al, 2012; Gomes et al, 2018; Huguet et al, 2018; Li e al, 2010 & Serra-Prat et al., 

2017) that reported results, as well as an additional four published protocols (Castell et al, 

2019; Jadczak et al, 2018; & Teh et al., 2018; van Dongen et al, 2018) showing that currently 

there is not a large amount of literature and evidence in interventions targeting pre-frail 

adults. It was not possible to synthesis the results using meta-analysis and it was extremely 

difficult to carry out thematic synthesis of the results of these studies as all of the 
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interventions were different. In addition to this, the studies recruited different populations, 

with two studies (Li et al, 2010 & Gomes et al, 2018) recruiting frail participants as well as 

pre-frail participants. The studies had different aims and were able to be discussed within two 

groups: a group that reported on frailty status (including: Chatterjee et al (2018); Huguet et al 

(2018); Li e al (2010) & Serra-Prat et al (2017)) and a group that only reported on frailty 

proxies (including: Chan et al (2018); Daniel et al (2012) & Gomes et al (2018)), the overall 

power of the systematic style review was relatively small, with a total of 918 participants 

recruited across all of the studies and 513 participants randomised to receive the 

interventions. The most popular component of the interventions was physical activity, with 

all but one study (Li et al., 2010) including a physical activity component. When assessing 

the evidence collated by the systematic style review, it was poor, many of the studies had 

high risk of bias, small numbers of participants and were unable (or did not) perform between 

group comparisons.  

The primary recommendation of the systematic style review was that further high-quality 

research in the field was required. Additional recommendations were that studies would 

benefit from using similar tools to evaluate outcome measures, having a consensus on frailty 

proxies to include as standard measurements. Using highly reputed outcome measures (e.g. 

for frailty outcome measures would be the frailty index (Mitniski et al., 2002), frailty 

phenotype (fried et al, 2001) or electronic frailty index (Clegg et al.,2016)) would make 

studies more comparable and easier for reviewers to draw conclusions about overall 

effectiveness of interventions on frailty status. 

Following the recommendations of the systematic style review, I wanted to develop an 

intervention targeting pre-frailty, as the prevalence of pre-frailty is estimated to be 42.3% 

(Cesari et al., 2016), I felt a public health intervention would be most appropriate, however 

work was required to identify a population that would most benefit from an intervention. 

There is a substantial evidence base supporting the use of physical activity in older adults to 

support and promote healthy ageing. For example, is documented to be beneficial for 

sarcopenia (the age related loss of muscle mass) (Steffl, Bohannon, Sontakova, Tufano, 

Shiells, Holmerova, 2017). The evidence base for the benefits of physical activity for the frail 

population is also growing, with recent systematic reviews emerging after this review was 

completed (Oliveira, Pinheiro, Fairlhall, Walsh, Franks, Kwok, Bauman & Sherrington; 2020 

and Kidd, Mold, Jones, Ream, Grosvenor, Sund-Levander, Tingstrom & Carey, 2019) 
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concluding that physical activity can be beneficial in preventing frailty (Oliveira et al., 2020) 

and can improve physical outcomes in frail and pre-frail individuals (Kidd et al., 2019). 

Oliveira et al (2020) stated that it was not possible to conclude on the type of physical 

activity or dose required to have a preventative effect on frailty, however stated their results 

suggested combinations of exercise type (including resistance training, endurance, balance 

and function) have positive effects on frailty, but suggested further study was required. The 

systematic review by Oliveira et al (2020) included two of the same studies that were 

included by this review (Chan et al., 2012 and Serra-Prat et al., 2017), however their focus 

was not primarily on pre-frailty, as our review was. Instead, Oliveira et al’s (2020) focus was 

on physical activity interventions for the prevention of frailty and sarcopenia. 

In Chapter three: Identifying trajectories of functional decline, initially a FD assessment tool 

was created using variables available within the ELSA dataset. The tool was based on a FD 

tool created by Jonkman et al (2017), however was not identical as the variables available 

within ELSA differed, as did the scoring of the outcome measures.  In the analysis conducted 

for this PhD I identified a four-class trajectory model to be the best model of fit. The four-

class model does not necessarily fit the WHO (2015) hypothesis of three trajectories of 

ageing: ‘high and stable’; ‘declining’; and ‘significant loss of capacity’ (WHO, 2015). 

Nonetheless my analysis did identify four classes of trajectories whereby the classes were 

distinctly heterogeneous from each other, with the individuals within the classes being 

homogeneous to each other. The four-trajectory-classes identified were: (a) Continuously 

healthy: one which remained healthy throughout and contained the largest proportion of 

participants, (b) Little decline: one which had very little FD at baseline and did no vary 

greatly over the course of the study (c) Intermediate decline: one with an intermediate FD 

over the course of the follow-up and the only trajectory which clearly worsened over time, 

and (d) High decline: one with the highest level of FD at baseline, which also did not appear 

to change much over the course of the study.  

When comparing the model of best fit for the ‘identifying trajectories of functional decline 

study with the model of best fit identified by Jonkman et al (2017), the results of the LCGM 

analyses differed. Jonkman et al (2017) identified a three-cluster model to be the best fit, as 

opposed to the four-class model identified to be the best fit in the present study. The FD 

clusters within Jonkman et al’s (2017) study had extremely different trajectories to those 

identified by the LCGM in the ELSA population. The trajectories in Jonkman et al’s (2017) 

study had similar baseline values. The trajectory of Low FD, remained healthy for the 
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duration of follow-up (nine years), there was a trajectory of intermediate decline, who 

gradually worsened over the duration of follow-up and a trajectory of severe FD whose 

decline was much steeper over the course of the follow-up. There are a few possible 

explanations for why the results from the two studies are so different. 

Firstly, the FD assessment tool used in the ELSA, differs substantially to the one used in 

Jonkman et al (2017). Although the present tool was modelled off the Jonkman et al (2017) 

tool, using the same variables where possible, and harmonising when not, each variable used 

within my FD tool was dichotomous, due to the data available in ELSA for most of the 

variables being dichotomous. This reduced the power of the tool (as Jonkman et al (2017) 

tool was scored 0-18 and the present study’s tool was scored 0-6), meaning the present tool 

was not as sensitive to change, as the Jonkman et al (2017) tool. 

Secondly, the populations included in both of the studies are different. Jonkman et al (2017) 

had a much smaller study population which was not representative of a national population 

from either the Netherlands or Italy, whereas the results from the present study can be 

generalised to the wider English population of 60-70 year olds as ELSA uses a sample 

representative of the English population of older adults. 

Jonkman et al (2019) (of which the PhD candidate is a co-author), undertook an analysis of 

four cohort studies (including ELSA), to develop a prediction model of functional decline in 

adults aged 65 to 75 with no functional limitations at baseline. Jonkman et al (2019) created a 

functional decline assessment tool (scored zero to five) using five dichotomous items and 

assessed functional decline prevalence (scoring above zero on the tool) at three-year follow-

up (four for ELSA). In the ELSA population, 23.9% of the population who had no functional 

decline at baseline, had functional decline at follow-up, which is a similar proportion to that 

of the ‘intermediate decline’ trajectory identified in my study. Jonkman et al (2019) identified 

age to be a significant predictor of future functional decline, as well as the presence of 

chronic conditions, such as arthritis, COPD, diabetes and CVD, BMI and depressive 

symptoms were also predictive factors (Jonkman et al, 2019).  

It is possible, that my study has identified functional decline occurs in some classes of adults 

prior to the age of 60 (with 10% of the study population falling within the trajectory of 

greatest decline) and future studies could investigate the functional decline commencing with 

adults at the age of 50 to assess the trajectories within this population. 
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The WHO (2015) state that public health interventions should differ depending on which of 

their hypothesised trajectories are being targeted. This seems like a sensible suggestion, as we 

have identified four distinctly different trajectory classes of functional decline in this 

population of adults who were aged 60 to 70 at baseline, suggesting the ageing experience 

differs within these populations. The results demonstrated an ‘intermediate decline’ class who 

may benefit from a preventative intervention as only one group appeared to deteriorate over 

the course of follow-up, whereas the other three trajectories did not differ largely over the 

duration of the follow-up. The recommendations of this study were to conduct further 

analyses to better understand the associations between these trajectory classes and frailty 

prior to developing a public health intervention. 

Following these recommendations, I conducted further analyses in chapter four to understand 

the associations between functional decline trajectory classes and frailty scores. Chapter four 

investigated the associations between frailty index scores and the trajectory classes between 

waves 2 and 6. I also identified variables at waves 2 to 6 that were associated with frailty 

index scores at wave 7. Frailty index scores were associated with all FD trajectory classes. 

With lower FD classes having a negative association and higher classes having a positive 

association (compared to the comparison trajectory of intermediate decline). Whilst this result 

could have been anticipated, as frailty and functional decline are both known to be associated 

with a reduction in independence and poor outcomes (Apostolo, Cooke, Bobrowicz-Campos, 

Santana, Marcucci, Cano, Vollenbroek-Hutten, Germini, Holland, 2017; Jonkman et al, 

2017), a strength of this study was that these results were demonstrated in a population that is 

known to be representative of the English population of these age groups.  

Distinct frailty trajectories have been identified in the literature (Stow, Matthews & Hanratty, 

2018) with evidence to suggest a trajectory that quickly increases from a relatively low 

baseline value before levelling out, is highly associated with mortality at 12-months (in a 

population of 75 plus year olds who had died within a 12-month time frame. The present 

study did not focus on mortality and instead looked at frailty index scores by baseline FD 

score. The results of the present study did not identify a quickly increasing FI score growth 

curve over the duration of the follow-up (eight years), instead the study identified that those 

with a lower FD score at wave 2 had lower FI scores throughout waves 2 to 6, with FI scores 

increasing with the addition of each FD score. When applying frailty categories as 

determined by Rockwood et al (2011), FD scores of three and above at baseline were 

categorised as “frail” or “most frail” throughout all waves of data collection, with an FD 
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score of two being borderline classified as “least fit” and “frail” at baseline, but definitely 

“frail” by wave 4 onwards. 

The LCA with distal outcomes identified that being older, female, having smoked or 

currently smoking were all positively associated with having higher frailty index scores, 

whereas higher education, being married, drinking regularly and having more wealth were 

associated with lower frailty index scores. These findings contribute to the pre-existing 

literature which shows some evidence that being female, older, smoking and having lower 

education level have positive associations with frailty, although the review also showed some 

evidence that being female had no association frailty (Feng, Lugtenberg, Franse, Fang, Hu, 

Jin & Raat., 2017). These findings also contribute to the evidence base that drinking regularly 

and having a higher income have negative associations with frailty (Feng et al 2017) 

The findings from this study are useful as we have established that the FD trajectory classes 

are associated with frailty. The intermediate FD class had the most decline in FD over the 

course of the study, starting with an average FD score of over one and increased to a score of 

over two by the end of wave 6. When comparing these scores to the FI growth curve analysis, 

using baseline (w2) FD scores to model the growth curves on, a higher baseline FD score at 

was indicative of quicker frailty progression. These findings are supportive of Rogers et al 

(2017) who observed in their multi-level growth curve modelling study using ELSA 

participants, that adults who participated in more vigorous physical activity had slower frailty 

progression than those who were more sedentary.  

A baseline FD score of one remained in the “least fit” frailty category for the duration of the 

waves, whereas those with a FD score of two were borderline between “least fit” and “frail”. 

The “least fit” category roughly aligns with the “mild” frailty category (eFI score of 0.13 to 

0.24) as defined by Clegg et al (2016) in the electronic Frailty Index (eFI). This trajectory 

class, which contained 23.27% of the study population, declines over time and individuals 

within this trajectory class could benefit from an intervention to try and prevent any further 

decline. The FI growth curve for an FD score of six at baseline appeared to improve from 

“most frail” at baseline to “frail” at waves 3, 4 and 5 before returning to “most frail” again at 

wave 6. The exact reason for this is unknown, which is a limitation of the study. However, 

one possible explanation is that, this could be due to those with the highest FI scores 

dropping out of the study in the middle-waves due to poor health and those who were 

remaining worsened further towards the end of the study. 
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As the trajectory classes were found to be associated with the FD trajectory classes, any 

improvement in FD status, which could aim to reduce or prevent the increase in the trajectory 

over time, could be hypothesised to affect frailty status (FI score) as well. Therefore, an 

intervention targeting the intermediate trajectory of functional decline could potentially have 

beneficial effects in postponing or preventing the transition into a frail state from pre-frailty. 

The findings from chapters three and four identified a class of people who followed an 

intermediate decline trajectory which worsened over time, which was associated with frailty 

index scores. Therefore, I wished to design a study that aimed to identify a population of 

individuals who were at risk of declining over time, and intervening early, to identify if this 

may be beneficial in preventing or postponing the transition into frailty and further decline of 

this population.  

The findings from the studies using ELSA data and systematic style review led to the 

development of an intervention aimed at pre-frail adults. Following the MRC complex 

intervention framework (Craig et al., 2008), two protocols were developed to: One: Explore 

the acceptability of the intervention amongst key professionals required to identify 

participants who may be eligible to participate in the studies and professionals who would be 

essential in the running of the study; and Two: Assess the feasibility of conducting the RCT 

in a feasibility randomised controlled trial. 

The intervention discussed in these protocols is named the ‘Signpost to health study’ and was 

designed to be a cost-effective public health style intervention. The intervention would recruit 

participants who are 65 years and older, who were flagged as having ‘mild’ frailty based on 

the eFI (Clegg et al., 2016) and classed as being pre-frail based on the Fried Frailty 

Phenotype (Fried et al., 2001), in order to identify the best intervention approach depending 

on which of the five frailty phenotype domains were present in an individual.  

Participants will be signposted to specific types of exercise groups/classes based on frailty 

phenotype criteria present, participants would be provided with a menu of appropriate 

activities to choose from based on their schedule and preference. A behavioural intervention 

will run alongside, with participants being encouraged to set goals, identifying classes they 

want to attend and frequency as well as problem solving with the researcher, identifying 

barriers to participation and achieving their goals. This would be followed by an action 

planning activity.  
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The Public Health England (PHE) Healthy Ageing Consensus (Public Health England, 2019) 

discusses five commitments to promote and support opportunities for all to age healthily. The 

protocol discussed directly feeds into two of these commitments: first, prevention and access 

to services; second, challenging ageism culture and negative language (Public Health 

England, 2019). An intervention targeting pre-frail individuals with the aim of preventing the 

transition into frailty or even reverting individuals to a robust state, targets both of these 

commitments, as it aims to prevent or postpone the onset of frailty and improve strength and 

function of individuals, and in the process will target negative ageist beliefs that older adults 

are not strong and are incapable. 

Social prescribing schemes and interventions play a part in prevention and wider public 

health wellbeing initiatives and on 23 October 2019, the UK Government launched a 

National Academy of Social Prescribing (NASP) (National Academy for Social Prescribing, 

2021) their commitment to investing in preventative measures to improve wellbeing, quality 

of life and health across the nation. 

The RCT proposed and designed in this thesis implements social prescribing strategies. From 

identification of the participant population (eFI scores of 0.13 to 0.24), to then being provided 

with the study information and being screened by a member of the research team at the 

leisure centre (which in practice (if intervention deemed effective), would be a referral to the 

intervention provider) to being signposted to a suite of activities depending on their frailty 

phenotype (Fried et al, 2001) factors. By developing and designing an intervention targeted at 

pre-frailty, a pilot feasibility RCT and exploring the attitudes of healthcare professionals who 

signpost or refer patients to these schemes the study would contribute to the evidence base for 

social prescribing interventions. 

Husk et al (2019) identified theories linking to enrolment, engagement and adherence to 

social prescribing schemes. Husk et al (2019) stated that a participant’s beliefs in the benefits 

of the social prescribing scheme for them, and if the scheme matches participants’ 

expectations and requirements then they may be interested in enrolling. For improved 

engagement, an activity had to be perceived as accessible and it was beneficial if transport is 

provided or supported (Husk et al., 2019). Adherence is improved when participants notice 

changes in their symptoms as well as perceiving their activity leaders to be skilled (Husk et 

al., 2019). Instructor characteristics are known to be vital to adherence to community exercise 

classes (Hawley-Hague et al., 2014). This was taken in to consideration when planning the 

https://socialprescribingacademy.org.uk/
https://socialprescribingacademy.org.uk/
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protocols for the RCT as well as the qualitative study. Health care professionals, who would 

be required to provide the initial study information to participants and leisure centre staff, 

who would be involved with the screening of participants and leading the exercise activities 

would be interviewed to discuss the perceived acceptability and feasibility of the trial. In 

addition, interviews would be conducted with participants once the trial is completed to 

further understand barriers and facilitators in attending the signposted activities (social 

prescription element) as well as the acceptability and enjoyment in undertaking the activities. 

Conducting a pilot feasibility study and including the qualitative element of the study, in line 

with the MRC complex intervention framework (Craig et al., 2008), allows for pitfalls in the 

acceptability and feasibility of the intervention to be identified and addressed, prior to being 

rolled out on a large scale. Potentially saving huge amounts of money. 

Successful social prescribing interventions seem to be in demand with the UK government 

currently, especially in the aftermath of the 2020 onwards COVID-19 pandemic, with £5 

million being awarded to the NASP with the aim of addressing the impact of COVID-19 

pandemic on health and wellbeing (Department of Health and Social Care, 2020).  

Whilst this protocol was developed ahead of the onset of the COVID-19 pandemic, it is likely 

that physical activity interventions targeting pre-frail individuals will be necessary in a post-

pandemic climate. In England, adults over 70 years old were instructed to shield from the 

onset of the first lockdown in March 2020 until August 2020, and again in the further 

COVID-19 local tier system and the national lockdowns from November 2020 until April 

2021. This increases the likelihood that there will be many more adults who are classified as 

pre-frail and frail than previously, with activity largely restricted for many months as well as 

increases in sedentary behaviour (Public Health England, 2021). Briguglio et al (2020) 

hypothesised that coming out of lockdown older adults may experience functional decline 

similar to that observed in an inpatient environment, with older adults being more susceptible 

to ill health, more likely to be malnourished and more fragile than before the pandemic. 

Therefore, the need for physical activity interventions targeting pre-frail individuals may be 

greater than prior to the pandemic. 

Whilst the current evidence base on the effects of lockdowns and the COVID-19 pandemic 

on experiences of older adults is emerging, Age UK (2020) published a report in October 

detailing some preliminary research they had undertaken. The data presented by Age UK 

(2020) was collected via a social media survey and is a combination of quantitative and 
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qualitative data. Experiences from individual participants are presented as well as 

percentages. In total, 569 people completed the survey and has provided some insight into the 

lived experiences of older adults in the UK during the pandemic. Many older adults have 

experienced reduced mobility and difficulties with activities of daily living, due to 

deconditioning (Age UK, 2020), 20% feeling less steady on their feet, indicating an increased 

fear of falling. Concerns were also expressed regarding malnutrition and weight loss (Age 

UK, 2020), known factors of frailty (Norazman, Adznam, Jamaluddin,2020; Fried et al., 

2001). In addition, people reported cognitive decline and worsening of existing dementia, 

with disturbance in routine, lack of stimulation and socialising being cited as contributing 

factors to this (Age UK, 2020). Individuals with long-term health conditions and those being 

advised to shield appeared to be affected more than others, with more (33%) individuals 

reporting being less steady on their feet, being less independent (24%), decline in memory 

(28%) and reduced mobility (43% not able to walk as far as previously) (Age UK, 2020). 

Whilst the evidence presented by Age UK (2020) is not able to identify relationships or 

causal inference, it is able to describe experiences of participants during lockdown as well as 

participants describing how they have been affected by the pandemic. The findings are not 

necessarily surprising; however, they do highlight the deterioration experienced by 

individuals who may have already been struggling prior to lockdown as well deterioration in 

those who were independent prior to lockdown. 

The intervention includes a behaviour change element, which participants would initially 

complete with a researcher, but could be adopted by a health worker. The behaviour change 

element focuses on goal setting and planning. The behaviour change element of the 

intervention would make participants identify activities they wished to participate in from a 

range of sign-posted activities, participants would choose activities they were motivated to 

participate in. Participants would goal set with the researcher stating how many minutes of 

activity they wished to achieve each week and then plan their activities in an activity planner 

(behavioural goals). Participants would work with the researcher to identify any perceived 

barriers to achieving the goals they had set. The behaviour change element of the intervention 

utilised the ‘refined taxonomy of behaviour change techniques’ (Michie et al., 2011) as well 

as adopting elements of the process model of lifestyle behaviour change first utilised by 

Greaves, Reddy and Sheppard (2010). The intervention I have designed incorporates the 

elements of motivation, action and maintenance suggested by Greaves, Reddy and Sheppard 

(2010). The intervention would hopefully promote physical activity becoming a habit for 
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participants, leading to possible frailty prevention, but also other lifestyle enhancements well 

known to be associated with increased physical activity, such as: reducing the risk of 

cardiovascular disease; certain types of cancer; type two diabetes (NHS, 2021); falls; losing 

independence; dementia; depression (NHS, 2018). 

I would recommend that the proposed protocol be conducted as a pilot feasibility trial as soon 

as possible (when COVID-19 restrictions allow).  

The social benefits of being able to attend classes with other individuals are well known 

(Hawley-Hague, Horne, Campbell, Demack, Skelton & Todd, 2014) and could be of 

increased value and importance to populations who will have experienced reduced 

interactions over a prolonged period of time.  

The LCGM analysis conducted in the ELSA population of 60 to 70 year olds, identified four 

trajectories of functional decline, with about a quarter of the population falling within the 

trajectory of intermediate decline. It would be interesting to conduct the same analysis using 

ELSA waves during and after the COVID-19 pandemic to identify if there are any changes to 

these trajectories or whether distinct changes in functional decline are evident during the 

pandemic period across all trajectories. It would be interesting to identify whether there were 

any changes in the proportions of participants allocated to each trajectory class and whether 

more people fell within the trajectory of intermediate decline with a lower proportion in 

classes of little to no decline. 

Limitations and strengths 

Strengths 

The work undertaken for this thesis has many strengths. 

Firstly, methodological rigour was implemented whenever possible to reduce the risk of bias 

being introduced in to the work undertaken. In the systematic style review a scope of the 

literature was initially undertaken which identified the need to have restrictive search terms in 

order to reduce the number of ineligible studies retrieved during searching, whilst ensuring 

eligible papers were still retrieved. The candidates supervisors were consulted for their views 

on the search terms. Furthermore, a protocol for the review was used, which detailed the 

search strategy to be undertaken as well as a pre-determined data extraction template, which 

was used systematically for all eligible studies, to ensure rigour in data extraction methods. In 

addition, risk of bias was assessed using the Cochrane Collaboration’s Risk of Bias tool 
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(Higgins, Altman, & Sterne, 2011), a standardised tool, ensuring that the risk of performance, 

detection, selection, reporting and attrition bias being present was assessed for all studies.  

 Using the ELSA data to identify the model of best fit for the number of trajectory classes of 

functional decline was a strength of the thesis. The ELSA data is representative of the English 

population of those aged 50 and older and therefore the results from the LCGM analyses are 

generalisable to the wider population of 50 plus year olds in England. The ELSA dataset is 

also free to use, which is an additional strength as it means that other academics would be 

able to recreate the study if they wish to further validate the results. Given the recent COVID-

19 pandemic having the availability of the ELSA data also means that future analyses will be 

possible to further understand the impact of the pandemic of this population and whether any 

changes can be observed over this time period in functional decline in relation to the 

trajectory classes. 

A strength of this thesis is that it has identified the need for further high-quality evidence in 

the field of interventions targeting pre-frail adults. It is important to acknowledge that since 

the systematic style review was conducted further literature has been published however, due 

to the rapidly developing nature of this field it is not feasible to update the systematic style 

review to accommodate this literature. The field of pre-frailty research is quickly expanding 

as the understanding of the population and possible benefits of postponing or preventing 

frailty grows. It is promising to know that healthy ageing research groups are interested in 

improving the outcomes of individuals who are frail or who are at risk of becoming frail with 

the National Institute for Health Research commissioning a Policy Research Unit for Older 

People and Frailty, who are conducting research into this area, including work into assessing 

cost-effective interventions for reversing or preventing the progression of frailty (Spiers, 

Kunonga, Craig & Hanratty, 2020). Work is only going to become more essential in this area 

as the population ages. This thesis has identified a trajectory containing almost a quarter of 

adults aged 60 to 70 at baseline whose functional decline clearly worsened over a period of 

eight-years. This trajectory was also associated with frailty. The numbers of individuals who 

may be in this population will only ever increase as the number of older adults increases. 

A further strength of this study is that it has contributed to the understanding of the 

differences in the ageing process using a representative population of 60-to-70-year-old 

English adults. To my knowledge, LCGM had not been undertaken to assess trajectories of 

FD within this population. A measure of FD was creating based on a measure used in 
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different populations and four-trajectories of FD were identified. A trajectory of intermediate 

decline was clear to see, and it was interesting to confirm that these trajectories were 

associated with FI scores. Furthermore, it was interesting to assess the frailty index score 

growth curve by baseline FD score, providing further insight into this population and 

experiences of individuals with varying functional abilities. 

Although it was not possible to undertake the proposed qualitative and quantitative studies 

listed in chapters five and six, the vast majority of the groundwork has been undertaken, and I 

am hopeful that these studies will be completed, or that the work undertaken will inform a 

larger project. I designed a public-health intervention, targeting adults who were classified as 

‘mildly’ frail using the eFI (Clegg et al., 2016) who were also classified as pre-frail using the 

Fried Frailty Phenotype (Fried et al., 2001). I held conversations with key stakeholders 

required to make the project a success and incorporated their feedback to make the study 

design feasible (in the eyes of the stakeholders). I cultivated relationships with the 

stakeholders which is a key skill required to be a successful researcher. 

Limitations 

There were limitations within each of my studies. 

The primary limitation of the methodology for the systematic style review was that only 

one reviewer was involved in assessing the studies for eligibility, data extraction and 

bias assessment, and therefore, there is a possibility that the researchers unconscious bias 

could have infiltrated the review. Whilst the PhD candidate did try to mitigate the risk of 

this as much as possible through conversations with supervisors, having an additional 

reviewer would still have made the review more rigorous.  

Additional limitations of the systematic style review was that a meta-analysis could not 

be undertaken due to the extreme heterogeneity of the study designs, aims, interventions and 

outcome measures, and therefore, a thematic synthesis was undertaken. In addition, the 

overall quality of the studies included was quite poor. In general, the sample sizes of the 

individual studies were small, with three (Chatterjee et al, 2018, Daniel, 2012, Gomes, 

2018) of the seven studies recruiting less than 100 participants, and two of these being 

classified as pilot studies. Whilst pilot studies are beneficial in establishing the 

feasibility of recruitment methods, acceptability of the intervention and informing 

sample size calculations; they are not able to provide evidence towards the efficacy of an 

intervention, and larger scale studies must be undertaken.  
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Few of the studies reported between group analyses and whilst this would not be 

recommended for the studies with extremely few participants, it would have been 

interesting and easier to draw conclusions from the larger studies if they had drawn 

between group comparisons. 

The primary limitation of the two secondary data analyses of a large-scale longitudinal 

survey studies was the FD assessment tool. The FD assessment tool was modelled off the 

Jonkman et al (2017) tool, as the methods of the study were purposefully kept as similar as 

possible to allow for comparisons and to facilitate future researchers hoping to conduct 

reviews into this subject area. However, each variable used within the tool was dichotomous, 

reducing the power of the tool (as Jonkman et al (2017) tool was scored from zero to18 and 

the present study’s tool was scored from zero to 6), meaning the present tool was not as 

sensitive at capturing the level of difficulty experienced by the individual or change over time 

with each activity as the Jonkman et al (2017) tool. Having a FD tool with more power to 

detect changes in functional ability would have provided more insight into the results and 

changes in function over time in the LCGM analysis as well as when conducting the growth 

curve analysis using the FI. 

Another limitation of the two secondary data analyses of a large-scale longitudinal survey 

studies was that it is estimated that the populations and trajectories of highest FD and highest 

FI would have experienced more attrition than other classes, in keeping with the results of 

Banks, Muriel & Smith (2011) findings who identified that individuals who died during 

follow-up, were more likely to have higher baseline incidence of disease (Banks, Muriel & 

Smith, 2011), therefore it is more likely that there would be more attrition in the higher FD 

trajectory class as they already had functional decline at baseline. Attrition was not assessed 

within each trajectory of FD as LCGM accounts for attrition by assuming a missing at 

random (MAR) assumption (Vermunt & Magidson, 2016) and excluding that data point from 

the analysis. 

A limitation of using the ELSA dataset is that there are not many participants recruited from 

ethnic minorities (Steptoe et al., 2013), meaning that it is unknown whether the results of this 

study are generalisable to individuals from ethnic minorities. This limitation is not unique to 

the ELSA dataset and it is acknowledged in the literature that more needs to be done to 

promote the representation of minority groups in research (Redwood, 2013). 
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Whilst the qualitative protocol had specified it would assess the perceived acceptability of the 

intervention with older adults, the older adult population I proposed to include was an active 

population, already engaging in the exercise classes that the intervention would sign-post to. 

On reflection, this may lead to a bias in the results which may not be reflective of the 

proposed study population of pre-frail individuals as the had not been identified using the 

same methods proposed in the RCT (using eFI and then assessing for pre-frailty using the 

frailty phenoty (Fried et al, 2001). 

Another limitation of this thesis is that, due to practical limitations neither of the developed 

research studies outlined in the protocols were able to be undertaken. 

Implications for policy and future research 

This thesis contributes to a vastly expanding research area with an interest in pre-frail 

individuals. The systematic style review established that further research is required before a 

definitive answer on the effectiveness of interventions targeting pre-frailty can be provided. 

Whilst this is a quickly growing field of research, funding bodies should heed the results of 

this review and provide further funding for this research field for projects following good 

practice to be undertaken.  

I designed two studies in this thesis, both focused on the design and testing of the ‘Signpost 

to health study’ intervention and followed the MRC complex intervention framework (Craig 

et al, 2008). The development of the intervention was informed by the systematic style 

review and data analyses of a large-scale longitudinal survey studies, which enabled me to 

identify a population who would benefit from an intervention like this and a target 

intervention (physical activity). I would recommend that these studies be explored further and 

undertaken.  

One of the limitations of the systematic style review was that there was so much 

heterogeneity in the outcome measures used to assess pre-frail individuals. Work should be 

undertaken to establish gold standard outcome measures and thresholds of clinically 

meaningful difference for the pre-frail population, similar to the Falls taxonomy (Lamb, 

Becker, Gillespie, Smith, Finnegan, Potter, Pfeiffer, 2011). This would be beneficial for 

future researchers in choosing the best outcome measures to use for the pre-frail population 

as well as facilitate any future systematic style reviews in evidence synthesis, making reviews 
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more robust and better placed to make conclusions regarding the evidence base and 

effectiveness of the interventions. 

The UK Government is investing in social prescribing and public health interventions with 

the NASP set up in October 2019 and £5 million funding being provided to the NASP to 

tackle the fallout of the COVID-19 pandemic. The designed intervention discussed in this 

thesis has social prescribing elements and although it has not been designed to target the 

whole population of older adults, it has been designed to be preventive, hoping to prevent the 

transition into frailty of older adults, therefore aligning with public health values as well as 

the values outlined in the Healthy Ageing Consensus (Public Health England, 2019).  

This thesis has consisted of a systematic style review, an analytical study identifying 

trajectories of functional decline, an analytical study assessing whether the functional decline 

trajectories were related to frailty, a qualitative protocol to assess the perceived acceptability 

and practicality of implementing a proposed intervention and a mixed methods protocol for a 

pilot feasibility RCT and qualitative interviews and focus groups to assess the initial 

acceptability of the intervention and feasibility of the research, recruitment and sampling 

methods used in the research design. 

The systematic style review identified that further research was required in the field of pre-

frailty as well as work to establish gold standard outcome measures and thresholds of 

clinically meaningful difference for the pre-frail population. The systematic style review, 

showed some promise for exercise and nutritional interventions being effective in 

maintaining or reversing pre-frailty status and proxies. 

The analytical study aiming to identify trajectory classes of functional decline, identified that 

the best model of functional decline trajectories using of latent class growth modelling was a 

four-class-trajectory model. The trajectory-classes identified were a class of no decline, a 

class of extremely low decline, a class of intermediate decline and a class of relatively high 

decline. The class of intermediate decline, was the only trajectory class who declined 

substantially over the course of the 8-year follow-up and could potentially therefore benefit 

from an early intervention. 

The analytical study assessing whether the functional decline trajectories were related to 

frailty, identified through LCA with distal outcomes, that the four trajectory classes of 

functional decline were significantly associated with frailty index scores at wave 7 of ELSA 
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data collection, with trajectories of lower decline being negatively associated and trajectories 

of higher decline having a positive association. Through further growth curve analyses of 

frailty index scores by baseline FD score, it was identified that the intermediate trajectory of 

FD may benefit from an intervention to try and prevent further decline. 

Both of the protocols presented in this thesis were informed by the systematic style review 

and two analytical studies. The MRC complex intervention framework (Craig et al., 2008) 

was used to design both of the studies and it was recommended that these studies be explored 

further and undertaken as the UK Government is investing in social prescribing and public 

health interventions.  
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Appendix 1 

Systematic style review search terms: 

 

PsycINFO 

Searches Undertaken:  

“Physical activity intervention” OR “exercise intervention” OR Nutrition* intervention OR 

“social intervention” OR “cognitive intervention” AND “pre frail” OR “at risk of frailty” OR 

“at risk of decline” OR “likely to decline” OR “likely to become frail” OR “mildly frail” OR 

“mild frailty AND “adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” 

OR “aged 50+”  

Web of Science 

Searches Undertaken 

“Physical activity intervention” OR “exercise intervention” OR Nutrition intervention OR 

“social intervention” OR “cognitive intervention”  

AND 

“adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” OR “aged 50+”  

AND 

“pre frail” OR “at risk of frailty” OR “at risk of decline” OR “likely to decline” OR “likely to 

become frail” OR “mildly frail” OR “mild frailty” 

Search in ‘topic’ 

Medline search 

 “Physical activity intervention” OR “exercise intervention” OR Nutrition* intervention OR 

“social intervention” OR “cognitive intervention” AND “pre frail” OR “at risk of frailty” OR 

“at risk of decline” OR “likely to decline” OR “likely to become frail” OR “mildly frail” OR 

“mild frailty AND “adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” 

OR “aged 50+”  

Cochrane Database of Systematic Review Search 
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“Physical activity intervention” OR “exercise intervention” OR Nutrition* intervention OR 

“social intervention” OR “cognitive intervention” AND “pre frail” OR “at risk of frailty” OR 

“at risk of decline” OR “likely to decline” OR “likely to become frail” OR “mildly frail” OR 

“mild frailty AND “adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” 

OR “aged 50+”  

AMED search 

“Physical activity intervention” OR “exercise intervention” OR Nutrition* intervention OR 

“social intervention” OR “cognitive intervention” AND “pre frail” OR “at risk of frailty” OR 

“at risk of decline” OR “likely to decline” OR “likely to become frail” OR “mildly frail” OR 

“mild frailty AND “adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” 

OR “aged 50+”  

Scopus search 

(“Physical activity intervention” OR “exercise intervention” OR Nutrition* intervention OR 

“social intervention” OR “cognitive intervention”)  

AND (“pre frail” OR “at risk of frailty” OR “at risk of decline” OR “likely to decline” OR 

“likely to become frail” OR “mildly frail” OR “mild frailty”)  

AND (“adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” OR “aged 

50+”) 

Searched in: Title, abstract, key words 

CINAHL Search 

Physical activity intervention OR exercise intervention OR Nutrition intervention OR social 

intervention OR cognitive intervention  

AND 

adults OR individuals OR people OR middle-aged OR Older OR aged 50+  

AND 

pre frail OR at risk of frailty OR at risk of decline OR likely to decline OR likely to become 

frail OR mildly frail OR mild frailty 

ASSIA Search 
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“Physical activity intervention” OR “exercise intervention” OR Nutrition intervention OR 

“social intervention” OR “cognitive intervention”  

AND 

“adults” OR “individuals” OR “people” OR “middle-aged” OR “Older” OR “aged 50+”  

AND 

“pre frail” OR “at risk of frailty” OR “at risk of decline” OR “likely to decline” OR “likely to 

become frail” OR “mildly frail” OR “mild frailty” 

Searched in ‘anywhere’ 
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