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ABSTRACT (250 WORDS MAX) 

Background: Maintaining physical function is central to healthy ageing and is emphasised in health policy 

aimed at shifting care from treatment to prevention. However, accessible tools that support routine monitoring 

of functional fitness remain limited despite evidence demonstrating links to adverse health outcomes. A 

Functional Fitness Monitoring Tool (FFMT) was developed as a digital, self-administered platform enabling 

older adults and healthcare professionals to assess and track physical function. The study aimed to; 1) 

evaluate perceived importance and usability; 2) compare between-session reliability of self-administered (SL) 

versus instructor-administered (IL) assessments. Method: Thirty-three community-dwelling older adults 

(68 ± 6 years) completed three SL assessments followed by two IL assessments, or vice versa. The FFMT 

incorporated nine validated functional tests with digital instructions, demonstration videos, and a 

results‑monitoring interface. After all assessments, participants completed an online usability survey. 

Results: Between‑session reliability across SL and IL assessments was good to excellent (ICC > 0. 816). 

Reliability remained across groups, though wider confidence intervals appeared for initial SL trials in some 

tests. Thresholds for measurable change were small. Participants found the FFMT easy to use, interpret, and 

valuable for long-term monitoring. Conclusion: The FFMT demonstrates high reliability and usability, with 

self‑administered assessments performing comparably to instructor‑led administration. These findings 

support the FFMT as an accessible, scalable tool capable of enabling accurate self‑monitoring of functional 

fitness across clinical, community, and population settings, with potential to facilitate early detection of 

functional decline and promote prevention‑focused healthy ageing. 
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INTRODUCTION 

There is global growth in the number and proportion of older adults living in the population (1), and although 

people are living longer, increasing age is associated with a growing number of comorbidities (2). Gains in 

health expectancy are therefore failing to match gains in life expectancy (3). Increasing age not only 

influences health, wellbeing and quality of life, it can also be associated with increased economic and societal 

costs arising from functional decline, multimorbidity, and the need for greater health and social care support 

(4). Physical activity (PA) has a pivotal role in promoting successful ageing (5), defined as multidimensional 

construct characterised by the maintenance of physical, cognitive, psychological, and social functioning, 

supporting continued independence, participation in meaningful activities, and overall wellbeing throughout 

later life (6). PA for older adult populations has been firmly established to improve cardiovascular and muscle 

function, psychological health and wellbeing, and reduce prevalence or severity of disease (7). Recent large-

scale evidence supports the multidimensional health value of PA, demonstrating that older adults who engage 

in PA show better physical and cognitive functions (8). As such, PA promotion is a primary focus of 

government strategy to improve older adult mental and physical health (9), yet despite the well-known 

benefits, adults over the age of 75 years represent the least physically active population in the United 

Kingdom (UK) (10). 

The basis for successful PA interventions that older adults will adhere to is valid, reliable, and 

meaningful evaluation of composites of healthy ageing, where assessment forms the basis of targeted 

intervention strategies, goal setting and provides opportunity for monitoring of intervention success. Within a 

research context, PA intervention success is typically evaluated by measuring changes in physical abilities 

and functional fitness which match tasks and activities of daily living (ADL) (11-15), both of which are 

prerequisites for successful ageing. Despite this, assessment of physical function is not commonplace in 

practice for monitoring and assessing successful ageing. Such evaluation may provide a more accurate 

assessment of population healthy ageing than PA alone, given the instability in PA as a construct which has 

been shown to fluctuate substantially over relatively short time periods (16). More specifically, poor 

performance in functional fitness assessments is linked to increased risk of non-communicable disease, falls 

and premature mortality (17-19), thus the value of assessment is without question. Despite the existence of 

several well-established functional fitness assessment batteries for older adults, these are mostly research 

oriented tools, which aim to identify severe ageing effects rather than healthy ageing trajectories (i.e. the 

assessment approach adopted by the European Working Group On Sarcopenia (20)) and are not easily 



accessible to older adults and healthcare professionals. Moreover, there is no evidence based objective 

assessment of functional fitness that is widely available for older adults to undertake on their own. This is a 

particular barrier to promoting healthy ageing as valid and reliable self-assessment of physical function would 

enable larger scale public health risk identification, intervention effectiveness and surveillance in this 

population. 

Digital tools have wide-reaching potential for understanding and promoting healthy behaviours, but 

like many complex health promoting interventions should be developed in the context of appropriate 

theoretical frameworks, such as behaviour change theory, as recommended by the Medical Research Council 

(21). With reference to the transtheoretical model (22), developing a digital tool that provides older adults 

with the opportunity to evaluate and contextualise their own functional fitness may provide the impetus for 

increased PA that is targeted to their health need, with progress tracking vital for maintaining lifelong healthy 

habits. The Behaviour Change Wheel (BCW) is a commonly applied conceptual framework which has been 

developed from 19 behaviour change theories and considers interacting systems that influence behaviour 

change (23). The BCW has been mapped to the Behaviour Change Technique Taxonomy (BCTT) (24), 

developed to provide an inventory of behaviour change strategies. With reference to the BCW and the BCTT, 

developing a digital tool that can provide older adults and healthcare professionals with an ability to 

understand, assess and monitor physical function could incite a change to positive health behaviours by 

facilitating goal setting and planning, providing opportunity for comparison, shaping knowledge, providing 

incentive, and by allowing feedback on the impact of behaviour change.   

As such, our research group have developed a prototype of a digital functional fitness self-assessment 

and monitoring tool (FFMT) for older adults, which is the first of its kind allowing for accessible and age-

appropriate monitoring of physical function for self-assessment or use in a variety of fitness and health care 

settings. Digital health tools have shown generally favourable effects in terms of costs and health outcomes 

(25), and the development and application of digital tools has UK government support (e.g. NHS Weight Loss 

and NHS Couch to 5k apps (26, 27)). By harnessing the wide-reaching potential of digital tools for health 

promotion, our digital functional fitness self-assessment monitoring tool for older adults has been designed 

based on well-established functional fitness and body composition assessments. The tool provides an 

opportunity to benchmark performance against fitness standards and evidence-based thresholds used to 

indicate and predict negative risks to health and wellbeing associated with ageing. As such, this tool has the 

potential to identify individuals at elevated risk of accelerated functional decline, loss of independence, and 



adverse health outcomes, thereby providing a platform for timely intervention. Furthermore, the ability to 

develop an assessment history would allow the FFMT to be used as a benchmarking tool to monitor healthy 

lifestyle changes and progress during rehabilitation over time.  

Development of our digital FFMT can improve the health of older adults and will impact several 

transdisciplinary fields and stakeholders. Importantly, our FFMT promotes healthy ageing, improves the 

quality of life of our growing older adult population which can ultimately reduce the economic and societal 

impact associated with preventable functional decline, frailty, and loss of independence in later life. For 

healthcare professionals, the FFMT can provide a platform to promote self-monitoring of positive health 

outcomes and facilitate the early identification of adverse ageing trajectories characterised by declining 

physical function. This may support earlier intervention, aid disease detection, and enhance patient self-

management following hospitalisation and during rehabilitation from musculoskeletal injury. This potential 

directly relates to the ‘from sickness to prevention’ and ‘from hospital to community’ pillars of the NHS Fit for 

the future 10 year health plan (28). Furthermore, it aligns with the wider healthcare agenda of empowering 

individuals to take a more active role in managing their own health, shifting elements of monitoring and 

preventive care from healthcare institutions into community and home environments through accessible self-

monitoring technologies. The wide reach of digital tools may further provide opportunity for population level 

surveillance aiding in the development of sex, age and ethnic specific normative data, understanding regional, 

social-economic status and seasonal trends, and in identifying trends specific to disease models. Such 

information would be of significance to the research community and policy makers promoting the design and 

implication of targeted intervention. 

Importantly, an effective assessment of physical function should demonstrate a high degree of 

between session reliability in the target population to be able to effectively measure change over time and 

identify suitable change thresholds. As such, a foundational step in the development of the FFMT was to 

evaluate both the usability of the tool and the between session reliability of the assessments incorporated. 

Importantly, the between session reliability of self-administered versions of the functional fitness assessments 

included in the FFMT is yet to be established and may differ to that when administered by an experienced 

instructor. Therefore, within a population of community dwelling older adults, this study aimed to: 1) evaluate 

the perceived importance and usability of the FFMT; 2) To evaluate and compare the between-session 

reliability of self-administered versus instructor-administered FFMT assessments, considering the influence 

of assessment order.  



METHODS 

Participants 

Following ethics approval from the host institution [Ref: P138035] and written informed consent, 36 

participants were recruited through opportunistic sampling and engagement with local social groups 

specifically for older adults. An a priori sample size calculation was conducted using the ICC-based reliability 

study calculator (wnarifin.github.io), which implements the methodology proposed by Walter et al. (29). 

Although five repeated assessments were conducted, aspects of analysis examined reliability between two 

distinct sessions and this information was used in the sample size calculation given the sample size 

estimation will reduce with increased number of rerepeated measures. Assuming a minimum acceptable ICC 

of 0.70, an expected ICC of 0.90, a significance level of α = 0.05, statistical power of 80%, a minimum sample 

size of 23 participants was required.  

Participants were randomly assigned to one of two groups who completed the planned assessments 

in one of two distinct orders. The FFMT was designed specifically for adults aged 60 yrs and over and to be 

inclusive of fitness capabilities and functional ability. However, participants were screened using the Physical 

Activity Readiness Questionnaire + (PARQ+) (30) and were excluded if they had been diagnosed with a 

chronic medical condition that prevented safe completion of the assessments or had a musculoskeletal 

injury/condition that had either not been fully rehabilitated or would be aggravated by the physical 

assessments. Three participants dropped out due to inability to complete all the assessments in the required 

timeframe (N=2) or illness (N=1). As such, the final study sample included 33 participants (14 females; 

Mean±SD: 68.8±5.8 yrs.; Range: 60-81 yrs.) with N=17 in Group 1 (Mean±SD: 68.4±5.4 yrs.; Range: 60-78 

yrs.) and N=16 in Group 2 (Mean±SD: 69.3±6.3 yrs.; Range: 60-81 yrs.).  

This study employed a repeated-measures, randomised crossover design to evaluate the between-

session reliability and usability of the FFMT. Participants completed five trials of the assessments contained 

in the FFMT following completion of an online survey to understand functionality and useability. All 

assessments were completed within three weeks with a minimum of 48 hours between trials. As outlined in 

Figure 1, participants in Group 1 completed three self-led (SL) assessments followed by two instructor-led 

(IL) assessments, and participants in Group 2 completed three IL assessments followed by two SL 

assessments. In each case, the first trial was used as a familiarisation. This approach was used to determine 

the between session reliability of the measures, to understand if the between session reliability differed 



between SL and IL assessment, and to determine if the order in which SL and IL assessments were 

completed influenced the between session reliability. Data collection to place between August 2024 and 

August 2025. 

*** Insert Figure 1 Here *** 

Instructor-Led Assessments 

All instructors were experienced and trained in the delivery of the test battery and followed standardised 

operating procedures for each test and measurement meticulously.  

Participants attended the Human Performance Laboratory at the host institution on up to three 

separate occasions to complete IL assessments. Participants completed assessments at the same time of 

day to avoid circadian variation and were asked to abstain from intense physical activity in the 24hrs prior. 

Each trial consisted of nine established tests which were selected given their ease of application, validity, 

availability of sex and age specific normative data, and/or predictive ability. Body mass index (BMI) and Waist 

and hip circumference were determined as measures of body composition. Waist circumference and waist to 

hip ratio (WHR) have been shown to be positively associated with higher all-cause mortality risk independent 

of overall adiposity (31), and have also been linked to cardiovascular disease, diabetes and cognitive 

impairment (32, 33). Therefore, such measures are useful in addressing some of the well purported limitations 

of BMI (34). Moreover, it has been suggested that WHR may be a more valuable measure of risk stratification 

for older adults (35), given mixed results regarding the association with BMI and mortality and an indication 

that in some instances an overweight BMI classification might be protective for older adults (36). 

Hand grip strength was measured as a global marker of muscular strength, and in older adult 

populations has been associated with mortality, disease, function in activities of daily living and disability, 

cognitive decline, risk of complications or prolonged length of stay after hospitalisation or surgery, and health 

related quality of life (37-40). Performance in several functional fitness assessments (30s Arm Curl, 30s Chair 

Rise, 2-min Step Test, Timed Up and Go, Chair Sit and Reach), that replicate the movement patterns and 

physical facets of everyday activity (muscular strength, power and endurance; aerobic capacity; dynamic 

balance; flexibility, agility and coordination) were also determined. Unlike other assessments, these tests 

have been validated against gold standard assessments (41), have established age and sex specific 

normative data expressed as percentiles to allow results to be more precisely contextualised (42), and age 

and sex specific criterion referenced clinically relevant fitness standards for maintaining functional 



independence into the 10th decade of life have been determined (43). Moreover, there is data to support that 

performance in specific tests (i.e. Timed Up and Go and 30s Chair Rise) is associated with falls, all-cause 

mortality, disease specific mortality, cardiovascular disease, reduced function in activities of daily living, and 

reduced physical performance following acute hospitalisation (44-48). 

Similar associations between gait speed and mortality, physical ability, cognitive decline, fall risk and 

disease have also been established (49-51), justifying inclusion in the assessment battery. Fastest gait speed 

was measured given stronger association than usual gait speed for measures of physical function and 

balance confidence in community dwelling older adults (49). 

The personal, economic and societal impact of falls in older adult populations is a recognised public 

health priority (52). It is estimated that 28-35% of adults aged over 65 yrs and 32-42% aged over 70 yrs will 

experience a fall annually (53), with evidence indicating that falls represent the leading cause of accidental 

death in older adults (54). Falls can lead to reduced physical function, loss of independence, and reduced 

quality of life (55). As such, monitoring balance performance is essential. For this the single leg balance test 

was chosen and has been demonstrated to be a predictor of injurious falls in older adults (56). 

Each of these assessments were carried out based on the standardised procedures outlined below. 

Body composition – Shoes and heavy clothing were removed and body mass (Digital Scales; Model 707, 

SECA Instruments Ltd., Germany) and stature (Stadiometer, SECA Instruments Ltd., Germany) assessed to 

the nearest 0.1kg and 0.1cm respectively. BMI (kg/m2) was then determined.  

Waist and hip circumference were also determined (to the nearest 0.1cm) using an anthropometric tape 

measure and in accordance with published protocols (57, 58). Measures were taken with participants in an 

upright standing position, with body mass evenly distributed, and following exhalation. The circumference of 

the smallest part of the waist and largest part of the hips were measured. Despite some disparity in methods 

for determining waist circumference, midpoint, umbilicus or minimal waist circumference measures appear 

to have limited effects on the association between waist circumference and all-cause mortality, cardiovascular 

disease and diabetes (32). 

Isometric Handgrip Strength – Isometric hand grip strength for the dominant side was measured following 

the procedures outlined by the American Association of Hand Therapists (59). Participants were seated in a 

chair without arm support, with feet resting on the floor and hips flexed to 90o. The assessment was carried 

out with the elbow of the assessed arm flexed to 90o, the forearm neutral and the wrist withing 15-30o of 



extension (dorsiflexion). Initially the handle of the hand grip dynamometer (Takei 5401, Takei Scientific 

Instruments, Japan) was adjusted to a position where the participant felt able to squeeze as hard as possible 

following submaximal attempts. During measured assessments, participants were asked to squeeze the 

handle as hard as possible for ~5 s. Participants were permitted three attempts, separated by a minimum of 

30 s of rest. The highest value was used for further analysis. 

30s Arm Curl – The arm curl test is a recognised assessment of upper body strength (60). Participants were 

seated on an armless chair, with feet flat on the floor, and using their dominant arm were asked to complete 

as many bicep curls as possible in 30 s whilst holding a dumbbell with a mass of 5 lbs (2.27 kg) or 8 lbs (3.63 

kg) for females and males respectively. Only full repetitions were recorded. Repetitions where over 50% of 

the range of flexion was completed at the point time ceased were counted (60). 

30s Chair Stand – The chair stand test is a recognised assessment of lower body strength (60). Participants 

sat on an armless chair with feet flat on the floor, shoulder width apart and back straight. With arms akimbo, 

participants were asked to rise to a full standing position and returning to the starting sitting position as many 

times as possible in 30 s. If time ceased and the participant had completed 50% of a chair rise, this was 

counted as a repetition (60). 

Timed up & go (TUG) – The TUG combines assessment of balance, agility and lower limb power (60). 

Participants completed an 8-Foot TUG by moving from a seated position to standing, walking 8 feet, turning 

past a cone and returning to a seated position as quickly as possible. Time to complete the task was recorded 

using a stopwatch. Participants completed the task three times, with each attempt separated by 30 seconds 

of rest. Participants were instructed to complete the course as fast as possible, and the fastest time was 

recorded and used in later analysis (60). 

Chair Sit & Reach – The chair sit and reach was used to assess lower body flexibility. Sitting towards the 

edge of an armless chair with one leg fully extended, the foot of the opposing leg flat on the ground, and with 

one hand on top of the other, participants were asked to bend forward at the hip and attempt to touch the 

toes. The distance (cm) between the middle of the toes and the tip of the longest finger was recorded using 

an anthropometric tape measure. Using the midpoint of the toes as zero, if participants were able to reach 

beyond their toes, a positive distance was recorded. If the participants were unable to reach their toes a 

negative value was recorded. Given this measurement would be unfeasible for SL assessment, a four-zone 

scoring system was devised (Figure 2). A score of 1 was recorded if the extended fingertip of the longest 



finger could touch below the knee but above the top the ankle. A score of 2 was awarded if the reach was 

between the ankle and the big hallux, 3 if the hallux could be reached, and 4 if participants were able to reach 

beyond the hallux. Trials were discounted if knee flexion occurred during completion of the test or if any 

bouncing or jerking movements occurred. Participants were afforded 3 attempts on the dominant limb, with 

the best performance recorded (60). 

*** Insert Figure 2 Here *** 

2-min Step Test (2MST) – The 2MST is a measure of aerobic endurance (60). Participants were instructed 

to complete as many steps as possible within two minutes in a marching fashion. They began with their left 

leg, raising their knee to a predefined marker placed on a wall approximately 1.5 meters in front of them. 

Although it is recommended that the wall marker be positioned at a height corresponding to the midpoint 

between the patella and the iliac crest (60), this was deemed impractical for SL assessment. Instead, before 

commencing the test, participants stood up right next to the wall with their shoulder and elbow at anatomical 

zero and their hand clenched into a fist. A wall marker was then placed at the midpoint of the hand, as this 

had been shown in preliminary studies to closely approximate the anatomically measured marker location. 

Participants were explicitly instructed that each step should reach the height of the marker and were reminded 

of this requirement during the test if necessary. They were informed of the elapsed time at 60, 90, and 110 

seconds. The number of times the left knee reached the height of the marker during the test was recorded. 

Fastest Gait Speed – Fastest gait speed was assessed by measuring the time required to walk a 4-m 

distance. Cones were placed at the start and end of the course. Participants began by standing with their 

feet shoulder-width apart next to the first cone. Following a countdown from the instructor, they were 

instructed to walk as fast as possible past the second cone. The time to complete the course, defined as the 

moment the participant passed the second cone, was recorded using a handheld stopwatch. Each participant 

completed three trials, and the fastest recorded gait speed (calculated as distance [m] / time [s]) was used 

for further analysis. Trials were excluded if there was any noticeable deceleration before passing the second 

cone. 

Single Leg Balance (SLB) – Participants completed a SLB on the dominant leg in accordance with previous 

literature (61, 62). Adjacent to a solid vertical surface, at approximately an arm’s length away and with the 

standing leg placed furthest from the vertical surface, participants were asked to maintain balance on the 

dominant leg for as long as possible. Participants were asked to clasp their hands in front of them, maintain 



a neutral head position and raise the non-dominant leg a few centimetres from the ground via flexion of the 

knee. A handheld stopwatch was used to measure the time from when the participant lifted their non-standing 

foot and continued until balance was lost, defined as either touching the wall with their hand or contacting the 

ground with the non-standing foot. The test was terminated if participants were able to maintain balance for 

120 seconds and three attempts were completed with the best performance used for further analysis. 

FFMT & Self-Led Assessment 

For SL assessment, the same battery of tests as previously outlined was completed. Given the ambition to 

determine if these assessments could be competently performed by participants, there was no interference 

from the investigators. To support the delivery of SL assessment, participants were provided with the two-

component digital FFMT via email (Figure 3) and a rucksack containing basic equipment to complete the 

tests (Figure 4).  

*** Insert Figure 3 Here *** 

*** Insert Figure 4 Here *** 

The FFMT consists of a digital information package (provided as weblink) and a results monitoring 

and interpretation tool (provided as an email attachment). The digital information package provides details 

on the importance of functional fitness monitoring, instructions on how to use the FFMT, guidance on safe 

and accurate administration, and step-by-step directions for completing each test and inputting data into the 

results monitoring and interpretation tool. For each assessment, the package includes details on the test’s 

purpose, the required equipment, and a short instructional video demonstrating test setup, execution, and 

scoring. The results monitoring and interpretation tool enables participants to understand age- and sex-

specific target scores for each test, input test data, track and develop a performance history, and generate a 

report contextualising results with reference to age- and sex-specific percentiles and criterion referenced 

clinically relevant fitness standards for maintaining functional independence into the 10th decade of life. 

Where relevant, the tool also provides comparison against evidence-based thresholds for increased risk of 

ill health, falls, or other adverse outcomes. 

The FFMT was distributed to participant’ via email, and upon completion of all of the SL assessments, 

the data entered into the results monitoring and interpretation tool was returned to the investigators. All 

participants were informed that the FFMT was a prototype, with plans for future development into a web- 

and/or smartphone-based platform. 



Online Survey 

Upon completion of the five trials, participants were asked to complete an online survey that was developed 

and distributed in JISC online surveys (https://www.onlinesurveys.ac.uk/). The survey aimed to understand 

the perceived importance of functional fitness monitoring, the value, useability and barriers to engagement 

of/with the FFMT, the suitability of the FFMT for long term functional fitness monitoring, and areas for 

improvement. These elements were evaluated using multiple choice, 10-point Likert scale and free text 

questions. Key themes from free text questions were identified and summarised in text. Prior to 

implementation, the survey was piloted by three older adults who met the study inclusion criteria (including 

one female participant) and by an independent researcher with extensive experience in survey design and 

evaluation of health promotion interventions. Feedback resulted in a small number of targeted amendments 

to improve the accessibility of terminology and to correct spelling and grammatical errors.  

Statistical Analysis of Data 

To assess whether performance in each assessment differed over time and between groups, a series of 

mixed-model ANOVAs (Analysis of Variance) were conducted. Group (Group 1 vs. Group 2) was included as 

the between-subjects factor, while Trial (1–5) was used as the within-subjects factor. Violations of sphericity 

were corrected using the Greenhouse-Geisser correction. Partial eta squared (ηp²) was calculated as a 

measure of effect size and interpreted as small (>0.01), medium (>0.06), or large (>0.14) effects. (63). 

Significant main effects of Trial and interaction effects were further examined using Bonferroni-corrected 

pairwise comparisons and Cohen’s d was calculated to estimate effect sizes interpreted as trivial (<0.2), small 

(<0.6), moderate (<1.2), or large (>1.2) effects (64). 

To determine the between session reliability of SL and IL assessment, a series of Intraclass 

Correlation Coefficients (ICC) and 95% confidence limits were calculated using an average measure two-

way random effects model for absolute agreement (2,1) (65). The first familiarisation session was excluded. 

Subsequently, for each group separately, the between session reliability across trials was determined using 

a single-measure, two-way random effects model for absolute agreement (2,1) (65). Additionally, after 

excluding the first familiarisation trial, the reliability between IL and SL was evaluated using an average-

measure, two-way random effects model for absolute agreement (2,k) (66). ICC’s were interpreted as poor 

(<0.5), moderate (<0.75), good (<0.9) or excellent (>0.9) reliability (66).  

https://www.onlinesurveys.ac.uk/


To establish a threshold for meaningful change and assess potential differences between groups, for 

each individual and assessment, the sum of the coefficient of variation (Mean/SD × 100) and the smallest 

worthwhile change (SD × 0.2) were calculated from trials 2-5 and averaged across participants. To 

understand if any difference in the between session reliability between groups effected the thresholds for 

change, a series of independent samples t-tests were conducted and Cohen’s d was calculated and corrected 

for bias using Hedge’s g (67).  

Statistical analysis was conducted using JASP (V 0.18.3.0, University of Amsterdam, Amsterdam) 

and graphical presentation of data was performed using GraphPad Prism (Version 8.3.1, San Diego, 

California). Statistical significance was a priori set at an alpha level of P<0.05. Data are presented as 

Mean±SD unless stated otherwise. 

 

RESULTS  

Change in Performance Over Time 

For height, BMI, WHR, grip strength, 2MST, and the Chair sit & reach there was no main effect of Trial, Group 

or Trial*Group interaction (Table 1: P>.104; ηp²<.084). For the 30s Chair Stand, Fastest Gait Speed, TUG, 

and SLB, there was a main effect of Trial (Table 1: P<.038; ηp²>.093).  Pairwise comparisons indicated that 

the time to complete the TUG in trial 1 was greater than all subsequent trials (P<.013; d = .230-.330), 

performance in the first trial of 30s Arm Curl was lower compared to subsequent trials (P<.010; d=.328-551), 

Fastest Gait Speed was lowest in the first assessment compared to trials 4 and 5 (P<.006; d=.684-.718), and 

SLB time was lower in the first trial compared to trial 5 (P=.011; d=.301). 

For Body Mass, Wait Circumference, Hip Circumference, and 30s Arm Curl, there was a significant 

Trial*Group interaction (Table 1: P<.049; ηp²>.084). Pairwise comparisons indicated no differences between 

trials for either Group 1 or Group 2 (P>.052; d=.001-394) for the body composition measures. However, for 

the 30s Arm Curl, for Group 1, performance in the trial 1 was lower than performance in the trial 5 (P <0.001; 

d = .660), and performance in trial 2 was lower than in both trial 4 and trial 5 (P=<0.001; d=.535-585). 

Between Session Reliability 

When participants were considered collectively (Table 2), the between session reliability across IL and SL 

assessments was excellent (>.914) for all measures with confidence intervals ranging between good and 



excellent (.633 - .999). Fastest Gait Speed was the only exception, showing only good reliability (.817) and 

confidence intervals ranging between moderate and excellent. 

When the participants that completed SL assessments first were considered separately (Table 3), the 

between session reliability of SL assessments compared to IL assessments was excellent (>.915) for nearly 

all measures, and good (>.832) for 30s Arm Curl, 30s Chair Stand and Fastest Gait Speed. In all cases 

confidence intervals ranged between good and excellent, except for Fastest Gait Speed and 30s Chair Stand 

where confidence intervals ranged between moderate and excellent, and 30s arm curl where confidence 

intervals ranged from poor to excellent. To understand factors that may have influenced the wide-ranging 

confidence intervals for the 30s Arm curl, participants were median split separately by age, perceived 

computer literacy, and perceived understanding of the instructions in the FFMT instruction manual, and ICC 

analysis performed. There were no notable trends that differed that that presented in Table 3 within this 

subsequent analysis. 

When the between session reliability of the specific attempts are considered (Table 3), a similar trend 

to that of the between session reliability between IL and SL assessments was evident. However, in specific 

cases, (30s Chair Stand, 2MST, TUG) either the ICC or the range of confidence intervals were larger between 

trial 1 and trial 2 compared to subsequent trials. 

When participants completed the IL assessments first (Table 4), the between session reliability of SL 

assessments compared to IL assessments was excellent (>.913) for all measures other than Fastest Gait 

speed which demonstrated good (>.813) reliability. In each case confidence intervals ranged between good 

and excellent, other than for 30s Chair stand which ranged between moderated and excellent, and Fastest 

Gait Speed where confidence intervals ranged between poor and excellent. For Fastest Gait speed, 

considering the reliability when participants were median split separately by age, perceived computer literacy, 

and perceived understanding of the instructions in the FFMT did reveal any notable trends that differed from 

the primary analysis. Typically, the between session reliability between specific trials followed the trends 

demonstrated for between session reliability of between the SL and IL reliability assessments.  

Threshold for Change 

The threshold for a measurable change is presented in Table 4. When each group was considered separately, 

the threshold for change did not differ between assessments (P>.068; d=.030-.489). Waist circumference 



was the only exception where the change threshold was greater for Group 1 compared to Group 2 (P=.019; 

d=.877). 

Participant Perceptions of the FFMT 

Results of the survey are presented in Figure 5. Self-rated computer literacy ranged between 1-10 (Median 

= 5 [IQR 5-8]). The perceived importance of functional fitness monitoring was high (Median = 9 [IQR 8-10]), 

although only 24% of participants engaged with some form of monitoring prior to participant in the current 

study. Free text responses indicated monitoring activity included perceived effort in habitual physical 

activity/daily tasks (N=3), perceived effort in habitual physical activity/daily tasks inclusive of organised 

exercise (N=4), use of a wrist worn physical activity monitor and performance monitoring based on outputs 

from gym equipment (N=1).  

The perceived ease of using the FFMT digital resources (Median = 8 [IQR 7-9]), ease of interpretation 

of the guidance (Median = 9 [IQR 7.5-10]) and report (Median = 9 [IQR 7.5-10]), were all high. 82% of 

participants completed the SL assessments without support and perceived competency for SL assessment 

was high (Median = 9 [IQR 8-10]). Free text responses indicated that support was required or would be useful 

for inputting data (N=2); measuring performance of time bound assessments (N=3), both measuring 

performance of timed bound assessment and counting repetitions in tasks where this was required (N=1). 

Eighty-two percent of participants outlined that they perceived the FFMT would be useful to track 

performance overtime, with a majority outlining the FFMT would be very useful in this context (Median = 7 

[IQR 5-8]). Seventy-three% of participants indicated that they would be interested in using the FFMT to track 

performance over time, and 18% were unsure. For those that said they would not be interested in using the 

FFMT to track performance overtime, free text comments indicated that competition and encouragement was 

needed (N=1); that it would only be attractive if the frequency was once or twice per year (N=1); and that 

need to regularly record data was unattractive (N=1). Barriers to long term monitoring included access to the 

equipment (N=15), which were in the most part was specific to the hand grip dynamometer and the dumbbell, 

the need for a reminder (N=3), the need for an incentive or motivation (N=3); advice on the frequency of 

assessment (N=2), referral from a medical professional (N=1), opportunity to engage periodically with an 

appropriate professional (N=1). 

In remaining free texts questions where participants were asked what further considerations were 

needed to improve the FFMT, the main theme was a need to develop a mobile application (N=6), web-based 



application (N=4), more accessible platform (N=3). Which aligns to the intention of the investigators that was 

communicated with participants at the outset. Specific improvements to layout and formatting were identified 

(N=3); the potential to link to interventions (N=2); the value of presenting normative data for individuals living 

with health conditions (N=1), and opportunity to engage with an appropriate professional (N=1) were 

identified. 

*** Insert Figure 5 Here *** 

DISCUSSION 

The present study highlights the usability and reliability of a novel, digitally delivered, functional fitness 

self-assessment and monitoring tool for older adults, designed to evaluate key domains of physical function 

associated with comorbidity, mortality, and wellbeing. Between-session reliability of the included assessments 

was predominantly good to excellent when comparing instructor-led and self-led administration. Moreover, 

reliability was largely equivalent regardless of whether self-led assessment preceded or followed 

instructor-led assessment. The findings also suggest that most of the included assessments required minimal 

familiarisation, however, specific tests may benefit from the exclusion of the initial trial and from further 

refinement of instructional guidance. Importantly, participants recognised the significance of functional fitness 

monitoring and perceived the FFMT as valuable for benchmarking and tracking performance over time. The 

consistency of the reliability outcomes and participant experiences demonstrate the tool’s ease of use and 

clarity of data interpretation, supporting its suitability for long-term functional fitness monitoring. Given 

participants limited prior engagement in self-monitoring and a lack of widely accessible tools, the FFMT may 

offer a practical and accessible means for health-related fitness assessment. Collectively, these findings 

position the FFMT as a scalable digital strategy for accurate benchmarking and longitudinal monitoring, with 

potential to support healthy ageing, enhance quality of life, and reduce healthcare costs. Clinically, the FFMT 

could be effective in supporting practitioners in enabling earlier identification of adverse ageing trajectories, 

support prescription of personalised intervention, and support patient self-management during rehabilitation 

and post-hospitalisation recovery. 

Several studies have examined the between‑session reliability of the functional fitness assessments 

utilised in the present study (43, 68-71). However, this evidence has predominantly been generated under 

conditions in which test instructions, administration, and interpretation were delivered by experienced 

assessors. The findings of the present study substantially advance this literature by demonstrating, for the 



first time, that with appropriately designed digital instructions, older adults can administer these functional 

fitness assessments both reliably and accurately on their own, without prior familiarisation or direct 

supervision from trained professionals. Taken collectively and considering the wide age range represented 

in the present sample, these findings support the broader applicability of functional fitness assessments 

beyond controlled laboratory environments. They support the use of these assessments in home‑based, 

community, and a wider range of clinical contexts. By enabling reliable self‑assessment, the FFMT has the 

potential to substantially increase access to functional fitness monitoring, reduce dependence on specialist 

personnel, and facilitate more frequent, scalable evaluation of physical function in ageing populations. 

Whilst a high degree of reliability was evident when participants were stratified by group, and when 

examined both holistically and across individual trials, performance in the 30-s arm curl, 30-s chair stand, 

fastest gait speed, TUG, and single-leg balance tests was consistently lower in the first trial compared with 

subsequent attempts, highlighting the need for familiarisation. Although the point estimates for the ICC 

remained high, the reliability between the first and second attempts was characterised by wider confidence 

intervals, indicating increased variability during the initial exposure. This suggests that, although some 

individuals may perform adequately without a familiarisation trial, and the practical impact on percentile 

classification or risk categorisation may be limited due to relatively small between-trial differences, this initial 

performance decrement becomes more meaningful if the assessments are intended for long-term monitoring. 

Although the analysis demonstrated no group effect, indicating that the initial performance deficit was 

comparable between instructor-led and self-administered conditions, closer inspection of the reliability indices 

revealed narrower confidence intervals between the first and second trials in the group initially exposed to 

instructor-led assessments. Collectively, these findings indicate that familiarisation is necessary and may be 

particularly important when assessments are first delivered in a digital or remote format. Despite appearing 

relatively simple, these tasks likely impose a cognitive load associated with simultaneously understanding 

instructions, executing the test, and scoring performance which may account for the reduced reliability 

observed in the first self-administered attempt. Therefore, future application of the FFMT in practice would 

benefit from incorporating a dedicated practice trial or pre-assessment familiarisation phase.  

Given its simplicity and association with (49-51) in older adult population, gait speed assessments 

are widely implemented. Our findings provide needed insight into the reliability of fastest gait speed in older 

adult populations, where this assessment maybe useful in overcoming the poor consistency of usual gait 

speed assessment (68, 72). Whilst collectively, the results infer high between session reliability, when 



individual trials were examined, the confidence intervals ranged from poor to excellent, with no discernible 

pattern differentiating the two groups. Although the overall reliability and the distribution of confidence 

intervals were similar when instructor-led repetitions were compared with self-administered counterparts, a 

noticeably wider spread of confidence intervals was observed when comparing the instructor-led repetition 

to the first self-administered repetition. The data therefore indicate that even within the same testing 

environment, the breadth of the confidence intervals reflects a degree of inconsistency in repeatability for 

certain individuals. This may be further exacerbated when assessments are self-administered without an 

independent assessor to confirm accurate completion of the walking course. Although refinement of written 

or video-based instructions may help mitigate these issues, the manual timing approach used in the present 

study remains susceptible to error when compared with more precise performance quantification methods, 

such as photocell timing systems (73, 74). The literature has shown that device-based technologies, including 

those derived from smartphones can provide accurate and reliable evaluations of gait performance (75). 

Incorporating such technology into self-administered testing protocols may therefore represent a pragmatic 

and accessible solution to enhance the reliability of gait speed assessment in remote or unsupervised 

contexts. 

The current results also contribute meaningfully to the limited and conflicting evidence regarding the 

between‑session reliability of single‑leg balance assessments in older adults. While consistency in 

performance, similar to that observed in the present study, has been reported previously (68), other studies 

have shown poorer reliability, particularly among individuals with lower baseline balance ability and among 

the oldest‑old (≥75 years) (68, 76). This phenomenon warrants further investigation and may not be specific 

to the single‑leg balance test. 

Whilst the between‑session reliability of the 30‑s arm curl was high across both self‑led and 

instructor‑led assessments, examining the data at the individual trial level revealed important differences in 

performance stability. Specifically, the range of confidence intervals was typically wider for participants who 

completed the initial trial in the self‑led condition compared with those who commenced testing under 

instructor‑led supervision. The present findings therefore suggest that appropriately conducted instructor‑led 

assessments may reduce the need for a separate familiarisation trial, as performance in this group stabilised 

more rapidly. In contrast, participants who began in the self‑led condition appeared to require a longer 

familiarisation period, evidenced by progressive improvements in performance during the early trials. This 

disparity between groups indicates that the provision of clearer guidance, particularly regarding correct 



execution and the need for maximal effort, may help mitigate these early inconsistencies in self‑administered 

testing. Although it is theoretically plausible that social influences such as those associated with external 

evaluation, which has been demonstrated to improve performance of strength based assessment (77), may 

underpin this disparity, this explanation is unlikely in the current context. No comparable improvement was 

observed in other maximal performance assessments within the study, suggesting that arousal‑related effects 

were not a major contributing factor. Instead, the observed pattern is more plausibly attributed to increased 

cognitive and procedural demands during the first self‑administered attempt, which may reduce the 

consistency of performance until participants become better acquainted with the test requirements. 

Whilst targeted refinements to the tool are required, the present data support the FFMT as a viable 

and promising innovation for functional fitness monitoring. Our comprehensive approach to establishing 

between-session reliability represents a cornerstone of robust intervention design models such as the MRC 

framework for developing and evaluating complex interventions, which emphasises refining intervention on 

the basis of consistent, rigorous measurement (78), where the use of these reliability estimates to determine 

measurable change thresholds enhances the future capability of the FFMT to detect meaningful longitudinal 

shifts in performance. In nearly all assessments, the thresholds for detectable change were small, and where 

available aligned with those derived from instructor led assessments in previous work (79). This development 

strengthens key principles outlined in the BCTT (24), particularly by improving the FFMT’s goal-setting 

functionality beyond simple age- or risk-based thresholds, enabling more precise and individualised 

performance targets to support progress monitoring. 

Beyond between session reliability, the broader potential of the FFMT is reinforced by overwhelmingly positive 

user perceptions, which extended beyond ease of use and clarity of interpretation, even among individuals 

reporting lower perceived digital literacy. Despite participants clearly recognising the value of structured 

functional fitness monitoring, only a minority reported engaging in any form of regular tracking before 

involvement in this study, and when such monitoring occurred, it was primarily based on subjective 

perceptions during daily activities or structured exercise. Within the context of the BCW (23), this disconnect 

is likely attributable to reduced physical opportunity (i.e., limited access to suitable tools) and diminished 

psychological capability (i.e., limited understanding of how to perform and interpret such assessments). The 

FFMT is strategically designed to address these barriers. In addition to its primary role in providing 

opportunities for benchmarking against population norms and established risk thresholds, the FFMT offers a 

platform for longitudinal mapping of performance trajectories and for identifying thresholds indicative of 



measurable change. Together, these features align with multiple clusters of the BCTT, including goal setting 

and planning, feedback and monitoring, natural consequences, comparison of behaviour, and comparison of 

outcomes (24). The data presented in the study with respect to reliability and perceived value and usability 

collectively position the FFMT as a powerful tool for the early identification of risk and facilitating positive 

health behaviour change both independently and as part of broader intervention initiatives. 

Limitations & Future Directions 

Whilst this study represents an important initial first step in reaching the wide research benefits of 

accessible functional fitness monitoring, it is not without limitation. This study included older adults with a 

wide range of functional abilities. However, most participants were above key risk thresholds, limiting 

generalisability to individuals with more pronounced mobility impairments, multimorbidity, cognitive decline, 

or lower digital literacy. Whilst participants reported generally positive experiences with the FFMT, successful 

engagement with the tool requires not only basic digital skills to access and navigate the platform, but also 

the ability to interpret assessment outcomes and utilise this information to support health-related decision 

making. Future research should therefore examine usability and effectiveness in populations with a broader 

range of digital health literacy levels, alongside the development of algorithms and decision-support systems 

that facilitate data interpretation and translate assessment outcomes into personalised intervention 

recommendations. Future work should also examine the FFMT in more diverse and clinically complex 

populations, and particularly in a larger population of older adults aged >75 years. Whilst the age of 

participants (60–78 years) in the present study reflects an important target population for healthy ageing 

strategies aimed at maintaining functional independence, the findings may not fully generalise to the oldest-

old (≥80 years), who are more likely to experience greater functional impairment, multimorbidity, cognitive 

decline, and technology-related barriers. As such, this work should be viewed as a focused first step towards 

supporting the wider scalability and application of accessible functional fitness monitoring across the ageing 

population. 

Further refinement of the tool would benefit from continued stakeholder engagement to ensure that 

instructions, accessibility features, and interface design remain appropriate for real‑world use. Incorporating 

accessible device‑based technologies, such as smartphone video or inertial sensors, may reduce equipment 

barriers, enhance timing accuracy, and provide additional insight into movement strategy, which 

outcome‑only metrics may overlook. This is particularly relevant as movement‑strategy changes often 



precede overt declines in performance as seen in other fields (80-82)  and may therefore strengthen early 

identification of functional deterioration. 

Longitudinal studies are now required to determine the FFMT’s sensitivity to meaningful change, its 

predictive value for adverse outcomes, and its integration within clinical decision‑making pathways. 

Implementation studies across primary care, rehabilitation, and community health settings will be important 

for understanding how the FFMT can support preventive care, enable self‑management, and complement 

existing service structures. An essential part of this would be to evaluate he suitability and safety of remote, 

unsupervised assessment in individuals with greater functional limitations or cognitive impairment and identify 

circumstances where caregiver or professional support may be required. Finally, formal health‑economic 

evaluations are needed to quantify potential cost savings associated with earlier detection, reduced 

hospitalisation, fewer specialist appointments, and the delivery of scalable monitoring.  

Conclusion 

This study developed and evaluated a novel FFMT as the first digitally delivered, self‑administered 

assessment platform designed specifically to support functional fitness monitoring in older adults. The FFMT 

demonstrated good‑to‑excellent between‑session reliability across most assessments, with performance 

largely comparable to instructor‑led administration. Although a small number of tests exhibited small 

inconsistencies during the initial trial, these can be mitigated through refined guidance or exclusion of the first 

attempt. By enabling accurate and repeatable assessment outside specialist settings, the FFMT aligns 

closely with key public health priorities. It provides a practical mechanism for the early detection of functional 

decline, supports a shift from reactive care to proactive prevention, and expands access to functional 

monitoring across clinical, community, and population‑level contexts. Collectively, these findings position the 

FFMT as a scalable digital solution with the potential to enhance healthy ageing, improve quality of life, and 

reduce the broader burden of age‑related functional deterioration. 
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FIGURES  

Figure 1. Summary of methodological approach. Particiapnts were  seperated into two groups and completed 

a series of Self- and Instructor-led functional fitness assessments. Upon completion all participants  

completed an online survey. 

Figure 2. Chair sit and reach scoring. Zone 1 – If the extended fingertip of the longest finger touched below 

the knee but above the top of the ankle; Zone 2 – Between the ankle and the big toe; Zone 3 – Hallux; Zone 

4 – Beyond the hallux. 

Figure 3. Images of the Functional Fitness Monitoring Tool for Older Adults. (Top panel = digital information 

package; Bottom panel = results monitoring and interpretation tool). 

Figure 4. Equipment provided to participants to complete self-led functional fitness assessments. Participants 

were provided with a hand grip dynamometer, anthropometric tape measure, handheld stopwatch, stop clock, 

mechanical counter, 5 lbs (female) or 8 lbs (male) dumbbell, 4 x stickers, 2 x coloured cones, 4m cut to size 

measuring tape, cut to size measuring tape for the Timed Up & Go. 

Figure 5. Summary of survey results. 
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Table 1. Mean ± SD Performance Outcomes & Results from Mixed Model Analysis of Variance 

   Trial    ANOVA (P (ηp²))  
 1 2 3 4 5 Time Group Group*Time 

Height (cm) 169.7 ± 10 169.7 ± 10.2 169.7 ± 10.1 169.6 ± 10.3 169.8 ± 10.2 .768 (<.005) .894 (<.001) .365 (.012) 

Body Mass (kg) 73.9 ± 14.8 73.9 ± 14.9 73.8 ± 14.8 73.9 ± 14.7 73.8 ± 14.8 .971 (<.001) .313 (.033) .048 (.090)* 

BMI (kg.m2) 25.5 ± 3.7 25.5 ± 3.8 25.5 ± 3.7 25.5 ± 3.8 25.5 ± 3.8 .118 (.069) .105 (.083) .118 (.069) 

Waist Circumference (cm) 91.3 ± 12 90.4 ± 10.8 91.4 ± 11.6 91.6 ± 12.3 91.6 ± 12 .349 (.036) .448 (.019) .048 (.085)* 

Hip Circumference (cm) 101.4 ± 7.3 101.3 ± 7.3 101.4 ± 7.3 101.2 ± 7.5 101.2 ± 7.8 .890 (.006) .213 (.051) <.001 (.255)* 

Waist:Hip 0.90 ± 0.08 0.89 ± 0.07 0.90 ± 0.07 0.90 ± 0.09 0.91 ± 0.08 .281 (.041) .921 (.004) .944 (.004) 

Grip Strength (kg) 32.6 ± 8.4 33 ± 9.3 32.3 ± 9.2 33.0 ± 9.4 33.4 ± 8.7 .214 (.045) .252 (.042) .912 (.008) 

30s Arm Curl (No.) 21.6 ± 5.2 22.1 ± 4.6 23.1 ± 4.7 24.0 ± 4.6 23.8 ± 4.5 <0.01 (.303)* .369 (.032) .032 (.093)* 

30s Chair Stand (No.) 15.1 ± 2.8 16.0 ± 2.8 16.2 ± 3.1 16.6 ± 3.4 16.7 ± 3.1 <.001 (.252)* .158 (.063) .160 (.054) 

2MST(No.) 100.9 ± 25 102.4 ± 16 108.2 ± 18 105.3 ± 16.3 105.7 ± 18.1 .126 (.070) .464 (.019) .402 (.030) 

Fastest Gait Speed (m/s) 1.75 ± 0.36 1.84 ± 0.35 1.88 ± 0.4 1.92 ± 0.27 1.93 ± 0.31 <.001 (.160)* .726 (.004) .101 (.067) 

TUG (s) 4.97 ± 1.02 4.76 ± 0.91 4.66 ± 0.93 4.72 ± 0.86 4.67 ± 0.85 <.001 (.150)* .675 (.006) .413 (.030) 

SLB (s) 72.3 ± 48.1 80.2 ± 44.23 79.1 ± 45.17 83.6 ± 44.58 86.2 ± 46.64 .037 (.094)* .452 (.018) .192 (.051) 

Chair Sit & Reach (Zone) 2.8 ± 1.19 2.9 ± 1.14 2.9 ± 1.14 2.9 ± 1.2 3 ± 1.2 .130 (.064) .987 (<.001) .279 (.040) 

N = 33; 2MST N = 31; ANOVA = Analysis of variance; BMI = Body Mass Index; 2MST = 2-min Step Test; TUG – Timed Up & Go; SLB = Single Leg Balance; 
* indicates P<.005 



 

 

Table 2. Between Session Reliability of Self-led and Instructor-led Assessments 

 SL IL ICC (± 95% CI’s) 

Height (cm) 169.8 ± 10.3 169.6 ± 10 .996 (.992-.998) 

Body Mass (kg) 73.7 ± 14.9 74 ± 14.7 .999 (.998-.999) 

BMI (kg.m2) 25.5 ± 3.8 25.6 ± 3.7 .995 (.990-.998) 

Wasit Circumference (cm) 90.8 ± 12.1 91.7 ± 10.9 .973 (.945-.987) 

Hip Circumference (cm) 100.7 ± 7.5 101.8 ± 7.3 .983 (.934-.993) 

Waist:Hip 0.9 ± 0.1 0.9 ± 0.1 .945 (.889-.973) 

Grip Strength (kg) 32.8 ± 9.3 33.1 ± 8.9 .987 (.975.994) 

30s Arm Curl (No.) 22.8 ± 4.7 23.7 ± 4.5 .928 (.845-.965) 

30s Chair Stand (No.) 16.1 ± 2.9 16.7 ± 3.2 .937 (.886-.969) 

2MST(No.) 104.3 ± 16.2 106.5 ± 17 .915 (.824-.959) 

Fastest Gait Speed (m/s) 1.9 ± 0.4 1.9 ± 0.3 .817 (.633-.909) 

TUG (s) 4.7 ± 0.8 4.7 ± 0.9 .959 (.918-.980) 

SLB (s) 84.4 ± 44.7 80.1 ± 44.1 .961 (.921-.981) 

Chair Sit & Reach (Zone) 3 ± 1.2 2.9 ± 1.2 .986 (.971-.993) 

N = 33; 2MST N = 31; SL = Self-led assessment; IL= Instructor-led assessment; ICC = Intraclass Correlation 
Coefficients; CI = Confidence Intervals; BMI = Body Mass Index; 2MST = 2-min Step Test; TUG – Timed Up & 
Go; SLB = Single Leg Balance 
 
 
 
 
 
 



Table 3. Mean ± SD Group 1 Performance Outcomes & Between Session Reliability 

 Trial ICC (± 95% CI’s) 
 1 2 3 4 5 1 Vs. 2 2 Vs. 3 3 Vs. 4 4 Vs. 5 IL Vs. SL 

Height (cm) 
169.5 ± 

10 
169.5 ± 

10 
169.5 ± 

10 
169.3 ± 

9.7 
169.5 ± 

9.8 

1.000 
(1.000-
1.000) 

1.000 
(1.000-
1.000) 

.994 (.983-
.998) 

.998 (.994-
.999) 

.997 (.993-
.999) 

Body Mass (kg) 
76.3 ± 
13.4 

76.3 ± 
13.7 

76.3 ± 
13.5 

76.7 ± 
13.4 

76.5 ± 
13.4 

.999 (.997-
1.000) 

.999 (.997-
1.000) 

.996 (.990-
.999) 

.998 (.994-
.999) 

.998 (.996-
.999) 

BMI (kg.m2) 
26.5 ± 

3.6 
26.5 ± 

3.7 
26.5 ± 

3.7 
26.7 ± 

3.7 
26.6 ± 

3.6 
.998 (.994-

.999) 
.998 (.994-

.999) 
.994 (.977-

.998) 
.995 (.985-

.998) 
.997 (.992-

.999) 
Wasit 

Circumference 
(cm) 

92.1 ± 
12.9 

91.5 ± 
12.4 

92.5 ± 
13.1 

93.9 ± 
13.8 

94.2 ± 
12.2 

.993 (.980-
.998) 

.967 (.910-
.988) 

.897 (.737-
.962) 

.929 (.813-
.974) 

.968 (.898-
.989) 

Hip 
Circumference 

(cm) 

102.5 ± 
7.5 

102.5 ± 
7.7 

102.5 ± 
7.5 

103.4 ± 
7.7 

103.9 ± 
7.8 

.997 (.993-
.998) 

.997 (.993-
.998) 

.964 (.918-
.983) 

.959 (.919-
.980) 

.989 (.898-
.994) 

Waist:Hip 
0.9 ± 
0.09 

0.89 ± 
0.09 

0.9 ± 
0.09 

0.91 ± 
0.11 

0.91 ± 
0.09 

.989 (.976-
.995) 

.952 (.904-
.976) 

.855 (.729-
.926) 

.882 (.776-
.940) 

.980 (.960-
.980) 

Grip Strength (kg) 
30.8 ± 

8.3 
31 ± 9 

30.6 ± 
8.7 

31.4 ± 
8.7 

31.8 ± 8 
.906 (.765-

.965) 
.953 (.879-

.983) 
.978 (.937-

.992) 
.941 (.847-

.978) 
.988 (.964-

.996) 
30s Arm Curl 

(No.) 
20.5 ± 

3.3 
21.1 ± 

3.9 
22.1 ± 

3.9 
23.9 ± 4 

23.6 ± 
3.7 

.817 (.573-
.929) 

.886 (.670-
.959) 

.748 (.270-
.912) 

.964 (.906-
.987) 

.847 (.145-
.957) 

30s Chair Stand 
(No.) 

14.8 ± 
2.4 

15.4 ± 
1.9 

15.5 ± 
2.2 

15.7 ± 
2.3 

15.9 ± 
2.1 

.583 (.172-
.824) 

.802 (.544-
.923) 

.754 (.452-
.903) 

.921 (.801-
.970) 

.841 (.684-
.957) 

2MST (No.) 
100.1 ± 

27.3 
97.5 ± 
14.5 

106.8 ± 
18.6 

103.6 ± 
17.3 

104.4 ± 
17.6 

.444 (-.020-
.754) 

.663 (.146-
.877) 

.822 (.584-
.931) 

.966 (.911-
.987) 

.916 (.774-
.969) 

Fastest Gait 
Speed (m/s) 

1.7 ± 0.4 
1.83 ± 
0.42 

1.81 ± 
0.46 

1.95 ± 
0.23 

1.94 ± 
0.29 

.841 (.531-
.944) 

.836 (.612-
.937) 

.605 (.206-
.834) 

.788 (.516-
.917) 

.833 (.532-
.940) 

TUG (s) 
5.11 ± 
0.81 

4.85 ± 
0.78 

4.71 ± 
0.8 

4.74 ± 
0.77 

4.69 ± 
0.71 

.729 (.394-
.893) 

.897 (.743-
.962) 

.874 (.694-
.952) 

.963 (.904-
.986) 

.932 (.817-
.975) 

SLB (s) 
63.6 ± 
47.4 

75.3 ± 
46.03 

79.4 ± 
48.7 

77.4 ± 
48.1 

77.8 ± 
50.3 

.830 (.582-
.936) 

.951 (.873-
.982) 

.931 (.825-
.974) 

.915 (.785-
.968) 

.977 (.938-
.992) 

Chair Sit & Reach 
(Zone) 

2.9 ± 1.2 2.9 ± 1.2 2.9 ± 1.2 2.9 ± 1.3 2.9 ± 1.3 
.960 (.897-

.985) 
.980 (.947-

.993) 
.942 (.851-

.978) 
.944 (.856-

.979) 
.990 (.973-

.996) 
Chair Sit & Reach 

(cm) 
-  - 

-2.8 ± 
15.26 

-2.7 ± 
15.14 

- - - 
.979 (.945-

.992) 
- 

N = 17; ICC = Intraclass Correlation Coefficients; CI = Confidence Intervals; BMI = Body Mass Index; 2MST = 2-min Step Test; TUG – Timed Up & Go; SLB 
= Single Leg Balance 

 



 

Table 3. Mean ± SD Group 2 Performance Outcomes & Between Session Reliability 

 Trial ICC (± 95% CI’s) 
 1 2 3 4 5 1 Vs. 2 2 Vs. 3 3 Vs. 4 4 Vs. 5 IL Vs. SL 

Height (cm) 
169.8 ± 

10.3 
169.9 ± 

10.6 
169.9 ± 

10.6 
170 ± 11.1 170 ± 10.9 

.997 (.992-
.999) 

.998 (.994-
.999) 

.989 (.971-
.996) 

.999 (.998-
1.000) 

.955 (.986-
.998) 

Body Mass (kg) 71.3 ± 16.2 71.3 ± 16.2 71.2 ± 16 70.9 ± 15.8 71 ± 16.1 
1.000 
(.999-
1.000) 

1.000 
(.999-
1.000) 

.999 (.997-
1.000) 

.999 (.997-
1.000) 

.999 (.998-
1.000) 

BMI (kg.m2) 24.5 ± 3.7 24.5 ± 3.7 24.4 ± 3.6 24.3 ± 3.6 24.3 ± 3.7 
.998 (.994-

.999) 
.997 (.991-

.999) 
.986 (.962-

.995) 
.997 (.992-

.999) 
.992 (.978-

.997) 
Wasit 

Circumference 
(cm) 

90.4 ± 11.3 89.3 ± 9.1 90.4 ± 10.2 89.2 ± 10.4 89.1 ± 11.6 
.951 (.866-

.983) 
.962 (.892-

.987) 
.956 (.878-

.984) 
.961 (.895-

.986) 
.994 (.949-

.994) 

Hip Circumference 
(cm) 

100.5 ± 7.1 100.5 ± 7.3 100.3 ± 7.1 98.9 ± 6.8 98.3 ± 7.3 
.979 (.942-

.993) 
.973 (.927-

.980) 
.950 (.760-

.985) 
.953 (.873-

.983) 
.961 (.891-

.986) 

Waist:Hip 0.9 ± 0.06 0.89 ± 0.04 0.9 ± 0.06 0.9 ± 0.05 0.9 ± 0.06 
.791 (.510-

.921) 
.813 (.555-

.930) 
.838 (.606-

.940) 
.872 (.679-

.953) 
.961 (.891-

.986) 

Grip Strength (kg) 34.4 ± 8.4 35.2 ± 9.4 34.1 ± 9.7 34.8 ± 10.1 35.1 ± 9.3 
.955 (.878-

.984) 
.976 (.920-

.992) 
.965 (.906-

.988) 
.990 (.974-

.997) 
.987 (.994-

.995) 

3 22.8 ± 6.7 23.2 ± 5.2 24.3 ± 5.3 24.1 ± 5.3 24.1 ± 5.3 
.874 (.685-

.954) 
.943 (.765-

.983) 
.953 (.875-

.983) 
.954 (.877-

.984) 
.988 (.938-

.992) 
30s Chair Stand* 

(No.) 
15.3 ± 3.2 16.8 ± 3.5 17.1 ± 3.7 17.6 ± 4.2 17.6 ± 3.8 

.795 (.293-
.933) 

.944 (.856-
.979) 

.903 (.758-
.963) 

.975 (.934-
.991) 

.894(.737-
.960) 

2 min Step Test 
(No.) 

101.8 ± 
22.9 

108.4 ± 
16.2 

109.9 ± 18 
107.3 ± 

15.4 
107.3 ± 

19.2 
.823 (.473-

.943) 
.943 (.837-

.981) 
.759 (.415-

.915) 
.929 (.800-

.976) 
.914 (.740-

.972) 
Fastest Gait 
Speed (m/s) 

1.8 ± 0.32 1.84 ± 0.28 1.96 ± 0.3 1.88 ± 0.31 1.92 ± 0.34 
.863 (.659-

.949) 
.795 (.313-

.934) 
.629 (.229-

.851) 
.858 (.649-

.948) 
.814 (.482-

.935) 

TUG (s) 4.83 ± 1.22 4.66 ± 1.05 4.61 ± 1.08 4.7 ± 0.97 4.65 ± 1 
.953 (.850-

.984) 
.942 (.847-

.979) 
.922 (.797-

.972) 
.964 (.902-

.987) 
.976 (.933-

.992) 

SLB (s) 
98.7 ± 
44.21 

103 ± 
27.93 

87.6 ± 
35.23 

104.9 ± 
29.24 

111.1 ± 
25.3 

.892 (.725-
.960) 

.904 (.749-
.965) 

.804 (.519-
.927) 

.951 (.866-
.983) 

.940 (.791-
.980) 

Chair Sit & Reach 
(Zone) 

2.7 ± 1.2 2.9 ± 1.09 2.9 ± 1.12 3 ± 1.15 3.1 ± 1.18 
.881 (.699-

.957) 
.974 (.930-

.991) 
.976 (.934-

.991) 
.977 (.937-

.992) 
.981 (.945-

.994) 
Chair Sit & Reach 

(cm) 
-6 ± 14.78 

-4.8 ± 
14.71 

-4.5 ± 
15.98 

- - 
.971 (.913-

.990) 
.978 (.935-

.993) 
- - - 

N = 16; 2MST N = 14; Chair Sit & Reach (cm) N = 14; ICC = Intraclass Correlation Coefficients; CI = Confidence Intervals; BMI = Body Mass Index; 2MST = 
2-min Step Test; TUG – Timed Up & Go; SLB = Single Leg Balance 

 



 

Table 4. Change Threshold for Each Test Determined as the Sum of the Coefficient of Variation and the Smallest Worthwhile Change 

 All Group 1 Group 2 
Group 1 Vs. Group 2  

(P= (d=)) 

Body Mass (kg) 0.69 ± 0.45 0.78 ± 0.48 0.59 ± 0.41 .239 (.418) 

BMI (kg.m2) 0.34 ± 0.24 0.30 ± 0.19 0.39 ± 0.29 .247 (.411) 

Wasit Circumference (cm) 3.13 ± 1.8 3.86 ± 1.89 2.4 ± 1.41 .019 (.877)* 

Hip Circumference (cm) 1.50 ± 1.06 1.37 ± 0.79 1.63 ± 1.29 .508 (.237) 

Waist:Hip 0.03 ± 0.02 0.03 ± 0.02 0.03 ± 0.02 .177 (.489) 

Grip Strength (kg) 1.85 ± 1.11 2.00 ± 1.24 1.69 ± 0.97 .432 (.277) 

30s Arm Curl (No.) 1.71 ± 1.04 2.03 ± 1.14 1.37 ± 0.83 .069 (.366) 

30s Chair Stand (No.) 1.12 ± 0.64 1.08 ± 0.53 1.16 ± 0.75 .713 (.129) 

2 min Step Test (No.) 7.73 ± 4.67 8.71 ± 4.66 6.54 ± 4.57 .203 (.470) 

Fastest Gait Speed (m/s) 0.20 ± 0.1 0.22 ± 0.09 0.18 ± 0.1 .262 (.397) 

TUG (s) 0.29 ± 0.13 0.32 ± 0.1 0.27 ± 0.15 .312 (.358) 

SLB (s) 10.76 ± 13.11 10.57 ± 12.06 10.97 ± 14.54 .931 (.030) 

N = 33; 2MST N = 31; BMI = Body Mass Index; 2MST = 2-min Step Test; TUG – Timed Up & Go; SLB = Single Leg Balance; * indicates P<.005 
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