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Purpose: Pre-frailty and frailty in older adults are associated with poor health outcomes and increase health-care costs, and further 
worsening during hospitalization. This study aimed to examine the effect of an individualized hospital to home, exercise-nutrition self- 
managed intervention for pre-frail and frail hospitalized older adults.
Patients and Methods: Older adults admitted to an acute medical unit of a tertiary hospital in South Australia who were pre-frail or 
frail were recruited from September 2020 to June 2021, randomized to either control or intervention group and followed up at 3 and 6 
months. The outcome variables were program adherence, frailty status by the Edmonton Frail Scale (EFS) score, lower extremity 
physical function, handgrip strength, nutritional status, cognition, mood, health-related quality of life, risk of functional decline, 
unplanned readmissions.
Results: Participants were 79.2 ±6.6 years old, 63% female, mostly frail (67%), with EFS of 8.6±1.9. Adherence to the inpatient and 
home visits/telehealth intervention were high (91±13% and 92±21%, respectively). Intention-to-treat analysis using linear regression 
models showed that participants in the intervention group had significantly greater reduction in EFS at 3 (−3.0; 95% CI: −4.8 to −3.0) 
and 6 months (−2.5; 95% CI: −3.8 to −1.0, P<0.001 for both) compared to the control group; particularly the functional performance 
component. There were also improvements in overall Short Physical Performance Battery score at 3 (4.0; 95% CI: 1.3 to 6.6) and 6 
months (3.9; 95% CI: 1.0 to 6.9, P<0.05 for both), mini-mental state examination (2.6; 95% 0.3–4.8, P=0.029) at 3 months and 
handgrip strength (3.7; 95% CI: 0.2–7.1, P=0.039) and Geriatric Depression Scale, at 6 months (−2.2; 95% CI: −4.1 to −0.30, 
P=0.026) in the intervention group as compared to control.
Conclusion: This study provided evidence of acceptability to a patient self-managed exercise-nutrition program that may benefit and 
alleviate pre-frailty and frailty in hospitalised older adults.
Keywords: frailty, self-management, exercise, nutrition therapy

Introduction
Frailty, as described by Fried et al, is a clinical syndrome in which three or more of the following conditions are present: 
unintentional weight loss, self-reported exhaustion, weak grip strength, slow walking speed, and low physical activity.1 

Pre-frailty or intermediate frailty is defined as a state before frailty, in which an individual has one or two of the 
aforementioned criteria.1 It identifies those patients who are at a high risk of progression to frailty. Frailty and pre-frailty 
increase an individual’s vulnerability to higher dependency during/after periods of acute stress,2 and are associated with 
increased mortality.3 A previous study suggests that up to a quarter of individuals above the age of 85 may be frail.4 With 
a global ageing population, the prevalence of these geriatric syndromes is expected to increase in almost every country.5
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The Australian and New Zealand Society for Sarcopenia and Frailty Research (ANZSSFR) Expert Working Group 
now recommends multifaceted interventions combining exercise and nutrition as part of management strategies for pre- 
frail and frail hospitalised older adults.6 Exercise and nutrition interventions have been suggested to be amongst the most 
effective to treat and prevent aspects of frailty.7 Exercise, in particular strength training, can improve muscle strength and 
reverse frailty.8 Similarly, individualized medical nutrition therapy (MNT) and counselling by a dietitian has been found 
to be associated with an improvement in nutritional status and clinical outcomes after 3 months of intervention.9 

However, the authors from the ANZSSFR Working Group also reported that there were some inconsistencies from the 
results of the studies cited for their recommendations, especially since majority of randomized controlled trials (RCTs) 
that have investigated the effectiveness of combined exercise and nutrition interventions to reverse frailty, have been 
limited to otherwise well older adults from the community.6 More research is to be done on hospitalized older adults as 
hospitalization is a vulnerable period for older adults, especially if they are pre-frail or frail, because acute catabolic 
stress and physical deconditioning due to immobility and malnutrition can further aggravate this syndrome.10,11

Furthermore, potential limitations to the future scalability and sustainability of exercise-nutrition interventions for 
pre-frailty and frailty may also relate to the coordination and availability of care by different allied health-care 
professionals (eg, exercise and nutrition professionals). The sustainability of treatment effects should be considered in 
intervention design, such that a self-management model to target pre-frailty and frailty would appear to align well to the 
values and preferences of older adults about hospital to home care but has not been studied in this population 
previously.12 It is possible that a pre-frailty and frailty intervention which involves a more collaborative partnership 
approach with patients may be at least as beneficial as existing models but better reduce burden on healthcare 
resources.13 There is an evidence gap in the acceptability and benefits of self-managed exercise and nutrition interven
tions in hospitalised pre-frail and frail older adult patients.14

The INDividualized therapy for Elderly Patients using Exercise and Nutrition to reduce depenDENCE post discharge 
(INDEPENDENCE) pilot RCT aimed to examine the acceptability and benefits of an individualized community- 
extended, combined exercise and nutrition intervention on outcome variables that include pre-frailty, frailty (as assessed 
by Edmonton Frail Scale (EFS)) and frailty-related health outcomes. We hypothesize that such a self-managed program 
will have a good adherence rate and can alleviate pre-frailty and frailty, and improve frailty-related outcomes such as 
physical, nutritional status and mood. The results may provide guidance to clinicians and researchers looking to develop 
or implement self-managed exercise-nutrition program for pre-frail and frail hospitalized older adults.

Materials and Methods
Study Design
This study (INDEPENDENCE) was a pilot RCT conducted among older adults who were pre-frail or frail and 
hospitalised for an acute medical illness. The study was reported with the Consolidated Standards of Reporting Trials 
(CONSORT) statement – randomized pilot and feasibility trials,15 and the intervention was described with reference to 
the TIDieR checklist.16 This study was registered with the Australia New Zealand Clinical trials Register ACTRN 
12619001367134.

Assessment of Pre-Frailty and Frailty
The EFS is commonly used to assess pre-frailty and frailty in hospitalised older adults.17 The EFS assesses nine domains 
contributing to pre-frailty and frailty – cognition, general health status, functional independence, social support, 
medication use, nutrition, mood, continence, and functional performance. The EFS score ranges from 0 to 17 points 
with higher scores indicative of a greater severity of frailty,18 and the total score categorises a patient into either non-frail; 
pre-frail; frail – a score of 6–7 indicates pre-frail and ≥8 indicates frail with the higher the number, the more severe the 
frailty (ie, mild (8–9), moderate (10–11), severe (≥12)).The EFS evaluates the highest number of clinical domains which 
makes it the most comprehensive assessment tool covering all physical, psychological, and social aspects of pre-frailty 
and frailty.
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Participant Recruitment
Potential participants were patients admitted through the Acute Medical Unit (AMU) at the Flinders Medical Centre 
(FMC), Adelaide, South Australia. Participants who met the inclusion and exclusion criteria below were invited by the 
study’s research team to participate.

Inclusion and Exclusion Criteria
Older adults aged ≥65 years; residing within Southern Adelaide Local Health Network (SALHN); an EFS score ≥6; able 
to understand English instructions; without cognitive impairment (standardised mini-mental state examination (MMSE) 
≥25); had access to a mobile or home phone were eligible. Those receiving palliative care, on home oxygen or assessed 
by treating physician as unsafe to participate were not eligible.

Sample Size Calculation
During the conception of this study, there was no RCT that had investigated the effect of an individualised hospital to 
home, self-managed combined exercise and nutrition intervention in pre-frail and frail hospitalised older adults. Hence, 
the study aimed to recruit 16 participants in each study arm, considering a minimal of 12 per group,19 and accounting for 
a 25% attrition rate.20 The proposed sample size also falls within the range reported in an audit of pilot trials.21 Moreover, 
to determine the statistical power of this study, post-hoc power estimates were calculated for the mean and SD EFS 
scores at 3 and 6 months, alpha level of 0.05.22

Randomization and Blinding
After screening, consent, enrolment, and baseline assessments, the recruiting research staff sent an identification number 
to a central research office, and the participant was randomized into either intervention or control group. The randomiza
tion schedule was created by an external research officer through computerised randomization using randomly permuted 
blocks, size of eight. Treatment codes were concealed in numbered opaque envelopes and opened by another research 
staff member not involved with participants directly, at the time of randomization. Therapists (for intervention delivery) 
and participants were aware of the allocated group, as it was not possible to blind them due to the nature of the 
intervention. However, the research staff that performed outcome assessments and data analyses were blinded to group 
allocation.

Control
Participants in the control group received usual care available to older adults in the local health network from their acute 
care and community services, from attending medical consultants, general practitioners, allied health, and nursing staff 
both during and post hospitalisation. The usual inpatient standard of care involved referral to allied health professionals 
(eg, dietitian, physiotherapist, occupational therapist) and/or other allied health care personnel such as allied health 
assistants, at the discretion of the participants’ treating medical team, with no dedicated outpatient follow-up plan.

Intervention
The design of the intervention was informed by a systematic review of exercise and nutrition interventions for pre-frail 
/frail hospitalised older adults.14 Participants assigned to the intervention group received an individualized exercise and 
nutrition care plan, by the research dietitian and physiotherapist, while admitted and that continued for 3-month post 
discharge, through an ambulatory service in the form of four home visits and four telephone calls (Table 1).

Exercise
In addition to any usual physiotherapy care, inpatient participants in the intervention group were offered a daily (on 
weekdays only) supervised physical activity program of up to 30 minutes duration that was individualized to their 
physical capabilities. Participants who were able to safely walk either independently or with minimal assistance (may 
include a gait aid) were firstly offered the opportunity to walk for as long as they could. Then with any remaining session 
time, they completed exercises adapted from the STAND-Cph trial.23 Participants who were physically dependent or 
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unable to move away from the bedside completed the STAND-Cph program only. All participants were encouraged to 
work at their highest level of function for as long as they could. For the STAND-Cph component, following a range of 
motion “warm-up”, participants completed chair stand and heel raise exercises at their maximum tolerated intensity, with 
options for progression and regression as per the STAND-Cph program. Each of the two exercises followed a predefined 
progression model that allowed participants to complete three sets of 8–12 repetitions to fatigue. There are eight levels of 
difficulty to allow exercise from seated to unilateral positions with extra loads up to 8kg.

For the home-based exercise program, the focus was resistance training for completion 3 days a week along with 
muscle strengthening exercises which were derived from the Otago community exercise program.24 The original Otago 
exercise program consist of 17 strength (eg, knee extensor, hip adductor) and balance (eg, heel walking, one leg stand) 
exercises and a walking routine, performed three times per week. For this study, participants performed an adapted 
version. After a warm-up session of head, neck, trunk and ankle movement, and back extension, participants performed 
three sets of 8–10 repetitions to fatigue of the following six strengthening exercises: (1) front knee, (2) back knee, (3) 
side hip, (4) toe raises, (5) calf raises, and (6) sit-to-stand. This was individualized to personal capacity and the starting 
level is determined by the amount of ankle cuff weight (up to 8kg) the person can use to perform 8–10 repetitions before 
fatigue. The intervention did not include balance exercises because the home exercises were mostly performed 
unsupervised by the patients, and also to minimise participant burden and maximise adherence. Consistent with the 
Otago program, participants were also provided with advice about walking three times a week, in between strength 
training exercises.

Nutrition Therapy
For all participants, including those identified as malnourished (as ascertained by the Patient-generated Subjective Global 
Assessment (PG-SGA)), the research dietitian formulated an individualized nutrition care plan to maintain/improve diet 
quality with a focus on (1) ensuring 100% of their energy requirements to achieve ideal body weight, estimated from the 
Harris Benedict equation25 and (2) meeting the recommended protein intake (1–1.2g/kg body weight/d) to maintain and 
regain lean body mass.26 The Australian Guide to Healthy Eating was also referred to when optimising diet quality and 
ensuring sufficient hydration.27 For all intervention participants, depending on the participants’ nutrition status, comor
bidities and dietary preferences and tolerances, the nutrition therapy provided included one or more of the following 
strategies – use of commercial oral nutrition supplements (selected within hospital’s inpatient formulary), mid-meal 
snacks (limited to hospital’s food service menu) and food fortification. Optimal care in terms of frequency of reviews and 
input was left to the discretion of the dietitian as individualized therapy varied between participants. Nutrition counsel
ling delivered by the research dietitian, with a focus to augment energy and protein intake, was provided to participants 
prior to discharge to ensure continuity of the nutritional care plan at home. For participants who were well-nourished as 
per the PG-SGA, nutrition counselling prior to discharge was focused on optimisation of diet quality, protein intake, and 
hydration status. This was consistently followed through by the research dietitian from the time the participants were in 
hospital, and throughout the 3-month period of community care.

Self-Management
Uniquely, the program (all sessions within the intervention (ie, inpatient period, four telephone calls and four home 
visits)) was informed by a patient self-management model, providing a mechanism for participants to take the lead in 

Table 1 Outline of Default Participant Activities (for the Intervention Group)

Activities Hospital 
Stay

After Discharge (Week)

1 2 3 4 5 6 7 8 9 10 11 12

Nutrition therapy x x x x x x x x x x x x x

Exercise therapy x x x x x x x x x x x x x
Home visits x x x x

Telephone calls x x x x
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reversing pre-frailty or frailty through independent exercises and nutritional self-care. This patient self-management 
model is adapted from the Flinders Chronic condition management model – a one-on-one patient-health provider 
approach, based on cognitive behavioural therapy, coupled with problem solving and motivational interviewing 
techniques.28 This involved the use of a 12-question partners in health module derived from four factors of chronic 
condition self-management – knowledge, coping, recognition and management of symptoms, adherence to treatment. 
These questions bring up discussion around knowledge about own health problems, medication, and treatments; health 
services and assessing them; symptom management; physical, social, and emotional impact of illness. Thereafter, there 
would be goal settings and formulation of a personalised care plan with the participant. As the information and 
instructions were rather extensive, each intervention participant was provided with a printed program guidebook 
(Supplementary Table 1 and Supplementary Figure 1), with all the above-mentioned information (ie, exercise, nutrition, 
chronic condition self-management).

Delivery of Intervention
In hospitals, each intervention session was supervised by an allied health professional, being a research dietitian who was 
trained by the project team to additionally deliver the exercise program in the scope of an allied health assistant. Program 
oversights were provided by each participant’s treating physiotherapist during inpatient stay. Participants were assisted to 
self-regulate their effort by monitoring perceived exertion, ensuring safe program delivery (ie, verbally report their 
perceived exertion and negotiate maximum exercise intensity using the BORG category ratio-10 scale), which was 
consistent with other similar studies in older adult populations with resistance training.29 Patients were asked to aim and 
maintain a perceived exertion rate of 3–4. For the post-discharge follow-ups, participants were guided by the same 
research dietitian with responsibilities for exercise program supervision akin to an allied health assistant, and who was 
also trained in the Flinders chronic condition self-management program; distance supervision by the research phy
siotherapist (available as needed by phone) was available to the research dietitian to facilitate the home exercise program. 
This intervention was designed to ensure continuity of care from hospital to home and build confidence in participants for 
self-management.

Patient and Public Involvement
To maintain a participatory/co-design approach while designing the protocol,30 the researchers took into consideration 
their findings from an earlier qualitative study (unpublished results) of hospitalised pre-frail/frail older adults ≥65 
years, using the above protocol as reference. There was a consensus that the type of intervention delivered was 
familiar, manageable, and perceived as beneficial. The intervention period was also viewed as acceptable and not too 
lengthy. There was acceptance towards the intervention for (1) its emphasis on a patient-led self-managed approach 
that would be able to accommodate participants’ current situation (existing schedules and lifestyle; changing physical 
capabilities that required adaptive interventions), (2) its delivery by a trusted health provider whom participants would 
get acquainted with from the daily inpatient therapy and (3) its timeliness to attempt to treat the problem early. 
However, there appeared to be a unanimous agreement that the program was only for motivated older adults receptive 
to the idea of home visits. In addition, the use of an educational resource such as a printed booklet was also suggested 
to accompany the intervention.

Program Adherence
The degree of adherence to the intervention was recorded for completed intervention participants (1) attendance to the 
inpatient and home visits (recorded by the research staff who delivered), (2) mean adherence as a reasonable attempt at 
each 3×/week strength-focused training session as self-reported by participants in the exercise monitoring diaries in the 
education booklet and (3) percentage of energy and protein intake over estimated requirements as prescribed by the 
dietitian, as self-reported from the diet monitoring diaries in the education booklet.

Outcome Variables
The outcomes variables used to assess the benefits of the INDEPENDENCE program in pre-frail and frail hospitalised 
older adults improved the following outcomes at 3 and 6 months, compared to baseline (Table 2).
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Adverse Events
Adverse events were monitored from baseline to 6-month follow-up, being defined as injuries or medical events due to 
participation in the trial/intervention that resulted in medical attention or restriction of daily living activities for more than 
2 days.

Statistical Analyses
Participants were assessed at baseline (before randomization), 3 and 6 months. Treatment groups were coded to blind 
research staff involved in statistical tests prior to analyses. Normality tests (Kolmogorov–Smirnov and Shapiro–Wilk) 
showed normal distribution for all baseline measures, except PG-SGA and scored PG-SGA. Baseline data were described 
and compared with the use of independent sample t-tests or Mann–Whitney U-test for continuous data and chi square or 
Fisher’s exact test, for categorical data. The primary analyses were conducted with an intention-to-treat (ITT) principles 

Table 2 Outcome Variables Measured for All Study Participants

Outcome Scale Description

Pre-frailty and frailty Edmonton Frail Scale17 Assesses nine domains – cognition, general health status, functional independence, 
social support, medication use, nutrition, mood, continence, and functional 

performance, score ranges from 0 to 17 points with higher scores indicative of 

a greater severity of frailty.
Lower extremity 

physical function

Short Physical Performance 

Battery45

Consist of three components: ability to stand with feet together side by side, semi- 

tandem, and tandem, timed trials of 4-meter walk, and sit-to-stand test. Score range 

from 0 to 12 points with higher scores indicating better function and 10 or more 
indicates robustness.

Grip strength Hand-held dynamometer46 Average of three attempts with dominant hand using the TTM Advanced Hand 

Dynamometer, measured in kilograms.
Nutritional status Scored Patient-Generated 

Subjective Global Asssessment47

Consist of a grade and score component. The grade component consists of five 

categories – weight, nutritional intake, nutrition impact symptoms (NIS), functioning, 

physical examination. An overall grade of A, B or C indicates well-nourished, 
moderate/suspected malnutrition or severely malnourished, respectively. The score 

components consist of seven categories – weight, food intake, NIS, activities and 

function, disease and relation to nutrition requirements, metabolic demand, physical 
examination, with a global assessment of nutritional status. A higher score would 

suggest a greater degree of malnutrition.
Cognition Mini-mental state examination48 Consist of tests of orientation, attention, memory, language, and visual-spatial skills, 

ranging 0–30, with 25–30 indicating normal cognition, 24 and below suggesting mild to 

severe cognitive impairment as scores get lower.
Mood Geriatric Depression Scale49 A set of 15 questions describing the respondent’s feeling over the past week. Score 

ranging from 0 to 15. A score of 0–5 is normal while a score greater than five suggests 

depression.
Health-related QoL EuroQol-5-Dimension-5-Level50 Consists of five domains (mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression), each has five levels: no problems, slight problems, moderate 

problems, severe problems, and extreme problems that is combined into a 5-digit 
number that describes the patient’s health state. The EQ-5D Visual Analog Scale 

(VAS) quantifies the participant’s self-rated health on a vertical visual analogue scale 

from 0 to 100, with zero being the worst and 100 being the best health imagined.
Risk of functional 

decline

Hospital Admission Risk Profile51 Calculated with age, cognitive status, and self-reported Instrumental Activities of Daily 

Living (IADL) upon admission, ranging from 0 to 5, with higher scores indicative of 

higher risk of functional decline.
Hospital outcomes - The inpatient length of stay (LOS), total visits to the emergency department within 

180-days post discharge, total number of reported unplanned readmissions (defined 

as a hospital admission resulting in an overnight stay) and total hospital LOS within 
180-days post discharge, was also recorded at 3 and 6 months.
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with all participants randomized included in the analysis and assigned to the group they were randomized to regardless of 
their received treatment.31 Multiple imputation methods (Markov chain, Monte Carlo) were used to derive any missing 
data points, with 20 imputations carried out for each missing value for the ITT analyses.32 To determine differences 
between the groups at 3 and 6 months, we used linear regression models for continuous outcomes, with follow-up 
changes from baseline as dependent variables, and adjusted for baseline covariates.33 The effect sizes as measured by 
Cohen’s D for responsiveness of tools were calculated for EFS, GDS and MMSE.

Statistical analysis was performed using SPSS version 28 (SPSS Inc, Chicago, IL, USA). Statistical significance was 
set using a 2-sided Type 1 error rate of alpha=0.05 and differences between groups at 3- and 6-month follow-up were 
described as mean and standard deviation (SD) for continuous variables, as number (percent) for categorical variables, 
and differences between groups as mean difference with 95% confidence intervals (CI).

Results
Recruitment
A total of 1371 participants, who presented to the AMU at FMC from September 2020 to June 2021, were screened 
consecutively for participation in this study. A total of 723 (54%) patients screened were not eligible due to age <65 
years. As per the CONSORT flow diagram in Figure 1, 32 participants were randomized into intervention and control 
groups each. Follow-up data from 75% (12/16) of the intervention and 100% (16/16) of the control group were available 
for analysis at 3 months. At 6 months, the availability of follow-up data was 75% (12/16) and 94% (15/16) of the 
intervention and control group, respectively. The follow-up attrition rate at 6-month period within the entire cohort was 
16%, with 4/5 losses due to death.

Characteristics of the Study Population
Participant characteristics are shown in Table 3. Baseline characteristics between groups were well matched with the 
exceptions of overall SPPB, specifically the balance component (Table 4).

Adherence to Program in the Intervention Group
The mean ±SD percentage attendance (completion) of the inpatient and home visits/telehealth follow-ups were 91±13% 
and 92 ±21%, respectively. For the home-based component, the mean adherence to the exercise program was 66% ±33%. 
At home, the percentages of energy and protein requirement being met were 89% ±17% and 82% ±20%, respectively. 
The daily mean ±SD energy and protein intake were 1604 ±471kcal and 71.1 ±24.0g, respectively.

Responsiveness of Assessment Tools (EFS, GDS, MMSE)
The effect sizes using ITT analyses at 3 and 6 months were 0.91 and 0.71 for EFS; 0.35 and 0.50 for GDS, and 0.81 and 
0.31 for MMSE, respectively.

Edmonton Frail Scale
As shown in Table 4, participants in the intervention group had a significantly greater reduction in EFS scores (indicative 
of an improvement in degree of pre-frailty and frailty) compared to those in the control group at both 3 and 6 months post 
randomization (P<0.001). At 3 months, the prevalence of frailty as identified by the EFS, was significantly higher in the 
control group when compared to those patients who were in the intervention group (14 out of 16, 88% vs 5 out of 12, 
42%, P=0.028, respectively). At 6 months, there was a trend towards increasing prevalence of frailty in the control group 
when compared to the intervention group; however, this difference was not statistically significant (11 out of 15, 73% vs 
4 out of 12, 33%, P=0.051, respectively).

Analyses of individual components of the EFS showed that changes in “Functional performance” was significantly 
different between groups at 3 (0.9, 95% CI: 0.3 to 1.5, P=0.003) and 6 months (1.0, 95% CI: 0.4 to 1.6, P=0.002), both 
with large effect size Cohen-D >1. Changes in “General health status” was significantly different between groups at 3 
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months (1.1, 95% CI: 0.2 to 2.0, P=0.017, Cohen D=0.6) but not 6 months. Changes in Functional independence was 
significant at 6 months (0.7, 95% CI: 0.1 to 1.3, P=0.018, Cohen D=0.4) but not at 3 months.

Other Outcomes
There were significantly greater improvements in total SPPB score in the intervention group compared to the control 
group, specifically in the sub-category of gait speed and chair-stand components, at both 3- and 6-month period. The 
significant difference in mean change from baseline between groups in SPPB-balance can be observed during 6-month 

Figure 1 Overview of the Independence study with CONSORT Flow Diagram. 
Notes: Adapted from Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010 statement: extension to randomised pilot and feasibility trials. BMJ. 2016;355. Copyright: 
© 2016 Eldridge et al. Creative Commons Attribution License.15.
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follow-up but not immediately after the intervention at 3 months. Participants in the intervention group also had 
significantly greater improvements in cognition at 3 months, and handgrip strength and mood at 6 months. There was 
a trend towards an improved nutritional status, as determined by the PG-SGA score, in the intervention group at 3 
months; however, this difference was not significant. It is noteworthy to mention that the proportion of well-nourished 
participants was trended to be higher for intervention than control at 3 (75% vs 56%), and 6 months (83% vs 67%), albeit 
not statistically significantly different. There were no significant differences between groups with respect to EQ-5D-5L 
UI and VAS, and HARP at 3 or 6 months in both PP and ITT analyses.

Table 3 Baseline Characteristics of Study Participants (n=32)

Characteristic Intervention (n=16) Control (n=16)

Age, years, mean ± SD 80.0 ± 7.6 78.3 ± 5.8
Female, n (%) 11 (69) 9 (56)

Weight, kg, mean ± SD 72.5 ± 18.5 86.8 ± 29.2

Height, cm, mean ± SD 166.6 ± 8.6 168.0 ± 10.8
BMI, kg/m2, mean ± SD 26.1 ± 6.2 30.5 ± 8.1

Charlson index, mean ± SD 4.4 ±1.6 4.4 ± 1.4

Comorbidities of significance, n (%)
Type 2 diabetes 6 (38) 2 (13)

Chronic kidney disease 2 (13) 4 (25)
Heart diseasesa 9 (56) 10 (63)

Pulmonary diseasesb 2 (13) 5 (31)

Cancer survivorc 6 (38) 5 (31)
Medications, mean ± SD 7.5 ± 3.7 8.9 ± 4.7

On vitamin D supplements, n (%) 8 (50) 6 (43)

Education level tertiary and above, n (%) 8 (50) 7 (44)
Very low income (<$20,000), n (%) 4 (25) 4 (25)

Living status alone, n (%) 8 (50) 6 (43)

Alcohol, n (%) 0 (0) 1 (6)
Smokers, n (%) 6 (38) 4 (25)

Admission diagnosis, n (%)

Infection or sepsis 5 (31) 7 (44)
Exacerbation of COPD 2 (13) 3 (19)

Heart failure 3 (19) 1 (6)

Functional decline or fall 1 (6) 2 (6)
Postural hypotension 1 (6) 1 (6)

Headache 1 (6) 1 (6)

Atrial fibrillation 0 1 (6)
Multiple myeloma 1 (6) 0 (6)

Anemia 1 (6) 0 (6)

Social admission 1 (6) 0
Fraild participants, n (%)

Pre-frail 3 (19) 9 (56)

Mild frail 6 (38) 3 (19)
Moderately frail 6 (38) 3 (19)

Severely frail 1 (6) 1 (6)

PG-SGA grade, n (%)
Well-nourished 5 (31) 11 (69)

Malnourished 11 (69) 5 (31)

Notes: Data expressed as mean ± SD for continuous variables; absolute numbers (percentage) for categorical variables. aHeart 
diseases in cohort: ischemic heart disease; congestive heart failure; aortic valve stenosis; chronic cardiomyopathy; coronary heart 
disease; atrial fibrillation.bPulmonary diseases in cohort: chronic obstructive pulmonary disease; pulmonary fibrosis. cCancer 
history types in cohort: lung; breast; skin; colorectal; stomach; prostate. dFrailty status classified by the Edmonton Frail Scale. 
Abbreviations: BMI, body mass index; PG-SGA, Patient-Generated Subjective Global Assessment.
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Table 4 Baseline and Effects of Intervention on Outcome Variables, Intention-to-Treat Analyses

Outcome variable Intervention Control Between-Group Differencea P-valueb

Mean ±SD Mean Differences (95% CI)

Edmonton Frail scale

0-month 9.1 ±1.8 8.0 ±2.0

3-month 5.7 ±3.0 8.2 ±2.5

6-month 4.9 ±3.0 6.7 ±2.0

Change from 0- to 3-month −2.8 ±2.4 0.2 ±2.3 −3.0 (−4.8 to −3.0) <0.001

Change from 0- to 6-month −3.8 ±2.5 −1.4 ±1.0 −2.5 (−3.8 to −1.0) <0.001

Short Physical Performance Batteryc – Overall

0-month 2.1 ±1.9 3.9 ±2.5

3-month 7.1 ±3.7 3.9 ±3.1

6-month 6.9 ±3.7 3.7 ±4.0

Change from 0- to 3-month 4.4 ±4.1 −0.2 ±2.5 4.0 (1.3 to 6.6) 0.003

Change from 0- to 6-month 4.1 ±3.9 −0.4 ±3.7 3.9 (1.0 to 6.9) 0.009

Short Physical Performance Battery – Gait speed test score

0-month 1.0 ±1.0 1.6 ±1.2

3-month 2.7 ±1.5 1.3 ±1.3

6-month 2.7 ±1.3 1.4 ±1.6

Change from 0 to 3-month 1.5 ±2.0 −0.4 ±1.3 1.5 (0.3 to 2.7) 0.015

Change from 0-to 6-month 1.5 ±1.8 −0.3 ±1.6 1.4 (0.2 to 2.6) 0.022

Short Physical Performance Battery – Chair stand test score

0-month 0.1 ±0.3 0.4 ±0.7

3-month 1.6 ±1.2 0.5 ±0.7

6-month 1.9 ±1.4 0.8 ±1.3

Change from 0- to 3-month 1.5 ±1.2 0.1 ±0.5 1.4 (0.6 to 2.2) <0.001

Change from 0- to 6-month 1.7 ±1.4 0.4 ±1.3 1.2 (0.2–2.2) 0.022

Short Physical Performance Battery – Balance test score

0-month 1.0 ±1.1 1.9 ±1.1

3-month 2.6 ±1.7 2.2 ±1.7

6-month 2.3 ±1.6 1.5 ±1.7

Change from 0- to 3-month 1.3 ±1.9 0.1 ±1.6 0.8 (−0.6 to 2.1) 0.261

Change from 0- to 6-month 1.0 ±1.5 −0.5 ±1.5 1.4 (0.2 to 2.6) 0.022

Grip Strength

0-month 16.8 ±6.8 22.6 ±10.1

3-month 19.7 ±6.8 20.9 ±12.3

6-month 19.6 ±7.5 21.1 ±11.2

Change from 0- to 3-month 1.5 ±3.7 −1.7 ±7.1 3.3 (−1.1 to 7.6) 0.140

Change from 0- to 6-month 2.4 ±4.6 −1.0 ±4.5 3.7 (0.2 to 7.1) 0.039

Scored Patient Generated-Subjective Global Assessmentd

0-month 8.8 ±5.0 6.2 ±5.4

3-month 4.1 ±2.7 6.3 ±3.8

6-month 3.8 ±3.3 4.7 ±4.1

Change from 0- to 3-month −3.4 ±4.0 0.1 ±5.6 −1.9 (−4.7 to 0.9) 0.176

Change from 0- to 6-month −3.7 ±4.3 −1.7 ±5.1 −0.7 (−3.6 to 2.2) 0.649

(Continued)
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Length of Hospital Stay, Readmissions, and Visits to Emergency Department
There were no significant differences in inpatient LOS and total LOS of unplanned readmissions within 180-days post 
discharge between the two groups (Table 5). Although the total number of readmissions within 180 days post discharge 
were not significantly different between the two groups, there was a trend towards reduced hospital readmission rate in 
the intervention group when compared to the control group at both 3 months (33% versus 63%, P=0.132) and 6 months 
(25% versus 53%, P=0.431). Participants in the intervention group had significantly lesser visits to the emergency 
department compared to those in the control group.

Table 4 (Continued). 

Outcome variable Intervention Control Between-Group Differencea P-valueb

Mean ±SD Mean Differences (95% CI)

Geriatric Depression Scalee

0-month 5.6 ±3.6 4.3 ±2.6

3-month 2.9 ±2.6 3.9 ±3.1

6-month 2.8 ±3.0 4.4 ±3.4

Change from 0- to 3-month −2.2 ±3.1 −0.6 ±2.2 −1.2 (−3.0 to 0.7) 0.211

Change from 0- to 6-month −2.3 ±3.2 0.2 ±2.3 −2.2 (−4.1 to −0.3) 0.026

EQ-5D-5L Utility Indexf

0-month 0.6 ±0.4 0.4 ±0.4

3-month 0.7 ±0.3 0.6 ±0.4

6-month 0.7 ±0.4 0.7 ±0.2

Change from 0- to 3-month 0.3 ±0.5 0.1 ±0.3 0.2 (−0.1 to 0.5) 0.274

Change from 0- to 6-month 0.3 ±0.5 0.1 ±0.4 0.1 (−0.2 to 0.3) 0.674

EQ-5D Visual analogue scaleg

0-month 57.7 ±23.0 54.9 ±19.9

3-month 61.8 ±26.4 58.6 ±23.5

6-month 68.3 ±21.2 65.7 ±15.1

Change from 0- to 3-month 8.8 ±30.7 8.5 ±26.5 0.9 (−16.7 to 18.4) 0.924

Change from 0- to 6-month 8.8 ±19.6 8.6 ±13.0 1.2 (−9.2 to 11.7) 0.819

Hospital Admission Risk Profileh

0-month 2.2 ±1.3 1.8 ±1.3

3-month 1.8 ±1.2 1.9 ±1.5

6-month 1.5 ±1.1 2.0 ±1.2

Change from 0- to 3-month −0.4 ±1.2 0.1 ±1.4 −0.4 (−1.3 to 0.5) 0.419

Change from 0- to 6-month −0.6 ±1.0 0.1 ±1.2 −0.5 (−1.3 to 0.2) 0.180

Mini-Mental State Examinationi

0-month 28.0 ±2.0 28.0 ±2.0

3-month 28.1 ±1.6 25.7 ±3.9

6-month 28.8 ±1.0 28.4 ±1.5

Change from 0- to 3-month 0.3 ±2.1 −1.8 ±3.0 2.1 (0.2 to 3.9) 0.029

Change from 0- to 6-month 0.8 ±1.8 0.6 ±1.6 0.2 (−0.8 to 1.2) 0.702

Notes: Data presented as mean ±standard deviation. aCoefficient from a linear regression model with follow-up values as a dependent variable and baseline values as 
a covariate. bP-values, which were derived from linear regression models with baseline values as a covariate, are for the differences in mean between intervention and 
control group. cShort Physical Performance Battery: consist of “balancing ability”, “gait speed”, and “sit-to-stand test”. Score range from 0–12 points with higher scores 
indicating better function and 10 or more indicates robustness. dScored Patient-generated Subjective Global Assessment: has scores between 0 and 35 with higher scores 
indicating worse nutrition status. eGeriatric Depression Scale has scores has scores between 0 and 15 with a higher score indicating more depressive symptoms. fQuality of 
life measured with the EQ-5D-5L utility index: has scores between 0 and 1 with higher scores indicating better health-related quality of life. gEQ-5D-5L visual analogue scale: 
has scores between 0 and 100 with higher scores indicating better health-related quality of life. hHospital Admission Risk Profile: has scores between 0 and 5 with higher 
scores indicating higher readmission risk. iMini-Mental State Examination: has scores between 0 and 30 with higher scores indicating better cognition. 
Abbreviation: EQ-5D-5L, EuroQol 5 Dimensions 5 Levels.
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Adverse Events
No adverse events or deaths due to the intervention, as defined as injuries or medical events due to the trial that result in 
medical attention or restriction of daily living activities for more than 2 days, were documented or reported to ethics.

Discussion
This study suggests preliminary evidence on acceptability and benefits of a new approach in pre-frailty and frailty care in 
hospitalised older adults. This intervention re-directed autonomy of care back to a selected group of patients, with an 
individualised hospital to home, self-managed, exercise-nutrition intervention and delivered in mixed modes (telehealth/ 
in-person care) facilitated by an allied health assistant with support from a team of physiotherapist and dietitian. To the 
best of our knowledge, this study is one of the first pilot RCTs to evaluate the effects of such an intervention compared to 
usual care, to alleviate or reverse the progression of pre-frailty and frailty in hospitalised older adults.

In the acute setting, such self-managed, exercise-nutrition model of intervention seems practicable in older adults 
when delivered after an early detection of pre-frailty and frailty. The intervention was also well accepted, as reflected by 
good patient adherence to both supervised and non-supervised components in hospital and at home, and a low voluntary 
drop-out rate. The results also suggested that effects were durable as there were good retention of positive effects on pre- 
frailty and frailty at 6-month period. The medium-to-large effect size seen in the EFS and the 3-point mean difference 
(18% on the 17-point scale) can have a clinically meaningful impact on the degree of frailty and hence frailty status in 
this group of patients (eg, a mild-frail patient with the EFS=8), would be classified as non-frail after a 3-point 
improvement. However, the ability to draw any firm conclusions from the results is limited as this was a pilot study 
and the post-hoc power estimates of the EFS scores were <0.8 at both 3 and 6 months of follow-up.

The improvement in SPPB may be explained by the high adherence to both supervised and unsupervised exercise 
components of the program in this study. Cameron et al demonstrated that higher levels of adherence to intervention 
produce a greater effect on physical performance in the previous Frailty Intervention Trial.34 Another explanation may be 
that the exercises in the referenced study and within the INDEPENDENCE program were focused on strength training, 
and in particular functional sit-to-stand. The significant difference observed between total and individual SPPB compo
nent scores could have been affected by the baseline differences in the SPPB. It could also reflect different patient 
trajectories based on acquired ADL impairment as a result of hospitalisation.35 The improvement in balance scores at 6 
months could be part of a general recovery trajectory of the participants post hospitalisation; however, this recovery 
could have been further accelerated by participation in the INDEPENDENCE trial, even though the exercises included in 
this trial did not specifically target balance. Conversely, the control group did not have such a trajectory and either 
plateaued (health took a hit) or continued to decline post hospitalisation. Future studies could also measure community 
participation or other changes in lifestyle/activity post-hospitalisation to elucidate this. Another possibility could be a far- 
reaching effect of the strength training exercises on balance and stability. Balance training has been shown to improve 
only the performance of trained tasks.36 However, strength training exercises can also benefit balance, as it is dependent 
on lower limb muscle strength.37 This suggests that strength training exercises might be prioritised when time for 
physical activities is limited in pre-frail/frail older adults.

In the intervention group, grip strength increased by 3.3 and 3.7kg at 3 and 6 months compared to the control group, 
although this difference was found to be significantly different only at 6-month follow-up. This finding is comparable to 
a study by Haider et al, who found that an intervention, involving physical activity-nutritional supplementation delivered 

Table 5 Effects of Intervention on Clinical Outcomes, Intention-to-Treat Analyses

Intervention Control P-valuea

Inpatient length of stay 8.5 (3–18) 5.5 (3–7.8) 0.402
Total length of stay in unplanned readmission within 180 days post discharge 0 (0–5.5) 1 (1–16.8) 0.160

Number of visits to emergency department within 180 days post discharge 0 (0–1) 1 (1–1.8) 0.039

Number of unplanned readmissions within 180-days post discharge 0 (0–1) 1 (0–1.8) 0.128

Notes: Data presented in median (interquartile range). aP-values, derived from Mann–Whitney U-test.
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by trained non-professionals for older adults with pre-frailty and frailty, improved grip strength by 2.4 kg in the 
intervention group when compared to their attention-controlled group.38 This study also found that participants who 
were frail were 2.8 times (95% CI: 1.0 to 7.7) more likely to benefit from the intervention than those who were assessed 
to be pre-frail. The proportion of participants who were pre-frail in both the referenced and present study was similar 
(34% vs 33%). Also, the INDEPENDENCE program did not include any upper limb or upper body-specific training, so 
with a program lacking that specificity, grip strength may not be expected to change. The significant change between 
groups at 6 months could also be contributed by a weaker baseline grip strength in the intervention compared to control 
(albeit not statistically significant). While the exercise program did not include upper body-specific training, the overall 
participant gains in change in frailty status and physical performance could also have encouraged a better engagement in 
a range of activities of daily living, and whole-body activities that could have influenced grip strength.

Nutritional status trended to improve more in the intervention group. However, the effect was not large enough to detect 
a difference with more rigorous ITT analyses nor at 6 months. A possible explanation of this could be that participants in the 
usual care group might have received nutritional therapy, improving their nutritional status, albeit at a slower rate than those 
in the intervention group. A recent qualitative study on older patient’s perception of nutritional care in the transition 
between hospital and home care highlighted the need for a comprehensive and individualized approach.39

Cognitive status as determined by the MMSE scores was significantly better in the intervention group when compared 
to the control group only at 3 months. This concurs with a trial examining physiotherapist-delivered exercise intervention 
with protein supplementation on frail older adults in the community (EFS: >8; MMSE ≥25), where MMSE was improved 
in intervention group but declined in control group (28.9 ±3.9 vs 25.9 ±7.3) post intervention.40 However, there was no 
follow-up data in that study. The short-term beneficial effects of intervention on cognition with later weaning of effect is 
unexplained, but it is possible that some control patients also received nutritional/physiotherapy intervention post 
discharge, which led to dilution of the beneficial effects of intervention.

The present study observed a trend of improvement in GDS in the intervention group at 3 months, and a significant 
difference between groups at 6 months. Exercise can improve mood in older adults, especially in those suffering from 
depression.41 Hence, the improvement in GDS could be attributed to good adherence to the exercise components of the 
INDEPENDENCE program. Furthermore, the nutrition intervention within the INDEPENDENCE program focuses on 
sufficient protein and encourages intake of foods such as olive oil, fish, fruits, vegetables, legumes, poultry, dairy, and 
meat (unprocessed). This could have contributed to the improvement in GDS as a dietary pattern high in consumption of 
these aforementioned foods have been associated with depression risk and suggested to improve depressive symptoms.42

The intervention had no remarkable effects on the quality of life as assessed by the EuroQoL questionnaire and on the risk 
of predicting functional decline as assessed by hospital admission risk profile (HARP) tool. Like grip strength, the effects of 
interventions on quality of life may also require a longer period to show effect.43 Therefore, additional studies should explore 
the effects of self-managed combined exercise and nutrition interventions on QoL using multiple or an assessment tool that is 
sensitive enough to measure as an older adult transit through different settings and have a longer follow-up period.

The HARP tool assesses risk of hospital admission by three factors related to hospital admissions – age, an 
abbreviated MMSE and reported independent instrumental activities of daily living (IADL). The lack of significance 
found between groups could be to the following three reasons. Firstly, age was a non-modifiable risk factor, and no 
intervention will be able to reverse that. Secondly, participants were all cognitively well and thus the abbreviated MMSE 
would not have been useful in this cohort to differentiate cognitive functions. Considering that both factors were less 
likely to be impacted by intervention, the HARP tool probably only measured one risk factor for hospital admission, 
which was independent IADL in this study.

In this study population, the incidence of unplanned hospital readmissions within 180-days post discharge was double 
for participants in the control group as compared to intervention, albeit not statistically significant. A large-scale study of 
over a million hospitalised frail older adults 65 years and above, admitted with coronary heart diseases, reported 
ascending trends of readmission rates as frailty risk increased.44 Hence, the INDEPENDENCE intervention should be 
further studied to assess its impact on clinical outcomes (ie, hospital readmission, LOS post discharge).
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Strengths and Limitations
The novelty of this intervention was the application of a chronic disease care model to an otherwise recommended 
therapy (exercise-nutrition), to alleviate pre-frailty and frailty with a legacy effect. It offers new perspectives in the 
interim and as a step towards definitive studies, for anyone seeking to design, refine and test clinical pathways with 
a desire for sustainability in addressing such geriatric syndromes.

The study is not without limitations. Although it meets the sampling standards for a pilot study, it is not powered 
sufficiently and should only be used as a proof of concept. The results cannot be extrapolated to assume an improvement 
on hospital and economical outcomes at this stage. Hence, a larger, statistically powered clinical trial would be needed to 
confirm the evidence presented here and to further examine its impact on mortality rates, length of stay, and readmission 
rates. The inclusion of a cost-effectiveness analysis could further support its implementation and uptake by existing 
geriatric clinical services, if also found to be effective. Moreover, as discussed above, the findings are largely plausible 
and consistent with other emerging research. As the program was built around patient self-management, it may not be as 
useful for older adults with cognitive deficits affecting functional independence. The combined exercise-nutrition 
intervention also made it difficult to narrow down the individual components that contributed most to its effectiveness. 
However, it might not be necessary to differentiate between them because combined interventions have been suggested to 
tackle pre-frailty and frailty.6

Conclusion
In conclusion, this study provided proof of acceptability and adherence to a patient self-managed exercise-nutrition 
program that may reverse or slow down the progression of pre-frailty and frailty in hospitalised older adults. In a selected 
group of older adults, such a program might support patient autonomy, enabling them to maintain independence, through 
implementation of exercise and nutritional self-care. It is also important to note that results could change with longer 
follow-up beyond 6 months, and further research is required to assess the sustainability of such an intervention.
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