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Summary

Background: Hospitalised older people are prone to rapid functional decline due to a lack of
activity; a phenomenon known as hospital-associated disability (HAD). Exercises have a more
positive impact on the functional independence and physical performance of older hospitalised
patients than usual care. However, the details of the exercises and their modalities are frequently
insufficiently detailed to be implemented effectively in clinical practice

Aim: The aim of this project is to use the findings of an ongoing living systematic review with
network-meta-analysis to reach a consensus on the two training programmes for hospitalised
older patients that have been shown to be the most effective. One programme will involve
resistance training exercises, while the other will be a multicomponent exercise programme of
combined balance, resistance, and gait training. The analysis of each training programme will be
conducted in two distinct Delphi studies: one focusing on resistance training and the other on
balance, resistance and gait training.

Methodology: A modified Delphi study design to reach a consensus among 30 participants will
be used. Clinicians, prescribing physical exercises to older adults and researchers in these fields
will be invited to participate. Our two studies will each consist of three modified Delphi rounds,
using only electronic surveys.

Potential significance: These two studies are part of a broader projectaimed atimproving access
to recent scientific evidence on the prevention of HAD in older adults for both clinicians and their
patients. These studies will inform the development of clinical training programmes for geriatric
hospitals in Switzerland.

Keywords: Physical exercises programme, hospital-associated disability, older adults,
prevention



Study protocol
1. Study context

In the context of scientific research, the effects of exercise programmes are regularly subject to
rigorous testing, including through meta-analysis, thereby providing a robust foundation of
scientific knowledge. It is unfortunate that the description of the programmes frequently exhibits
a lack of precision, thus impending the capacity of clinicians to implement them in clinical
practice. The SHADE (PhySical Interventions to prevent and reHabilitate hospitAl-associateD
disability in hospitalised oldEr people) projectis driven by the objective of providing adequate and
feasible solutions to clinicians, informed by the most current knowledge. This project has been
granted financial support from the Swiss National Science Foundation. The initial phase of the
project entailed conducting a living systematic review with network-meta-analysis (LSR). This
phase is stillongoing and the results have notbeen published to this date (Giacomino et al.,2025).
The present LSR included, in October 2025, 84 randomised controlled trials (RCTs). The primary
objective of this LSR is to analyse the effectiveness of various types of physical exercises in
preventing and rehabilitating hospital-associated disability in hospitalised older adults, in
comparison with usual care. The subsequent phase of this projectis to formulate a consensus on
the two most effective exercise interventions to be implemented in an acute hospital setting,
using a Delphi methodology. Consequently, itis necessary to conduct two Delphi studies, one for
each of the two most effective physical exercise training programmes. The following protocol will
be used to present this part of the project

2. Background

As people grow older, they are prone to functional decline and the risk of becoming disabled in
activities of daily living (ADL) increases (Jagger etal., 2001). Older people who engage in two hours
of moderate physical activity on a daily basis, incorporating both aerobic and strength
component, demonstrate a significant reduced risk of developing a disability (Landi et al., 2007).
Physical activity is defined by the WHO as “any bodily movement produced by skeletal muscles
that requires energy expenditure”, in comparison, exercise describes a planned, structured and
repeated physical activity, executed in order to improve or maintain physical fitness (Dempsey,
2020).

In Switzerland, in 2023, people aged over 65 years, represented 43.9% of all hospitalisations
(Bundesamt fur Statistik, 2024). This population is characterised by a high burden of
comorbidities and chronic conditions, coupled with reduced physiological reserves, making
them especially susceptible to adverse health outcomes (Lafontetal., 2011).

Approximately one third of older adults experience a functional decline during hospitalisation or
acute illness (Giacomino et al., 2023; Hartley et al., 2022; Valenzuela et al., 2020). This functional
decline is not only related to the disease for which they were admitted but also persists after it
has been cured (Creditor, 1993). Various factors associated with functional decline during
hospitalisation have beenidentified, and categorised into three groups: pre-existing patient frailty,
the severity of the condition that led to hospitalisation, and the hospitalisation itself (Lafont et al.,
2011). Hospital-associated disability (HAD) has been defined as the loss of independence of a
patient in at least one activity of daily living (ADL) in individuals who are or were hospitalised
(Covinsky et al., 2011). This decline in ADL can lead to longer hospital stays, increased nursing
home placement, and increased mortality in such patients (Lafont et al., 2011; Mateev et al.,
1998).



A lack of physical exercise among hospitalised older adults could negatively impact HAD
(Covinskyetal.,2011; Lafont etal., 2011; Valenzuela etal., 2020). A systematic review with meta-
analysis including seven studies have shown that hospitalised patients spend 87-100% of the day
sitting or lying in bed (Fazio et al., 2020). They also concluded that hospitalised patients from
different wards monitored over the course of a 24-hour period, walked or stood for between 57
and 83 minutes perday (Fazio etal., 2020). By contrast, a study including 432 community dwelling
older people found that they were active for around 7.8 hours per day (Cabanas-Sanchez
Veronica, 2019). Even in healthy adults under 50 years old, a short stay of around five days in an
acute ward followed by prolonged bed rest can have a negative impact on muscle strength
(Marusic et al., 2021). The World Health Organization (WHO) recommends that older people engage
in atleast 150 to 300 minutes of moderate-intensity physical activity, or 75 to150 minutes of vigorous-
intensity physical activity per week, and should minimize their sedentary behaviour for overall health
benefits (Dempsey, 2020). These recommendations also included muscle-resistance exercises
twice perweek, as well as multi-component training three times per week (Dempsey, 2020).

Physical exercise programmes, such as those used for rehabilitation, have been shown to have a
more positive impact on the functional independence and physical performance of older
hospitalised patients than usual care (Hartley et al., 2022; Valenzuela et al., 2020). In their
systematic review with dose-response network-meta-analysis, Gallardo-Gémez et al. (Gallardo-
Goémez et al., 2023) demonstrated that meaningful functional improvements in acutely
hospitalised older adults can be achieved with approximately 50 minutes per day of slow-paced
walking or 40 minutes per day of multicomponent exercises, such as a combination of resistance
and aerobic training. As this is a topic of high importance and the available literature is constantly
evolving, there is a need for an efficient, specific training pathway, founded on a large body of
scientific research, that could easily be implemented in hospitals. It is increasingly important
nowadays to translate scientific knowledge into clinical practice. This entails the description of
the selected exercises, the modalities to be used, the safety parameters to be observed and the
facilitator to be implemented. To help bridge this gap, this present project aims to apply the
findings of an ongoing living systematic review with network-meta-analysis (Giacomino et al.,
2025) toreach a consensus, using a Delphi methodology, on two training programmes to prevent
or reduce HAD in acutely hospitalised older patients. The living systematic review with network-
meta-analysis, as well as the two planned Delphi studies, are part of the SHADE project.

The ongoing living systematic review with network-meta-analysis has shown that resistance
training alone or a combined resistance, balance, and gait training are the most effective forms of
physical exercise to prevent patients against HAD in a hospital setting.

2.1. Training programme 1: Resistance training

A reduction in physical activity of a patients due to bed rest or hospitalisation for around 10 days
canresult in a loss of approximately 15% of maximal strength and 4-10% of lean tissue mass in
the legs, as well as a tendency for an increase in truncal fat tissue (Breen et al., 2013; Suetta et
al., 2009). During the first two days of hospitalisation, a loss of 6% of strength can occurin patients
(Hartley et al., 2021).

A systematic review has shown that resistance training effectively increases muscle strength in
adults over 50 with sarcopenia, a condition directly associated with reduced autonomy in
activities of daily living (Cruz-Jentoft et al., 2014). The ongoing SHADE network meta-analysis has
shown that, among all types of physical exercise, resistance training is currently one of the most
effective interventions for preventing hospital-associated disability (HAD) in older adults at



discharge. It has consistently demonstrated positive results across all analyses. (Giacomino et
al., 2025).

Several studies included in the SHADE living systematic review based their interventions on
existing multicomponent exercise programmes, such as the Vivifrail physical exercise programme
(Izquierdo, 2019), High Intensity Functional Exercise (HIFE) Training (Kastneretal., 2017), and the
Otago exercise programme (Campbell et al., 1997; Izquierdo, 2019; Kastner et al., 2017). These
programmes served as a foundation for selecting specific exercises. Researchersthenusedthese
selections to develop their own bespoke training programmes (Braun et al., 2019; Fountotos et
al.,2023; Martinez-Velillaetal.,2019). Some studies used powertraining, or high-velocity training,
which involves a higher speed in the concentric movement of a resistance exercise (Braun et al.,
2019; Cadore et al., 2023; Martinez-Velilla etal., 2019). This type of training has been shown to be
more effective than resistance training exercises at moderate velocity on the physical function of
older people (Balachandran et al., 2022; da Rosa Orssatto et al., 2019; Tschopp et al., 2011).
However, there is no evidence that high-velocity training has an impact on ADL for hospitalised
olderpeople. In addition, the studies did not describe how to instruct these modalities to patients.
They also lacked guidance on which patient groups might benefit most from the intervention. To
describe precisely resistance training modalities, it has been recommended among others, to
describe the exercise selection, the training frequency and length, the intensity, the number of
repetitions and the set endpoint, the number of exercises, the progression, the fractional and
temporal distribution of the contraction modes per repetition, the time under tension and its
range of motion (Lin et al., 2023; Toigo & Boutellier, 2006). None of the included studies in the LSR
contain all these modalities.

2.2. Training programme 2: Multicomponent exercise programme including balance,
resistance and gait training

Multicomponent exercise programmes are well established in geriatric care. Such programmes
have been shown to have a positive influence on strength and balance, which can subsequently
reduce the fear of falling. This fear is a factor that correlates with both the risk of falls and
limitations in ADL (Sherrington et al., 2019). Such multicomponent exercise programmes have
also been shown to reduce HAD and adverse events associated with hospitalisation (Gallardo-
Goémez etal., 2023).

The SHADE ongoing living systematic review with network-meta-analysis, which actually includes
84 studies, has shown that multicomponent exercise programmes, including balance, resistance,
and gait training, are the second most effective type of physical exercise training types to prevent
HAD in older patients in an acute hospital setting (Giacomino et al., 2025).

The multicomponent exercise programmes included in the SHADE network-meta-analysis
comprised balance, resistance and gait training and showed considerable variation in design and
implementation. Balance exercises typically included standing balance training on stable or
unstable surfaces, aswell as seated balance exercises tailored for patients with reduced physical
capacity (Fountotos etal., 2023;Jones etal.,2006; Sandberg et al., 2024). Resistance training was
performed as mentioned for resistance training above. Gait training mostly involved walking,
either with or without supervision, and with or without a walking aid in the hospital corridors
(Martinez-Velilla et al., 2019; Ortiz-Alonso et al., 2020; Sandberg et al., 2024). Other walking
exercises described in the systematic review included stepping practice and navigating small
obstacles (Cadore et al., 2023; Stevens-Lapsley et al., 2016). The multicomponent exercise
programmes presented in these studies did not specify the methods used to determine the



appropriate proportion of each component to be included. Nor did they explain how the exercises
and their load was adapted to suit different patient types or the safety measures that should be
implemented.

3. Aim

This project aims to design and validate two physical exercise programmes, including their
modalities, safety parameters and facilitator and barriers, based on the highest current level of
evidence. This evidence was established through an ongoing living systematic review with
network-meta-analysis, which defined, in October 2025, resistance training as well as a
multicomponent exercise programme combining balance, resistance and gait training as two of
the most effective exercises interventions, through different analysis, compared to usual care to
prevent HAD in older acutely hospitalised patients (Giacomino et al., 2025).

To ensure the practical relevance and applicability of the findings, the development process will
include a structured, consensus-building approach involving professionals with expertise, using
a modified Delphi method. The latter aims to establish a consensus on the validation of a series
of specific exercises designed to prevent hospital-associated disability (HAD) in patients. These
exercises target individuals currently in an acute hospital setting or those recently discharged.
Agreement should be reached on the modalities of these exercises, including the training
frequency, duration, volume, optimal load and speed. There will be two separate modified Delphi
studies. The first one will focus on resistance training while the second will focus on a
multicomponent programme with a combined balance, resistance and gait training.

4. Methods
4.1. Study design

For our research, we will use a modified Delphi study design (Trevelyan & Robinson, 2015). This
projectis separated in two distinct Delphi studies, one per exercise programme: one focusing on
resistance training and the other on a multicomponent exercise programme combining balance,
resistance and gait training. This willenable ustoreach a consensus on two exercise programmes
designed to prevent HAD in patients in an acute hospital setting. This design is recognised as
useful for evidence-based practice, as it facilitates the incorporation of existing knowledge into
practical guidelines (Sandrey & Bulger, 2008). Our approach is modified from the typical Delphi
study in that not all questions in the first round will be open-ended. This will allow to utilise the
knowledge acquired in the network-meta-analysis (Giacomino et al., 2025).

4.2. Sampling

Participants for both Delphi studies (i.e. resistance training only and multicomponent programme
with a combination of balance, resistance and gait training) will be recruited using a non-
probability purposive sampling method.

4.3. Sample size

We consider the sample of participants to be homogeneous, since they will all be clinicians or
researchers working with older people. A sample size of 10 to 15 participants are considered
adequate for a homogeneous group (Skulmoski et al., 2007). We plan to include 30 participants
per type of training programme (i.e. resistance training and a multicomponent exercise
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programme combining balance, resistance and gait training). A sample size of approximately 30
participants per group should ensure the generalisability of the results, even with a dropout rate
of upto 20% (Fernandes et al., 2013; Trevelyan & Robinson, 2015).

4.4. Participant recruitment

The participants onthe expert panelwill be clinicians, mostly, from various regions of Switzerland,
including physiotherapists and sports scientists who actively instruct physical exercise to older
people. Snowball recruitment will be conducted. To recruit physiotherapists working in hospitals
and rehabilitation centres, we will contact the heads of the medical and therapeutic services at
university hospitals and geriatric rehabilitation centres in Switzerland, asking them to forward our
email to their employees. To recruit physiotherapists in private practice, we will ask the two Swiss
physiotherapy associations, Physioswiss and the Swiss Association of Independent
Physiotherapists (ASPI), to circulate an email to their members. We will also contact the
Physiotherapy Rehabilitation Community of Interestto find potential experts in different fields. We
will proceed in the same way with the Swiss Associations of Professionals in Adapted Sports
Activities (ASP-APA and Sportwissenschaft.ch). To ensure that we contact a wide range of people
working in these fields, we will also contact Swiss associations active in Health Sport and Sports
Therapy, such as Le Réseau Santé & Sport (LRSS), Allianz Bewegung, Sport und Gesundheit, Pro
Senectute, Public Health Schweiz, Swissheart and Swisscardiotherapists. To approach Swiss
researchers in this field, we will contact alumni and collaborators of universities working in this
area and identify researchers through published articles. For all categories, we also will use our
professional network in an attempt to increase participation rates.

4.5. Inclusion criteria for participant selection

These two modified Delphi studies will be open to clinicians who instruct physical exercise to
older people (over 65 years old) in facilities such as hospitals, rehabilitation centres, and private
practices such as physiotherapists and sports scientists. Participants must have worked with this
population for at least five years (Robertson et al., 2017). Researchers specialising in geriatrics
and physical exercise with at least three publications in this field will also be eligible (Robertson
etal., 2017). As the questions will be asked in English, participants should be able to understand
basic written English to participate.

4.6. Establishment of the modified Delphi rounds

In each modified Delphi study (i.e. resistance training only and multicomponent exercise
programme with a combination of balance, resistance and gait training), we will conduct three
rounds, as conducting between two and three rounds is recommended to avoid participant
fatigue and ensure the relevance of the results (Trevelyan & Robinson, 2015). To minimise attrition,
we will keep the interval between the closure of one round and the start of the next as short as
possible (Trevelyan & Robinson, 2015). We will also send two participation reminders per round
until the deadline. The investigator team will use the browser-based research electronic data
capture (REDCap) software (Harris et al., 2009) to develop the questionnaires for the three
rounds, focusing on developing questions designed to achieve the objectives of each round. This
software will also be used to gather and store the data The questionnaires will be the same forall
participants of one Delphi study.



4.6.1. Round1

The main aim of the modified Delphi round 1 will be to collect participants’ perspectives on the
appropriateness of the exercise interventions reported in the ongoing living systematic review
(Giacomino et al., 2025). The secondary aim will be to evaluate the levels of patient functional
ability for whichthese interventions are appropriate, and to generate progression possibilities and
safety measures foreach level. Additionally, we will explore further exercise options and establish
a consensus on feasible implementation modalities. A last aim of this first modified Delphi round
will be to establish a list of facilitators and barriers of training in a hospital setting, on a clinician
and patient view.

First participants will be informed about the scientific knowledge gathered in the LSR regarding
physical exercise interventions to prevent HAD in hospitalised older patients. Then, their personal
datawill be collected. Second, participants will be askedto analyse the exercises identifiedinthe
studies included in our network-meta-analysis for their appropriateness in a hospital setting in
Switzerland with older adults of different ability levels. We will then ask them to identify further
appropriate exercises for this training concept (i.e. resistance or multicomponent programme).
Each exercise will be described by its name, starting position, movement pattern, and
instructions. For all exercises, the participants should explain how they would adapt them for
patients with different ability levels, and which safety parameters should be included in the
description. During the first round, we will also ask participants to define the appropriate load for
a given ability levelin such hospitalised patients aged over 65 years. Similarly, we will seek expert
consensus on training frequency, duration, exercise volume and proportion and timing of the
contractions, as well as exercise type to evaluate their appropriateness for patients of different
ability levels. Finally, the volunteering clinicians and researchers will be asked to identify the
facilitators and barriers to implementing such exercise programmes for the prevention of HAD in
older adults in a hospital setting.

Due to the wide range of patients’ needs and capacities, we will use a predetermined
classification system for patients based on the three-level dependency scale of the commonly
used Barthel Index. This scale categorises patients as “severely dependent patient”, “moderately
dependent patient” or “slightly dependent orindependent patient” (Ocagli et al., 2021; Saxena et
al., 2006). To facilitate responses, these different ability levels categories will be defined

descriptively rather than by specific point thresholds on the Barthel Index:

- Severely dependent: patient is unable to perform any or most ADLs without substantial
help

- Moderately dependent: patient can perform several ADLs independently or with minimal
help

- Slightly dependent orindependent: patient is mostly independent

In the first round of the present modified Delphi study, exercises consensus questions will be
presented using a Likert item with a six-point ordinal scale to minimise questionnaire length and
reduce the risk of participants dropping out. Additionally, open-ended questions will be included
to clarify sources of disagreement, identify missing exercises and explore possibilities regarding
exercise modalities. Based on the results obtained, we will: i) compile a pool of potentially
relevant exercises, ii) define a set of modalities for a preliminary exercise programme and iii)
compile a pool of potential facilitators and barriers to implementing such exercise programmes
for the prevention of HAD in older adults in a hospital setting.



4.6.2. Round2

The secondrounds of the modified Delphi study willaim to collect the participants’opinion onthe
developed physical exercise programmes. To this end, we will present the results of the first round
tothe participants. For the consensus questions, the results will be summarised using the median
and interquartile range (IQR) of the participants’ ratings. The key themes and concepts identified
through the open-endedresponses will be organised systematically and presentedin a structured
manner.

Participants will be asked to indicate their level of agreement with the proposed exercises, their
progression and safety measures using a Likert item with a six-point ordinal scale. Participants
will then be asked to do the same with the modality descriptions and the facilitators and barriers
to implementing such exercise programmes for the prevention of HAD in older adults in a hospital
setting. In case of disagreement, volunteering clinicians will be invited to suggest modifications
or propose alternative approaches. The same question types as in round 1 (i.e. agreement
questions using Likert item with a six-point ordinal scale and open text questions will be used to
clarify disagreement).

4.6.3. Round3

The aim of the third modified Delphi study round is to gather participants’ opinions on the revised
physical exercise programme, modalities, facilitators and barriers to implementing such exercise
programmes for the prevention of HAD in older adults in a hospital setting. The results of the
consensus questions from round two will therefore be presented with summary statistics such as
medians and IQR to the participants. Any elements that fail to reach consensus will be adapted
and re-evaluated using the same procedure as in round two.

4.7. Data collection

The electronic data collection system REDCap (Harris et al., 2009) will be used to collect and
manage study’s data. REDCap surveys will first be tested by team members and colleagues not
involved in developing the questions. This will provide feedback on completion time and
comprehensibility. The surveys will then be adapted and sent to the participants via email.
Participants’ identities will be coded, and access to these data will be restricted to the three main
investigators, two bachelor students and one master student. All participants’ contact
information will be permanently deleted upon completion of the study.

4.8. Data analysis

The data from the modified Delphi studies will be reported in accordance with the reporting
guidelines for Delphi techniques in health sciences, as proposed by Spranger et al. (Spranger et
al., 2022).

We will use a Likert item with a six-point ordinal scale, as this lies between the four and seven
categories that have been considered as optimal (Trevelyan & Robinson, 2015). Given that the
participants are assumedto representa homogeneous group with sufficient knowledge to answer
all questions, a neutral 'don’t know' response option will not be provided. This decision aims to
encourage participants to take a position on each item, thereby supporting the consensus-
building process.



4.8.1. Quantitative analysis of the modified Delphi study rounds

The characteristics of the participants, including their work setting, primary training, years of
experience, age, and sex, will be presented in a table using mean values and their standard
deviation. The number of participants in each round of the modified Delphi studies will be
presented using a participant flow diagram. This diagram will visually represent participant
retention and attrition across the different modified Delphi rounds.

4.8.1.1. Level of agreement

In this study, consensus will be defined as the level of agreement, which will be measured as
follows: A Likert item with a six-point ordinal scale will be used to assess participants’ agreement
or disagreement with each question in the questionnaire. Participants will be asked to indicate
theirlevel of agreementonascalefrom 1to6 (1 =Very strongly agree, 2= Strongly agree, 3= Agree,
4 = Disagree, 5 = Strongly disagree, and 6 = Very strongly disagree). During the analysis phase, the
Likertitem with a six-point ordinal scale will be dichotomised as suggested by Limotai etal. (2020)
as follows:

i) responses 1 to 3 will be considered positive
i) responses 4 to 6 will be considered negative

Our a priori criterion will be as follows: if more than 80% of participants agree with a statement,
we willassume that they are in favour of it, and it will be included in the final version of the training
programme. Statements (e.g. type of exercise, duration, frequency, safety measures) will be
included if approved by 80% of participants (Likert item: 1-3) and excluded if disapproved (Likert
item: 4-6) by 50% of participants after each rounds of the modified Delphi studies (Minkman et
al., 2009). All intermediate values will be included in the next round. We will also show the trend
in the distribution by providing the median and IQR for each task.

Anydatathat has not have reached an agreement by the end of the three rounds will be presented
separately, using the results from the third round.

4.8.1.2. Stability of response/internal reliability
The stability of responses (i.e. referring to the level of agreement between rounds in the modified
Delphi study and serving as a measure of reliability) will be reported using the median and
interquartile range (IQR) across rounds. The stability of results, will be determined using a
Wilcoxon matched-pairs signed-rank test (Trevelyan & Robinson, 2015).

4.8.2. Qualitative analysis of the different modified Delphi study rounds

For the open-ended questions, we will summarise the responses to each open question. Similar
suggestions will be grouped together and ordered by frequency (Hollaar et al.,, 2016). Two
investigators will carry out this step separately and their results will be compared. If there is
persistent conflict, a third person will intervene and make the final decision. The research group
will then meet to decide which elements to include or exclude in the next round.

5. Ethical committee

This study was reviewed by the Cantonal Research Ethics Commission of Vaud (CER-VD),
Switzerland, following a request for clarification (Req-2025-00928). The Commission confirmed
that the project does not fall under the scope of the Swiss Federal Human Research Act (HRA).
As such, authorisation from an ethics committee is not required. The study does not involve the
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collection of health-related data, and all procedures comply with applicable ethical standards
forresearch not subjectto the HRA.
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