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Abstract

Background

Frailty and sarcopenia are common in older people and are associated with adverse out-

comes including increased mortality and morbidity. It is unclear whether screening for frailty

and sarcopenia would identify specific populations most at risk of poor outcomes during

unplanned hospital admissions, which screening tools should be used and what the trajec-

tory of both conditions are over the course of an admission. The TYSON study is an obser-

vational cohort study aiming to determine the prevalence, trajectory and outcomes

associated with frailty and sarcopenia in different patient cohorts. This protocol tests the fea-

sibility and acceptability of TYSON processes.

Objectives

To determine in acutely admitted medical patients who are older adults: Primary: The feasi-

bility and acceptability of frailty and sarcopenia assessments; Secondary: (1) Differences in

community and hospital frailty assessments, as assessed by the medical team, the patient

and elderly care physicians, (2) The dynamic changes in frailty and sarcopenia during a hos-

pital admission, and patient outcomes; Exploratory: Inflammatory and metabolic mediators

associated with frailty and sarcopenia.

Methods

A single centre, prospective observational study including patients aged� 65 years admit-

ted to an acute medical unit. Frailty assessments include the Rockwood clinical frailty and e-
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frailty index. Sarcopenia assessments include the Bilateral Anterior Thigh Thickness

(BATT) measurement. Each participant will be asked to complete 5 visits, at day 0, day 3,

day 7, month 3 and month 6. Blood samples will be collected to explore inflammatory and

metabolic markers associated with frailty and sarcopenia. The study and protocol have

been ethically approved by the Health Research Authority (REC 20/WA/0263).

Discussion

The study will determine the feasibility and acceptability of frailty and sarcopenia assess-

ments in an acute hospital setting, and inform on the prevalence, trajectory and associated

outcomes of frailty and sarcopenia in this group of patients. An inflammatory and metabolic

profile will be explored in frailty and sarcopenia.

Introduction

Our global population is ageing. This is associated with increasing demand for health and

social care services, especially in older adults who are frail, have sarcopenia, and who have

complex care needs.

Frailty is defined as the state of vulnerability resulting in sudden health state changes trig-

gered by relatively minor stressor events [1]. It is associated with adverse effects both out-of-

hospital and in-hospital, including poor quality of life, falls, increased use of social services,

higher likelihood of institutionalisation, higher hospital length of stay and death [2]. In some

circumstances, frailty is reversible, and its impacts can be mitigated through targeted interven-

tions such as Comprehensive Geriatric Assessments (CGA) [3, 4].

There is no internationally agreed gold standard to diagnose frailty. There are a number of

assessment tools including (but not limited to) the Clinical Frailty Scale (CFS) [5], the Frailty

phenotype (FI) [6], the Hospital Frailty Risk Score (HFRS) [7] or the Edmonton frail scale [8].

A recent systematic review summarised the validated frailty assessment tools globally used in

Acute Medical Units and reported significant heterogeneity in terms of approach [9]. Screen-

ing for frailty is recommended both in the community [10] and during hospital admissions

[11, 12] and there has been increasing interest in cohorting frail patients during acute medical

admissions into Acute Frailty Units (AFUs) to improve outcomes [13, 14] although the evi-

dence base to support this practice remains in its infancy.

Sarcopenia is defined by the presence of low muscle strength and low muscle mass. Where

there is associated low physical performance, sarcopenia is considered severe [15]. It is highly

prevalent in older adults and often co-exists with frailty although it can occur independently.

Sarcopenia is also associated with adverse hospital outcomes, including mortality and morbid-

ity [15]. However, as with frailty, it is treatable in many with interventions including resistance

training, aerobic exercise, adequate nutrition, and supplements such as vitamin D [16, 17].

Computer tomography (CT) and Magnetic Resonance Imaging (MRI) are gold standards

imaging to confirm low muscle mass or quantity [15]. However, these are high costs and bur-

densome procedures, and other assessments have been used including ultrasound as a novel

and non-invasive diagnostic tool for sarcopenia [18–20]. The Bilateral Anterior Thigh Thick-

ness (BATT) protocol is one with excellent correlation with physical parameters of muscle

health. It has recently been validated for the assessment and diagnosis of sarcopenia [21].

It is well documented that hospital admission is associated with a loss of muscle mass and

function, especially in older adults [22–24]. Some studies support inflammation being a
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pathological driver of sarcopenia, especially during acute illness. High levels of CRP and IL-6

[25, 26] as well as TNF-/ [27, 28], were mainly found to be significantly associated with a loss

of muscle strength and muscle mass.

Despite recognising the association between frailty and sarcopenia and adverse outcomes

during an hospital admission, the impact of routinely screening for frailty and sarcopenia in

acute medical units is currently not known. The provision of a CGA for all older adults would

have significant workforce implications for Geriatric medicine across healthcare settings.

Instead, focusing resource on people either at risk of developing frailty and sarcopenia or with

treatable elements to these conditions may be a pragmatic approach to maximise benefit. How-

ever, currently it is unclear how to best identify this patient cohort. However, there are a num-

ber of tools available to identify both conditions which are in clinical use, and it is unclear how

tool selection will impact on case mix. Further, to identify people with treatable elements

within both conditions, understanding the trajectory of both conditions during the admission

and beyond would be helpful, but few studies map changes in measurements over time [29–

31].

The TYSON study aims to assess the prevalence of both frailty and sarcopenia amongst

older patients admitted to acute medical units, determine how these conditions change over

the course of the admission and assess if it is possible to predict outcomes including recovery

to baseline function, in-patient mortality, an increase in social care need and readmission. Fur-

thermore, as inflammation is considered important in both frailty and sarcopenia, this study

will explore relationships between (1) inflammatory cytokines (2) metabolic markers and both

the degree of sarcopenia and frailty present on admission and their trajectory over time.

However, since it is unclear whether it is possible to perform serial comprehensive assess-

ments of frailty and sarcopenia in acutely unwell older adults, the primary objective of TYSON

is the feasibility and acceptability of performing these measures.

Objectives

The study has primary, secondary and exploratory objectives. These include:

Primary objective. To determine the feasibility and acceptability of formal frailty and sar-

copenia assessments in acutely admitted medical patients.

Secondary objectives.

1. To assess differences in how frailty was assessed in community settings by the general prac-

titioner, versus frailty assessments during acute presentation to hospital. This will assess the

difference between pre-admission frailty and admission frailty.

2. To assess differences in frailty assessments made by the patient, the acute medical staff, and

Geriatric physicians during the acute admission. This will assess differences in frailty assess-

ments conducted by expert clinicians (Geriatricians), general physicians (acute medical

staff) and the patient. The Geriatrician assessment will be considered the gold standard.

3. To assess sarcopenia at presentation during the acute admission. This will help determine

the prevalence and severity of sarcopenia on admission in an acute medical unit. Under-

standing this will help plan targeted interventions in order to reverse this condition.

4. To assess the change in frailty and sarcopenia over the acute admission. Serial assessments

will help understand the trajectory and variability of both conditions over time, potentially

identifying individuals where interventions could be targeted.

5. To determine the relationship between frailty and sarcopenia on admission, their trajecto-

ries, and clinically relevant outcomes such as length of stay, adverse hospital events (such as
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falls and infections), an increase in care requirements and death. This will help establish

any relationships between changing trajectories of frailty and sarcopenia and outcomes.

Exploratory objective. To assess inflammatory and metabolic mediators and determine

the relationships between inflammation, frailty and sarcopenia and poor clinical outcomes in

acutely unwell older patients.

Material and methods

Study design

TYSON feasibility is a single-centre, prospective observational study of older patients acutely

unwell with a medical (non-surgical) health concern and admitted to hospital.

Study setting

The study will take place in University Hospitals Birmingham NHS Foundation Trust (UHB),

with recruiting taking place in the Queen Elizabeth Hospital Birmingham (QEHB). QEHB is a

large tertiary hospital, which provides care for over 130,000 acute medical inpatient episodes

each year. Patients will be recruited from the Acute Medical Unit.

Sample size

Mortality is the most commonly cited primary outcome for studies assessing frailty [32–35]

and sarcopenia [36–38]. In light of this, we proposed to power our study on 90-day mortality,

as this is likely to be the outcome of the full study. At this feasibility stage, we wish to determine

the likely timelines needed to recruit sufficient patients to assess this outcome. Previous studies

describe an approximate 20% mortality in 90 days for older adults admitted to hospital [39,

40]. Assuming this will be the case for this study, a sample size of 165 will be associated with 33

deaths in 90 days. This will allow us to report an estimated AUROC of 0.70, with alpha of 0.05

and power of 0.90.

Participants recruitment

The study protocol flowchart, including recruitment process is illustrated in S1 Fig.

Inclusion criteria.

1. Patients aged 65 and above,

2. Patients within 72 hours of their admission to the Acute Medical Unit

3. Patients with an unplanned medical (non-surgical) admitting complaint.

4. Patients meeting above criteria with or without capacity

Exclusion criteria.

1. Patients aged less than 65

2. Patients declining consent

3. Personal Consultee, when available, does not provide consent

4. Professional Consultee, if used, does not provide consent

5. Patients expected not to survive for 24 hours and receiving end of life care
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6. Patients admitted with a non-medical presenting complaint.

Recruitment. Potential participants in this study will be screened for by the members of

the direct medical care team. Potential participants will be approached for consent by member

of the research team.

Consent. All staff will be trained in the ethical principles underpinning informed consent

as per good clinical practice, and to assess capacity.

Where the participant has capacity to consent, informed, written consent will be sought.

It is expected that some patients who would be suitable for the study may not have capacity

to consent at the time of recruitment due to an altered level of consciousness associated with

acute ill health (termed delirium). Delirium is common in older adults during an acute admis-

sion, thought to effect up to 15.2% of geriatric patients in emergency department [41]. The

exclusion of these patients would bias results and potentially prevent this group of patients

from benefiting from evidence-based care pathways.

In such cases, where a patient is deemed not to have capacity, the participant’s personal

consultee (namely a relative, friend or partner) will be approached and asked to consider

whether the patient would wish to take part in the study. A signed personal consultee declara-

tion form (CDF) is required for study inclusion.

In the event that there is no identifiable personal consultee, a professional consultee will be

sought. This will be a senior doctor from the participant’s direct medical care team who is

unconnected to the study.

If the participant regains capacity, retrospective consent will be sought during study partici-

pation. If the participant does not wish to take part in the study, no further data will be col-

lected. Previously collected data will be included in the study unless the participant specifically

requests for this to be removed.

At each visit the participant’s willingness to continue in the study will be ascertained and

documented in the medical notes. If the participant lacked capacity at the time of enrolment

their capacity will be re-assessed. If the patient still lacks capacity, where possible, continuation

in the study will be confirmed by the personal or professional consultee.

The participants’ recruitment for our study started in October 2021.

Outcomes

Primary outcome. Feasibility and acceptability of the study. We will report:

1. The proportion of patients who consented to (or consultee supported) study participation

from the total proportion of patients who met the inclusion and exclusion criteria.

2. The proportion of assessments completed at each visit. The healthcare professional or

patient-reported reasons for non-completion will be documented and assessed in themes.

3. The proportion of visits completed. The healthcare professional or patient-reported reasons

for non-completion will be documented and assessed in themes.

Secondary outcomes.

1. All causes of mortality at six months (outcome which powered the study)

2. Changes in frailty scores from GP assessment in community (using electronic frailty index

(eFI)) to acute presentation (CFS).

3. Differences in Clinical Frailty Scale (CFS) as performed by acute medical team, the patient

and formally assessed frailty index (Fried’s FI)
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4. The presence and severity of sarcopenia

5. Changes in frailty score at Day 3 and Day 7 and 3 months compared with baseline

6. Changes in sarcopenia at Day 3 and 7 and 3 months compared with baseline

7. Place of discharge and changes in care requirements

8. Length of stay

9. Re-admissions during follow up period

These will be used to help identify the most likely outcome which would be used in a definitive

study, with mortality the most likely primary outcome.

Exploratory outcome. Inflammatory and metabolic mediators (hsCRP, IL-6, TNF-α,

IGF-1, IL-1ß, IL-8, vitamin D) at baseline, Day 3, 7 and 3 months.

Description of study procedures

As this is a feasibility and acceptability study, although participants will be asked to take part in

all study visits and processes, participants may continue in the study with any level of partici-

pation. A flowchart of the study activities for each visit is illustrated in S2 Fig.

All participants will have their demographics, presenting symptoms, medical history, medi-

cations, smoking and alcohol history, recorded. The participant’s past medical history will be

used to derive the Geriatric Index of Comorbidity (GI-C). Observations and blood test results,

taken as part of routine care will be collected. See a in S1 Appendix for a full list of information

recorded.

Frailty assessment. Frailty will be assessed at each visit for all participants using two vali-

dated tools, the Frailty Index–FI [6] (b in S1 Appendix), and the Clinical Frailty Scale (CFS)

[42] (c in S1 Appendix). Where available, and if calculated within 2 weeks, the electronic–FI

(e-FI) [43] will be noted from the primary care record. The CFS [5] will be determined by the

acute care admission team, away from the participant and self-selected by the participant.

Mini-nutritional assessment. The MNA1- SF is a validated assessment tool for nutri-

tional status [44]. Additional information that will be collected will include food intake, specif-

ically protein and fruit or vegetable intake, fluid intake, mid-arm circumference, and calf

circumference. The MNA will be measured at each visit for all participants (d in S1 Appendix)

and will assess the degree of malnutrition which can be an important risk factor for worse hos-

pital outcomes.

Katz activities of daily living (ADLs) and Lawton instrumental ADLs. Katz ADLs pro-

vides a measure of ability to carry out basic ADLs that include bathing, dressing, toileting,

transferring, continence, and feeding (e in S1 Appendix) [45, 46]. Lawton IADLs measure

more complex activities that include ability to use a telephone, shopping, food preparation,

housekeeping, laundry, transportation, taking medications, and managing finances (f in S1

Appendix) [47]. These will be collected at the initial visit and the scales will assess the degree of

loss of independence attributed to the acute illness that led them to their admission.

Handgrip strength measurements. Handgrip strength will be measured at each visit

using a handheld dynamometer. Where the participant can sit out in a chair, handgrip

strength will be measured with the arm flexed at 90˚ at the elbow and the forearm supinated. If

the participant cannot sit out and measurements are taken in the bed, this will be recorded,

and measurements will instead be performed in the most upright position that is feasible. Par-

ticipants will be asked to “squeeze as hard as they can”. Handgrip strength will be measured at

each visit, twice on each side and the best recording of all will be used for analysis (g in S1

Appendix).
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Four metres walk speed test. This test will be repeated as described [48] at each visit,

twice: first, participant will be advised to walk comfortably at usual pace for the entire distance

and the best time will be recorded. Assisted devices, if used, will be documented for each test

and during each visit (h in S1 Appendix).

Bilateral anterior thigh thickness (BATT) measurements. The BATT protocol will be

used as described [21] for muscle mass measurements and all ultrasound measurements will

be taken in line horizontally with these marks (i in S1 Appendix) [49]. The intra-rater and

inter-rater reliability of BATT has been previously shown to be excellent when using the

same protocol and same machine. Images will be saved and downloaded for assessment.

The diagnosis and severity of sarcopenia will be determined using the EWGSOP2 criteria

[15].

Blood sampling. Blood samples will be taken peripherally using the BD vacutainer1

Safety-Lok™ system in sterile vacutainers (BD biosciences, California-USA) by trained staff.

Participants will have 20mL of whole blood drawn at each visit. Serum and plasma will be pre-

pared using standardised techniques [50], aliquoted into 1mL samples and stored at -80˚C,

labelled with the participants unique study number, date and aliquot number.

Laboratory tests. IL-6, IL-8, TNF-α, IL-1ß and hsCRP ELISAs (Thermo Fisher Scientific

plates) will be performed on serum samples (100 μl, 100 μl, 100 μl, 200 μl and 10 μl respec-

tively) while IGF-1 monoclonal antibodies ELISAs and Vitamin D will be performed on

plasma samples (50 μl and 200 μl). The tests will be conducted according to the manufacturer’s

protocols (ebioscience, UK).

Additional biomarkers may be tested as part of this project as appropriate.

Study schedule

To be included in the study, participants will be recruited within 72 hours of their initial pre-

sentation to hospital. Study visits (including their timings) and processes at each visit are out-

lined in the flowchart of study activities.

Data collection and management plan

Data will be collected on case report forms (CRFs) designed by the research team, which will

be filed in the investigator site file (ISF). Each participant will be given their own unique study

identifier for the purposes of this study.

Data storage

Pseudonymised participant data will be held in a purposefully designed database. The database

will be stored on the sponsor server which is backed up every twenty-four hours. Access will

be restricted by password, accessible only to members of the research team, the sponsor, and

any regulatory bodies. Access will be auditable. The data will be locked prior to analysis. Data

will be stored for ten (10) years in line with The University of Birmingham guidelines. Data

will be stored as per the Data Protection Act, 2018.

Statistical analysis

Data analysis will be conducted using IBM SPSS1 Version 22. Outcomes will be summarised

at baseline, day 3 of admission, day 7 of admission, and month 3 post-discharge.

1. To determine feasibility and acceptability, we will analyse data using descriptive and where

applicable, qualitative statistics.
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2. To assess the differences in the scores for our secondary objectives, we will use a combina-

tion of traditional statistical techniques, including T-tests and non-parametric

equivalents.

3. To calculate mortality, we will determine area under the receiving operating curves

(AUROC).

The following models will be used:

1. Unadjusted model with all-cause mortality at 12 months as the outcome of interest, and the

secondary outcome as the covariate of interest (i.e., change in CFS score, BATT, handgrip

strength and/or gait speed from baseline to 7 days)

2. Adjusted model with all-cause mortality at 12 months as the outcome of interest, and the

secondary outcome as the covariate of interest (i.e., change in CFS score, BATT, handgrip

strength and/or gait speed from baseline to 7 days), with adjustment for baseline CFS score

and patient demographics (e.g. age, gender, ethnicity, etc).

3. Model with all-cause mortality at 12 months as the outcome of interest, with adjustment for

baseline CFS and all secondary outcomes as covariates to establish the strength of associa-

tion between those secondary outcomes and the primary outcome.

Ethical considerations

Assessment and management of risk. The study is very low risk to the participant and

uses assessments and interventions techniques, considered safe for the older adults. All proce-

dures will be completed by trained investigators.

Venepuncture is associated with slight discomfort and bruises. Whenever possible, blood

will be taken alongside samples collected as part of participants’ routine care.

When performing test of mobility (4 metres walk speed test), the investigator will be

responsible for first assessing that the environment is safe (e.g. no obstacles present, the partic-

ipant is wearing appropriate footwear and sensory aids if necessary, walking aids are provided

if needed). If either the investigator or the participant do not feel safe to perform the test, then

they will not proceed to do so, and this will be documented on the CRF. If the participant does

fall, then the investigator will abide by local policy for manual handling and care of the falling

patient. This includes arranging review within the emergency department and contacting the

GP to notify them of the fall.

The participants may be diagnosed with previously unknown diseases during the process of

research data collection. These will be explained to the participant, including the potential con-

sequences and further investigations or treatment that might be indicated. These findings will

be relayed to the participants’ General Practitioners (GP) or secondary care medical team, who

will be advised to arrange further management or to refer to appropriate specialties; this is

usual practice in the United Kingdom (UK). Specific consent will be gained from the partici-

pant to inform the GP of any relevant results and study participation.

Patient & public involvement (PPI)

We have discussed this study with older people who have been admitted to the AMU in QEHB

and their relatives. This includes the concept of frailty and sarcopenia which was considered

important by older people, the tests included in the study, the blood tests; the need to contact

the GP and for the follow up visit. Results of our study will be presented at public events,

annual conferences, workshops, webinars and will be published in hospital journals or
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newsletters and scientific journals. All involvement will happen according to INVOLVE guide-

lines: http://www.invo.org.uk/.

Status and timeline of the study

Participant recruitment started in October 2021, although this was initially paused due to the

COVID-19 pandemic. Recruitment should be completed by November 2023.

Discussion

This study aims to test the feasibility and acceptability of serial assessments of sarcopenia and

frailty in older adults acutely admitted to hospital with a medical condition. It will also deter-

mine the prevalence of frailty and sarcopenia in older patients acutely admitted in hospital

through acute medical department, compare self-reported and healthcare professional assess-

ments of frailty, and the trajectory of both conditions over the course of the study. It will be

one of the most comprehensive assessments of sarcopenia and frailty attempted within acute

medical units and should begin to inform how to select patients for a CGA. The inflammatory

cytokines and/or metabolic markers may provide insight into pathological mechanisms driv-

ing frailty and sarcopenia progression or resolution.

The study benefits form the inclusion of validated assessment tools, and being based in Bir-

mingham, UK, will recruit for a diverse population (with 40% of residents self-defining as

from BAME communities). As this is a feasibility study primarily, it is unclear how complete

data capture will be. A potential limitation is the single centre design, although this would be

addressed were the feasibility study successful.

The results will be presented at in peer review journals and scientific conferences. Results

will also be shared through a series of public engagement events including webinars.

The anonymised participant level dataset will not be publicly available but will be available

from the principal investigator upon reasonable request.

Amendments to the protocol, study design or supporting documents will be approved by

the sponsor, HRA and REC prior to implementation. All documents will be maintained with

version number and tracked changes.

Authorship eligibility guidelines and any intended use of professional

writers

All investigators and collaborators who have had significant input into the development of this

protocol and conduct of this research will be granted single (rather than group) authorship on

publications arising from this study. Except in the case of additional sub-studies, the first

author will normally be the principal investigator, and the last author will be the chief

investigator.

Supporting information

S1 Appendix. The TYSON study protocol: Appendixes.

(DOCX)

S1 Fig. The TYSON study protocol flowchart.

(TIF)

S2 Fig. The TYSON study’s activities flowchart.

(TIF)

PLOS ONE Exploring frailty and sarcopenia in acute medical units: The feasibility and acceptability of the TYSON study

PLOS ONE | https://doi.org/10.1371/journal.pone.0293650 November 3, 2023 9 / 12

http://www.invo.org.uk/
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293650.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293650.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293650.s003
https://doi.org/10.1371/journal.pone.0293650


Author Contributions

Conceptualization: Vicky Kamwa, Thomas Jackson, Zaki Hassan-Smith, Elizabeth Sapey.

Funding acquisition: Vicky Kamwa.

Methodology: Vicky Kamwa, Thomas Jackson, Zaki Hassan-Smith, Elizabeth Sapey.

Supervision: Thomas Jackson, Zaki Hassan-Smith, Elizabeth Sapey.

Validation: Thomas Jackson, Zaki Hassan-Smith, Elizabeth Sapey.

Writing – original draft: Vicky Kamwa, Elizabeth Sapey.

Writing – review & editing: Vicky Kamwa, Thomas Jackson, Zaki Hassan-Smith, Elizabeth

Sapey.

References
1. Clegg A, Young J. The Frailty Syndrome. Clinical Medicine. 2011; 11(1):72–5. https://doi.org/10.7861/

clinmedicine.11-1-72 PMID: 21404792

2. Pendlebury S, Lovett N, Smith S, Dutta N, Bendon C, Lloyd-Lavery A, et al. Observational, longitudinal

study of delirium in consecutive unselected acute medical admissions: age-specific rates and associ-

ated factors, mortality and re-admission. BMJ Open. 2015; 5(11):e007808–e. https://doi.org/10.1136/

bmjopen-2015-007808 PMID: 26576806

3. Subramaniam A, Tiruvoipati R, Green C, Srikanth V, Hussain F, Soh L, et al. Frailty status, timely goals

of care documentation and clinical outcomes in older hospitalised medical patients. Intern Med J. 2020.

4. Ahlund K, Back M, Oberg B, Ekerstad N. Effects of comprehensive geriatric assessment on physical fit-

ness in an acute medical setting for frail elderly patients. Clinical Interventions in Aging. 2017; 12:1929–

39. https://doi.org/10.2147/CIA.S149665 PMID: 29180856

5. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical measure

of fitness and frailty in elderly people. CMAJ. 2005; 173(5):489–95. https://doi.org/10.1503/cmaj.

050051 PMID: 16129869

6. <Fried et al. - 2001—Frailty in Older Adults Evidence for a Phenotype.pdf>.

7. McAlister F, van Walraven C. External validation of the Hospital Frailty Risk Score and comparison with

the Hospital-patient One-year Mortality Risk Score to predict outcomes in elderly hospitalised patients:

a retrospective cohort study. BMJ Qual Saf. 2019; 28(4):284–8. https://doi.org/10.1136/bmjqs-2018-

008661 PMID: 30381331

8. Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of the Edmonton

Frail Scale. Age and Ageing. 2006; 35(5):526–9. https://doi.org/10.1093/ageing/afl041 PMID:

16757522

9. Kamwa V, Seccombe A, Sapey E. The evidence for assessing frailty and sarcopenia in an acute medi-

cal unit: a systematic review. Acute Med. 2021; 20(1):48–67. PMID: 33749694

10. Turner G, Clegg A. Best practice guidelines for the management of frailty: a British Geriatrics Society,

Age UK and Royal College of General Practitioners report. Age and Ageing. 2014; 43(6):744–7. https://

doi.org/10.1093/ageing/afu138 PMID: 25336440

11. Morley JE, Vellas B, Abellan van Kan G, Anker SD, Bauer JM, Bernabei R, et al. Frailty Consensus: A

Call to Action. Journal of the American Medical Directors Association. 2013; 14(6):392–7. https://doi.

org/10.1016/j.jamda.2013.03.022 PMID: 23764209

12. Walston J, Buta B, Xue Q-L. Frailty Screening and Interventions: Considerations for Clinical Practice.

Clinics in Geriatric Medicine. 2018; 34(1):25–38. https://doi.org/10.1016/j.cger.2017.09.004 PMID:

29129215

13. Banerjee J, Conroy S, Cooke MW. Quality care for older people with urgent and emergency care needs

in UK emergency departments. Emergency Medicine Journal. 2013; 30(9):699–700. https://doi.org/10.

1136/emermed-2012-202080 PMID: 23250895

14. England T, Brailsford S, Evenden D, Street A, Maynou L, Mason SM, et al. Examining the effect of inter-

ventions in emergency care for older people using a system dynamics decision support tool. Age and

Ageing. 2023; 52(1). https://doi.org/10.1093/ageing/afac336 PMID: 36702512

15. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised Euro-

pean consensus on definition and diagnosis. Age and Ageing. 2019; 48(1):16–31. https://doi.org/10.

1093/ageing/afy169 PMID: 30312372

PLOS ONE Exploring frailty and sarcopenia in acute medical units: The feasibility and acceptability of the TYSON study

PLOS ONE | https://doi.org/10.1371/journal.pone.0293650 November 3, 2023 10 / 12

https://doi.org/10.7861/clinmedicine.11-1-72
https://doi.org/10.7861/clinmedicine.11-1-72
http://www.ncbi.nlm.nih.gov/pubmed/21404792
https://doi.org/10.1136/bmjopen-2015-007808
https://doi.org/10.1136/bmjopen-2015-007808
http://www.ncbi.nlm.nih.gov/pubmed/26576806
https://doi.org/10.2147/CIA.S149665
http://www.ncbi.nlm.nih.gov/pubmed/29180856
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1503/cmaj.050051
http://www.ncbi.nlm.nih.gov/pubmed/16129869
https://doi.org/10.1136/bmjqs-2018-008661
https://doi.org/10.1136/bmjqs-2018-008661
http://www.ncbi.nlm.nih.gov/pubmed/30381331
https://doi.org/10.1093/ageing/afl041
http://www.ncbi.nlm.nih.gov/pubmed/16757522
http://www.ncbi.nlm.nih.gov/pubmed/33749694
https://doi.org/10.1093/ageing/afu138
https://doi.org/10.1093/ageing/afu138
http://www.ncbi.nlm.nih.gov/pubmed/25336440
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2013.03.022
http://www.ncbi.nlm.nih.gov/pubmed/23764209
https://doi.org/10.1016/j.cger.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/29129215
https://doi.org/10.1136/emermed-2012-202080
https://doi.org/10.1136/emermed-2012-202080
http://www.ncbi.nlm.nih.gov/pubmed/23250895
https://doi.org/10.1093/ageing/afac336
http://www.ncbi.nlm.nih.gov/pubmed/36702512
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1371/journal.pone.0293650


16. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European

consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older

People. Age and Ageing. 2010; 39(4):412–23. https://doi.org/10.1093/ageing/afq034 PMID: 20392703

17. Kamwa V, Hassan-Smith ZK. The inter-relationship between marginal vitamin D deficiency and muscle.

Current Opinion in Endocrinology, Diabetes and Obesity. 2019; 26(6). https://doi.org/10.1097/MED.

0000000000000504 PMID: 31574001

18. Stringer HJ, Wilson D. The Role of Ultrasound as a Diagnostic Tool for Sarcopenia. The Journal of frailty

& aging. 2018; 7(4):258–61. https://doi.org/10.14283/jfa.2018.24 PMID: 30298175

19. Nijholt W, Scafoglieri A, Jager-Wittenaar H, Hobbelen JSM, van der Schans CP. The reliability and

validity of ultrasound to quantify muscles in older adults: a systematic review. Journal of cachexia, sar-

copenia and muscle. 2017; 8(5):702–12. https://doi.org/10.1002/jcsm.12210 PMID: 28703496

20. Ismail C, Zabal J, Hernandez HJ, Woletz P, Manning H, Teixeira C, et al. Diagnostic ultrasound esti-

mates of muscle mass and muscle quality discriminate between women with and without sarcopenia.

Frontiers in physiology. 2015; 6:302-. https://doi.org/10.3389/fphys.2015.00302 PMID: 26578974

21. Wilson DV, Moorey H, Stringer H, Sahbudin I, Filer A, Lord JM, et al. Bilateral Anterior Thigh Thickness:

A New Diagnostic Tool for the Identification of Low Muscle Mass? J Am Med Dir Assoc. 2019; 20

(10):1247–53.e2. https://doi.org/10.1016/j.jamda.2019.04.005 PMID: 31164257

22. Welch C, Hassan-Smith ZK, Greig CA, Lord JM, Jackson TA. Acute Sarcopenia Secondary to Hospitali-

sation—An Emerging Condition Affecting Older Adults. Aging and disease. 2018; 9(1):151–64. https://

doi.org/10.14336/AD.2017.0315 PMID: 29392090

23. Tanner RE, Brunker LB, Agergaard J, Barrows KM, Briggs RA, Kwon OS, et al. Age-related differences

in lean mass, protein synthesis and skeletal muscle markers of proteolysis after bed rest and exercise

rehabilitation. The Journal of physiology. 2015; 593(18):4259–73. https://doi.org/10.1113/JP270699

PMID: 26173027

24. Hartley P, Costello P, Fenner R, Gibbins N, Quinn É, Kuhn I, et al. Change in skeletal muscle associ-
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