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Abstract
Introduction Falls are a major health problem for older
people; 35% of people aged 65+ years fall every year,
leading to fractures in 10%–15%. Upper limb fractures are
often the first sign of osteoporosis and routine screening
for osteoporosis is recommended by the National Institute
for Health and Care Excellence to prevent subsequent hip
fractures. However, both frailty and sarcopenia (muscle
weakness) are associated with increased risk of falling and
fracture but are not routinely identified in this group. The
aim of this study is to evaluate the feasibility of assessing
and managing frailty and sarcopenia among people aged
65+ years with an upper limb fracture.
Methods and analysis This study will be conducted
in three fracture clinics in one acute trust in England.
100 people aged 65+ years with an upper arm fracture
will be recruited and assessed using six validated frailty
measures and two sarcopenia tools. The prevalence
of the two conditions and the best tools to use will be
determined. Those with either condition will be referred
to geriatric clinical teams for comprehensive geriatric
assessment (CGA). We will document the proportion
who are referred for CGA and those who receive CGA.
Other outcome measures including falls, fractures and
healthcare resource use over 6 months will be collected.
In-depth interviews with a purposive sample of patients
who undergo the frailty and sarcopenia assessments and
healthcare professionals in fracture clinics and geriatric
services will be carried out to their acceptability of
assessing frailty and sarcopenia in a busy environment.
Ethics and dissemination The study was given the
relevant ethical approvals from NHS Research Ethics
Committee (REC No: 18/NE/0377), the University Hospital
Southampton NHS Foundation Trust, and the University of
Southampton, Faculty of Medicine Ethics Committee and
Research Governance Office. Findings will be published
in scientific journals and presented to local, national and
international conferences.
Trial registration number ISRCTN13848445

Introduction
Falls are a major health problem for older
people, with a third of people aged 65+ years

Strengths and limitations of this study
►► This study will determine the feasibility of using six

validated measures of assessing frailty and two for
sarcopenia in older patients with fragility fracture in
fracture clinics.
►► Comparison of assessment methods for frailty and
sarcopenia will enable the research team to recommend which tools are most suitable for use in both
clinical practice and future research studies.
►► We will determine the costs associated with identifying patients with frailty and sarcopenia in fracture
clinics.
►► We will report the prevalence of frailty and sarcopenia in this population. However, the small sample
size may limit the generalisability of these data.
►► Recruiting from three clinics in one UK hospital
limits the generalisability and transferability of the
findings.

falling each year, increasing to 50% for those
over 80 years of age.1 2 There are over 255 000
falls-related emergency hospital admissions/
year in England alone.1 2 Upper limb fractures (‘fragility fractures’) often result from
‘low energy’ trauma (falling from a standing
height) and are frequently the first sign of
osteoporosis.3 Twenty-five per cent of patients
with fragility fractures will suffer a subsequent
fracture, often of the hip, within 10 years.4 5
Moreover, all fragility fractures are associated
with increased 5-year mortality rates.6
Fragility fractures offer an excellent opportunity to identify osteoporosis early. In line
with the National Institute for Health and
Care Excellence (NICE) guidelines,7 fracture
liaison services have been widely established
in the UK with care pathways to assess and
treat patients for osteoporosis to prevent hip
fractures.8 It is estimated that by identifying
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sarcopenia.31 A further study reported a higher incidence
of sarcopenia among women (mean age 71 years) with
fragility fractures than those without fractures (41.4% vs
19.3, p<0.018).32
Despite the increasing evidence for the association of
fractures with frailty and sarcopenia, the two conditions
remain under-recognised and therefore undertreated in
patients with fragility fractures.26 33 Exercise and adequate
nutrition, particularly with regard to vitamin D, calcium
and protein, are key lifestyle approaches that can optimise bone, muscle and functional outcomes in older
people, if they are individually tailored and appropriately
prescribed.27 34
Early identification and treatment of sarcopenia has
been suggested to be an important element in the future
prevention of fractures.35 36 Comprehensive geriatric
assessment (CGA)—a method of identifying and treating
an older person’s medical, functional and psychosocial problems by multidisciplinary health and social
care teams—can offer an opportunity to manage these
age-related syndromes and improve health outcomes.37
A recent study has reported that CGA can help identify
those with an increased risk of hip fractures allowing the
implementation of prevention strategies.38 The aim of
this study is to evaluate the feasibility of assessing people
aged 65+ years, who attend fracture clinic with an upper
limb fracture, for frailty and sarcopenia in addition to
routine assessment for fracture risk due to osteoporosis.
We will demonstrate whether it is practical and acceptable
(to patients and staff) to assess for frailty and sarcopenia
in a busy fracture clinic typical of those found in every
general hospital, and then further manage these patients
through geriatric clinical services. This feasibility study
will inform a future randomised controlled trial.

Methods and analysis
Study objectives
1. Evaluate the feasibility of assessing patients for frailty
and sarcopenia in a busy fracture clinic.
2. Evaluate the feasibility of using existing CGA care pathways following assessments for frailty and sarcopenia.
3. Determine the views of clinicians and patients on the
acceptability of the assessments for frailty and sarcopenia and availability of current care pathways.
4. Decide which outcomes to use for a future randomised
controlled trial.
5. Estimate the key resource usage of the intervention
including those associated with referrals coming from
the CGA process.
Setting and participants
This is a mixed-methods feasibility study. Patients will be
recruited from three fracture clinics in one acute hospital
over 12 months (March 2019 to March 2020). Patients
will be eligible to take part in the study if they are aged
65+ years, have a single arm fracture (wrist or upper arm),
referred directly from Accident & Emergency, general
Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275
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these patients systematically, 25% of hip fractures (approximately 20 000 a year in the UK) can be prevented.9 NICE
clinical guideline 161 recommends that future research
studies focus on identifying the risk factors for falling
that are most prevalent in the current UK older inpatient
population to underpin the development of more effective and better targeted multifactorial assessments and
interventions.10 Frailty and sarcopenia are recognised as
risk factors for falls and fracture among patients with osteoporosis.11 12
Frailty is defined as a decline in multiple body systems,
which increases an individual’s vulnerability to changes in
their health or environment.13 In several studies, in both
men and women, frailty was identified as an important
risk factor for falls and fractures.14–17 A recent systematic
review reported that frail and prefrail older patients were
at higher risk of future fractures than patients without
frailty.18 Among frail older patients, non-hip fragility fracture was reported to be associated with an almost threefold increase in the risk of a subsequent hip fracture
within the next 2.5 years.19
There is no consensus on the best measure of frailty.20
The Fried Frailty Index, widely seen as a gold standard, is
based on physical function alone. A similar self-reported
tool—the Fatigue, Resistance, Ambulation, Illness and
Loss of weight (FRAIL) scale—was recently developed21
as a simple tool for clinical practice but is reported to
under-report frailty compared with the Fried Index.22
The Canadian Study of Health and Ageing Clinical Frailty
Scale (CFS),17 increasingly being used in acute medical
wards, uses health professionals’ clinical knowledge to
categorise patients’ health and frailty against nine descriptions and images. The brief Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)-7
questionnaire is recommended by the British Geriatrics
Society for use in clinical practice.23
The prevalence of frailty among hospitalised older
people with hip fracture using the Fried Frailty Index has
been estimated to be 50%.24 One UK study of 24 patients
(aged 50+ years) with vertebral fragility fractures reported
71% of patients to be frail using the PRISMA-7 tool.25
The prevalence of frailty in patients with upper limb
fracture is little explored, yet there is increasing recognition that frailty may be modifiable through multicomponent interventions including exercise and nutritional
optimisation.26
Osteoporosis and sarcopenia (low muscle mass and
strength) often coexist (osteosarcopenia) and both are associated with risk of disability, falls, frailty and fractures.12 27
In a study of 17 891 people from diverse ethnicities, participants with sarcopenia were twice as likely to have osteoporosis or reduced bone density.28 Several studies have
reported a variable prevalence of sarcopenia among
patients with hip fracture. An Italian study reported that
58%–64% of women and 95% of men (mean age 81 years)
with hip fracture had sarcopenia.29 30 A Spanish study
reported that 17.1% (12.4% in men, 18.3% in women) of
older patients (mean age 85 years) with hip fracture had
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Intervention
Patients attending fracture clinics will be assessed for
frailty and sarcopenia, in addition to their usual care.
Patients identified as having either frailty or sarcopenia
will be referred to existing local geriatric clinical services
for specialist review including CGA. This is a multidisciplinary assessment and management of patients using
health and social care pathways. These may include
medical review of comorbidities and optimisation of
medication; consideration of unmet needs in physical,
cognitive and social domains; and referrals to other clinical, social care or voluntary services. These actions and
referrals will be varied and focused on the individual
patient’s recognised needs and their wishes.
Sample size
Based on the precision of estimating the lowest reported
incidence of frailty (7%) or sarcopenia (16%), that is, 7%
we may determine the true incidence to within 7% with
a sample size of 100 or within 8% for a sample size of 80
patients, with 95% CI. To allow for a 20% dropout rate we
aim to recruit 100 participants to the study.
Recruitment
Eligible patients identified by the fracture clinic team
using electronic records will be sent an invitation letter
and study information sheet prior to their clinic appointment, typically a few weeks after their fracture. Patients
will have at least 24 hours to consider whether they would
like to take part and the opportunity to discuss the study
with a researcher on arrival at the clinic. Informed written
consent will be obtained from all participants.
Patient and public involvement
A researcher coapplicant (CR) has been involved
throughout the design of this study. She will be supported
by three to four other patient and public involvement
(PPI) members. The PPI team has advised, for example,
that participants should be invited to bring a companion;
that travel and parking costs be covered; and dissemination should include non-medical publications. They
have further suggested that the physical assessments of
frailty and sarcopenia are conducted before the questionnaires to minimise the impact of participant fatigue.
They reviewed recruitment material, patient information sheets, invitation letters and data collection tools to
check readability and the order of questions and questionnaires, and participant assessment burden. They will
be invited to attend all of the regular study management
and steering group meetings and will review participant
retention and any concerns, and research findings as well
as aid dissemination.
Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275

Feasibility outcomes
Feasibility of assessing frailty and sarcopenia among patients
with upper limb fracture: This will be determined by:
(A) the percentage of people who are assessed by
each tool (adequacy); (B) availability of required
data and the number of missing data; (C) equipment
(including cost, availability of functioning equipment and frequency of calibration); (D) the time for
carrying out each assessment; and (E) acceptability of
the tools by staff and patients (via interviews). This will
determine the prevalence of frailty and sarcopenia
among the study participants and which measures of
assessing frailty and sarcopenia are most feasible in
this population
►► Feasibility of using existing care pathways: Patients identified as having either frailty or sarcopenia will be
referred to local geriatric clinical services for specialist
review as outlined in the intervention. The actions
instigated from these assessments and referrals will be
varied and individualised according to patient’s needs
and wishes. These referrals may lead to additional
attendance at outpatients, primary care or exercise
classes, for example. We will report the number of
patients identified to have frailty and/or sarcopenia
who are referred to CGA, the number of those who
receive CGA and the number and type of follow-up
interventions.
►► Falls and fractures: Participants will be asked to fill
in a falls diary recording the date, suspected cause,
location and the consequences of each fall. They will
be contacted by telephone at 3 and 6 months after
recruitment to collect self-assessed information on
falls and fractures within the previous 3 months. This
will establish whether quarterly data collection is suitable for the future trial.
►► Mortality: Death rates within 6 months of recruitment
will be collected from the hospital patient administration system (PAS).
►► Future outcome measures: Baseline data on nutritional,
physical and cognitive factors which may be associated
with frailty and sarcopenia status will be collected.
Quality of life and physical function will be measured
at baseline, and 3 and 6 months after recruitment.
The feasibility of using each of these assessments in
this patient group will inform which instrument will
be used in the future trial.
►► Healthcare resource use: Testing the key resource usage
of the intervention and downstream influence on
service usage including those associated with referrals
coming from the CGA process.
►► Quality of life: Quality of life will be measured by EuroQual-5 dimensions-5 levels (EQ-5D-5L) and ICEpop
CAPability measure for Older people (ICECAP-O).
We will explore which instruments will be more sensitive in measuring quality of life changes for our study
population and how often we should collect such
information.
►►
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practice, local minor injuries unit or other fracture
clinics, able to give informed consent and not previously
diagnosed with frailty and/or sarcopenia. Patients with
pathological fractures, multiple or lower limb fractures,
active cancer diagnosis or care home residents will be
excluded.
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Follow-up
Baseline
T1
Age
Gender

X
 

3 months
T2

6 months
T3

X

X

Weight

X

Height

X

Marital status

X

Usual residency

X

Smoking

X

Alcohol use

X

Mobility

X

Comorbidities

X

Drugs

X

AMTS

X

SNAQ

X

Barthel index

X

Falls

X

X

X

Fractures

X

X

X

EQ-5D-5L

X

X

X

ICECAP-O

X

X

X

Gait speed

X

Grip strength

X

Muscle mass

X

Rise from chair

X

SARC-F

X

Fried Frailty Phenotype

X

FRAIL scale

X

Clinical Frailty Scale

X

PRISMA

X

e-FI
SOF scale

X
X

X

AMTS, Abbreviated Mental Test Scale; EQ-5D-5L, EuroQual -5
dimensions-5 levels questionnaire; FRAIL, Fatigue, Resistance,
Ambulation, Illnesses and Loss of weight; ICECAP-O, ICEpop
CAPability measure for Older people; PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; SARC-F,
5-item questionnaire used as a screening tool for sarcopenia;
SNAQ, Simplified Nutrition Appetite Questionnaire; SOF, Study of
Osteoporotic Fracture; e-FI, electronic Frailty Index.

Data collection and assessment tools
At recruitment to the study, baseline data will be collected
from patients in person by a researcher or will be
abstracted from the patients’ clinical records (table 1).
To minimise participant fatigue, physical assessments (eg,
gait speed) will be assessed first. Then questionnaires will
be administered varying the order of completion between
participants. Repetitive questions or assessments will only
be assessed once.
4

Baseline data
Sociodemographic data: age, gender, usual residence,
marital status, smoking, alcohol use, usual residency.
►► Number of falls in the previous years, number and
type of fractures.
►► Comorbidities and medications.
►► Appetite using the 4-item Simplified Nutritional
Appetite Questionnaire.39
►► Cognition will be assessed using the 10-item Abbreviated Mental Test Score.40
►► Functional status: Barthel score will be collected from
each participant at baseline.41
42
►► Quality of life will be measured using EQ-5D-5L and
43
ICECAP-O.
►► Frailty assessment tools: six tools will be used to assess
frailty.
1. Fried Frailty Index44: frailty measured by the presence of three or more of self-reported weight loss,
exhaustion, low physical activity and measured
slow walk time over 4 m (<0.8 m/s) and weak
grip strength using a dynamometer according to
a standardised protocol (maximum value will be
recorded).45
2. FRAIL scale: self-reported scale with five questions
on fatigue, resistance, ambulation, illness and loss
of weight.21
3. Study of Osteoporotic Fracture (SOF) Criteria
for Frailty assesses three components: weight loss,
inability to do stand-up from a chair five times and
self-reported lack of energy.17
4. CFS: a subjective clinical evaluation by a healthcare
professional matching the patient to one of nine
descriptors, and figures in the domains of mobility,
energy, physical activity and function.46
5. PRISMA-7:
a
brief
7-item
self-reported
questionnaire.47
6. electronic Frailty Index: derived from clinical data
based on a count of 36 potential deficits.48
►► Sarcopenia will be assessed using two methods: the
5-item questionnaire used as a screening tool for
sarcopenia (SARC-F), and the European Working
Group on Sarcopenia in Older People (EWGSOP)
criteria.
1. The SARC-F was recently developed and validated
to screen for sarcopenia in clinical practice.49 It asks
about strength, ambulation (walking independence), standing up from a chair, stair climbing and
history of falls. This tool has been recommended to
identify older people for further diagnostic evaluation for sarcopenia.50 51
2. The EWGSOP criteria are the gold standard assessment for sarcopenia52 and have recently been
updated.53 They use the presence of both low
muscle function (grip strength and walking speed)
and low muscle mass for the diagnosis of sarcopenia. Walking speed and grip strength will have
already been measured in the assessment of frailty.
Muscle mass will be measured using bioelectrical
►►
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Table 1 Variables collected throughout the study
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Data collected at baseline and 3 and 6 months’ follow-up
Follow-up data will be collected by the researchers by telephone at 3 and 6 months after recruitment (table 1) and
include:
►► Functional status: Barthel score will be collected from
each participant at 6 months’ follow-up.41
►► Resource usage: Data collected at 3 and 6 months
from different sources will inform which to use in
the future trial. Sources include: a short questionnaire (modified version of the client service receipt
inventory) on social and personal expenditure
self-reported by participants at baseline, and 3 and
6 months which will be verified by extracting information about healthcare service usage from the
hospital PAS and primary healthcare systems such as
TPP SystmOne.
►► Quality of life: EQ-5D-5L and ICECAP-O will be
collected at 3 and 6 months.
►► Acceptability of the assessments for frailty and sarcopenia:
The views and experience of patients and staff of
assessing frailty and sarcopenia in fracture clinics will
be obtained using qualitative semistructured interviews. Semistructured interview guides have been
codesigned with PPI researchers. Purposive sampling
will be used to select: (1) patients (n=15–20) who
completed frailty and sarcopenia assessments to
include men and women with and without frailty and/
or sarcopenia; (2) staff (n=5–8) including consultants
and nurses involved in providing the care to patients
in fracture clinics; and (3) staff (n=5–8) including
consultant geriatricians, frailty practitioners and
therapists from local geriatric clinical services. Interviews with patients will take place soon after enrolment to the study to maximise recall. Interviews will
take place in the participants’ own homes and are
anticipated to last for 30 min. Staff interviews will take
place later in the recruitment period to capture how
the additional assessments and referrals impacted on
workload and service provision. All potential participants will receive an interview-specific information
sheet and will be allowed at least 24 hours to decide
whether to take part in the interview. Explicit written
consent will be obtained from each participant prior
to the interview. All interviews will be audio recorded
using a digital recorder and will be transcribed for
later analysis.
Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275

Study progress
Participant recruitment started in March 2019 and will
finish in March 2020.

Data analysis
Quantitative data analysis
Data will be double entered onto an SPSS 22 database
and participants will be identified only by a study ID
number. In line with good practice,56 the feasibility
outcomes will be reported descriptively and narratively.
Numbers and characteristics of participants recruited
will be summarised using appropriate descriptive statistics. The prevalence of frailty and sarcopenia will be
calculated for each measure and reported with 95% CIs.
Agreement between measures will be examined using
Cohen’s kappa statistics. The feasibility and practicality
of each frailty and sarcopenia measure will be examined
according to the number of missing variables, the time
required to complete them and their acceptability to staff
and patients (from interview data).
The clinical outcomes, including falls and fractures
as well as mortality rates, will be reported as descriptive
statistics (counts (%), mean and median) with 95% CIs
at each follow-up time point. Descriptive summaries of
changes in clinical outcomes, physical function (Barthel
score) and quality of life between baseline and 6 months’
follow-up will be presented.
Qualitative data analysis
Interviews will be analysed using thematic analysis.57 A
descriptive coding scheme will be developed from transcripts and based on participants’ perceptions and experiences. Two types of coding will be used: ‘open coding’ to
locate themes followed by ‘focused coding’ to determine
which themes repeat often and which represent unusual
concerns. Two researchers (KI and HCR) will read and
code the interviews separately to develop and agree on a
list of themes that reflect the participants’ own views and
experiences. Coding will proceed in an iterative way with
detailed memos linking emergent themes. The perceptions and views of different participants will be compared
using constant comparison. A software program (NVivo
V.12)58 will be used to facilitate data analysis. To ensure
data validation the following strategies will be used: data
triangulation (collecting data from different groups of
participants), multiple coding and respondent validation,
which involves cross-checking interim research findings
with respondents.
Progression criteria
Criteria that will be used as guidance to assess the feasibility of progressing to a future randomised controlled
trial59–61 will include:
►► Prevalence: A high prevalence (≥80%) of either frailty
or sarcopenia may indicate no need to assess, and
therefore care pathways should assume patients have
frailty and/or sarcopenia. A low prevalence (<10%)
5
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impedance, a simple, non-invasive technique,
where electrodes at the wrist and ankle enable a
small current (800 μA) to pass through the body
at a range of frequencies and impedance is measured over seconds. This allows body composition to
be estimated to derive skeletal muscle index (SMI,
skeletal muscle mass divided by height squared)
values.54 We will use published cut-off values for low
SMI of <8.87 and <6.67 kg/m2 in men and women,
respectively.55
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Figure 1

Study recruitment and follow-up diagram.

would indicate that assessment may not be appropriate in this population.
►► Acceptability of assessing frailty and sarcopenia in the
fracture clinic: <50% of patients with complete assessments of frailty or sarcopenia to indicate assessment
is not feasible. The Trial Steering Committee will
consider if protocol changes are practical to improve
completion rates and therefore feasibility.
►► Recruitment: At least 80% of patients to be recruited
within 1 year of start of recruitment.
Not fulfilling the above criteria does not necessarily
indicate failure but rather indicates changes to be made to
protocol before proceeding to a definitive trial (figure 1).
Progression criteria will be reviewed by an independent Trial Steering Committee to determine if
it is feasible to proceed to a definitive trial and if any
protocol changes are required. Recruitment rates will
be calculated by the number/proportion of eligible
patients approached who agreed to participate. Adherence to protocols and completion rates will be examined by reporting the number/proportion of patients
who complete the baseline and 6 months’ follow-up
assessments.
6

Ethics and dissemination
The study also obtained an ethical opinion for conduct by
University of Southampton, Faculty of Medicine Ethics
Committee and Research Governance Office. A consent
form will be obtained by the research team from each
participant prior to recruitment and another consent
form will be obtained from those invited for interviews.
Confidentiality and privacy will be ensured for all participants and the information gathered will only be used
for scientific purposes. All participant information will
be identified only by a study ID number. All data will be
stored on a password-protected computer or in a locked
filing cabinet in a secure office in our research unit
and will be accessible only by the research team. In the
analysis of results, data will be used anonymously and
non-attributable to any individual. Our procedures for
handling, processing, storing and destroying data are
compliant with the Data Protection Act 2018. We will
comply with Good Clinical Practice guidelines and the
R&D measures of recording any serious adverse events
(SAE) and reporting them immediately to the sponsor.
Any incidents that result in hospitalisation, life threatening or death will be reported as SAEs immediately
to the sponsor. The immediate reports will be followed
promptly by detailed written reports. The immediate
and follow-up reports will identify participants by their
unique ID code that was assigned to the participant
rather than their identifiable information such as name
and/or address.
The study team will meet together monthly during the
trial and will be responsible for ensuring high-quality
delivery of the trial according to the agreed key milestones and deliverables. This will include early identification of potential problems, and implementing solutions
to overcome them. A Trial Steering Group has been
established to include the research team and external
experts in the field who will meet every 6 months to
oversee the study delivery and review the progression
criteria. Amendments of any significant changes to the
Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275
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Health economic data analysis
Appropriate published national data: British National
Formulary, National Reference Costs, Unit Costs of
Health and Social Care (Personal Social Services Research
Unit)55 and/or local (from hospital finance and trial
manager) unit costs will be applied to itemised resource
usage in calculating the total costs of the intervention and
other NHS service usage. We will apply the UK tariff to
translate the EQ-5D-5L and ICECAP-O questionnaire to
utility scores.
Economic analyses in both costs and quality of life will
be descriptive, reported as means with their SD. Correlation before utility scores with the main outcome (ie,
number of falls prevented) will be analysed to see if there
is evidence of sensitivity.
We will test the sensitivity and feasibility of both instruments with this patient group to inform which to use in a
future trial.

Open access

Author affiliations
1
Academic Geriatric Medicine, Faculty of Medicine, Southampton University,
Southampton, UK
2
NIHR CLAHRC Wessex, University of Southampton, Southampton, UK
3
Faculty of Medicine, University of Southampton, Southampton, UK
4
Department of Health Sciences, University of Leicester, Leicester, UK
5
Trauma and Orthopaedic Department, University Hospital Southampton NHS
Foundation Trust, Southampton, UK
6
Medicine for Older People, University Hospital Southampton, Southampton, UK
Contributors KI, MM, LY, SZ, MB, ST, CR and HCR contributed to the conception
and design of the study. KI and HR drafted the manuscript. KI is managing
day-to day research activities, recruitment, data collection, and data entry. MM,
SZ and LY completed the quantitative and health economic analysis sections in
this manuscript and developed the analysis plan. MB, ST and CR developed the
recruitment strategy for this study and CR reviewed all patient-facing documents.
KI, MM, LY, SZ, MB, ST, CR and HCR read and approved the final manuscript.
Funding This work is supported by the National Institute of Health Research (NIHR)
Research for Patient Benefit (RfPB) program grant number [PB-PG-0317-20043]’.
The study is sponsored by the University Hospital Southampton NHS Foundation
Trust (Protocol ID: RHM MED 1580).
Disclaimer The views expressed are those of the authors and not necessarily
those of the NHS, the NIHR, or the Department of Health and Social Care. HCR and
KI received support from the NIHR Collaboration for Leadership in Applied Health
Research and Care (CLAHRC) Wessex and the University of Southampton. HCR
received support from the NIHR Southampton Biomedical Research Centre.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval Ethical approval was given by the North East-Newcastle and
North Tyneside 1 NRES Committee (REC No: 18/NE/0377) and has been reviewed
by the Research and Development team at University Hospital Southampton NHS
Foundation Trust
Provenance and peer review Not commissioned; peer reviewed for ethical and
funding approval prior to submission.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0 /.

References

1. WHO. Who global report on falls prevention in older age,
2007. Available: http://www.who.int/ageing/publications/Falls_
prevention7March.pdf
2. Berry SD, Miller RR. Falls: epidemiology, pathophysiology, and
relationship to fracture. Curr Osteoporos Rep 2008;6:149–54.
3. Kanis JA, Oden A, Johnell O, et al. The burden of osteoporotic
fractures: a method for setting intervention thresholds. Osteoporos
Int 2001;12:417–27.

Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275

4. Center JR, Bliuc D, Nguyen TV, et al. Risk of subsequent
fracture after low-trauma fracture in men and women. JAMA
2007;297:387–94.
5. van Geel TACM, van Helden S, Geusens PP, et al. Clinical
subsequent fractures cluster in time after first fractures. Ann Rheum
Dis 2009;68:99–102.
6. Center JR, Nguyen TV, Schneider D, et al. Mortality after all major
types of osteoporotic fracture in men and women: an observational
study. Lancet 1999;353:878–82.
7. NICE. Falls in older people: quality standard (QS86), 2017. Available:
https://www.nice.org.uk/guidance/qs86/resources/falls-in-older-
people-pdf-2098911933637
8. Port L, Center J, Briffa NK, et al. Osteoporotic fracture: missed
opportunity for intervention. Osteoporos Int 2003;14:780–4.
9. Cooper C, Mitchell P, Kanis JA. Breaking the fragility fracture cycle.
Osteoporos Int 2011;22:2049–50.
10. NICE. Falls in older people: assessing risk and prevention. Clinical
guideline [CG161] 2013.
11. Gielen E, Verschueren S, O’Neill TW, et al. Musculoskeletal frailty: a
geriatric syndrome at the core of fracture occurrence in older age.
Calcif Tissue Int 2012;91:161–77.
12. Landi F, Liperoti R, Russo A, et al. Sarcopenia as a risk factor for
falls in elderly individuals: results from the ilSIRENTE study. Clinical
Nutrition 2012;31:652–8.
13. Clegg A, Young J, Iliffe S, et al. Frailty in elderly people. The Lancet
2013;381:752–62.
14. Ensrud KE, Ewing SK, Cawthon PM, et al. A comparison of frailty
indexes for the prediction of falls, disability, fractures, and mortality in
older men. J Am Geriatr Soc 2009;57:492–8.
15. Chen JS, Simpson JM, March LM, et al. Fracture risk assessment
in frail older people using clinical risk factors. Age Ageing
2008;37:536–41.
16. Liu L-K, Lee W-J, Chen L-Y, et al. Association between frailty,
osteoporosis, falls and hip fractures among community-dwelling
people aged 50 years and older in Taiwan: results from I-Lan
longitudinal aging study. PLoS One 2015;10:e0136968.
17. Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk of falls,
fracture, and mortality in older women: the study of osteoporotic
fractures. J Gerontol A Biol Sci Med Sci 2007;62:744–51.
18. Chen K-W, Chang S-F, Lin P-L. Frailty as a predictor of future fracture
in older adults: a systematic review and meta-analysis. Worldviews
Evid Based Nurs 2017;14:282–93.
19. van den Bergh JP, van Geel TA, Geusens PP. Osteoporosis, frailty
and fracture: implications for case finding and therapy. Nat Rev
Rheumatol 2012;8:163–72.
20. Theou O, Brothers TD, Mitnitski A, et al. Operationalization of
frailty using eight commonly used scales and comparison of their
ability to predict all-cause mortality. J Am Geriatr Soc
2013;61:1537–51.
21. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire
(frail) predicts outcomes in middle aged African Americans. J Nutr
Health Aging 2012;16:601–8.
22. Rossiter FFA, Culliford DJ, Sayer AA, et al. 52THE assessment of
frailty in acute hospitals: a comparison of the fried frailty score,
the frail scale and grip strength measurement: table 1. Age Ageing
2016;45(suppl 1):i16.2–i16.
23. BGS. Fit for frailty fit for frailty: consensus best practice guidance
for the care of older people living with frailty in community and
outpatient settings. British Geriatric Society 2017.
24. Kistler EA, Nicholas JA, Kates SL, et al. Frailty and short-term
outcomes in patients with hip fracture. Geriatr Orthop Surg Rehabil
2015;6:209–14.
25. Walters S, Chan S, Goh L, et al. The prevalence of frailty in patients
admitted to hospital with vertebral fragility fractures. Curr Rheumatol
Rev 2016;12:244–7.
26. Martin FC. Frailty, sarcopenia, falls and fractures orthogeriatrics.
Springer, 2017: 47–61.
27. Santen RJ, Stuenkel CA, Davis SR, et al. Managing menopausal
symptoms and associated clinical issues in breast cancer survivors.
J Clin Endocrinol Metab 2017;102:3647–61.
28. He H, Liu Y, Tian Q, et al. Relationship of sarcopenia and body
composition with osteoporosis. Osteoporosis International
2016;27:473–82.
29. Di Monaco M, Castiglioni C, De Toma E, et al. Presarcopenia and
sarcopenia in hip-fracture women: prevalence and association with
ability to function in activities of daily living. Aging Clin Exp Res
2015;27:465–72.
30. Di Monaco M, Castiglioni C, Vallero F, et al. Sarcopenia is
more prevalent in men than in women after hip fracture: a
cross-sectional study of 591 inpatients. Arch Gerontol Geriatr
2012;55:e48–52.

7

BMJ Open: first published as 10.1136/bmjopen-2019-031275 on 15 August 2019. Downloaded from http://bmjopen.bmj.com/ on November 30, 2020 by guest. Protected by copyright.

study design will be submitted to the relevant ethical
committee to seek approval before implementation.
Findings from the study will be published in peer-reviewed high-impact journals and/or specialist open
access journals. Research findings will be presented
locally, nationally and internationally. We will work with
our PPI team to further develop and implement the
dissemination and engagement strategy including the
development of reports and approaches to engage the
community. We will disseminate the findings via social
media (Facebook and Twitter), local groups and third
sector, for example, Age UK and National Osteoporosis
Society.

Open access

8

46. Rockwood Ket al. A global clinical measure of fitness and frailty in
elderly people. Can Med Assoc J 2005;173:489–95.
47. Raîche M, Hébert R, Dubois M-F. PRISMA-7: a case-finding tool
to identify older adults with moderate to severe disabilities. Arch
Gerontol Geriatr 2008;47:9–18.
48. Clegg A, Bates C, Young J, et al. Development and validation of an
electronic frailty index using routine primary care electronic health
record data. Age Ageing 2016;45:353–60.
49. Malmstrom TK, Morley JE. SARC-F: a simple questionnaire to rapidly
diagnose sarcopenia. J Am Med Dir Assoc 2013;14:531–2.
50. SCY Y, Khow KSF, Jadczak AD, et al. Clinical screening tools for
sarcopenia and its management. Current Gerontology and Geriatrics
Research 2016;2016:10.
51. Beaudart C, McCloskey E, Bruyère O, et al. Sarcopenia in daily
practice: assessment and management. BMC Geriatr 2016;16:170.
52. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia:
European consensus on definition and diagnosis: report of the
European Working group on sarcopenia in older people. Age Ageing
2010;39:412–23.
53. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing
2019;48:16–31.
54. Janssen I, Heymsfield SB, Baumgartner RN, et al. Estimation of
skeletal muscle mass by bioelectrical impedance analysis. J Appl
Physiol 2000;89:465–71.
55. Dodds RM, Granic A, Davies K, et al. Prevalence and incidence of
sarcopenia in the very old: findings from the Newcastle 85+ study.
Journal of cachexia, sarcopenia and muscle 2016.
56. Lancaster GA, Dodd S, Williamson PR. Design and analysis of
pilot studies: recommendations for good practice. J Eval Clin Pract
2004;10:307–12.
57. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res
Psychol 2006;3:77–101.
58. Bazeley P, Jackson K. Qualitative data analysis with NVivo: SAGE
publications limited 2013.
59. Eldridge SM, Chan CL, Campbell MJ, et al. Consort 2010 statement:
extension to randomised pilot and feasibility trials. Pilot and
Feasibility Studies 2016;2.
60. Thabane L, Ma J, Chu R, et al. A tutorial on pilot studies: the what,
why and how. BMC Med Res Methodol 2010;10:1.
61. Lancaster GA. Pilot and feasibility studies come of age! pilot and
feasibility studies 2015;1.

Ibrahim K, et al. BMJ Open 2019;9:e031275. doi:10.1136/bmjopen-2019-031275

BMJ Open: first published as 10.1136/bmjopen-2019-031275 on 15 August 2019. Downloaded from http://bmjopen.bmj.com/ on November 30, 2020 by guest. Protected by copyright.

31. González-Montalvo JI, Alarcón T, Gotor P, et al. Prevalence of
sarcopenia in acute hip fracture patients and its influence on shortterm clinical outcome. Geriatr Gerontol Int 2016;16:1021–7.
32. Fernández C, Oliveri B, Bagur A. High prevalence of sarcopenia in
women with osteoporotic fractures. J Osteopor Phys Act 2016;4.
33. Gielen E, Bergmann P, Bruyère O, et al. Osteoporosis in frail patients:
a consensus paper of the Belgian bone Club. Calcif Tissue Int
2017;101:111–31.
34. Roberts HC, Dodds R, Sayer AA. Current clinical care of older adults
with sarcopenia. Journal of Clinical Densitometry 2015;18:493–8.
35. Hida T, Harada A, Imagama S, et al. And its related-fractures to
improve quality of life in geriatric populations. Aging and Disease
2014;5:226–37.
36. Fiatarone Singh MA, Exercise FSMA. Exercise, nutrition and
managing hip fracture in older persons. Curr Opin Clin Nutr Metab
Care 2014;17:12–24.
37. Ellis G, Whitehead MA, O'Neill D, et al. Comprehensive geriatric
assessment for older adults admitted to hospital. The Cochrane
database of systematic reviews 2011;7.
38. Ramírez-Martín R, Castell Alcalá MV, Alarcón T, et al. Comprehensive
geriatric assessment for identifying older people at risk of hip
fracture: cross-sectional study with comparative group. Fam Pract
2017;34:679–84.
39. Wilson M-MG, Thomas DR, Rubenstein LZ, et al. Appetite
assessment: simple appetite questionnaire predicts weight loss in
community-dwelling adults and nursing home residents. Am J Clin
Nutr 2005;82:1074–81.
40. Hodkinson HM. Evaluation of a mental test score for assessment of
mental impairment in the elderly. Age Ageing 1972;1:233–8.
41. Wade DT, Collin C. The Barthel ADL index: a standard measure of
physical disability? Int Disabil Stud 1988;10:64–7.
42. de Pouvourville G. Paying doctors for performance. The European
Journal of Health Economics 2013;14:1–4.
43. Coast J, Flynn TN, Natarajan L, et al. Valuing the icecap capability
index for older people. Soc Sci Med 2008;67:874–82.
44. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56:M146–57.
45. Roberts HC, Denison HJ, Martin HJ, et al. A review of the
measurement of grip strength in clinical and epidemiological
studies: towards a standardised approach. Age Ageing
2011;40:423–9.

