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ABSTRACT 

Introduction 

For some people, ageing is associated with the experience of increased co-morbidity, 

functional impairment, poor resilience and heightened vulnerability to external stressors, 

resulting in reduced lifespan as well as health-span. This frailty phenomenon poses 

challenges to health care systems in the form of increased patient complexity and resource 

utilisation. The acute care setting, characterised by time-pressure and high patient turn-over, 

is under strain and struggles to recognise and subsequently reliably intervene, to prevent, 

reverse or halt the decline of this vulnerable cohort.  

Methods 

This mixed-methods study probes existing evidence and ‘real-world’ processes with a 

systematic review of frailty assessments developed or validated in the acute care setting and 

a survey of contemporaneous clinical practice in London Acute Medical Units. Content 

validation and understanding of contextual factors for ideal frailty assessment in acute care 

is explored using Delphi consensus and Focus Group methodology respectively. The 

resultant model is developed on existing retrospective national Hospital Episode Statistics 

data, and prospectively tested on observational data in a local Acute Medical Unit setting. 

Results 

Existing frailty scores are preponderantly biophysical in nature, and have poor predictive 

power for adverse outcomes in the acute care setting. In clinical practice, single-dimension 

assessment tools predominate. Frailty syndromes and previous high resource utilisation in 

the form of a simple, clinically relevant tool useful to the multidisciplinary team gain 

consensus as optimal assessment for the setting. Retrospective testing of the frailty model 

displays moderate predictive powers for adverse events (inpatient mortality, emergency 

readmission and institutionalisation) and prospective testing provides concurrent (Frailty 

Index, Age, Co-Morbidity) and comparative predictive validity (Frailty Index, Co-Morbidity, 
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admission National Early Warning Score) with existing risk stratification models in this 

setting. 

Conclusions 

A risk prediction model based on frailty syndromes and previous high resource utilisation is a 

valid, feasible and useful for the acute care setting.   
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GIM  General Internal Medicine 
HADS Hospital Anxiety and Depression Scale 
HARP Hospital Admission Risk Profile 
HELP Hospitalized Elderly Longitudinal Project 
HER2 Human epidermal growth factor 
HES Hospital Episode Statistics 
HK-ISAR Hong Kong Identification of Seniors At Risk 
HL Hosmer-Lemeshow 
HOTEL Hypotension, Oxygen saturation, Temperature, ECG Changes, 
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Loss of independence 
HR Hazard Ratio 
HRG Health Resource Group 
IADL Instrumental Activities of Daily Living 
ICD International Classification of Diseases 
ICIQ International Consultation on Incontinence Questionaire 
IL-6 Interleukin-6 
ISAR Identification of Seniors At Risk 
Kg kilogram 
LOS Length Of Stay 
LNPL Lower Natural Process Limits 
LR+ Positive Likelihood Ratio 
LR- Negative Likelihood Ratio 
M Million 
m Meter 
MeSH Medical Subject Headings 
MAPLE-AC Method for Assigning Priority Levels in Acute Care 
MINAP Myocardial Ischaemia National Audit Project 
MINORS Methodological index for non-randomised studies 
MoCA Montreal Cognitive Assessment 
MUST Malnutrition Universal Screening Tool 
NA Not Applicable 
NH Nursing Home 
NICE National Institute for Health and Care Excellence 
MFS Morse Fall Score 
mmHg Millimeters of Mercury 
mmol/l Milimol per liter 
MMSE Mini Mental State Examination 
MNA Mini Nutritional Assessment 
MPI Multidimensional Prognostic Index 
NEWS National Early Warning Score 
NIH National Institute of Health 
NHS National Health Service 
NPV Negative Predictive Value 
ONS Office of National Statistics 
PARR Patient at Risk of Re-hospitalisation 
PAS Patient Administration System 
PPV Positive Predictive Value 
proBNP pro-brain natriuretic peptide 
PROBAST Prediction study Risk Of Bias Assessment Tool 
PROGRESS Prognosis Research Strategy 
PQCT Peripheral Quantitative Computerized Tomography 
REMS Rapid Emergency Medicine Score 
RIGAMA Risk Index for Geriatric Acute Medical Admissions 
ROC Receiver Operator Characteristic 
RPV Resource, Process, Value 
S seconds 
SF 36 Short Form 36 
SHARE The Study of Health, Ageing and Retirement in Europe 
SHERPA Score Hospitalier d’Evaluation du Risque de Perte d’ Autonomie 
Sig. Significance 
SSNAP Sentinel Stroke National Audit Programme 
SOF Study of Osteoporotic Fractures 
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SOFA Sequential Organ Failure Assessment 
SPARRA Scottish Patient at Risk of Readmission and Admission 
SPC Statistical Process Control 
SPICES Sleep disorders, Problems eating or feeding, Incontinence, 

Confusion, Evidence for falls, Skin Breakdown 
START Screening Tool to Alert to Right Treatment 
Std. Standard 
STOPP Screening Tool of Older People’s Prescription 
STRATIFY St Thomas risk assessment tool in falling elderly inpatients 
SUHB Stable gait, Unstable gait, needed Help to walk or Bedridden 
TNF α Tumour Necrosis Factor Alpha 
TPMT Thiopurine methyltransferase 
TRIPOD Transparent Reporting of a multivariable prediction model for 

Individual Prognosis or Diagnosis 
TRST Triage Risk Screening Tool 
UCLA University of California at Los Angeles 
UK United Kingdom 
USA United States of America 
UNPL Upper Natural Process Limits 
VIF Variance Inflation Factor 
XmR Individuals and Moving Range  
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CHAPTER 1 INTRODUCTION 

Medicine is the science or practice of the diagnosis, treatment, and prevention of disease. 

The human population is ageing. A demographic change linked to ageing is observed, 

namely frailty. In the acute care setting of hospitals, the provision of healthcare is impacted 

by increased complexity. This thesis examines frailty in the acute care setting, and in the 

next eight sections that form this introduction chapter, will examine patterns of population 

ageing (Section 1.1 and 1.2), will discuss definition, pathophysiology and epidemiology of 

frailty, as well as interventions (Section 1.3), will explore the evidence for poor quality care in 

the hospital setting for the older person (Section 1.4), will summarise the evidence for 

prognosis research (Section 1.5), will explore current gaps in knowledge about frailty 

assessment in the acute care setting (Section 1.6) and conclude with the hypothesis, 

research questions and an overview of research methodology (section 1.7 and 1.8).  The 

thesis has 8 chapters, covering a systematic review of frailty risk prediction models 

developed or validated in the acute care setting (Chapter 2), a survey of practice exploring 

frailty assessments currently used in Acute Medical Units across London (Chapter 3), a 

modified Delphi Consensus study of national experts in frailty focussing on frailty 

assessment in the acute care setting (Chapter 4), focus groups of national experts in frailty 

focusing on contextual barriers and facilitators of frailty assessment in the acute care setting 

(Chapter 5), a retrospective secondary analysis study of an existing large(national) dataset 

to build and test a frailty risk prediction model (Chapter 6), a prospective observational study 

trialling the frailty model in the local clinical setting of an Acute Medical Unit (Chapter 7) and 

finally a summary exploring the impact of thesis findings on existing literature, policy and 

clinical practice, as well as recommendations for further research (Chapter 8). 

1.1 Population Ageing 

The world’s population is ageing, with an increasing aged fraction of the whole population. 

Population ageing is a multi-factorial and dynamic process, which stems from the confluence 

of 3 main factors: lower childhood and adult mortality rates, improved fertility rates and 
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migration(1). Increasing life expectancy (from childhood and in late life) coupled with 

declining fertility rates have resulted in unprecedented, sustained and accelerating levels of 

population ageing.  

The world’s older population (over 60 years) increased 48 percent from 607M to 901M from 

years 2000 to 2015, and is projected to grow by 56 percent to 1.4bn by 2030 and 2.1bn by 

2050. It is projected that the world’s older population will outnumber children aged 0-9 by the 

year 2030(2). 

1.2 Patterns of global population ageing and in the United Kingdom 

Population ageing is heterogeneous and this demographic shift has consequences for a 

proportion of older persons. 

1.2.1 Developed vs. developing countries 

The acceleration in population ageing appears to be occurring globally, but more 

pronounced in the developing world(3). Two thirds of the world’s older population (over 60 

years) currently live in developing countries. The number of older persons in developed 

countries grew by 29 percent from 231M to 299M from 2000 to 2015, while the number of 

older persons in developing countries grew 60 percent from 376M to 602M during the same 

period(2).  

1.2.2 Gender 

Overall, women live longer than men, with an average age gap of 6.8 years. Globally, there 

were 86 men for every 100 women in those over 60 years and 63 men for every 100 women 

in those over 80 years in 2015(2). Globally, women accounted for 54 percent of the 

population aged over 60 years and 61 percent of the population aged over 80 years in 

2015(2). With improvements in life expectancy, this gap is projected to decrease mildly to 

5.8 years by 2050 in the developed countries. However, life expectancy gains in the 
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developing countries are projected to be higher for females compared to males, thus globally 

maintaining the average(1). 

1.2.3 Ageing in the older population 

The world’s older population are becoming increasingly aged. In 2013, people who survive to 

60 years are expected to live on average to 80 years (23 years in developed countries and 

18 years in developing countries). This life expectancy is projected to increase by 22 years 

in 2050(1). The global share of the older population aged over 80 years increased from 9 

percent to 14 percent from 1980 to 2015 and is projected to increase to 20 percent by 2050. 

In 2015, one in five of the population over 60 years was aged 80 years and over(2). 

1.2.4 Population ageing in the UK 

In the UK, there are 14.7M persons aged 60 years or older, 3M of which are aged 80 years 

and older (4). There are more older persons (over 60 years)  in the UK than under 18 year 

olds and there are more pensioners than children under 16 years old(5). Life expectancy and 

the rate of population ageing in the very old is also increasing. Current estimates of life 

expectancy from birth are 82.9 years for females and 79.1 years for men(6), and 86.1 years 

for females and 83.5 years for men from the age of 65 years.  The percentage of older 

persons is predicted to increase from 23 percent currently to 31 percent by 2058 whilst the 

number of people over 85 years is predicted to double in the next 20 years(7).  

1.2.5 Consequences of population ageing 

This unparalleled increase in population ageing has roots in relative world peace, advances 

in public health and improved social care. It is also a testament to advances in medicine, 

with effective therapeutic interventions that prolong lifespan, as well as health span. While 

this thesis covers frailty, it is important to recognise the concept and importance of healthy 

ageing. Three quarters of persons aged over 65 said they were very or fairly satisfied with 

their health in face to face interviews. 92 percent were very or fairly satisfied with their 

standard of living and 82 percent said they felt happy or contented most or every day in the 
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previous 2 weeks(8). Globally, 40 percent of older persons live independently. In the UK, 

3.8M (36 percent) of older persons live alone(9), 70 percent of which are female(10). 

In contrast, for some this demographic shift is associated with a change in health profile, with 

increased number of co-morbidities, functional dependence, disability as well as high health 

and social care utilisation and cost. A systematic review suggests prevalence of multi-

morbidity ranges from 55-98% in the elderly, with cross sectional and longitudinal studies 

showing an association with increasing age, female gender and low socioeconomic 

status(11). In the UK, 17 percent of adults were registered with disability compared to 45 

percent of those above state pension age in 2014/2015(12). There is consequently a 

proportion of the aged population that poorer health, quality of life and reduced life-span. 

1.3 Frailty 
 

This section gives some background to the concept of frailty, exploring definitions, 

pathophysiology, epidemiology and management in the acute care setting. 

1.3.1 Frailty: concept and definition 
 

Frailty is a common and important syndrome that is increasingly prevalent 

with advancing age. While international consensus on the definition of frailty has yet to be 

achieved, frailty has commonly been defined as a biological syndrome of accumulated deficit 

across multiple physiological systems, resulting in increased vulnerability to external 

stressors and increased risk of adverse outcomes(13). Frailty is therefore loss of redundancy 

in a complex system(14), leading to loss of resilience.  

These deficits, be they the pathophysiological consequence of inbuilt senescence as part of 

the ageing process, or the accumulation of defect throughout a life-course, impact on 

subclinical alterations, leading ultimately to the clinical manifestations of frailty that develop 

after crossing a theorised threshold. Although the earlier stages of frailty may not be 
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clinically apparent, later stages manifest when a critical mass of deficits accumulates and a 

threshold of vulnerability is passed from molecular to cellular and finally to the organism 

level(15). 

1.3.2 Pathophysiological mechanisms of frailty 
 

The pathophysiological mechanisms underpinning frailty have yet to be fully elucidated. 

While ageing and frailty are linked, biological and chronological age are not identical(14). 

These pathophysiological processes are theorised to extend from molecular level to cell, cell 

to tissue, tissue to organ system, and to finally manifest at host organism level.  

 

The antagonistic pleiotropy and disposable soma theory of ageing suggest that organism 

ageing is the consequence of unrepaired molecular and cellular damage accumulating over 

a life-course. This aggregation of deficit is theorised to be stochastic, and strongly influenced 

by genes controlling a network of maintenance and repair mechanisms, that flex to 

accommodate a number of processes within the confines of finite energy resources(16). 

Deoxyribonucleic acid(DNA) damage via destructive free radical mediated oxidative 

processes, defective DNA repair mechanisms and telomere dysfunction are felt to herald 

organism decline(17, 18). 

 

Epigenetic apparatus control the differential expression of genes in certain cells, and are 

responsive to environmental stressors, providing a possible link between frailty, ageing and 

environmental factors(19). The combination of these genetic and molecular factors above 

are transmitted to cellular level as cell senescence of mitotic cells, and distinct but similar 

consequences for post-mitotic cells (e.g. neuronal)(20). 

 

At tissue and organ system level, frailty has effects on the nervous and endocrine system, 

manifesting as delirium(21) and dementia(22), chronic inflammation (23, 24), 

sarcopaenia(25), anaemia(26) and coagulopathy, steroid hormone dysregulation(27, 28), 
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low vitamin D levels, malnutrition(29, 30) and insulin resistance(15, 31). This can manifest at 

host organism level as immobility, instability, incontinence and intellectual impairment, often 

termed the ‘giants of geriatrics’(32). Certain disease processes are also more common in the 

elderly (e.g. malignancy and age-related macular degeneration) 

1.3.3 Epidemiology of frailty 
 

This section explores and compares the epidemiology of frailty in the community and 

hospital setting. 

 

1.3.3.1 Community setting 

 

A systematic review of 21 community dwelling cohorts reported a pooled frailty prevalence 

10.7 percent (N=61,500)(33), with more women being frail compared to men (9.6 percent 

(95% CI 9.2–10.0) versus 5.2 percent (95% CI 4.9–5.5); χ2 = 298.9 df = 1, P<0.001). The 

Survey of Health, Ageing and Retirement in Europe (SHARE) study reported frailty 

prevalence as 4.1% in community dwelling adults > 50 years(N=16,584) in 10 European 

countries, increasing with age to 17% in those over 65 years)(34).  

 

In the UK, the Hertfordshire Cohort Study(N=638)(35) reported an overall prevalence of 6.3 

percent of community dwelling 64-74 year olds, again with a female preponderance (8.5 

percent versus 4.1 percent; p=0.02). The English Longitudinal study of ageing(N=3055)(30) 

reported a frailty prevalence of between 8 and 13 percent for community dwelling over 65 

year olds, depending on frailty measurement utilised (the Phenotype and Frailty Index 

definitions respectively). 
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1.3.3.2 Hospital setting 

 

Reported clinical studies within secondary care report higher frailty prevalence rates 

compared to the community setting (ranging from 24.7 to 80 percent), but also vary 

according to specialty and ward setting. A recent study set within the acute medical unit 

setting at an English central teaching hospital (n=667; patients > 70 years) reported frailty 

prevalence rates of 69 percent[ISAR(36)], 17.9 percent[Phenotype], 66.4 percent[SOF], 24.9 

percent[Avila-Funes], 24.1 percent[Rothman] and 30.9 percent[Frailty index], depending on 

frailty measurement utilised(37, 38). 

An observational study(n=298) investigating the prevalence of frailty in patients aged ≥ 75 

years upon admission to 5 clinical wards (Older persons, trauma, 

pulmonology/rheumatology, internal medicine and surgical) at a central teaching hospital in 

the Netherlands reported rates of 50 to 80 percent (using the Groningen Frailty Index(39, 

40)). The rates were higher in medical specialty wards compared to surgical.  

A retrospective study utilising secondary analysis of data at a community hospital(n=752) in 

the US for admitted medical patients >75 years who underwent comprehensive geriatric 

assessment reported frailty prevalence rates of 72.7 percent(41). 

A single site(n=220) study exploring frailty in patients >70 years admitted to acute geriatric 

ward from Emergency department in Belgium reported frailty prevalence rates of 40.5 

percent[Phenotype] and 32 percent[SOF] respectively)(42). 

A (n=5764) retrospective observational study in a large tertiary teaching hospital in UK 

utilised secondary analysis of clinical data for patient >75 years admitted to an older persons 

medical ward reported a frailty prevalence of [Clinical Frailty Scale]56.7 percent(43). 

An observational cohort study(n=309) exploring frailty in patients > 70 years admitted to a 

cardiology ward in the US reported rates of 27 percent[Phenotype] and 63 percent[Frailty 

Index](44). A multi-centre study(n=307) in the US exploring frailty prevalence in patients >75 



31 
 

years diagnosed with non-ST elevation myocardial infarction reported rates of 48.5 

percent[Clinical Frailty Scale] (45). 

1.3.4 Management of frailty in the acute care setting 

 

This section explores the evidence for management of frailty in the acute care setting. 

1.3.4.1 Comprehensive Geriatric Assessment 

 

The difficulty in providing care for this older patient cohort stems from the multifaceted and 

interconnected nature of their physiology (e.g. decreased nutritional reserve, chronic 

inflammatory state, sarcopaenia leading to falls risk and decreased mobility), pathological 

processes (e.g. co-morbidity, delirium, incontinence) and vulnerability (e.g. cognitive 

function, social, financial, pharmacological multiplicity resulting in iatrogenesis). These levels 

of complexity, along with diminished host resilience, are challenging for healthcare delivery 

systems. 

Comprehensive Geriatric Assessment (CGA) represents a method of multidimensional 

assessment and intervention in the management of frail elderly patients, introduced to the 

United Kingdom by Marjory Warren in the 1940s at the West Middlesex Hospital(46, 47). 

Benefits have been shown for the frail elderly through systematically identifying reversible 

medical, functional, psychological, social and environmental factors, and ensuring 

appropriate interventions are delivered.  It provides a systematic, context specific and 

multidimensional approach to the poly-faceted nature of frailty. 
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1.3.4.1.1 Organisation, human resource and assessments 
 

CGA has been described as organised into 2 elements(48), appropriate structures and 

processes, as well as appropriate multidisciplinary skills. Table 1 demonstrates the 

organisational and human resource requirements for effective CGA. Comprehensive 

assessment tools are an important and fundamental part of CGA. There are a number of 

assessment tools utilised to measure frailty or dimensions of frailty, for this purpose. Table 2 

describes examples of validated assessment tools. However, these assessment tools are 

often utilised in different populations from which they were developed and validated. 

Additionally, cross-over between these assessments have also not been studied well. For 

example, a strong association has been discovered between urinary incontinence and falls 

in the elderly(49). Redundancies between these assessment tools likely exist, with 

consequent time-consuming duplication of component assessments in practice. This is 

expanded below and in subsequent chapters. 

 

Table 1 Organisational and human resource components of Comprehensive Geriatric Assessment 

Organisation Core Team Members 

Comprehensive Assessments 
MDT ≥ 1 weekly 
Goal setting 
Assessment tools 
Protocols 
Ward Environment 
Outpatient Follow up 
Timing of assessments 

Consultant geriatrician 
Geriatric Fellow 
Trained nursing 
Social work 
Physiotherapy 
Occupational therapy 
Dietetics 
Pharmacy 
Speech and Language  
Audiology 
Dentistry 
Psychology 

 



Table 2 Examples of assessments commonly used in comprehensive geriatric assessment

Assessments Examples of tools Assessments  Examples of tools 

Cognition and delirium Mini Mental State Examination (MMSE) 
Abbreviated Mental Test (AMT) 
Confusion Assessment Method(CAM) 

Quality of life Short Form 36(SF36) 
European Quality of Life-5 Dimensions (EQ-5D) 
Modified Patrick perceived Quality of Life Score 

Mood Hospital Anxiety and Depression Scale(HADS) 
Beck Depression Inventory(BDI) 
Geriatric Depression Scale(GDS) 

Nutrition Malnutrition Universal Screening Tool(MUST) 
Mini Nutritional Assessment(MNA) 

Illness Severity National Early Warning Score(NEWS) 
H.O.T.E.L Score 
Simplified Acute Physiology Score(SAPS) 

Mobility Timed up and Go (TUG) 
Berg Balance Scale 
Tinetti assessment Tool(TAT) 

Falls Risk Downton Falls Index 
St Thomas's risk assessment tool in falling 
elderly inpatients(STRATIFY) 
Morse Falls Scale 

Co-morbidity Charlson Index 
Elixhauser index 
Diagnosis related group 

Function Barthel ADL index 
Katz ADL Scale 
Lawton iADL Scale 

Frailty Edmonton Frail Scale 
Canadian Study of Health and Ageing Frailty 
Scale(CSHA) 
Tilberg Frailty Indicator 

Other: 
 

Social Care 
Continence 

Pressure Ulcer Risk 
Medicines Reconciliation and Optimisation 

Bone Health 
Vision/hearing 



1.3.4.1.2 Diverse modes of implementation in delivery in acute care 
 

CGA has been implemented in some diverse ways. Stuck et al.’s(50) met-analysis of 

comprehensive geriatric assessment describes 5 different models, summarised in Table 3. 

These included 2 inpatient and 3 outpatient models. The first inpatient model is a 

consultative model, where the multidisciplinary team assess and make recommendations to 

the parent team. The second inpatient model is a discrete ward model, where a single team 

undertakes multidisciplinary assessment and delivers care for all patients on a base ward. 

Evaluation of CGA within these subgroups is then important as statistical tests detect 

heterogeneity in the outcome data, but not among model properties(50). This diversity in 

implementation has also led to varied outcomes, length of follow up and measures of 

effectiveness.   

 
Table 3 Different models of delivery for comprehensive geriatric assessment 

Inpatient Outpatient 

Inpatient Geriatric 
Consultation 
Service(IGCS) 

CGA delivered as 
a consultative 
service on non-
designated wards: 
multidisciplinary 
team assesses 
and makes 
recommendations 
of care (eg 
Geriatric liaison 
service) 

Home Assessment 
Service(HAS) 

CGA delivered at 
home 

Hospital Geriatric 
Evaluation and 
Management Unit(GEMU) 

CGA delivered on 
discrete ward 
with a single team 
doing 
multidisciplinary 
assessment and 
delivering care 
(eg Acute Care for 
Elders (ACE) 
Units; Acute 
Frailty Unit) 

Hospital Home 
Assessment Service(HHAS) 

CGA delivered at 
home for patients 
recently discharged 
from hospital 

  Outpatient Assessment 
Service(OAS) 

CGA delivered in the 
outpatient setting 
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1.3.4.1.2.1 Acute Medical Unit 
 

The specialty of Acute Medicine has developed in response to concerns over the quality of 

acute care for an ever increasing number of medical admissions(51), with the majority of 

adult medical patients who are admitted to acute NHS Trusts currently being admitted via 

acute medical units. There are 225 acute medical units over 242 hospital sites accepting 

adult acute medical admissions in the UK(52), a number which is growing. Currently, 

consultant physicians of various base-specialties (including, but not exclusively geriatricians) 

undertake on-call rotas for general internal medicine, and are responsible for the care of frail 

elderly who are admitted to hospital with an acute medical illness(53). Variations in acute 

healthcare delivery are common, and expanded in section 1.4. Discovering robust systems 

for recognition of frailty and delivery of CGA in this acute care setting is a priority area for 

further study. 

 

1.3.4.1.2.2 Acute Frailty Unit 
 

In the United Kingdom, the Hospital Geriatric Evaluation and Management Unit model of 

CGA is often delivered via a multidisciplinary team on a dedicated inpatient Care of the 

Older Person Ward. However, Acute Frailty Units within the emergency department have 

shown some benefit in admission avoidance and emergency readmission rates. A pre-and-

post study of embedding an Acute Frailty Unit within the emergency department reported a 

decrease in admission rate for those attending the emergency department in those > 85 

years (69.6 to 61.2 percent), and a decrease in readmission rates for this group (26.0 

percent at 90 days to 19.9 percent)(54). 

 

Focusing on patient flow, a multidisciplinary team from an English central hospital utilised 

quality improvement methodology from the Institute of Healthcare Improvement, Toyota’s 

lean methodology and statistical process control to institute 3 organisational and process 
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changes to acute medical care for those >75 years: move from a post-take to ‘on-take’ 

geriatrician ward rounds all week to ensure a consultant geriatrician was available to review 

admissions early in the patient journey, development of an Acute Frailty Unit for rapid 

multidisciplinary team assessment and discharge of medically fit frail elderly patients to be 

rapidly assessed for escalation of social care in their own homes. These three interventions 

was associated with a reduction in average bed occupancy by 20.4 beds (95%CI -39.6 to -

1.2; P=0.037) and hospital mortality (from 11.4 percent(95%CI 10.4-12.4) to 9.15%(95% CI 

7.6-10.7)) without increased emergency readmission(55). 

 

1.3.4.1.2.3 Older Persons Assessment and Liason Service 
  

The Older Persons Assessment and Liason(56) service is an example of the Inpatient 

Geriatric Consultation Service model of delivering CGA. This consultative approach 

consisted of a specialist nurse or physiotherapist screening all patients >70 years within 24 

hours of acute admission. Patients were discussed or reviewed by a consultant geriatrician 

depending on clinical need. Patients were then either transferred to a care of the older 

persons ward, managed by the consultative service on general medical wards, or had 

discharge facilitated with referrals to appropriate outpatient services (e.g. falls clinic). Pre-

and-post observational analysis demonstrated improved assessment (e.g. falls, delirium) as 

well as a fall in mean length of stay and number of days to transfer to specialist care of the 

older persons ward. 

 

1.3.4.1.3 Efficacy of comprehensive geriatric assessment 
 

A recent Cochrane met-analysis and systematic review(48) suggests that CGA, when 

applied to frail older persons admitted to hospital, is associated with patients more likely to 

be alive and discharged to their own home at 6 months compared to standard care (OR 1.25 

95% CI 1.11 to 1.42, P<0.001, Numbers Needed to Treat=17), an effect also seen at 12 
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months (OR 1.16 95%CI 1.05 to 1.28, P= 0.003, Numbers Needed to Treat=33). Compared 

to standard care, CGA was also associated with less likelihood of being discharged to 

residential care (OR 0.78 95% CI 0.69 to 0.88, P<0.001). The limitations of the met-analysis 

include under-powering of some included studies, significant data heterogeneity, multiple 

settings and trials included over a long time span. 

 

Notably, predefined subgroup analysis for the above outcomes showed significant 

interaction when CGA is delivered via the Hospital Geriatric Evaluation and Management 

Unit model as opposed to the Inpatient Geriatric Consultation Service model of delivery. 

There may be several reasons for this. 

 

It may be that true multidisciplinary team working is difficult with the consultative model, and 

that recommendations to the parent team from the geriatric consultation service are not 

fulfilled, nor carried out in a timely manner. Furthermore, factors such as education and 

training, skill-set of parent team and patient flow may affect quality of care delivered.  

 

However, evaluating the efficacy of CGA for frail older people who are admitted to hospital is 

challenging due to the very characteristics that likely provides its utility: it’s multidimensional 

scope and the diverse methods with which it has been implemented. Efficacy is often 

defined as the performance of an intervention under ideal and controlled circumstances. 

Effectiveness is often defined as the interventions performance under ‘real-world’ conditions. 

CGA is, by nature, a complex intervention. Additional contextual dimensions often 

unaddressed by traditional controlled trials include particularities of setting, professional 

behaviours, organisational level, how completely an intervention is delivered, organisational 

culture and values, and the flexibility of the intervention. Recognising these difficulties with 

evaluating complex interventions, guidelines from the  Medical Research Council has 

cautioned the use of traditional individual randomised controlled trials for this purpose(57). 
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Robust methods for evaluating the efficacy and effectiveness of various models of CGA 

delivery that embrace and account for contextual complexity is a research priority. 

1.4 Evidence of poor quality care for older persons in the hospital setting 
 

Older persons comprise a substantial proportion of patients in acute medical units, and a 

sizeable proportion (60 to 70 percent) of overall hospital inpatient bed occupancy(53). Frailty 

is partly responsible for the oldest patients having the highest readmission rates, highest rate 

of use of long-term care after discharge and longest lengths of stay(58). Admission to 

hospital also adds specific hazards (e.g. cross-infection risk, disorientation, noise) to the 

most vulnerable of patient groups. Quality of care issues are well described in both health 

and social care settings.  Arora et al(59) demonstrated large variation in the quality of care 

for hospitalised frail older people based on standardized quality process indicators. For 

example, only 31.4 percent of quality indicators related to assessment and management of 

delirium and dementia were met, while 75.8 percent of quality indicators related to 

assessment and management of pressure ulcers were met. Another review in the USA(60) 

suggests that overall, patients only receive 55 percent of basic recommended care 

processes (RAND Quality Assessment Tools system that comprises key indicators for 

screening, diagnosis, treatment and follow-up based on national guidelines and literature 

review). There are recognised deficiencies of care in relation to medication management, 

delirium and dementia, falls and incontinence.  

1.4.1 Poor recognition of frailty and delivery of intervention: The Safety Imperative 

 

Poly-pharmacy is a recognised cause of morbidity and mortality and there is a linear 

relationship  between the number of medications prescribed and the number of 

discrepancies encountered(61). The average number of medications taken by older 

inpatients is reported as 8-13(62, 63). Following admission to hospital, it is reported that 14.1 

percent of patients over 65 years have ≥ 1 medication discrepancy l(64), with communication 
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gaps and poor documentation being identified as major  contributory factors(65, 66) .The 

introduction of ≥ 3 new medications significantly increases the risk of readmission(67), and 

medication errors have been implicated in up to 40 percent of readmissions(66) for those 

over 75 years. 

 

Delirium is common in older persons admitted to hospital, with reported  prevalence rates of 

20 percent (range 7-61 percent, with the highest rates in critical care)(68) and is a 

recognised complication of, and precursor to, a dementing process. Though preventable in a 

third of patients(69, 70), delirium is poorly recognised and subsequently poorly managed in 

the hospital setting(71, 72). National clinical audit data suggests that of patients admitted to 

acute trusts, only 8.5 percent and 43 percent have a delirium screen and a standardised 

mental status test carried out respectively. Management of delirium is not optimal. It is of 

concern that 18.3 percent of patients had prescriptions for antipsychotics without any 

documented reason(73), with potential risk of adverse side effects.  

 

Falls are very common in older persons, and are a marker of frailty. Hospital Episode 

Statistics for 2006/7 data suggests that 4.6 million hospital bed days were used in England 

for frailty related and/or injurious falls for those over 65 years old. National clinical audit data 

suggests that the general care of the patients admitted to hospital with hip fractures is sub 

optimal. 34 percent do not receive adequate analgesia within 60 minutes, 14 percent do not 

receive intravenous fluids where appropriate and 48 percent do not have pressure ulcer 

assessment and appropriate management within 4 hours(74). Additionally, the assessment 

of risk factors associated with falls and interventions to ensure bone health and prevent 

secondary fractures are not reliably delivered. For example, a check for postural instability of 

blood pressure is only documented in 16 percent of patients admitted with non-hip fractures, 

whilst prescription rates for calcium, vitamin D and bisphosphonates, where appropriate, 

ranged from 25 to 35 percent of patients admitted with non-hip fractures. Again, large 

variation in performance exists across different Trusts(74). 
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1.4.2 Age discrimination 

 

Urinary and faecal incontinence is common in the older people and National Institute of 

Health and Clinical Excellence(NICE) guidelines(75-77) have been produced by the to 

improve the quality of care for these conditions. National clinical audit data suggests that the 

quality of assessment, diagnosis and treatment of incontinence in those over 65 years is 

poorer when compared with younger patients(78). National data from 2009 for acute Trusts 

in England and Wales showed that 62 percent and 36 percent of those > 65 years had a 

documented continence history and post void residual volume respectively, compared to 84 

percent and 51 percent in those less than 65 years. 

 

There is an increasing evidence that the older patients also have lower rates of investigation 

and treatment, especially for cerebrovascular, cardiovascular and oncological disease 

compared to younger patients. Shaw et al.(79) demonstrated in the late 1990s that women 

aged over 75 years were 7 times less likely to have a coronary artery bypass graft when 

needed, and over ten times less likely to receive Primary Cardiac Angioplasty. Similarly, 

analysis of National Clinical Audit data(80) suggests that those > 85 years are less likely to 

be treated in a stroke unit, have appropriate radiological imaging, receive secondary 

prevention or receive certain  aspects of rehabilitation,  compared to younger patients. 

1.4.3 Dignity and Continuity of care  

 

Reviews by the Healthcare Commission(81, 82) reveal  poor standards of general care in 

hospital wards for older people including unsatisfactory discharge practices, frequent 

movement between wards with no clinical indication, poor nutrition or no support for older 

people needing help with meals and compromised dignity by being cared for in mixed-sex 

bays or wards.  
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Patient surveys of hospitals may be difficult to interpret as older patients tend to be less 

critical of their hospital experience(81, 83). However, NHS Inpatient Survey data shows 

those aged ≥ 81 years are less likely to describe their overall care as “excellent”, more likely 

to feel “talked over” by clinical staff and less likely feel they have been given adequate 

information than those in middle or early old age(84). 

1.4.4 National reports and recommendations 

 

Recognising these challenges, the Royal College of Physicians recommend that a whole-

systems approach be taken to reconfigure services to deliver early CGA early, establishment 

of criteria to identify patients who would benefit most from CGA, formation of supportive care 

models that can intervene within the first few hours of admission to hospital (e.g. needs-

based, age-defined or integrated), and creation of ambulatory pathways for frail patients who 

do not require hospital admission but have on going care needs (e.g ‘hospital at home’)(53).  

 

A national intercollegiate group produced a report to address standards of care for older 

persons for the first 24 hours of an urgent care episode(85). The consensus report 

recommends that all older people accessing urgent care should be routinely assessed for 

pain, vital signs, delirium and dementia, depression, skin integrity, nutrition and hydration, 

sensory loss, falls and mobility, continence, activities of daily living, safeguarding issues and 

end of life issues. The report recommends that the presence of frailty syndromes should 

trigger detailed CGA, to start within 2 hours (14 hours overnight) either in the community, 

person’s own home or as an in-patient, according to the person’s needs. The report 

advocates the creation of ‘frailty friendly’ environments in the acute care setting, such as 

separate quiet assessment areas to reduce interruptions and over stimulation while enabling 

clinical observation. The report highlights clinical governance in the form of existing National 

Clinical Audit(74, 78) (e.g. Myocardial Ischaemia National Audit Project (MINAP) and The 
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Sentinel Stroke National Audit Programme (SSNAP)), and proposes several key 

performance indicators as part of whole system metrics. 

 

A British Geriatric Society Good Practice Guideline(86) highlights education and training 

needs for the recognition and management of frail older persons, and recommend that all 

clinicians involved in the medical management of acutely ill older people should have 

appropriate postgraduate training and education resources. 

1.5 Risk Stratification 

1.5.1 Prognosis research: Theory and evidence 

 

With the aim of improving health and life span, prognosis research is the study of the 

relationship between future outcomes from a baseline health state within populations. The 

applications of prognosis research to translational medicine include improving clinical 

decision making, healthcare policy, as well as developing and evaluating effective 

approaches to patient management. The Prognosis Research Strategy (PROGRESS) 

Partnership suggests a framework of four separate but linked types of prognosis research 

studies(87): 

1. fundamental prognosis research 

2. prognostic factor research  

3. prognostic model research 

4. stratified medicine research 
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1.5.1.1 Fundamental prognosis research 

 

This research aims to quantify the course of a specific population with a health condition in 

relation to the absence or presence of specific health care. It encompasses studies of the 

natural course of particular diseases, outcomes in relation to specific healthcare 

interventions, the impact of variation in healthcare delivery on outcomes, unexpected harms 

from intervention, and population screening. Being able to express an outcome among a 

population of shared clinical characteristics and background demographics (often termed 

baseline risk) is foundational for then demonstrating the efficacy of an intervention.  

In addition to examples in section 1.3.3.2, an example of this type of research include a 

multicenter prospective observational study exploring the prevalence of frailty in patients >50 

years admitted to intensive care units at two central teaching and 4 community hospitals(88). 

The prevalence of frailty was reported 32.8 percent (95% CI 28.3–37.5%) utilising the 

Clinical Frailty Scale. When frail patients were compared to non-frail patients, inpatient 

mortality was higher (32 percent v. 16 percent; adjusted odds ratio [OR] 1.81, 95% CI 1.09–

3.01), and there were more major adverse events (39 percent v. 29 percent; OR 1.54, 95% 

CI 1.01–2.37). Frail survivors were more functionally dependent (71 percent v. 52 percent; 

OR 2.25, 95% CI 1.03–4.89) and were more likely to be readmitted to hospital (56 percent v. 

39 percent; OR 1.98, 95% CI 1.22–3.23) at 12 months. 

1.5.1.2 Prognostic factor research  

 

A prognostic factor is a measure that is associated with a future clinical outcome among 

specific populations or those with certain health conditions. In many disease states, the most 

researched prognostic factors are biomarkers, which can be anywhere along the biological 

pathway, from genomics to proteomics, metabolomics to microbiome and pathological 

processes to clinical signs. Biomarkers for frailty are further expanded below in section 

1.5.2.5. Prognostic factors can also include social demographics, clinical symptoms and 
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psychosocial factors. Prognostic factor research aims to discover and evaluate factors that 

may prove to be modifiable interventions to improve outcomes or predictors of differential 

treatment response (e.g. in the field of cancer research). This type of research searches for 

the variables that can ultimately be built into a prognostic model(89).  

For example, a longitudinal population study in the US explored the association of social and 

behavioural factors with trajectories of frailty in patients > 60 years(90). Smoking status (OR 

1.31, 95% CI 1.10 to 1.56), concerns from relatives or friends about alcohol consumption 

(OR 2.26, 95% CI 1.19 to 4.29), less than high school education (OR 1.98, 95% CI 1.32 to 

2.96) and non-married marital status (OR 1.32, 95% CI 1.07 to 1.65) were found to be 

associated with being in the high frailty trajectory after adjustment for age, sex and baseline 

frailty. 

1.5.1.3 Prognostic model research 

 

A prognostic model is a methodology to amalgamate multiple prognostic factors for an 

outcome and allows for an estimate of risk for this outcome to be calculated for an individual, 

within a specific timeframe(91). A good prognostic model provides accurate predictions that 

allows for informed decisions by clinicians, patients and care givers to improve outcomes, as 

well as supports clinical research by improving design of clinical trials(92) and case-mix 

adjustment(93).  

 

The three main phases of prognostic model research are model development, model 

validation and evaluation of impact. Model development often consists of multivariable 

regression techniques, generally utilising secondary analysis of retrospective data or 

prospectively collected observational data. Model validation aims to apply the model on a 

dataset independent to the one used for development, to ensure predictions are valid 

beyond the context of that sample (external validation). Evaluation of the impact of the use of 
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a risk prediction model in clinical practice on patient outcomes, changes in healthcare 

processes and cost-effectiveness is a necessary step to demonstrate clinical effectiveness. 

There are many prognostic models in clinical use within the acute care setting. For example, 

the GRACE(Global Registry of Acute Coronary Events)(94) score is a prognostic model 

developed on a multinational prospective dataset of patients admitted with acute coronary 

syndrome, exploring prognostic factors for death and myocardial infarction(95). The score 

has aided clinical decision making regarding the need for hospital admission and timing of 

invasive cardiac intervention. There has been excellent external validation(96, 97)(including 

in older persons(98)), and the score has been included in international(99) and national(100, 

101) guidelines for the management of acute coronary syndrome.  

 

Other examples of prognostic models used in routine clinical practice in the acute care 

setting include CHA2DS2-VASc(102) score for risk of thromboembolic cerebrovascular 

event with atrial fibrillation, Blatchford(103) score for the need for endoscopic intervention 

following acute upper gastrointestinal bleed, and CURB65(104) for assessing pneumonia 

severity. These models benefit from extensive external validation, and have been 

recommended in guidelines by the National Institute for Health and Care Excellence.  

 

A recent systematic review(105) assessing the quality of prognostic models in patients > 60 

years for medium to long term mortality report methodological heterogeneity across the 

studies. Of the 16 studies, 8 were in the hospital setting, 2 in nursing homes and 6 in the 

community setting. 13 models had evidence of external validation, though predictive powers 

for the outcome were moderate at best (C statistic ≤ 0.7).  Examples of two prognostic 

models based on operationalised definitions of frailty are expanded in section 1.5.5. 

1.5.1.4 Stratified Medicine Research 

 

Stratified medicine research aims to target interventions according to an individual’s risk 

characteristics to maximise benefit while minimising harm. At a biological level, examples 
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include assessing HER2 (human epidermal growth factor) receptor status for consideration 

of treatment with trastuzumab in patients with breast cancer(106) and assessing thiopurine 

methyltransferase (TPMT) activity levels prior to commencing Azathioprine in patients with 

inflammatory bowel disease who might otherwise experience toxicity without dose 

reduction(107). At population level, prognostic models reveal those at highest risk for an 

outcome based on their prognostic characteristics, and potentially those that will benefit 

most from treatment. Examples in clinical practice include the use of risk prognostic models 

to inform current recommended thresholds for starting lipid lowering medication (according 

to cardiovascular risk(108)) and thresholds for starting bisphosphonates (according to risk of 

osteoporotic fracture(109)). 

1.5.1.5 Current limitations of Prognosis Research 

 
Though high-quality prognosis research is present in the literature, there are recognised 

challenges with many studies within this field. At the level of study conception, there is a 

recognised lack of strategic framework for funding and a lack of clear aims for many 

prognosis research studies. Numerous studies have poor methodological design and 

reporting standards. Many underpowered studies are published, and the existing literature 

may be biased with positive studies. There is poor synthesis of knowledge from existing 

studies and little evaluation of impact(110). To meet some of these challenges, consensus 

for methodological and reporting standards are being developed (e.g. Transparent Reporting 

of a multivariable prediction model for Individual Prognosis or Diagnosis (TRIPOD)(111) and 

PROBAST (Prediction study Risk Of Bias Assessment Tool)(112).  

 

Validation of prognostic models are incomplete, and evaluation of their impact on clinical 

outcomes are often missing. Consequently, there are numerous publications of prognostic 

models in clinical literature, but fewer for their validation, and fewer still for evaluation of their 

impact on outcomes. For example, a systematic review of 6 general medical journals from 

2006 to 2009 for prognostic model research discovered 71 original publications reporting a 
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prognostic model, 21 reported external validation studies and only 2 studies on evaluation of 

impact(91).  

 
When a prognostic factor is found to have a strong association with an outcome, this does 

not directly imply causality, though this association may be hypothesis generating for further 

investigation(89). Thus, modifying specific prognostic factors may not affect the outcome in 

question, or, in many cases, the prognostic factor may not amenable to modification (e.g. 

gender or socio-economic demographic). Associations discovered in multivariable risk 

prediction models should be replicated in multiple studies, and there be good clarity on the 

biological pathway from prognostic factor to outcome, prior to clinical implementation.  

 

Prognostic models require updating to remain relevant. This includes recalibration of the 

model to contemporaneous data, or to a different setting. As technological advances lead to 

new discovery and deeper understanding of disease processes, investigation of new 

prognostic factors to be added to a model should take place (91). 

 

1.5.2 Risk Stratification in Older Persons 

 

The examples in 1.4 suggest there is a clear imperative to improve the identification of older 

persons at risk of adverse events to support a more patient centered approach and allow for 

more targeted allocation of resources and implementation of safeguards in the acute care 

setting. There are existing but overlapping approaches to risk stratification in older persons 

within the acute care setting, with some evidence for benefit in terms of prognostication 

within this setting (Figure 1) and these models fall into several broad classes (outlined 

below). 
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Figure 1: Existing concepts and lenses for risk stratification in the older persons  
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1.5.2.1 Physiological 

 

Risk prediction models based on patient physiology have their origins in early work by 

Morgan et al.(113). These models are based on single parameter(114) or aggregate(115) 

weighted track-and-trigger systems(116) and have been studied for their performance and 

efficiency in predicting in-hospital mortality, escalation to critical care and cardiac arrest. 

Advanced age is independently associated with death and cardiac arrest, and use of age 

further improves predictive accuracy of many of the physiology based risk models (117-122). 

The National Early Warning Score is an example of this model. 

1.5.2.2 Biomarkers 

 

Biomarkers (Figure 1C), a portmanteau of “biological markers”(123), has been defined as a 

substance or process that can be objectively and reproducibly measured as an indicator of 

either normal biological or pathological processes that influence or predict outcomes(124). In 

the acute care setting, these tend to be routinely collected laboratory tests(125), or organ 

specific tests for diagnostic and prognostic reasons (e.g. Troponin or n terminal proBNP). 

Frailty specific biomarkers exploring bio-gerontological processes of systemic inflammation, 

steroid hormone dysregulation(126), sarcopenia, host stress(e.g. copeptin)(127) and low 

vitamin levels exist, but are within the realm of research and not clinical practice. 

1.5.2.3 Co-morbidity 

 

Co-morbidity is common in the older persons, and associated with disability and functional 

decline, poor quality of life, and high health care costs (11, 128). Methodologies to quantify 

risk associated with chronic conditions include the number and type of chronic 

condition(129), as well as weighted prognostic indices such as those proposed by Charlson 

and Elixhauser (130), which have validation in predicting mortality. Certain disease 

processes are more common in older persons, and associated with poor outcome, namely 

chronic inflammation (chronic kidney disease, pulmonary disease, anaemia, diabetes 
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mellitus)(131), accelerated artherosclerosis (hypertension, peripheral vascular disease, 

congestive cardiac failure, cerebrovascular disease, ischaemic heart disease) and 

malignancy. 

1.5.2.4 Disability 

 

Disability is often defined as impairment that is activity limiting resulting in restriction to 

participation in normal functional life situations. In the medical model, disability scales tend to 

measure and grade the impairment and its effect on limiting activity. Consensus and 

exploration of operationalised definitions suggest that frailty, co-morbidity and disability are 

distinct but that there is significant overlap (132-134)(Figure 1B). It is questionable how 

reversible the condition is once it exists. 

1.5.2.5 Operationalised Frailty 

 

Conceptually abstract, current definitions of frailty cause difficulty in operationalisation(13, 

135) and empirical measurement, making it hard to use in practice. Models of measurement 

in the acute care setting broadly fall into 2 categories: a phenotype model(136) and a frailty 

index (137). Bio-gerontological study (Figure 1A) suggest a high risk group within older 

persons characterised by chronic inflammation (23, 24), sarcopaenia(25), coagulopathy, 

steroid hormone dysregulation(27, 28), low vitamin D levels, malnutrition(29, 30) and insulin 

resistance(15, 31).(Table 4) This is expressed most clearly in the phenotype operationalised 

model of frailty(136)(Table 5). This operational model was explored in a secondary analysis 

of data from the Cardiovascular Health Study (n=5201), a longitudinal prospective 

observational study of community dwelling adults > 65 in the United States of America. Fried 

et al. evaluated an a priori phenotype classification (Table 5) for predictive validity by 

multivariable logistic regression for its ability to predict incident disease, hospitalisation, falls, 

disability, and mortality(136). 

 



51 
 

 

However, another approach adopted to operationalise frailty is to quantify observed or 

reported physical, mental and functional deficits accrued over time into a ratio (also termed 

the frailty index)(14). This methodology was first proposed by Rockwood and colleagues,  

who performed a secondary analysis of a prospective observational study of community 

dwelling adults(N=2194), with a priori defined deficits that correlate with age, which has been 

further refined into a distinct procedure(138). In essence, the ratio is formed by a numerator 

denoting the number of deficits actually reported or observed in the older person and the 

denominator is formed by the number of deficits able to be measured in that population for 

chronological age. Cox hazards regression show significant association with death 

compared to chronological age. 

 

Table 4: Biogerontological model of frailty and biomarkers 
 

A. Chronic inflammation 
a. CRP Raised 
b. IL-6 Raised(23) 
c. TNF α Raised(24) 

B. Coagulopathy 
a. D-Dimer 
b. Fibrinogen raised 
c. Factor VII raised 
d. Factor VIII raised 

C. Steroid hormone dysregulation(27, 28) 
a. Testosterone low 
b. oestrogen low 
c. endogenous estradiol raised 
d. Growth Hormone and Insulin-like Growth Factor low 
e. dehydroepiandosterone sulphate (DHEAS) low 
f. cortisol raised 

D. Sarcopaenia 
a. Peripheral quantitative computerized tomography (PQCT) showing decreased 

muscle bulk and increased fat(25) 
E. Low vitamin D levels 

a. 25(OH)D low(139) 
F. Malnutrition(29, 30) 

a. Lean and obesity 
b. Insulin resistance(15, 31) 
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Table 5: Frailty Phenotype 

Characteristic Measure 

Unintentional weight loss >10 pounds unintentional weight loss in prior 
year 

Weakness Grip strength – lowest quintile (by gender and 
BMI) 

Poor endurance/Exhaustion “Exhaustion” (self-report) 
Slowness Walking time/15 feet: slowest 20% (by 

gender, height) 
Low Activity Kcals/week: lowest 20% 

males: 383 Kcals/week 
females: 270 Kcals/week 

Presence of Frailty 
Positive for frailty phenotype: 
≥3 criteria present 
Intermediate or prefrail: 1 or 2 criteria present 
 
 

Both these operational models have significant benefits. They have validation for important 

outcomes such as long term mortality, functional decline and institutionalisation(14, 136), 

and are reproducible. They are pathologically and physiologically credible, with existing 

mouse models for each(140, 141). There is increasing knowledge in producing accurate and  

reproducible measures for frailty, in anthropometrics (e.g. dynamometer) and bio-markers 

(e.g. ciliary neurotrophic factor)(142). The frailty index is particularly scalable, allowing 

gradation of frailty, whilst the phenotype model is simple and concise. Both prognostic 

models benefit from extensive external validation. 

 

Despite the benefits outlined above, these models have recognised limitations. Most of the 

scoring systems based on these operationalised models have been validated in community 

dwelling adults, not the acute care setting. Early phenotype models exclude dimensions 

subsequently proven to be linked to poor outcome(e.g. cognitive impairment)(143). The large 

data requirements of the frailty index model (at least 30 variables recommended)(138, 144) 

and the necessity for specialised research apparatus(145) limit clinical usability. Additionally, 

neither model capture the fluctuating nature of frailty over a clinical episode(146), nor its 

dynamic nature over a life-course(147).  



53 
 

 

Systematic reviews of existing frailty scores have summarised their clinimetric properties as 

consisting of diverse types and number of predictor variables. Additionally, these scores 

have been validated in different settings and populations (e.g. community dwelling, 

emergency department, hospital, care facility). Furthermore, the diagnostic and prognostic 

power for clinically relevant outcomes (e.g. mortality, institutionalisation and functional 

decline) appear to vary depending on setting and tool used. All this results in model 

multiplicity and heterogeneity(148). In terms of performance, many frailty scores predict 

mortality moderately well, but demonstrate poor predictive power for other clinical outcomes. 

Coupled with significant false positive rates, existing frailty scores have limited clinical value 

in terms of screening, diagnostics or prognostic capability at the patient’s bedside(149).  

 

1.5.2.6 High risk Population Screening 

 

High risk population screening is a strategy to risk stratify patients to predict their future 

health resource use. Tools such as Patient as Risk of Re-hospitalisation(PARR)(150)and 

Scottish Patients at Risk of Readmission and Admission(SPARRA) aim to identify patients 

that will be likely to be high utilisers of health and social care resource by considering past 

resource use, prescription data and diagnosis. Evidence for the benefit of targeting this 

population for purposeful resource allocation is insufficient(151). The scores do not target 

clinical frailty per se and patients with high utilisation costs may not have reversible 

conditions. National guidelines do not currently recommend using these to screen for clinical 

frailty(152). 
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1.6 Gaps in knowledge 

From the descriptions above, while much is known, it is evident that gaps exist in the 

knowledge surrounding frailty assessment in the acute care setting. These can be 

summarised in part by the following research questions: 

1. What are the characteristics of existing operationalised frailty measurement scales in 

the acute care setting? 

a. Predictor variables 

b. Outcome variables 

c. Performance in terms of risk prediction 

2. What frailty assessments are happening in real-life acute care (not research) 

settings? 

3. How do we best measure frailty in the acute care setting? 

a. What predictors are best? 

b. When is best? 

c. Where is best? 

d. What structures are useful? 

4. What are the characteristics of a successful frailty assessment in the acute care 

setting? 

5. What contextual elements are important for successful implementation of frailty 

assessment in the acute care setting? 

6. How can we tell that a frailty model is successful in the acute care setting? 

a. Concurrent validation with another frailty definition 

b. Predictive validity for outcomes relevant and important to acute care setting 

c. Measurement that is clinically acceptable 

d. Compares favourably to other risk prediction models e.g. Co-morbidity 
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1.7 Overview of research methodology 

To address these questions, the research in this thesis comprises 5 main strands of work 

(Figure 2): 

 

Figure 2: Overview of candidate Doctoral Research 

Understanding gaps in knowledge 

Research                                                                                                                                           Real World 

 

Systematic review of Frailty                                                                                                            

Assessments in Acute Care Setting 

(Chapter 2)                                                                                                      

                                                                                                                                                        

 

RIGHT RESEARCH QUESTIONS 

 

Developing the model 

Understanding content                                                                                                       Understanding context 

          

Modified Delphi analysis                                                                                                               Focus Groups 

 (Chapter 4)                   Participants from diverse disciplines and national experts in frailty         (Chapter 5) 

 

 

Input variables                                                                                                                 Barriers and facilitators 

Outcomes                                                                                                                            to frailty assessment 

Characteristics of a successful tool                                                                                            in acute care 

 

CONTENT VALIDATION 

 

Building and testing the model 

Testing                                                                                                                                                    Trialing 

 

Large Data       (N=2million)                                                                                            (n=780)      Small Data 

Retrospective                                                                                                                                      Prospective 

Administrative   (Hospital Episode Statistics)                                     (Electronic patient records)      Clinical 

National                                                                                                           (Single Acute Trust)         Local 

(Chapter 6)                                                                                                                                           (Chapter 7)                              

CONCURRENT AND PREDICTIVE VALIDATION 

 

 

 

 

 

 

 

 

London wide survey of 

current practice 

(Chapter 3) 
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Question 1: A systematic review of frailty risk prediction models developed or validated in the 

acute care setting (Chapter 2). 

 

Question 2: A survey of practice exploring frailty assessments currently used in Acute 

Medical Units across London (Chapter 3). 

 

Question 3: A modified Delphi Consensus study of national experts in frailty focussing on 

frailty assessment in the acute care setting (Chapter 4). 

 

Question 4: Focus Groups of national experts in frailty focusing on contextual barriers and 

facilitators of frailty assessment in the acute care setting (Chapter 5). 

 

Question 5: 2-fold analysis: 

Firstly, a retrospective secondary analysis study of an existing large(national) dataset to 

build and test a frailty risk prediction model based on the results of studies to answer 

research questions 1-4 (Chapter 6). 

Secondly, a prospective observational study trialling the frailty model in the local clinical 

setting of an Acute Medical Unit (Chapter 7). 

1.8 Summary and hypotheses: 
 

Within the population of older persons who require acute care, there appears to be a 

subgroup of patients with chronic pathophysiological processes not yet fully elucidated, 

which are more vulnerable to external stressors. The interaction of physiological 

derangement from acute illness, coupled with diminished biophysical reserve puts this 

population at higher risk of poor outcomes. For this population, the delivery of consistent, 

safe, high quality care is challenging in existing acute care environments. For frail older 

persons, existing acute care systems fail to consistently identify frailty and fail to intervene in 
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a timely fashion, with evidence of consequent harm. Evidence for the efficacy of systematic 

multidimensional assessment and intervention for this population exists, though optimal 

implementation depends on contextual factors which contribute to overall effectiveness.  

 

Evidence for the use of prognostic risk models in clinical practice to improve the quality of 

health care delivery is presented. Approaches to risk prognostication for older persons in the 

acute care setting overlap, but suggest that this tendency to poorer outcomes is measurable.  

 

My hypothesis is therefore two-fold: 

1. I hypothesise that a systematic approach to the assessment of older persons in the 

acute care setting based on frailty may produce better clinical outcomes.  

2. I hypothesise that a risk prediction model based on the concept of frailty may provide 

the basis for a more systematic approach to the assessment of older persons in the 

acute care setting. 

 

I seek to understand gaps in knowledge surrounding frailty assessment in the acute care 

setting by a systematic review of the existing literature and a survey of current clinical 

practice. I seek to gain consensus on content and explore contextual factors related to 

optimal assessment in this setting from national experts using Delphi methodology and focus 

groups. I seek to build the model on existing large retrospective data and subsequently 

prospectively test the feasibility of an operational model in a local acute medical setting. 
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CHAPTER 2 SYSTEMATIC REVIEW OF FRAILTY ASSESSMENT IN ACUTE CARE 

2.1 Introduction 
 

Accelerated growth in the of the ageing population is a world-wide phenomenon and the 

reasons are multi-factorial, including relative world peace, the product of public health 

initiatives and advances in medical therapeutics. For many, this “healthy ageing” is 

associated with good quality of life, health and independence. For others, this demographic 

shift is associated with increased co-morbidity, disability, poor self-reported quality of life and 

high utilisation of health and social care(153) 

Frailty is a useful concept that can help to differentiate between these 2 groups. Frailty 

describes a state of increased vulnerability to external stressors from decreased 

physiological reserve or the cumulative effect of retained deficits over time. Though absolute 

consensus on a frailty definition is not achieved, there is agreement that frailty is 

multidimensional in nature and predisposes the host organism to higher risk of adverse 

events(13, 135, 154, 155). There are 2 main approaches to operationalising the definition of 

frailty(156).The first is an observed physical phenotype based on a bio-energetics model that 

describes 5 characteristics: weight loss, slowness, exhaustion low physical activity and 

weakness. The second is a multidimensional(157) index based on the premise of the 

accumulation and interaction of deficits(156).  

Many frailty scales have been developed based on these two approaches. However, most 

have been developed and subsequently validated in community dwelling individuals. 

Predictor variables used in these scales vary in type, number, dimensionality, how they are 

measured, how frailty is ultimately defined(148, 158, 159) and tend to have criterion 

validation to outcomes of a protracted temporal nature (e.g. 5-year mortality) and as such 

may be less relevant to acute care.  
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There is increasing desire to measure frailty measurement in the acute care setting, with an 

expanding evidence base for their use, testing and validation(37, 160). The systematic 

review outlined in this chapter aims to explore the frailty definitions used and the associated 

prevalence as measured within the acute care setting. It aims to explore, synthesise and 

summarise frailty scores that were developed and/or validated in the acute care setting. It 

aims to scrutinize what predictor and outcomes variables are measured, their performance 

and predictive power, as well as analyse how and when measurement is undertaken in the 

acute care setting. 

2.2 Methods 

2.2.1 Search Strategy and inclusion/exclusion criteria 
 

Medline, EPOC, CINAHL, EMBASE were searched online between 1978 to present day 

through the OVID SP interface. Hand-searching was incorporated by scrutiny of reference 

lists of articles/reviews and contents lists of appropriate journals and unpublished and ‘grey’ 

literature sources were examined. Keywords and MESH terms were generated around three 

aspects of the review question: Frail older person, emergency hospital inpatient and risk 

prediction model, using the (PICO) model(161) for generating rigorous research questions: 

 

1. Patient(P): frail older persons 

2. Intervention(I): Risk prediction model 

3. Comparison(C): 

a. Emergency department 

b. Elderly care ward 

c. Acute Medical Unit/General Medical Ward 

4. Outcome(O):  

a. To include mortality  
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b. To include other metrics important to acute care (non-elective readmission, 

functional dependence etc.) 

 

The final search was carried out on 21 Sept 2015 (Appendix 1). A sensitivity check cross 

referencing for 4(41, 160, 162, 163) reference papers was carried out at each stage of the 

search to ensure accuracy of search yield. All articles captured by the search, had their 

abstracts initially screened using the following inclusion criteria by an independent 

researcher: 

A. Be relevant to the acute medical care setting 

B. Predictor variables should be multidimensional given consensus definitions of frailty 

C. Contain a risk prediction model  

D. Predict outcome measures(13, 164): 

a. to include mortality (important criterion validation for majority of frailty existing 

scores) 

b. and other adverse outcomes (e.g. functional dependence) 

 

Abstracts were excluded if they were non-English, not in the acute care setting (e.g. Primary 

Care, Care-homes, Community Dwelling) and did not contain a risk prediction model (predict 

an adverse outcome). Abstracts(N=105) were checked by a blinded second reviewer and 

there was a high level of agreement tested by kappa score (0.941; P<0.01). Where 

discrepancy occurred, the article was included into the next stage for application of inclusion 

and exclusion criteria to the full paper(N=44). A summary flow chart of the search process is 

provided in Appendix 2. 

2.2.2 Data extraction, synthesis and quality assessment 
 

Data extraction was carried out using a data extraction pro forma that encompass study 

setting, population age and number of patients within study, study type and aim, study 
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exclusion criteria, predictor variables, definition of frailty used (if any) and thus prevalence, 

outcomes measured and result, as well as predictive power as measured by area under the 

receiver operator characteristic curve (AUC) if available. 

 

The methodological quality of the studies was assessed using the MINORS(165) criteria, a 

validated tool to assess the quality of non-randomised studies. The tool was modified to 

include items focused on quality assessment of studies primarily on frailty assessment and 

reporting of risk prediction models (Appendix 3).  

2.3 Results 

2.3.1 General features and quality assessment 

 

The studies were geographically distributed worldwide: 4 in the North America(41, 163, 166, 

167), Canada(36, 168-171) and United Kingdom(37, 38, 43, 172, 173) respectively; 4 in 

Australasia(160, 174-176),2 in Europe(177, 178) and 1 in Asia(179). 2 studies were 

multinational: taking place in Nordic countries and Canada(180) and also in Australia, 

Belgium, Canada, Germany, Iceland, India, and Sweden(181) respectively. 

There were 6 studies undertaken in the Emergency Department setting(36, 166, 168, 169, 

179, 181), 5 within the Elderly Care Ward(43, 160, 175-177), 5 within the Acute Medical 

Unit(38, 162, 170, 173, 174) and 5 within the General Medical Ward setting(41, 163, 171, 

172, 178) respectively. 2 were within the combined medical and surgical ward setting(167, 

180). Early studies(pre-2004) were mainly observational in nature, whilst the mid-late 2000s 

saw the emergence of studies utilising secondary analysis of previous data, and a risk 

stratification model developed for interventional RCT in 2011(Table 6). Details of the 

methodological characteristics of the 23 studies included in the review are summarised in 

Appendix 4. 
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Table 6: Summary of 23 studies included in systematic review 

Setting/Study Observational RCT 
Secondary 
Analysis 

Grand 
Total 

Acute Medical 
Unit 3 

 
2 5 

Prospective 2 
 

1 3 
Retrospective 1 

 
1 2 

ED 4 1 1 6 

Prospective 4 1 
 

5 
Retrospective 

  
1 1 

Elderly Care 
Wards 4 

 
1 5 

Prospective 4 
  

4 
Retrospective 

  
1 1 

General Medical 
Wards 4 

 
1 5 

Prospective 3 
  

3 
Retrospective 1 

 
1 2 

Combined acute 
medical and 
surgical wards 1 

 
1 2 

Retrospective 1 
 

1 2 
Grand Total 16 1 6 23 

 

 

There was variation in sample size, with the 3 large outliers unsurprisingly utilising 

secondary analysis of previous data(43, 172, 178) as methodology within single secondary 

care centres in the general internal medicine and elderly care setting. The observational 

studies were of relatively modest size (Figure 3). 
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Figure 3: Sample size of studies and boxplot representing outliers 

 
There was variation in terms of age for inclusion into study and temporal window of frailty 

assessment. 12 studies included patients ≥ 65 years, 2 studies included patients ≥ 70 years 

and 7 studies included patients ≥ 75 years. 2 studies included all adults. Generally, studies 

including older patients (≥75 years) took place more recently (the earliest of which took place 

in 2008). There was variation in the time when the frailty assessment was undertaken within 

the patient journey: from, attendance to the emergency department, to, within 96 hours of 

admission. It was not clear when the frailty assessment window was in 6 studies (Table 7). 

Table 7: Timeframe of the frailty assessment tools in the studies 

Setting NA 
Not 
clear 

On 
attendance 
to ED 

On discharge 
home from 
ED 

within 24 
hours of 
admission 

within 72 
hours of 
admission 

Within 96 
hours of 
admission 

Grand 
Total 

AMU 
 

2 
  

1 2 
 

5 
ED 

 
1 4 1 

   
6 

Elderly  1 2 
   

2 
 

5 
GIM 1 1 

  
1 1 1 5 

Mixed 
    

2 
  

2 
Grand 
Total 2 6 4 1 4 5 1 23 

NA Not applicable 

 

There was variation in exclusion criteria. Some studies excluded patients with significant 

cognitive impairment(36, 160, 166, 168, 169, 171), critically unwell patients(41, 177, 180, 

181) or patients residing in a long term care facility(163, 171, 174). 3 studies based in the 

Emergency Department setting excluded patients who were subsequently admitted to 

hospital during the assessment episode(166, 168, 169). 
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When the modified MINORS criteria was applied, the included studies exhibited a wide 

variation in study quality from a score of 13 to 19 of a possible 22, with a mean score of 

16.2. Full scoring is provided in Appendix 3. 

2.3.2 Predictors of frailty 

 

The 23 included studies encompassed the following domains in terms of predictors of frailty: 

demographics, frailty phenotype, high resource utilisation, physical deficits, functional 

dependence, co-morbidity, psychology & mental health, social deficits and quality of life 

(Table 8). The predictor variables are predominantly biomedical in nature, with the effects of 

disease or the result of senescence of physical processes and function overshadowing 

social and environmental domains.  

 

There was considerable variation in how predictor variables were captured. For example, the 

presence of cognitive impairment was recorded in different ways: as confusion present or 

absent(171), through a validated scale (e.g. Mini Mental State Examination(MMSE) < 

24)(162, 174) or part of one (Score Hospitalier d’Evaluation du Risque de Perte d’Autonomie 

using part of MMSE)(160), or a specific dimension of cognitive impairment was captured 

(e.g. decision making in MAPLE-AC)(180). Some definitions used seem to used arbitrary 

thresholds e.g. polypharmacy is determined either as over 2 medications(36) or 5 

medications(166). 

 

How co-morbidity was captured also varied: either as the presence of specific diagnosis, or 

summarised using a validated score (e.g. Charlson Co-morbidity Index as a part of the 

Multidimensional Prognostic Index(MPI)(160).  

 

Single markers of physical weakness or function were also used (e.g grip strength was 

assessed as the maximum of three attempts of the dominant hand using a hand-held 

dynamometer with low grip strength <18 kg (women) and <30 kg (men) or walking speed 
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measured over 6m, with or without the use of a walking aid; Slow walking speed defined as 

unable to walk 6m in 30s) 

Table 8: Summary table of predictor variables  

Demographics 

Age 

Gender 

Phenotype 

Unintended weight loss 

Self-reported exhaustion 

Weakness 

Slow walking speed 

Low physical activity 

High resource utilisation 

Recent hospital admission episodes 
Multiple hospital admission episodes 
Large package of care at home 
Care home resident 

*Geriatric Syndromes 
 
 
 
 
 
 
 
Physical and cognitive deficits 

Pressure ulcer risk* 
Impaired cognition* 
Incontinence* 
Impaired mobility* 
Falls* 
Nutritional status 
Polypharmacy 
Impaired vision 
Impaired swallowing 
Impaired hearing 

Functional Dependence  

Basic activities of daily living: dressing/bathing, eating, ambulating 
(walking), toileting, hygiene 
Instrumental activities of daily living: shopping, housekeeping, 
accounting, food preparation, telephone, transportation 

 
 
 
 
 
 
Co-morbidity 

Chronic disabling illness 

Pneumonia 
Cerebrovascular accident 
Chronic Heart Failure 
Ischaemic Heart Disease 
Malignancy 
Chronic liver disease 
Renal impairment 
Chronic Obstructive Pulmonary Disease 
Myocardial infarction 

Psychological & mental health 

Anxiety 
Depression 
Psychological stress 

Social deficits 

Social isolation 

Substance abuse 

“Need help with medication” 

Socioeconomic problems 

Family problems 

Quality of Life Perceived Health Scales or individual measures 
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The, A Risk Index for Geriatric Acute Medical Admissions (RIGAMA), study(178) was the 

only study to include physiological and simple laboratory markers as predictor variables. The 

Clinical Frailty Scale employs pictorial and descriptive narration to describe frailty(43, 171, 

176). 

 

Though predictor variables were predominantly biomedical, there were some predictor 

variables related to social vulnerability and aspects of quality of life (e.g. “Have you needed 

more help than usual to take care of yourself?”(169), “Do you usually have enough income 

to meet your daily needs”(179) and “family problems”(163). Detailed summary of the findings 

of the 23 studies included in the systematic review are given in appendix 5. 

 

2.3.3 Frailty Definitions and prevalence 
 

The overall prevalence of frailty demonstrated in the included studies within the acute care 

setting was 45.6%. Variation in prevalence of frailty was evident based on the 

operationalised definition, the assessment tool, the population setting and age-cut off. In 

general, the elderly care wards and general medical wards had higher prevalence of frailty 

compared to the Acute Medical Unit or Emergency Department (average prevalence across 

all frailty assessment tools within the setting: Acute Medical Unit (35.5%), Emergency 

department (45.9%), Elderly Care Ward (48.8%) and General Medical Ward (55.2%) (Figure 

4). Figure 5 displays the wide range of frailty prevalence by operationalised definition and 

setting (17.5% to 90%). Additionally, the RIGAMA (34), CFS (24, 26, 29, 32, 38) and Frailty 

Index (13, 14, 38) scores allow for grading of frailty. 
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Figure 4 Boxplot of prevalence of frailty defined by frailty assessment tools by setting 
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Figure 5 Prevalence of frailty by assessment tool and setting 
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2.3.4 Outcomes 

 

Outcomes for predictive validity of the frailty tools in the acute care setting include mortality, 

hospital readmission, care facility admission/institutionalisation, high secondary care 

resource utilisation (e.g. ED attendance, admission to hospital, community health utilisation, 

(extended)length of stay), functional decline, decreased perceived health status, decreased 

perceived mental well-being, transfer to Elderly Care Unit and composites of above.  

 

There is variation in timeframe of outcomes measured in the acute care setting ranging from 

at discharge from hospital to 12 months. One retrospective secondary analysis of data study 

examined outcomes up to 36 months(172)(Table 9) 

 

Predictive power by area under the receiver operator characteristic curve suggest moderate 

predictive value of frailty tools for mortality (0.59-0.78) and mild for high resource utilisation 

(0.5-0.72), but poor predictive value for other outcomes. A single study(170) utilising 

secondary analysis of clinical hospital records in rural Ireland reported very high predictive 

power across the outcomes of mortality and functional decline (0.85-0.97) with the clinical 

frailty scale (and SUHB tool), but these AUCs were not reproducible in other studies(43, 171, 

173, 176)(Table 10) 

 

2.3.5 Studies validated to single outcome 

 

Studies not fulfilling our inclusion criteria but validated in the acute care setting for single 

outcomes, namely mortality(182-187), readmission to hospital(150) and functional 

decline(188-190), are summarised in appendix 6. 
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Table 9: Summary of temporal variation in outcomes measured for frailty tools (where available) 

Author Year Setting Tool Name Mortality Re-
admission 

High 
Resource 
Utilisation Institutionalisation 

Functional 
Decline 

Decreased 
perceived 
health status 

Decreased 
perceived mental 
well-being 

Transfer to 
care of the 
elderly ward Composite 

Winograd 1991 GIM Not named 12m 12m 
 

12m 
     McCusker 1999 ED ISAR 6m 

  
6m 6m 

    McCusker 2000 ED ISAR 6m 
  

6m 6m 
    

Meldon 2002 ED 
TRST(5-
item) 

 

3m and 
6m 

3m and 
6m 

     
3m and 6m 

Dendukuri 2004 ED ISAR 6m 
  

6m 6m 
    

Anpalahan 2008 AMU 
Geriatric 
Syndrome 3m 3m 

 
3m 

     Dhaussy 2011 Elderly  Not named 12m 
  

12m 
     Noro 2011 Mixed Not named 12m 

  
12m 

     
Yim 2011 ED HK-ISAR 6m 1m 

1m and 
6m 

      

Dent 2012 Elderly  FI-CD  

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  Phenotype 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  SOF 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  FRAIL 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  FI-CGA 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  SHERPA 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  MPI 

At 
discharge 
and 6m  

 

At discharge and 
6m  
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Author Year Setting Tool Name Mortality 
Re-
admission 

High 
Resource 
Utilisation Institutionalisation 

Functional 
Decline 

Decreased 
perceived 
health status 

Decreased 
perceived mental 
well-being 

Transfer to 
care of the 
elderly ward Composite 

Dent 2012 Elderly  HARP 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  CCI 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  Lawton's 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  Grip  

At 
discharge 
and 6m  

 

At discharge and 
6m  

    

Dent 2012 Elderly  
Slow 
Walking 

At 
discharge 
and 6m  

 

At discharge and 
6m  

    Evans 2012 GIM FI-CGA 4m 
 

4m 4m 
     Walsh 2012 GIM Not named 36m 36m 36m 

      
Dowsing 2013 AMU CFS 

1m and 
3m 

1m and 
3m 

       Edmans 2013 AMU ISAR 3m 3m 3m 3m 3m 3m 3m 
 

3m 

Kellet 2013 AMU SUHB 1m 
   

1m 
    Kellet 2013 AMU CFS 1m 

   
1m 

    Wou 2013 AMU Phenotype 3m 3m 
 

3m 3m 
   

3m 

Wou 2013 AMU SOF 3m 3m 
 

3m 3m 
   

3m 

Wou 2013 AMU 
Avila-
Funes 3m 3m 

 
3m 3m 

   
3m 

Wou 2013 AMU FI-CD  3m 3m 
 

3m 3m 
   

3m 

Wou 2013 AMU Rothman's 3m 3m 
 

3m 3m 
   

3m 

Aronow 2014 Mixed SPICES 1m 1m 1m 
      

Costa 2014 ED 
Geriatric 
Syndrome 

  
1m 1m 

     Dent 2014 Elderly  Phenotype 12m 1m 
 

At discharge 
     Wallis 2015 Elderly  CFS Not clear 1m Not clear 

      Kahlon 2015 GIM CFS 1m 1m 
      

1m 
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Author Year Setting Tool Name Mortality 
Re-
admission 

High 
Resource 
Utilisation Institutionalisation 

Functional 
Decline 

Decreased 
perceived 
health status 

Decreased 
perceived mental 
well-being 

Transfer to 
care of the 
elderly ward Composite 

Basic 2015 Elderly  CFS Not clear 
 

Not clear Not clear 
     Romero-

Ortuno 2014 GIM RIGAMA Not clear 1m Not clear Not clear 
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Table 10: Summary of Predictive power of frailty tools by area under the receiver operator characteristic curve (where available) 

Author Year Setting Tool Name Mortality 
Re-
admission 

High 
Resource 
Utilisation Institutionalisation 

Functional 
Decline 

Decreased 
perceived 
health status 

Decreased 
perceived 
mental well-
being 

Transfer to care of 
the elderly ward Composite 

Winograd 1991 GIM NA 
         McCusker 1999 ED ISAR 
        

0.71 

McCusker 2000 ED ISAR 
  

0.68 
      

Meldon 2002 ED 
TRST(5-
item)  

 
0.72 

     
0.64 

Dendukuri 2004 ED ISAR 
    

0.86 
    

Anpalahan 2008 AMU 
Geriatric 
Syndrome  

        Dhaussy 2011 Elderly  NA 0.66 
  

0.66 
     Noro 2011 Mixed NA 

         Yim 2011 ED HK-ISAR 
        

0.59 

Dent 2012 Elderly  FI-CD  
        

0.74 

Dent 2012 Elderly  Phenotype 
        

0.68 

Dent 2012 Elderly  SOF 
        

0.68 

Dent 2012 Elderly  FRAIL 
        

0.64 

Dent 2012 Elderly  FI-CGA 
        

0.62 

Dent 2012 Elderly  SHERPA 
        

0.7 

Dent 2012 Elderly  MPI 
        

0.62 

Dent 2012 Elderly  HARP 
        

0.64 

Dent 2012 Elderly  CCI 
        

0.58 

Dent 2012 Elderly  Lawton's 
        

0.69 

Dent 2012 Elderly  Grip  
        

0.69 

Dent 2012 Elderly  
Slow 
Walking  

       
0.64 

Evans 2012 GIM FI-CGA 
         Walsh 2012 GIM NA 
         Dowsing 2013 AMU CFS 
  

0.5 
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Author Year Setting Tool Name Mortality 
Re-

admission 

High 
Resource 
Utilisation Institutionalisation 

Functional 
Decline 

Decreased 
perceived 

health status 

Decreased 
perceived 

mental well-
being 

Transfer to care of 
the elderly ward Composite 

Edmans 2013 AMU ISAR 0.62 0.6 0.7 0.65 0.62 0.56 0.5 
 

0.6 

Kellet 2013 AMU SUHB 0.85 
   

0.96 
    Kellet 2013 AMU CFS 0.87 

   
0.97 

    Wou 2013 AMU Phenotype 0.61 0.52 
 

0.57 0.55 
   

0.53 

Wou 2013 AMU SOF 0.59 0.53 
 

0.44 0.59 
   

0.54 

Wou 2013 AMU 
Avila-
Funes 0.68 0.55 

 
0.5 0.59 

   
0.57 

Wou 2013 AMU FI-CD  0.69 0.57 
 

0.55 0.57 
   

0.59 

Wou 2013 AMU Rothman's 0.69 0.53 
 

0.45 0.59 
   

0.55 

Aronow 2014 Mixed SPICES 
         

Costa 2014 ED 
Geriatric 
Syndrome  

 

0.67 ed 
hospital 

use 0.59 
     Dent 2014 Elderly  Phenotype 

         Wallis 2015 Elderly  CFS 0.71 0.54 0.62 
    

0.68 
 Kahlon 2015 GIM CFS 

         Basic 2015 Elderly  CFS 
         Romero-

Ortuno 2014 GIM RIGAMA 0.78 0.55 0.6 0.5 
      

AUC >0.8 Good predictive power; AUC 0.7-0.8 moderate predictive power; AUC 0.6-0.7 mild predictive power AUC < 0.6 poor predictive power
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2.4 Discussion 

2.4.1 Methodological considerations 

 

This review highlights important methodological considerations when interpreting results 

from these studies. Sample size for the majority of the observational studies are modest at 

best and only 5 studies(38, 41, 162, 172, 173) gave an a priori power calculation in relation 

to sample size. More recent studies have older age cut-offs for inclusion creating variation in 

the definition of “elderly”. Advances in public health and medical therapeutics could result in 

frailty presenting at a later age, and this trend may represent increased healthy ageing. 

However, the rationale and evidence base for pre-selecting different age cut-off points within 

the studies are not clear. Variation between the studies in the temporal window of frailty 

assessment may represent pragmatic windows of opportunity or may represent difference in 

philosophy between screening and comprehensive assessment, rather than specific choices 

about optimal timing. Studies that exclude patients presenting with significant cognitive 

impairment, critically unwell patients, patients residing in a long-term care facility and 

patients subsequently admitted to hospital following the assessment period are very likely to 

limit generalisability. 

2.4.2 Predictor variables 

 

Predictors of frailty within these studies are predominantly biomedical in nature. This 

systematic review suggests that patient demographic, functional dependence, co-morbidity, 

phenotype, high resource utilisation, physical deficits are all domains thought to predict 

adverse outcome in the acute care setting, though cognitive deficits, psychological and 

mental health problems, social dependence and perceived quality of life were also 

considered important (Table 8).  
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In the face of increased complexity with frailty, there are arguments that the traditional bio-

medical model may be too linear and reductionist in approach to causality(191, 192), and fail 

to adequately consider experiential, behavioural, social and psychological contributions to 

illness. There is evidence for a broader biopsychosocial(175, 193, 194) approach to frailty, 

with some association with adverse events, such as long length of stay and readmission to 

hospital. However, how to measure these psychosocial elements, and the degree of effect 

these elements have on outcomes is not clear, particularly in the acute context.  

 

Variability of how dimensions are captured may be influenced by differing health informatics 

standards and the practicalities of recording the information. Discrete tools (e.g. mini-mental 

state examination(195))benefit from well-tested constructs, reliability and validation to 

outcomes. Grouping these assessments into a diagnostic bundle, or using part of an 

assessment, disrupts the tools’ construct, creates duplication and likely affects its predictive 

power. In comparison, a systematic review of outcome instruments to measure frailty 

summarises the predictors as predominantly bio-energetic in nature, with nutritional status, 

physical activity, mobility, energy, strength, cognition, mood and social relations/social 

support being the main domains of operationalisation(148). However, it must be noted that 

most of the studies within that review were in the community setting. Equally, few scores 

within this previous review considered high resource utilisation as an important domain. 

Reliable methods of capturing these predictors and exploration of psychosocial predictors of 

adverse risk in the acute care setting is a research priority. 

2.4.3 Frailty Prevalence 

 

This systematic review suggests that the prevalence of frailty in the acute care setting 

(overall 45.6%; range 17.5%-90%) appears higher than those measured in studies within the 

community setting. A systematic review of 21 study cohorts within the community setting 

reports frailty prevalence as 10.7%(from 4.0% to 59.1%; N=61,500)(33). The Survey of 
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Health, Ageing and Retirement in Europe (SHARE) study reported frailty prevalence as 4.1% 

in over 50 years(N=16,584) in 10 European countries (prevalence of 17% in those over 65 

years)(34). The Hertfordshire Cohort Study(35) reported an overall prevalence of 6.3% for 

64-74 year olds(N=638), while the English Longitudinal study of ageing(30) reported a 

prevalence of 8% and 13% for (N=3055) over 65 year olds (using the Phenotype(136) and 

Frailty Index(137) definitions respectively).  

 

The wide range of frailty prevalence is difficult to interpret and partly stems from variation in 

operationalised definition and population setting within acute care (e.g. care of the elderly 

ward versus acute medical unit). However, the overall higher prevalence may be caused by 

worsening trajectory of health (and frailty) in the community requiring hospital admission. 

The ability to categorise frailty according to severity (e.g. mild, moderate and severe) may be 

useful in the acute setting, in order to provide a graded response such and the track-and-

trigger systems applied with the National Early Warning Score. 

 2.4.4 Predictive performance and outcomes 

 

Frailty assessment tools in general demonstrate moderate predictive power for mortality, 

with poorer predictive power for other outcomes (e.g. emergency readmission to hospital 

and functional decline) in the acute care setting. A previous systematic review exploring the 

predictive validity of frailty assessments (though mainly in the community setting) 

demonstrates similar findings (AUC mortality 0.58-0.87; AUC institutionalisation 0.62-0.69 

and AUC functional decline 0.59-0.64)(158). This suggests existing frailty assessment tools 

are of insufficient predictive power for prognostic clinical use at the patient’s bedside. The 

impressive predictive power of RIGAMA for mortality may be explained by the interaction of 

disease acuity and co-morbidity, and as such physiological parameters may be more 

important for mortality outcome in the acute setting. Frailty measurement and its interplay 
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with physiological markers of critical illness in acute care is a current knowledge gap and as 

such, requires further study.   

 

In the acute care setting, the most common temporal range for follow up to outcomes within 

these studies are 3 to 6 months. This is in contrast to the majority of studies within the 

community setting (5-10 years)(158). Conversely, focussing only on outcomes at discharge 

may result in key events being missed (e.g. 30-day emergency readmission). 

2.5 Limitations: 
This review is limited by the heterogeneity of the studies identified in terms of methodological 

quality, exclusion criteria, temporal window of assessment and outcomes, as well as how 

predictor variables are captured. Only frailty tools developed or validated in the acute care 

setting were included in this review. Frailty tools within the community setting were not 

included thus their predictor variables and performance within the acute care setting is yet 

unknown. Tools validated to predict a single outcome in the acute care setting were not 

included in the analysis but full methodological and outcomes summary is provided in 

appendix 6. The predictive performance of the tools for outcomes other than those tested 

remains unknown. 

2.6 Conclusion 
 

From this systematic review, it would seem that the ideal frailty assessment tool for acute 

care should predict those outcomes relevant to acute care, is multidimensional, ideally 

highlights areas for intervention and is clinically acceptable in terms of data collection. This 

systematic review summarised the characteristics and performance of frailty assessment 

tools developed or validated in the acute care setting. Studies developing or validating frailty 

assessment tools in the acute care setting display significant heterogeneity. Predictive 

powers are insufficient for clinical use at present. 
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Further questions remain regarding the applicability or optimal operationalisation of frailty in 

the acute care setting: 

1) What can we measure routinely in clinical practice to aid recognition and improve care for 

frail patients?  

2) When is the optimal time to assess frailty?  

3) Where is the optimal place to assess frailty?  

4) What characteristics are crucial for a successful frailty assessment tool?  

5) Given time and volume pressures in acute care, what is the optimal number of frailty 

variables that can be reliably measured for each patient?  

6) What organisational structures best facilitate frailty assessment and management? 
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CHAPTER 3 LONDON-WIDE SURVEY OF FRAILTY ASSESSMENTS IN ACUTE CARE 

3.1 Introduction 
 
Acute care is a challenging environment for the frail patient. It is characterised by high 

volume and time pressures. Very often there are multiple teams working several shifts, with 

the inherent risk of poor communication, which may affect patient safety. These 

environments are at risk of discontinuous and fragmented care. National Clinical Audit of 

medical inpatient care suggest less than exemplary assessment and management of frailty 

syndromes, namely delirium(196), falls(74) and incontinence(78). 

 

Acute medicine is a growing specialty in the United Kingdom, with the majority of the 

throughput of unscheduled medical care flowing through Acute Medical Units(AMUs) across 

the country. Acute Medical Units represent the first point of assessment and care for the 

majority of medical inpatients. According to Hospital Episode Statistic data, there were 

5,287,032 emergency admissions in England from 2010-2011. There are 225 AMUs over 

242 hospital sites accepting adult acute medical admissions in the UK(52). It is imperative 

that acute care systems are adept at systematically assessing and subsequently managing 

vulnerable patients of high complexity. Little is known about current practice of assessing the 

frail patient with complex needs within AMUs.  

 

Structured patient records standardise the quality of documentation, prompt assessments 

and aid decision making (197).Unitary records are multidisciplinary documents that are 

accessed and completed by all members of the clinical team responsible for the care of each 

individual patient. They reduce task duplication, aid explicit planning of multidisciplinary 

care(198), and  have facilitated complex geriatric assessment in the context of continuing 

health care for hospitalised patients(199).  
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Understanding the context of how acute medical units routinely assess complex frail elderly 

patients is an important first step in interpreting how frailty assessment tools developed in 

research are used or perform in clinical practice. This descriptive study aims to explore, 

quantify and qualitatively characterize the assessment of frail patients with complex needs 

within acute medical units in London acute NHS Trusts. It is a snapshot of practice.  

 

This study aims to answer the following research questions: 

1. What is current practice for the assessment of complex elderly patients requiring 

acute medical hospital admission? 

a. What dimensions are being assessed? 

b. How are these dimensions assessed? 

2. Is there evidence of improved assessments with the presence of structured 

admission documents? 

a. Are there more assessments if a structured admission document is used? 

b. Are there more assessments if a Unitarian document is used? 

3.2 Methods 

3.2.1 Questionnaire 
 
An electronic survey was constructed with multidimentional fields derived from current 

recommendations of best practice: comprehensive geriatric assessment(48), 

recommendations from the British Geriatric Society(200, 201) and Royal College of 

Physicians(53).  These cover cognitive impairment, mood, illness severity, falls risk, 

functional dependence, quality of life, nutrition, continence, pressure ulcer risk, medicines 

reconciliation and resuscitation decision (Appendix 7).  

 

Survey MonkeyTM online survey software was used for distribution and collection of survey 

responses. Between May and August 2012, this electronic survey was sent to Acute 
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Medicine consultants and specialist registrars of the 31 acute London NHS Trust hospitals 

within the M25, with reminders sent at monthly intervals to non- responders. The acute trusts 

were asked to submit their structured medical admission documents for analysis, and other 

relevant documents (e.g. nursing assessments). To maximise capture of these documents, 2 

research assistants collected them from the sites. Specialist registrars were sent the 

electronic survey separately from the consultants. Where there was disagreement in 

response, the consultant’s response was selected for analysis. This method provides 

triangulation of response, and mitigates against poor reply. 

3.2.2 Analysis 

 
Descriptive statistics performed include percentages of assessments present, while 

inferential statistics performed include Fisher's exact for proportional differences between 

groups, Mann-Whitney for non-parametric test of significance and Kappa for inter-rater 

agreement between Consultants and Specialist Registrars. Bonferroni correction was 

applied for multiple testing where needed. All statistics were tested using SPSSTM 20 

software.  

 

Geo-location is the identification of real-world geographic location of an object. Postcodes of 

the acute NHS Trusts were used to geo-locate sites, and map elements were derived from 

open source data provided by Office for National Statistics. Choropleths are thematic maps 

that shade or colour areas to represent classified values of specific phenomena. ESRI 

ArcMap V.10.2 software was used to create a choropleth map.  
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3.3 Results 

3.3.1 Multidimensional assessment 
 
Overall, triangulation of data sources (consultant, specialist registrar and admission 

documents) ensured at least one data source for 30/31(96.8%) of the Acute London NHS 

Trust sites surveyed, with no data available for one site. Overall respose rate for consultants 

and specialist registrars to the electronic survey was 51.6% and 48.4% respectively. 

Admission docuements, where available, could not be retrieved at 2 Acute London NHS 

Trust sites (retrieval rate of 93.5%). Table 11 describes the response rates of the consultants 

and specialist registrars to the electronic survey and retrieval rate of the admission 

documents where available. 
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Table 11 Response of consultants and specialist registrars to electronic survey and retrieval of admission docments by acute London NHS hospital 
 

Hospital Name Consultant Response Specialist Registrar Response Admission Document Present 

Barnet Hospital Consultant (17) Junior (10) No 
  Junior (1)  
Central Middlesex Hospital No Replies No Replies Yes 
Charing Cross Hospital Consultant (2) No Replies Yes 
Chase Farm Hospital No Replies Junior (3) No 
Chelsea and Westminster No Replies Junior (13) Yes 
Croydon University Hospital No Replies No Replies No 
Ealing Hospital Consultant (12) No Replies Yes 
Epsom General Hospital No Replies No Replies Yes 
Hammersmith Hospital Consultant (5) No Replies No 
Hillingdon Hospital No Replies Junior (8) Yes 
Homerton University No Replies Junior (21) Yes 
  Junior (7)  
King George Hospital No Replies Junior (15) No 
King's College Hospital Consultant (13) No Replies Yes 
Kingston Hospital No Replies Junior (12) Yes 
  Junior (9) incomplete & excluded  
Newham General Hosptial Consultant (18) incomplete & excluded Junior (17) Yes 
North Middlesex Hospital Consultant (11) Junior (19) Yes 
Northwick Park Hospital Consultant (1) No Replies Yes 
Queen Elizabeth Hospital Consultant (16) incomplete & excluded No Replies Yes 
 Consultant (10) No Replies  
Queen's Hospital Consultant (14) No Replies No 
Royal Free Hospital Consultant (20) Junior (18) incomplete & excluded Yes 
  Junior (2)  
Royal London Hospital  Consultant (6) Junior (11) No 
St George's Hospital Consultant (8)  Unable to retrieve 
St Helier Hospital No Replies No Replies Yes 
St Mary's Hospital Consultant (4) incomplete & excluded  Yes 
St Thomas' Hospital Consultant (15) incomplete & excluded Junior (16) No 
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University College London Consultant (19) Junior (22) Yes 
University Hospital Lewisham No Replies No Replies Unable to retrieve 
Watford General Hospital Consultant (7)  Yes 
West Middlesex University Hospital Consultant (9) Junior (20) No 
  Junior (4)  
Whipps Cross University Hospital Consultant (3) Junior (14) Yes 
Whittington Hospital No Replies No Replies Yes 

Percentage Response 51.6% 48.4% 93.5% 
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A standardised frailty assessment was reported in 6/30(20%) of the sites. Of these, a single 

site used a previously validated standardised frailty assessment (Edmonton Frail Scale), 

whilst the rest used locally-derived scores(Figure 6). 

 
Figure 6: Standardised Frailty Assessment in acute London NHS Trusts 
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Table 12 describes  the overall presence of assessments for patients requiring emergency 

medical admission to acute London NHS trusts. Cognitive impairment and quality of life 

assessments were the most frequent and least frequent assessment at 93% and 13% 

respectively.  

 
Table 12: Assessments on patients requiring emergency medical admission to London NHS Acute 
Medical Units 
 

Assessment n % 

Cognitive Assessment 28 93% 

Pressure Ulcer Risk Assessment 26 87% 

Falls Risk Assessment 25 83% 

Illness Severity Assessment 24 80% 

Continence Assessment 24 80% 

Assessment of appropriateness for CPR 24 80% 

Assessment of functional dependence 22 73% 

Nutrition Status Assessment 21 70% 

Medicines Reconciliation Process 12 40% 

Mood Assessment 7 23% 

Assessment of quality of life 4 13% 

Standardised Frailty Assessment 6 20% 

where at least one data source was available (n=30) 
 
 

Some of these assessments are validated, while others represent local derivations with no 

validation (Table 13). Variation is present in type of validated assessment used, for each 

dimension of assessment (Table 14).  As frailty is often considered multidimensional(13, 

135), a more accurate way to represent frailty assessment within London acute NHS trusts is 

that of quantifying the composite assessment of cognitive impairment, mood, illness severity, 

falls risk, functional dependence, quality of life, nutrition, continence, pressure ulcer risk, 

medicines reconciliation and resuscitation decision. The overall variation in composite frailty 

assessment between acute London NHS Trust hospitals can be visualised such that 100% 

represents assessment in all 11 dimensions (Figure 7). Appendix 8 and 9 describe the large 

variation between the hospitals for each discrete assessment domain. 
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Table 13: Frailty assessments in London NHS Acute Medical Units: Validated vs Locally derived  
 

Assessment 

Validated 
assessment 

Locally derived 
assessment 

n % n % 

Cognitive  28 100% 0 0% 

Pressure Ulcer Risk  6 23% 1 4% 

Falls Risk  17 68% 8 32% 

Illness Severity  0 0% 24 100% 

Continence 0 0% 24 100% 

Functional dependence 13 59% 9 41% 

Nutrition Status  19 90% 2 10% 

Mood  6 86% 1 14% 

Quality of life 0 0% 4 100% 

Standardised Frailty Assessment 1 17% 5 83% 

 
Table 14: Validated frailty assessments used by London NHS Acute Medical Units 
 

Assessment Validated assessments  

Cognitive  

Confusion assessment method 
Abbreviated mental test 
Mini-mental state examination 

Pressure Ulcer Risk  
Waterlow Score 
Braden Score 

Falls Risk  

Falls risk assessment tool 
St Thomas's risk assessment tool in falling elderly inpatients 
Cannard score 

Illness Severity  Local Early Warning Score (pre-NEWS) 

Continence None – all locally derived 

Functional dependence Barthel index  

Nutrition Status  
Malnutrition universal screening tool 
Mini-nutritional assessment score 

Mood  Geriatric Depression Scale 

Quality of life None 

Standardised Frailty Assessment Edmonton Frail Scale 
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Figure 7: Overall Composite Frailty Assessment in London NHS Acute Medical Unit      
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3.3.2 Structured admission documents 
 
20/30(66.6%) of the acute NHS London Trust hospitals used a structured medical admission 

document when admitting patients, with 4 (13.3%) fulfilling the definition of being a unitary 

patient record(202). Table 15 describes whether the frailty assessment was embedded in the 

structured medical admission document, or located elsewhere. Where the assessments 

were not embedded in the structured medical admission document, they were located in 

nursing and/or allied health professional documentation, or were bespoke assessment 

sheets.  

Table 15: Location of frailty assessments in London NHS hospitals using structure admission 
documents (n=20) 

Assessment 

Embedded 
in 

structured 
admission 
document % 

Embedded 
in other 

documents % 

Total 
assessments 

present 

Cognitive Assessment 20 100.0% 0 0.0% 20 
Mood Assessment 1 20.0% 4 80.0% 5 
Illness Severity Assessment 1 6.3% 15 93.8% 16 
Falls Risk Assessment 6 31.6% 13 68.4% 19 
Assessment of functional dependence 10 62.5% 6 37.5% 16 
Assessment of quality of life 0 0.0% 2 100.0% 2 
Nutrition Status Assessment 2 13.3% 13 86.7% 15 
Continence Assessment 12 66.7% 6 33.3% 18 
Pressure Ulcer Risk Assessment 3 15.8% 16 84.2% 19 
Assessment of appropriateness for CPR 13 76.5% 4 23.5% 17 
Medicines Reconciliation Process 0 0.0% 7 100.0% 7 

Standardised Frailty Assessment 1 25.0% 3 75.0% 4 

 
 
There was no significant difference in overall presence of frailty assessment between 

hospitals using a structured admission document and those that did not (Mann-Whitney U 

83.0, Z -0.755, P = 0.464). Equally, there was no significant difference between these two 

groups for discrete frailty assessments where Fishers Exact univariate analysis was applied 

(Table 16). 
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Table 16: Comparison of presence of individual frailty assessments in London NHS Acute Medical 
Units using structured admission documents (n=20) versus those that do not (n=10) 

Assessment 

Hospitals 
with 
structured 
admission 
document 

 

Hospitals 
without 
structured 
admission 
document 

 

Fisher’s 
exact 

n=20 % n=10 % P value 

Cognitive Assessment 20 100 8 80 0.10 
Mood Assessment 5 25 2 20 1.00 
Illness Severity Assessment 16 80 8 80 1.00 
Falls Risk Assessment 19 95 6 60 0.03 
Assessment of functional dependence 16 80 6 60 0.38 
Assessment of quality of life 2 10 2 20 0.58 
Nutrition Status Assessment 14 70 6 60 0.69 
Continence Assessment 18 90 6 60 0.14 
Pressure Ulcer Risk Assessment 19 95 7 70 0.10 
Assessment of appropriateness for CPR 17 85 7 70 0.37 
Medicines Reconcilliation Process 8 40 5 50 0.71 

Standardised Frailty Assessment 4 20 2 20 1.00 

Bonferoni correction for multiple testing; α = 0.00454 for significance 
 
 
Use of a unitary record was not associated with an increase in the overall presence of frailty 

assessment (Mann-Whitney U 28.0, Z=-0.202, P=0.857). Equally, Fishers Exact univariate 

analysis revealed no significant difference in presence of discrete assessments embedded in 

the unitary patient records when compared to standard structured admission document 

(Table 17). 
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Table 17: Comparison of presence of individual frailty assessments embedded in unitary admission 
document versus standard structured admission document in London NHS Acute Medical Units  

Assessment 

Embedded 
in unitary 
admission 
document 

 

Embedded 
in 

standard 
structured 
admission 
document 

  n=4 % n=16 % P value 

Cognitive Assessment 4 100% 16 100% 1.00 

Mood Assessment 0 0% 1 6% 1.00 

Illness Severity Assessment 1 25% 0 0% 0.20 

Falls Risk Assessment 2 50% 4 25% 0.55 

Assessment of functional dependence 0 0% 10 63% 0.09 

Assessment of quality of life 0 0% 0 0% 1.00 

Nutrition Status Assessment 2 50% 0 0% 0.03 

Continence Assessment 3 75% 9 56% 0.62 

Pressure Ulcer Risk Assessment 2 50% 1 6% 0.09 

Assessment of appropriateness for CPR 2 50% 11 69% 0.59 

Medicines Reconciliation Process 0 0% 0 0% 1.00 

Standardised Frailty Assessment 0 0% 1 6% 1.00 

Bonferoni correction for multiple testing; α = 0.00454 for significance 
 

3.3.3 Consultant and Specialist Registrar agreement 

 

There was poor agreement between responses to the electronic survey among consultants 

and specialist registrars for the 7 hospitals where there was an overlap (Table 18). Kappa 

agreement was only significant for 2 hospitals and agreement was still poor (Kappa 

threshold taken at >0.6(203)). Overall consultants reported more frailty assessments than 

specialist registrars did (Fisher’s exact p < 0.0001). 
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Table 18: Level of agreement for consultant and Specialist Registrar responses to electronic survey 
(Kappa threshold of >0.6 taken as significant agreement) 

Hospital Kappa value P value 

A 0.232 0.88 

B 0.264 0.003 

C 0.041 0.729 

D 0.170 0.210 

E 0.021 0.743 

F 0.430 0.001 

G 0.156 0.165 

 

3.4 Discussion 
 

3.4.1 Assessment instruments 

 

Standardised assessment instruments record information in a systematic manner, which 

allows for aggregation of data to accurately and reliably measure the performance of a 

particular physical property under scrutiny. This enables reproducible measurement over 

time and setting, and thus facilitates the tracking of performance (e.g. after intervention). The 

evolution of these assessment tools has been described as occurring over 3 

generations(204).  

 

First generation instruments measure a single dimension (e.g. mini-mental state 

examination(195)). These discrete tools benefit from robustly tested constructs, extensive 

validation and use in clinical trials. However, assembling them into an array for the purpose 

of multidimensional assessment is problematic, with duplication by overlapping assessment 

items, conflicting assessment methods, disruption of construct and poor validation. 

 

Second generation instruments are multidimensional, though measure information 

purposefully within a particular setting (e.g. EASY-care for measuring physical, mental and 

social functioning in the community setting(205)). However, adoption of these measurement 

systems require significant buy-in from clinicians and providers, and components of the 
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multidimensional assessment may not be used independently, particularly in early iterations 

(e.g. the cognitive assessment within the tool is not validated for use separately from the tool 

as a whole). 

 

Third generation instruments(206) improve on data-interoperability, allowing use in multiple 

settings (e.g. care home and acute care(207)) as well as validation of use of the discrete 

components of the tool to measure a single dimension (e.g. Cognitive Performance Scale 

from the InterRai Suite(208)). Again, these measurement systems require significant 

engagement across the different settings. Feasibility and clinical acceptability are not yet 

fully established. 

 

This study indicates that where validated assessment instruments were used, first 

generation tools predominate in the acute medical care setting in acute London NHS Trusts. 

Second generation tools (e.g. Edmonton) were used in only 6 of 30 (20%) acute medical 

units, and this setting has not been validated for this purpose (209, 210). There was 

substantial (overall 46.4%) use of locally derived and non-validated assessment tools as 

well. 

 

Variation in use of assessment was not related to geographic sector or teaching hospital 

status. The relative high preponderance of validated cognitive, falls, pressure ulcer and 

continence assessments within acute trusts surveyed may have been driven by national 

dementia and NHS Safety Thermometer CQUINs (Commissioning for Quality and 

Innovation). 

3.4.2 Structured patient records 

 

National standards exist for the clinical structure and content of patient records(211), which 

includes subheadings for assessment scales. However, this study did not find improved 



95 
 

overall multidimensional assessment in acute London NHS trusts with the presence of 

structured admission document compared to trusts where this was absent. In univariate 

analysis of the discrete assessments, there was a trend towards increased assessment with 

the use of structured admission documents (e.g. falls risk), but these were not statistically 

significant. Few acute London NHS trusts utilised unitarian structured admission documents, 

and when compared to non-unitarian structured admission documents, there was no 

observed overall improvement in multidimensional assessment. Again, univariate analysis of 

the discrete assessments suggests a trend of increased assessment (e.g. peptic ulcer risk), 

but this was not statistically significant. Given small numbers, it is difficult to draw definitive 

conclusions. 

 
The lack of improvement in multidimensional assessment with use of structured admission 

documents and unitarian documents compared to when not used, may lie in the quality of 

adherence to national standards, lack of standardisation of what assessment scales to 

include for elderly patients even within these standards or that these assessments are not 

seen as a priority. However, these assessments may exist in separate documentation not 

routinely known or accessed by consultants and SPRs, for example allied health 

professional electronic patient records. 

 

The poor agreement between Consultant and Specialist Registrars in Acute Medicine for 

electronic questionnaire may reflect trainees poorer grasp of local structures, given 

frequency of rotation into different hospitals. This may limit the accuracy of their response, 

but is accounted for in our methodology. Where there was disagreement in response, the 

consultants response was selected for analysis. 

 

The Cooksey report(212) identifies 2 main gaps between basic science research and clinical 

interventions applicable to patients. The first gap occurs when translating basic science 

ideas into therapeutic drugs or interventions to treat disease or illnesses. The second gap 
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occurs in implementing these new therapeutics into routine clinical practice. Though there 

are clinical frailty assessment instruments available, this study indicates that they have not 

effectively bridged the second research translational gap into routine clinical practice within 

the acute care setting. It also suggests gaps between national recommendations for health 

informatics standards and the clinical practice of frailty assessment. Further research is 

required into optimal data collection to be salient and clinically acceptable as well as how to 

best use the data for patient care. Additionally, research into optimising frailty assessment 

instruments for the acute care setting is a research priority. 

3.5 Limitations 
 
There are considerable limitations to this study. Firstly, we assume that elderly patients that 

are admitted to acute London NHS trusts will do so via acute medical unit. We believe this is 

the case for the majority of acute hospitals, but this is not the case in all acute trusts 

surveyed. For example, one hospital surveyed admitted patients to a dedicated acute ward, 

and the acute medical unit functioned much more as an ambulatory care unit and did not 

manage the throughput of admitted elderly patients. This will limit the accuracy of the data 

collected. Process mapping the assessment of elderly patients requiring medical admission 

concurrently may have yielded higher quality data.  

 

Secondly, a large proportion of this study represents self-reported data. We assume that 

Consultants and Specialist Registrars in Acute Medicine are fully aware of how and what 

assessments are done on their respective acute medical units. It is possible that their 

awareness is incomplete, or their access to these assessments are infrequent or poor. For 

example, allied health professionals may record their assessments on separate health 

information systems which are not easily accessed by physicians. Although assistant 

researchers were tasked with collecting all assessments, it is not possible to know if this was 

fully comprehensive (e.g. it was not possible to interrogate electronic patient records) 
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Thirdly, the study was restricted to the systems and processes within London NHS acute 

medical units. Other bespoke in-reach structures, such as Older Persons Assessment 

Liaison(56) or Acute Frailty Units(54), were not evaluated and may provide excellent frailty 

assessment but were not included. 

  

Questions remain unanswered regarding the context of frailty assessment within London 

hospitals, including who undertakes the assessments, how reliably are they completed and 

how are they used in practice. However, this study is the first step in quantifying and 

qualitatively assessing multidimensional assessment for the elderly who require acute 

medical admission to acute London NHS trusts. No other study of this nature has been 

published. 

3.6 Conclusion 
 

This study shows the variation in use of validated and locally derived assessment tools for 

frailty dimensions in acute medical units within acute London NHS trusts. There was 

substantial overall use of non-validated assessment tools (46.4%). Where validated 

assessments are used, first generation unidimensional tools appear to predominate in 

clinical practice. The use of structured admission documents and unitarian documents do not 

appear to significantly improve multidimensional assessment. This study highlights 

knowledge gaps in the effective implementation of assessments for complex elderly patients 

within the acute care context. Further research exploring organisational structures and 

pathways, as well as reliability and use of the assessments, is needed. 
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CHAPTER 4 DELPHI CONSENSUS OF FRAILTY ASSESSMENT IN ACUTE CARE 
 

The findings presented in this chapter have been published in the BMJ Open Journal (Soong 

et al. 2016)(213). My role as lead and corresponding author in the published article was to 

conceive the study, design analysis, interpret results and write first draft, and contribute to 

revisions. The Corresponding Author has the right to grant on behalf of all authors and does 

grant on behalf of all authors, a worldwide licence to the Publishers and its licensees in 

perpetuity, in all forms, formats and media (whether known now or created in the future), to: 

i) publish, reproduce, distribute, display and store the Contribution, ii) translate the 

Contribution into other languages, create adaptations, reprints, include within collections and 

create summaries, extracts and/or, abstracts of the Contribution, iii) create any other 

derivative work(s) based on the Contribution, iv) to exploit all subsidiary rights in the 

Contribution, v) the inclusion of electronic links from the Contribution to third party material 

where-ever it may be located; and, vi) licence any third party to do any or all of the above. 

The presented text is adapted and/or expanded from publication. 

4.1 Introduction  
 

Chapter 2 reviews the literature for frailty assessment instruments designed or validated in 

the acute care setting. Chapter 3 describes the clinical practice of assessment of elderly 

patients with complex needs in the acute medical care setting. These studies suggest 

variation in use of frailty assessment instruments in routine clinical practice and gaps in 

knowledge surrounding optimal operationalisation of frailty assessment instruments for the 

acute medical care setting. The following study aims to address some of these knowledge 

gaps. 

 

Frailty is commonly used to describe older persons at increased risk of developing multi-

morbidity, disability, institutionalisation and death. There have been international efforts to 
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reach agreement (13, 135, 214) but at present there is no absolute consensus on clinical 

and operational definitions for frailty(143), particularly in the context of acute care. Current 

definitions are very research orientated. Researchers and clinicians recognise that frailty’s 

effects are multidimensional, its causes are multi-factorial and that it results in increased 

vulnerability to external stressors. There is also agreement that frailty is intimately related to, 

but also distinct from disability, vulnerability and multi-morbidity(136). Frailty is accepted as a 

useful concept that identifies older persons at risk of adverse outcomes, and there is an 

evolving view that frailty, and its consequences as such, may be preventable or minimised.  

 

However, consensus has yet to be achieved regarding the dimensions or variables that must 

be measured to support an operational definition of frailty(135), or in fact how to best 

measure them(164), especially in the acute setting. No agreement has been reached as to 

when and where these variables should be measured, the characteristics of a successful 

frailty assessment instrument, and what organisational structures will help facilitate optimal 

assessment, particularly in the acute care setting. Existing frailty assessment tools have 

mainly been developed for use in the community (e.g. population studies; care homes) and 

validated for specific purposes (e.g. predict admission to hospital; costing). Equally, specific 

measures of frailty, often used in research, are not routinely collected in clinical practice (e.g. 

grip strength by calibrated dynamometer).  

 

This study aims to address gaps in knowledge and agreement around frailty assessment in 

the acute medical care setting using a Delphi approach. Specific research questions include:  

1) What can we measure routinely in clinical practice to aid recognition and improve care for 

frail patients?  

2) When is the optimal time to assess frailty?  

3) Where is the optimal place to assess frailty?  

4) What characteristics are crucial for a successful frailty assessment tool?  
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5) Given time and volume pressures in acute care, what is the optimal number of frailty 

variables that can be reliably measured for each patient?  

6) What organisational structures (i.e. the manner in which people work to provide optimal 

care, not the physical setting) best facilitate frailty assessment and management? 

4.2 Methods 

4.2.1 Modified Delphi technique 

 

The Delphi method, initially developed by Dalkey and Helmer in the 1950s at the RAND 

Corporation in Los Angeles, was used to forecast the result of potential Russian nuclear 

strikes on American defence capabilities(215). It has since been utilised in economic 

forecasting and policy as well as education research. Within healthcare, it has been used to 

explore and gain consensus in diverse issues within primary care(216), mental health(217), 

medical education(218), nursing(219), other allied health professions(220), and policy and 

quality improvement(221).  

 

The premise of Delphi method stems from the underlying assumption that the consensus of 

a group of experts is more accurate than from individual experts. The Delphi method is a 

structured process for systematically collecting and aggregating informed judgments from 

experts on specific topics. It is an iterative technique characterised by repeated rounds of 

controlled feedback until a consensus is achieved, recognised by a termination criterion set 

in advance. This consensus has most utility where, evidence is lacking or contradictory, thus 

precluding definitive conclusions. 

4.2.1.1 Other Consensus techniques 

 

Alternative consensus techniques such as Nominal Group(222), NIH Consensus 

Development approach, Glaser’s State-of-the-Art Approach(223) and the RAND/UCLA 

Appropriateness method(224) are available. The choice of which often depend on resources 
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available, type of question, timeframe and levels of engagement. In Nominal Group 

approach, participants are asked to individually appraise a topic with no discussion or 

collaboration. Once complete, each individual presents their ideas, starting with the most 

important on their list in a round-robin fashion until all points of views are exhausted. A 

period of highly structured discussion follows, led by a skilled facilitator. Following this, 

participants individually appraise their lists again re-ranking ideas, and the process repeats 

until consensus is achieved. Like the Delphi analysis, this methodology takes steps to 

minimise inhibition of opinion by hierarchical social structures. However, the methodology 

has several limitations. Firstly, the results are highly dependent on the facilitator, and the 

willingness of participants to work together in such a highly structured manner. The results 

may still be biased towards perceived experts. Secondly, the need for a facilitated meeting is 

resource and time intensive, and may not be feasible with suitable participants over large 

geographic areas. Though there is some evidence supporting reliability of the 

methodology(225), it is reported to produce less frequent and stable consensus compared to 

the Delphi methodology(226). 

 

In Glaser’s State-of-the-Art approach, a core group of participants are selected by a leader, 

who in turn nominate further participants. This group (led by a facilitator) drafts an initial 

position on the subject. This position paper undergoes several rounds of review and critique 

by invited recognised subject matter experts until a final report is achieved. The benefits of 

this method are high engagement with subject matter experts that translates into content 

validation, and likely endorsement of the final position. The methodology requires a credible 

facilitator, high engagement with recognised subject matter experts to succeed and 

potentially neglects minority views. 

 

The NIH Consensus development methodology seeks to bring a multidisciplinary panel 

together to achieve general agreement on the efficacy, appropriateness and safety of 

medical interventions. The RAND/UCLA Appropriateness method combines literature review 
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and synthesis with the formation of an expert panel with fairly strict definitional criteria for 

appropriateness and necessity of an intervention. These 2 panel based methodologies 

require arguably high time, skill and financial resource. Given resources available, the 

modified Delphi methodology was felt to be optimal in terms of coverage, measurement of 

consensus and be less operator dependent. 

4.2.2 Questionnaire development 

 

A literature review (Chapter 2) focussed on frailty assessments developed or validated in the 

acute setting outlined variables associated with frailty was coded into 5 groups: Social 

Demographics, Phenotype Model, High intensity service utilisation, Accumulated Deficits 

Model and Bio-gerontological Model (Table 19). An electronic questionnaire was developed 

using Survey Monkey™ software. The electronic questionnaire was piloted to improve 

usability and validity(227).  

 

Wording and format changes occurred over 2 iterative cycles before the electronic survey 

was distributed to the expert panel. Changes were made when issues of clarity were raised 

by a separate panel of clinicians and qualitative researchers. Changes related to wording of 

questions, and not content, and were instigated if any single panellist raised a concern.  A 

‘trap question’ was included in the questionnaire as a consistency and measure of 

engagement, at the suggestion of a qualitative researcher during the iterative process. To 

ensure a high response rate by item, the electronic software was set up to require a 

response for key questions, and the survey length was minimised to optimise overall 

response rate. The final questionnaire contains questions on optimal predictors, timing, 

setting, characteristics and number for frailty assessment in the acute care setting (Appendix 

10).  
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Table 19: Variables associated with frailty summarised from literature review 

Social demographics 

Age 

Social Deprivation 

Gender 

Phenotype model 

Unintended weight loss 

Self-reported exhaustion 

Weakness 

Slow walking speed 

Low physical activity 

High intensity  
service utilisation 

Recent hospital admission episodes 

Multiple hospital admission episodes 

Large package of care at home 

Care home resident 

Accumulated Deficits model 

Functional dependence* 

Pressure ulcer risk* 

Impaired cognition* 

Incontinence* 

Impaired mobility* 

Falls* 

Social isolation 

Nutritional status 

Multiple morbidity 

Polypharmacy 

Generalised anxiety and/or depression 

Impaired vision 

Impaired hearing 

Trap question Chronic lung disease 

Bio-gerontological model 

Chronic Inflammation (e.g. Raised serum IL-6) 

Coagulopathy (e.g. Raised Factor VII/VIII levels) 

Steroid hormone dysregulation (e.g. Low levels of DHEAS) 

Low peripheral skeletal muscle bulk (e.g. peripheral quantitative 
computerized tomography (PQCT) 

Low vitamin D levels 
 

 

 

 

 

 

 

*Geriatric syndromes 
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4.2.3 Expert panel selection and recruitment 

 

A formal stakeholder analysis identified individuals locally and regionally drawing on the 

network of Royal College of Physicians London, Collaboration for Leadership in Applied 

Health Research and Care Northwest London and Centre for Healthcare Improvement 

Research, Imperial College London. To be considered a stakeholder, people were either 

publishing in UK journals, or providing frailty care, or involved in charities pertaining to the 

topic, researchers in quality improvement, specialist societies (Royal College of Physicians, 

British Geriatric Society, Society for Acute Medicine, Royal College of Nursing) and from 

Clinical Commissioning Groups related to older persons.  For the second round, formal 

stakeholder analysis was expanded to encompass national participants, using same criteria. 

All identified were invited to take part.   

 
The selection criteria meant that participants were academics, front-line clinicians, and 

specialists from charities. The panellists were invited by email through Survey Monkey™ 

distribution software. There were two rounds and the overall participation rates for Round 1 

and Round 2 were 72.7% (n=16) and 48.8% (n=41) respectively (Table 20). Round 1 results 

were presented electronically within the Round 2 survey to all participants. 6 participants 

completed Round 1 and Round 2, with 2 non-responders of Round 1 completing Round 2. 

 

4.2.4 Statistical analysis 

 

Resultant data tables generated by electronic survey were exported to Microsoft Excel™ for 

analysis. Descriptive statistics described by Greatorex et al.(228) were used to measure 

consensus and stability. SPSS™ v21 was used to calculate Intra-Class Correlation 

Coefficients for overall levels of agreement using two-way random ANOVA with absolute 

agreement and Fisher’s Exact Test. 
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Table 20: Participants of the modified Delphi analysis of frailty assessment in acute care 

Round 1(n=16) Round 2(n=41) 

Position Female Male Position Female Male 

Consultant Physician other 6.3% 12.5% Academic 4.9% 2.4% 
Clinical psychologist 0.0% 6.3% Care Manager 2.4% 0.0% 

Consultant Geriatrician 12.5% 25.0% 
Chief Executive - Social 
Care 2.4% 0.0% 

Consultant Psychiatrist 0.0% 6.3% Consultant Geriatrician 12.2% 9.8% 
Dietician 6.3% 0.0% Consultant Physician other 7.3% 14.6% 
Pharmacist 12.5% 6.3% Dietician 2.4% 0.0% 
Physiotherapist 0.0% 6.3% GP 0.0% 2.4% 
Grand Total 37.5% 62.5% Nurse 4.9% 0.0% 
   Pharmacist 4.9% 0.0% 
   Physiotherapist 9.8% 2.4% 
   Researcher 2.4% 2.4% 
   Specialist Charity 0.0% 2.4% 
   Specialist Trainee 7.3% 2.4% 
   Grand Total 61.0% 39.0% 

4.3 Results 

4.3.1 Optimal frailty indicators in the acute care setting 
 

Participants were asked to rate each of the 31 frailty indicators identified in the literature 

review (Table 19) on a 5-point Likert Scale ranging from ‘Not useful at all’ to ‘Very useful’ for 

the best indicators of frailty in acute care. A threshold of >80% (‘useful’ or ‘very useful’) was 

taken as strong agreement by participants for usefulness and appropriateness in the acute 

care setting (8). A total of 38.7% (12 of 31, Table 21) indicators were finally accepted. 

 

The Accumulated Deficits and High intensity service utilisation models were perceived by 

participants as most useful indicators of frailty in the acute care setting. The phenotype 

model was perceived as moderately useful and the bio-gerontological model was perceived 

as least useful. Patient demographics were perceived to have moderate or low usefulness. 

Appendix 11A visualises the percentage agreements of each variable at the end of round 

two ranked by frequency of perceived usefulness. Appendix 11B displays the full percentage 

agreements for round one and two. 
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Inferential consensus statistics show improved overall agreement between the rounds 

(Figure 8A). The modified fountain graphs demonstrate stabilisation of opinion and extent of 

agreement from Round 1 to Round 2(Figure 8B). The “trap question” displayed high levels of 

agreement between rounds, scoring as not useful. 

 

Table 21: Frailty indicators agreed as most useful and appropriate for the acute care setting after the 

second round 

Frailty Indicator Classification % N 

Falls Accumulated Deficits 95.1% 39 

Impaired cognition Accumulated Deficits 95.1% 39 

Nutritional status Accumulated Deficits 92.7% 38 

Functional dependence Accumulated Deficits 90.2% 37 

Multiple morbidity Accumulated Deficits 90.2% 37 

Impaired mobility Accumulated Deficits 87.8% 36 

Multiple hospital admission episodes High intensity service utilisation 87.8% 36 

Large package of care at home High intensity service utilisation 85.4% 35 

Care home resident High intensity service utilisation 82.9% 34 

Polypharmacy Accumulated Deficits 82.9% 34 

Incontinence Accumulated Deficits 80.5% 33 

Pressure ulcer risk Accumulated Deficits 80.5% 33 
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Figure 8A: Summary inter-rater reliability statistics for frailty measures useful in acute care. 

 Round 1 Round 2 

 Intraclass Correlation Coefficienta Intraclass Correlation Coefficienta 

Value 95%CI p F Test Value 95%CI p F Test 

Overall 0.882 0.811-0.935 <0.001 10.387 0.969 0.951-0.983 <0.001 39.626 

Overall without Chronic Lung 
Disease 

0.887 0.818-0.938 <0.001 10.703 0.970 0.952-0.984 <0.001 40.639 

Demographics 0.869 0.556-0.996 <0.001 15.709 0.959 0.850-0.999 <0.001 41.455 

Phenotype model 0.674 0.267-0.954 0.001 5.577 0.819 0.534-0.997 <0.001 7.822 

High intensity Service utilisation 0.798 0.359-0.985 0.003 5.465 0.731 0.217-0.922 0.005 5.607 

Accumulated deficits model 0.662 0.364-0.872 <0.001 3.526 0.904 0.815-0.965 <0.001 15.767 

Bio-gerontological model 0.515 0.114-0.918 0.003 4.434 0.744 0.441-0.964 <0.001 10.684 
a Type A intraclass correlation coefficients using an absolute agreement definition using a two-way random effects model 
(ICC >0.8 describes excellent agreement) 
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Figure 8B: Modified fountain graphs visualizing agreement over the 2 rounds. The Median range is tighter and closer to the integer value level denoting 

increased agreement. 
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4.3.2 Optimal number of frailty indicators reliably measured in the acute care setting 
 

Participants were asked “What is the maximum number of frailty indicators that can be 

reliably measured in acute care?”. Reliability was defined as always delivering care (100% 

compliance) with no variation in quality of care provided. A bimodal distribution was 

observed with a large mode of 5 in both rounds (43.8% and 41.5% in Round 1 and Round 2 

respectively), and a smaller cluster of participants responding at the 10 and >10 item mark 

(18.8% and 9.8% in Round 1 and Round 2 respectively). This persistent clustering of data 

suggests true bipolarity(229) of opinion and was not taken as a marker of instability (Figure 

9). 

 
Figure 9: Number of frailty indicators reliably measured in the acute medical care setting 

 

a Type A intraclass correlation coefficients using an absolute agreement definition using a two-way 
random effects model (ICC >0.8 describes excellent agreement) 
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4.3.3 Optimal timing and setting to measure frailty in acute medical care 

 

Participants were not forced to assign agreement to only one item, thus previously described 

inferential consensus statistics were not employed. A threshold of >80% was taken as 

agreement. Fisher’s exact test, applied to ascertain if there was any difference in the 

proportions of individual response items between Round 1 and Round 2, was not significant 

at the α=0.05 level. The Acute Medical Unit (100% and 92.7% in Round 1 and Round 2 

respectively) and Care of the Older Person specialty ward (81.3% and 80.5% in Round 1 

and Round 2 respectively) were perceived as participants as the optimal settings for frailty 

assessment acute care. Agreement was not achieved after 2 rounds for the optimal timing of 

frailty assessment in acute care, though ‘within 24 hours of arrival to hospital’ was the most 

frequently selected choice in both rounds. Figure 10A and 10B display participant agreement 

for optimum setting and timing for frailty assessment in the acute care respectively. 

 
Figure 10A: Optimal setting of frailty assessment in acute medical care 
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Figure 10B Optimal timing of frailty assessment in acute medical care 
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Figure 11A: Optimal characteristics of a frailty assessment tool and effective organisational 
structures for frailty assessment in acute medical care 

 
 

Figure 11B: Effective organisational structures for frailty assessment in acute medical care 
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4.5 Discussion 

4.5.1 Measuring frailty in acute care 

 

Diverse methods of Frailty measurement and operationalisation have roots in differing 

conceptual views regarding its definition. On one hand, frailty is seen as a subset of the 

elderly population with chronic inflammation, steroid hormone dysregulation, Vitamin D 

Deficiency and sarcopenia as pathophysiological processes not fully elucidated, but 

culminating in a specific phenotype(136, 230). On the other, frailty is seen as the 

accumulation of biophysical deficit over time resulting in reduced resistance to external 

insults(137). These conceptual approaches are not mutually exclusive(231), and both add 

value to risk evaluation in the older person. Attempts to contextualise, combine or 

operationalise these concepts within the acute care setting have led to many different risk 

scoring systems (Appendix 5). Generally, consensus is in favour of multidimensional 

measurement (13, 135), though unidimensional assessments (e.g. grip strength) have been 

applied (though not yet part of routine clinical practice; Chapter 3). 

 

This modified Delphi analysis suggests that measures of accumulated deficit and high 

intensity service utilisation are perceived as most useful and appropriate for quantifying 

frailty in the acute care setting. This may reflect the presence of many front-line clinicians as 

participants to this study, or that other measures of frailty were not collected within routine 

clinical practice in the acute care setting, or feasibly collected. This may not encapsulate 

current consensus definitions of frailty to its fullest extent(135), instead these findings 

represent an agreement of the most pertinent and applicable measures for the assessment 

and management of frailty in the acute setting. The frailty indicators agreed upon within the 

accumulated deficit domain in this study pertain to geriatric syndromes(174). This is reflected 

in current national recommendations for quality of care for older persons with emergency 

and urgent care needs(53, 201) and in current clinical practice, with many of the perceived 
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useful measures included within Comprehensive Geriatric Assessment(48), a resource 

intensive multidisciplinary assessment of patients deemed most frail.  

 

Participants perceived that the Acute Medical Unit (AMU) and Care of the Older Person’s 

ward were the optimal settings for frailty assessment, and that the frailty assessment tool 

should be clinically relevant, simple (easy to use) and accessible or useful to the 

multidisciplinary team. This may reflect the fact that the majority of emergency medical 

admissions occur through AMUs in the UK setting(232). There appeared to be clear 

bipolarity of agreement regarding the number of frailty indicators that could be reliably 

measured in the acute medical care setting, with the majority centred around 5 items (mode) 

and a smaller proportion for >10 items. This may reflect a difference in philosophy between 

screening and comprehensive assessment.  

 

There was no consensus achieved for the optimal timing or organisational structures 

(organisational working patterns not a physicality, e.g. Acute Frailty Unit or Acute Care of 

Elderly Unit (ACE)) that best facilitates frailty assessment or management in the acute care 

setting, though “within 24 hours of arrival to hospital” was consistently the most frequent 

choice. The lack of agreement regarding organisational structures may reflect differing 

contextual challenges and available resource for each participant. Thus consensus may not 

ever be possible. 

 

4.5.2 Strengths 

 

The Delphi method is an established mechanism for correlating informed judgment of a 

complex multidisciplinary topic into meaningful consensus, and for exploration of underlying 

reasoning or assumptions beneath these judgments(233). The Delphi method has several 

strengths. It is flexible with diverse applications for different aims and levels of resource: e.g. 

modified Delphi (234), Policy Delphi(235) and Real-time Delphi(236). It allows for 
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preservation of anonymity to prevent intimidation or inhibition of opinion within potential 

hierarchical social structures and ensures minority views are not eliminated early(227). It 

allows for participants to change their opinion between successive rounds with systematic 

refinement of consensus. Large groups of participants can be accommodated over large 

geographic areas. With increasing popularity of the electronic format, it is progressively time 

and cost efficient. Participant selection of experts promotes content validation, and allows 

networks to form(237). The strengths of this study also include good participation rates from 

national experts of diverse disciplines (reflecting the multidimensional nature of frailty), 

triangulation of multiple methodologies to demonstrate agreement as well as stability, and 

clear research questions based on gaps of knowledge in literature.  

 

4.5.3 Limitations 

 

The Delphi method has recognised limitations. The use of open questions in early rounds of 

the Delphi opens the study to researcher interpretation which risks potential bias(238). 

Attrition of participants in subsequent rounds can lead to sample bias(239). The selection of 

panel experts has been challenged as subjective(234). There is lack of consensus on the 

optimum panel size or criteria for termination(240). Equally, the underlying principle of the 

Delphi method may not be true in all cases: Consensus does not necessarily mean 

correctness. Frailty assessment models built on these consensus findings will require robust 

evaluation and validation on clinical datasets. 

 

In this study, specific limitations include a low participant number, yet comprised of national 

experts, with a decline is response rate in the second round (although with an increase in 

number).  Non-response consequently means only the views of those engaging in the 

process are determined.  
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Though the electronic format may reduce 'bandwagon effect' or 'halo effect', it may produce 

bias as the lack of 'face-to-face' engagement does not allow the facilitator to ensure 

questions have been clearly understood, nor to gauge possible disengagement of 

participants due to question length, content or format. To mitigate these risks, this study's 

methodology included iterative development of the electronic questionnaire and piloting prior 

to formal distribution(227) and the inclusion of a 'trap-question'. However, this study did not 

utilise a formal checkpoint between rounds to ensure understanding of the questions, and 

the 'trap-question' was not included for all questions within the Delphi study.  

 

In the literature review (Chapter 2), we focused specifically on assessments that have been 

developed or validated within the acute care setting (appendix 5), which have been arguably 

primarily biomedical in nature. This strategy may have excluded useful predictor variables in 

frailty assessments utilised in the non-acute care setting(146).  For example, the Tillburg 

Frailty Indicator(241) is a validated instrument in the non-acute setting based on a 

predominantly biopsychosocial model, which explores social, psychological and 

environmental contributors to frailty. However, it is not clear how best to measure these 

parameters, nor how they affect overall outcomes in the acute care setting. 

4.6 Conclusion 
 

This study is a first step in developing a clinically relevant frailty assessment model for the 

acute medical care setting, by providing content validation for input variables into a model. It 

attempts to forecast the characteristics of a frailty assessment scale that may have high 

utility in the clinical setting, translating research into practice. Future work building and 

testing this model is a research priority, as is exploring contextual elements for successful 

implementation within clinical practice in the acute care setting. 
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CHAPTER 5 BARRIERS AND FACILITATORS TO FRAILTY ASSESSMENT IN ACUTE 

CARE 
 

The findings presented in this chapter have been published in the BMJ Journal (Soong et al. 

2013)(146) My role as lead and corresponding author in the published article was to 

conceive the study, design analysis, interpret results and write first draft, and contribute to 

revisions. The Corresponding Author has the right to grant on behalf of all authors and does 

grant on behalf of all authors, a worldwide licence to the Publishers and its licensees in 

perpetuity, in all forms, formats and media (whether known now or created in the future), to: 

i) publish, reproduce, distribute, display and store the Contribution, ii) translate the 

Contribution into other languages, create adaptations, reprints, include within collections and 

create summaries, extracts and/or, abstracts of the Contribution, iii) create any other 

derivative work(s) based on the Contribution, iv) to exploit all subsidiary rights in the 

Contribution, v) the inclusion of electronic links from the Contribution to third party material 

where-ever it may be located; and, vi) licence any third party to do any or all of the above. 

The presented text is adapted and/or expanded from publication. 

5.1 Introduction  
 

Chapter 4 explores content and structure for optimal frailty assessment in the acute medical 

care setting. The following study aims to explore contextual factors for frailty assessment in 

the acute medical care setting. 

Acute care is a challenging environment for the delivery of safe and comprehensive care for 

the frail patient. It is characterised by high volume of patients and constraining time 

pressures. Often, there are multiple teams working shifts, with the inherent risk of poor 

communication which may affect patient safety. Such environments are at risk of 

discontinuous and fragmented care. National Clinical Audits of medical inpatient care 
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suggest less than exemplary assessment and management of patients with frailty 

syndromes, namely delirium (196), falls (74) and incontinence (78). 

Though there is clear impetus for improvement, interventions may fail if contextual barriers 

are not fully understood. Interventions must take into account the environment in which they 

are implemented, or risk poor performance or unintended consequences(242). A recent 

randomised control trial of specialist geriatric medical assessment for patients discharged 

from the acute medical unit published no benefit for mortality, institutionalisation, days spent 

at home and quality of life(243). Critical review suggests the performance of frailty 

assessment tool utilised was poorer than expected as used in this setting, and that provision 

of specialist geriatric input via a liaison service may have limited effectiveness compared to a 

ward-based multidisciplinary approach. Similarly, a recent randomised control trial of care for 

patients with delirium or dementia on a specialised medical and mental health unit published 

little benefit in health status or service use compared to routine practice (244). This study 

discovered that outcomes measured depend on contextual factors including those beyond 

the control of secondary care (family choice, social care and community health services). 

This study aims to explore and summarise contextual barriers to frailty assessment in the 

acute care setting, and highlight areas of good practice where possible. 

5.2 Methods 

5.2.1 Participant selection 

 

A formal stakeholder analysis identified individuals nationally drawing on the network of the 

Royal College of Physicians London, Collaboration for Leadership in Applied Health 

Research and Care Northwest London and Centre for Healthcare Improvement Research, 

Imperial College London. To be considered a stakeholder, people were either publishing in 

UK journals, or providing frailty care, or involved in charities pertaining to the topic, 

researchers in quality improvement, specialist societies (Royal College of Physicians, British 
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Geriatric Society, Society for Acute Medicine, Royal College of Nursing) and from Clinical 

Commissioning Groups related to older persons.  

Invitations were distributed electronically (email) to attend a conference, the “Frailty in Acute 

Care Summit”. Participants who had not responded by a predefined time point, were sent 

one reminder email. The national conference took place on the 4th of September 2013 at the 

Royal College of Physicians London to explore frailty recognition and management in the 

acute care setting with 54 attendees. 

5.2.2 Focus group design 

 

Participants first listened to three 15-minute presentations by invited national experts. The 

three topics were how frailty is defined, the burden of frailty to the emergency department 

and the burden of frailty in acute medical care. 

The 54 participants were then split evenly into 6 groups of 9 participants. Each group was 

given the task of answering a specific question. Two groups were given the question “What 

are the structural barriers to frailty assessment in acute care?”, two groups were given the 

question “What are the process barriers to frailty assessment in acute care?” and two groups 

were given the question “What are the cultural barriers to frailty assessment in acute care?”. 

Each session lasted approximately 30 minutes. 

Prior to the start of the meeting, 6 participants were invited to act as facilitators. Discussions 

were audio-recorded for analysis. All recorded conversations were transcribed by a 

professional transcription service experienced with healthcare transcriptions – Way with 

Words™. Each participant was assigned a unique ID. All transcriptions were reviewed by a 

single researcher.  
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5.2.3 Framework 

 

A specific predefined framework was initially used to code the themes. Christensen’s(245, 

246) Resource, Process and Values (RPV) framework for understanding factors that affect 

what an organisation can accomplish provides a useful structure to understand the 

contextual elements of frailty in acute care. Resources are described as both tangible (e.g. 

buildings and staff) and intangible (e.g. reputation) elements that can be utilised to create 

value. Processes relate to the formal (e.g. explicitly defined in documents) and informal (e.g. 

habitual) patterns of communication, interaction and coordination of how work gets done 

within an institution. Values denote the culture of an organisation and the criteria by which 

decisions get made, both at organisational and individual level. A modification of this 

framework informed the questions and provided a framework with which to code the data, 

namely: structural barriers to frailty assessment in acute care, process barriers to frailty 

assessment in acute care and cultural barriers to frailty assessment in acute care. 

5.2.4 Qualitative analysis 

 

The analysis approach described by Ziebland & McPherson(247) provides for a systematic 

methodology for analysing the data. Each audio recording was reviewed twice by the 

researcher to ensure accuracy of transcription. Once satisfied with the quality of 

transcription, the researcher first coded deductively each of the transcripts according to the 

above framework. The transcripts were reviewed again and sub-categories were assigned to 

each main category.  

Two additional distinct themes, the “definition of frailty” and “principles of good practice”, 

emerged from the transcriptions. As such, the additional categories were added as extra 

main categories. All transcriptions were reviewed again with this new framework and sub-

categories re-assigned. All transcriptions were reviewed a further time but no further sub-

categories, reassignment of sub-categories or themes emerged. 
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The extracted data was stored and thematically coded into the framework utilising 

MicrosoftTM Word and Excel. The data was coded deductively according to the themes 

described above, and sub-themes that emerged were labelled using abbreviations (e.g. DF 

for definition) and colour coding. This enabled ease of analysis of data utilising the search 

function of the software, as well as multiple-coding by themes and subthemes within the 

framework. Subthemes were not collapsed early on to retain depth, breadth and nuance, but 

subsequent to iterative analysis of data once saturation of themes and sub-themes was felt 

to be achieved.  

5.3 Results  

5.3.1 Definition of frailty 

 
The participants noted three main challenges to definitions of frailty in the acute care setting. 

Firstly, existing consensus definitions (13, 135) are abstract and challenging for empiric 

measurement. Secondly, the term “frailty” is often used to reflect different meanings (and 

purposes) and thus potentially different overlapping populations (Figure 12): Frailty was 

perceived to be used to denote specific pathophysiological processes associated with 

senescence and ageing. Conceptually, it was also perceived to reflect complexity in relation 

to underlying diagnosis, multi-morbidity, vulnerability and care needs. Frailty was also felt to 

be a direct or indirect cause of disability. It was also thought to be a lay expression used to 

denote social vulnerability (e.g. in relation to finances and independence). Thirdly, 

participants noted that contextual aspects influenced the performance of operationalised 

definitions. 

 

“Yes, it sounds like we need clarification of the processes so that you can really understand 
whether we're using it to label for the purposes of research or demographics, or to actually 
manage the person, providing individualised care.  So there is a lack of clarity.” P25 
 
“That is the first thing is the term, what it actually means in different contexts, whether it’s a 
common parlance, or whether it’s within the medical or healthcare settings” P62 
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“frailty is sometimes regarded as a characteristic which could actually be in some way 
described in terms of parameters that that individual has contained within them, rather than 
the relationship based vulnerability, which is often the case when we talk about social 
vulnerability. Now, [...] people often put those two things together, and I think they are 
probably slightly different notions.  Maybe the best thing is to put them together, I don't 
know.” P6 
 
“what we found was that the Edmonton frailty score worked well in hospitals, and with 
community providers, and it didn’t work very well in primary care.” P8 
 
 

Most participants felt that it remained unclear how to construct an operationalised frailty 

metric that is universally and readily applicable across care settings (207, 248). The 

participants noted that definitions for frailty have both enabling and constraining effects 

(Table 22) 

 

Figure 12: Frailty reflecting different meanings 

FRAILTY

Bio-gerontological
The manifestation of 
specific bio-physical 
characteristics(e.g.):

•Sarcopaenia
•Chronic 
malnutrition  & 
inflammation
• Steroid 
hormone axis 
dysregulation

Complexity
•The interaction of 
multiple accumulated 
deficits
•Consequent complex 
needs and high service 
requirements

Functionality
•Underlying 
impairments limit 
ability to participate in 
normal activities
•Many believe frailty is 
distinct but related to 
disability

Social vulnerability
•Underlying 
impairments result in 
poor resilience to 
(multiple) external 
stressors
•Often used as a lay 
term
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Table 22: Summary of enabling and constraining effects of operationalising frailty in the acute care 
setting 

 

 

 

 

 

 

 

 

 

ENABLER CONSTRAINER 

Enables reliable recognition of a vulnerable 
patient group. 
 
Additive to current predictors of risk. 
 
Highlights a vulnerable patient group for 
targeting of resources (e.g. dementia). 
 
Helps identify key elements of risk and 
intervention for a vulnerable patient group. 
 
Understanding of baseline level of cognitive, 
physical and social functioning to aid realistic 
goal setting. 
 
Early identification will aid efforts to prevent 
development of further decline and the 
consequences of frailty. 
 
Ensure recognition of individual aspects of 
patient need and preference, as well as that of 
the carer is taken into account. 
 
The label can be useful to adapt services and as a 
platform for change. 
 
Holistic identification of needs that the 
healthcare system is not meeting. 
 
Patient safety for a vulnerable group 

Contextual disparateness limits universal 
applicability. 
 
Clinical utility is limited without further 
understanding of how to best apply the model of 
frailty. 
 
The utility of risk prediction models over or in 
addition to diagnostic prognostication remains 
unknown. 
 
Multiplicity of healthcare models which overlap 
 
Patients do not like to be labeled as “frail”. 
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5.3.2 Frailty as an enabler of high quality care 

 

From an enabling point of view, participants perceived that highlighting a population as frail, 

it aids recognition of a high risk group within older persons to allow appropriate focus and 

allocation of resources within the acute care setting. Frailty was perceived to be additive to 

current risk prediction models (e.g. co-morbidity), and would highlight areas of unmet need 

as well as areas for intervention. 

“If you use something like the frailty indicator tool, it allows frailty to come to the table in a 
par with other long term indicators, so that’s the importance of it.” P5 
 
“There’s a massive unrecognised iceberg of frailty, within the community and within acute 
trusts. We all recognise it when we see it, when we see ”gold-standard” frailty care[…]so we 
do need a reliable way of Recognising it and attending to it.”P1 
 
“Both of them, if you just look at long term conditions, about 25% of people who are frail 
using those two models do not have a conventional long term condition, so a significant 
minority of people are under-recognised in the current system, if you’re just counting 
traditional long term conditions.” P5 
 
“We need to be able to do is actually work out what are the key elements of these, of this 
assessment and what are the key elements of the intervention that we can then apply, 
because we can’t do 40 things, and we can’t have 40 interventions in addition.  There is 
something around this conversation taking us forward, in terms of how we’ll look to, if you 
like coalesce the knowledge in the room in a way that makes it doable” P3 
 
 
A recognition of frailty was perceived to aid the understanding of health and function prior to 

acute care hospital admission, providing details of a baseline that allows for realistic goal-

setting and decision making in conjunction with patient and relatives. 

 
“Screening to predict and so we aren’t necessarily starting[overtalking] at a certain level. In 
fact, most of our GPs have said, there’s no point in setting it at that level.  People gain the 
best benefit from case management would probably be those that haven’t actually reached 
that, so do I think, again, it’s how do you use these tools to then drive - how you can manage 
that position next, rather than just use them as an academic tool that does this” P8 
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5.3.3 Frailty as a constrainer of high quality care 

 

Some participants perceived that frailty was conceptually attractive and academically 

satisfying, but that knowledge as how best to apply it to the “coal-face” of acute care was 

lacking. The groups also discussed that contextual factors may limit the universal 

applicability of any frailty measure. Equally, a number of participants felt there were too 

many healthcare models and that frailty is potentially another ‘lens’ with which to approach 

the patient in the acute care setting. Some participants felt that risk prediction models 

associated with the concept of frailty may be of less value than diagnostic risk models. 

“[…] it seems to me one’s got to decide exactly what is the context in which this vulnerability 

is going to be exposed to the hazard, and what are the outcomes that may result, and 

therefore how would you most operationalise and measure, because you operationalise in 

terms of a number of discreet, identifiable outcomes, and I think the idea of a unifying 

measure of frailty is misplaced.” P6 

“So in my mind it's having processes that address and understand frailty is a very academic 

exercise.  Don't get me wrong, you know, I would like to work on better models to do that, 

but I think as a practical importance for the patient I think it's absolutely useless and does 

nothing at two in the morning that I can use that would make a tangible difference in the care 

of the patient” P25 

“This really elegant work that’s coming out in various patient populations, […] older patients 

over 65, with non-specific presentations, who were found not to have anything significant at 

the time, 60% of them, I mean, I think it’s something like 80% of them  were dead in a 

month, which is like the same death rate as pneumonia, and of those who survived, 

something like at least 50% of them had a major, at three months, had a diagnosis of a 

major illness, so these patients aren’t presenting for no reason, and in fact there’s a huge 

pathology now that sits underneath all of that[…]” P60 

“[…]it might be in terms of talking about a supportive care model.  The models like, that is 

what we like to talk about, the geriatric model with Comprehensive Geriatric Assessment, the 

end of life care model, the rehabilitation model, the acute medical model.  I think that we’re a 

bit hamstrung by our models and a bit limited by them[…]” P63 
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5.3.4 Barriers to frailty assessment in the acute care setting 

 

Despite the definitional and operational constraints outlined, overall, the participants felt that 

frailty remains a useful concept to improve the quality of healthcare for this vulnerable 

patient group but recognise that more research is needed in this area. Structural, process 

and cultural barriers to frailty assessment in the acute care setting are summarised in Table 

23 

Table 23: Summary of perceived Structural, Process and Cultural Barriers to Frailty Assessment in the 
Acute Care Setting 

Structural Barriers Process Barriers Cultural Barriers 

Insufficient training for front 
line staff to deal with complex 

vulnerable elderly 

Frailty assessment is often not 
prioritised or left until last 

Failure to value or prioritize 
caring for the elderly  

Acute Care structures designed 
for simple presentations; 
Frailty is often complex 

Poor communication between 
professionals in the acute care 

environment 

Focus on illness severity and 
presenting problem rather than 

co-morbidity, functional 
dependence, social and 
environmental stressors 

Acute care environments are 
not sensitive to the needs of 

the frail 

Multiplicity of frailty 
assessment tools used by 

different health care 
professionals 

“Hard” performance metrics 
prioritised in acute care, where 
“softer” quality of care metrics 

are absent or not fully 
developed 

Acute care systems are poorly 
cognizant of support structures 

frail elderly have in the 
community and take these 

away in hospital 

Delayed senior decision making 
and expertise specifically about 

frailty 

Adversarial positions between 
health as well as social care 
boundaries contributes to 

fragmented care 

Poor data sharing between 
professionals in the acute care 
environment, and also with the 

community 

With increasing demands on 
the acute care health system, 

there is decreased ratio of time 
available to assess patient 

relative to complexity 

Expectations of patients and 
carers often not prioritised 

Poor whole-systems thinking  Performance metrics that do 
not take into account patient 

complexity 

Patients do not like to think of 
themselves as frail 
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5.3.4.1 Structural barriers to frailty assessment in the acute care setting 

 

Participants felt there is insufficient training for clinical professionals in managing complexity 

and diagnostic uncertainty, resulting in a low level of expertise in the recognition and 

management of frail individuals.  One of the participants commented on how within their 

organisation less than 30 hours was spent on educating undergraduate clinicians about 

frailty. 

“I think we need to go back to actually training of all professionals, because I don't think that 
the training gives people the skills that they need to actually know what to do, when they see 
somebody is frail.  They don't know how to work out the problems in frailty, and they don't 
understand why the person has ended up in hospital in the first place, and then either they 
don't understand, or they don't know what they should be doing, they don't know the 
questions to ask, and that’s because our training” P43 

 

Participants suggested that existing acute care structures are often designed for relatively 

straight-forward presentations of readily definable diseases with an expectation that medical 

treatment will quickly return patients to their previous level of function (simple and uni-

disciplinary). Frailty in acute care is complex with diagnostic uncertainty and requires a 

multidisciplinary approach. 

“So in a typical environment if you like […]none of us actually assess frailty here and I 
charge any of us who totally assess frailty ourselves. It’s a MVP, multiple vehicle... It’s 
diverse and it’s so complex that none of us can really get a handle on it”. P14 
 
“[…] we felt like the structure was set up for simple problems, and frailty is really a complex 
issue, so we need a more complex structure to deal with this complex issue, so one 
component of that was that these are set up to be, the structure is often very uni-disciplinary, 
they know how to deal with particular problems but not necessarily the combination of 
these.” P17
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Participants proposed that existing acute care environments are not sensitive to the needs of 

the frail. Space to assess and manage highly complex and vulnerable patients is often 

lacking and acute care environments are frequently busy and noisy.  

 “Does the ED (Emergency Department) cause delirium [...] it’s such a hypersensitive 
area[...]” P65 
 
“[…] so a lot of these older people come in and are very sensitive to the environment and it 
can be a very hostile place” P67 
 
Participants indicated that existing acute care systems are poorly aware of the support 

structures that exist or are in place for frail patients in the community. 

“One of the problems though is, by taking your frail and elderly person into the hospital 
setting, I don't think that within the hospitals have quite recognised how many of their 
support systems they lose on the way, and it’s not just the relatives, but it’s also all too often 
the hearing aids, the dentures, their specs, you know?  And, their stick and their dog, and 
their orientation ...all that is pared off them, leaving them with just a skeleton, a skeletal 
personality but the role is gone, their sense of personalisation” P42 

 

An effective, high quality integrated healthcare service is impacted negatively by 

informational silos. Participants felt there was limited and poor quality data sharing between 

social and healthcare services, including between primary and secondary care. They felt this 

negatively affects the ability of each service to appreciate “baseline” levels of physical, social 

and cognitive function or to recognise in a timely fashion significant healthcare events and 

interventions that occurred in other healthcare settings.  

“So bringing together those sorts of silos that are passing ships in the night, who are really 
sort of sharing the information.  […] having case conferences where you could share that 
information. “ P30 
 
“So, the first thing is physical communication, especially between hospital and also as well 
as information sharing between all these different areas and finally to be able to [unclear] of 
how they could have communication between professionals, and the second important we 
picked as a structural title was the fact that there was not usually the right people in the right 
place at the right time, and so especially with reference to [unclear] teams and psychiatrists 
[…]P7 
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An effective, high quality integrated healthcare service is impacted negatively by 

organisational silos.  Participants suggested that a poor understanding of how actions within 

one part of the healthcare system affect the entire system lead to fragmented decision 

making with unintended consequences. For example, the prioritisation of decreasing lengths 

of hospital stay combined with shorter consultation times in primary care may drive 

increased hospital readmissions.  

“[..]in co-location, the community health and social have to be a part of that co-location. 
That’s the most frustrating thing about not having their information and then trying to make 
decisions about them is nigh on impossible.” P12 

 

5.3.4.2 Process barriers to frailty assessment in the acute care setting 

 

Participants suggested that frailty assessment and management are often not prioritised in 

the acute care setting. 

“ [Overtalking] the person with physical symptoms and their medical diagnosis gets 
addressed, and the frailty aspect is the one that gets left till last.  And I think for both 
schemes on the integrated care plan, I think it's about trying to organise those things.  It's a 
bit with your scheme, isn't it, but front ending it at the hospital and making it a priority as 
soon as the patient comes in, rather than it being at the end.” P31 
 
 

Participants felt that poor communication between healthcare services and between multi-

professional teams within the hospital in the acute care setting may contribute to system 

dysfunction and poorer patient outcomes.  

“ One of the main points […] was communication between them, so there was problems with 
setting up the systems and how the communication is between them, so between primary 
and secondary care, and making and sharing agreements.  That was one of the process 
barriers.”P6 
 
“[…]  The pharmacists work in islands.  They work in a completely isolated way and I think 
the profession has allowed that and we haven't engaged with the other professions to say 
we should be working more closely because then you get this professional looking after their 
own responsibilities.  And particularly when it gets too complex.  We need to do shared 
decision-making. […]” P44 
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Participants proposed that the multiplicity of frailty assessment tools used by different 

healthcare services create unnecessary division, increase duplication of work and add 

confusion. 

“[...] so you’ve got all these different organisations [...] community health and then mental 
health, everyone’s got to do their own assessment and it’s not working as one.” P12 

 

Participants emphasised the need for prompt senior competent assessment. Often, the initial 

point of contact and assessment for frail patients is a junior clinician. It was felt that this 

delay in expertise and experience may contribute to poor outcome or system dysfunction. 

“I'm thinking there's a huge barrier around ignorance of application of clinical knowledge, and 
some of the processes don't help that.  In my hospital we do a urine dip for everybody who's 
had a fall for no rhyme or reason because we don't [inaudible] any other person.  That's 
contrary to any established scientific guidelines, but we do that.” P25 
 
 

Participants felt that there is increasing demand placed on acute care services to assess and 

manage highly complex frail patients. It was suggested this leads to a decreasing ratio of 

time available to assess a patient relative to complexity level. Participants mentioned that 

performance metrics that do not acknowledge patient complexity are not accurate measures 

of quality of care. Some commented this may introduce perverse incentives into the system.  

5.3.4.2 Cultural barriers to frailty assessment in the acute care setting 

 

Focus group participants strongly felt there was a failure to prioritise or value caring for the 

elderly with complex needs. This was described to manifest in many ways. Firstly, caring for 

the frail elderly is not always considered a speciality skill. Secondly, there is relatively poor 

financial investment into developing healthcare services for the frail, in training clinical staff 

or in research. Thirdly, some participants stated that the current clinical and hospital culture 

appears more tolerant of poor performance in regards to healthcare quality and clinical 

outcomes as compared to other patient groups. Finally, some participants felt that patient 
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complexity in the frail elderly is seen as a burden rather than a rewarding clinical challenge. 

There are often defeatist attitudes in relation to caring for the frail elderly.  

 

 “why is it that people, nurses who are really good, intelligent nurses want to go off and be 
cardiac nurses, and it’s […] when you look at the investment and the resource that goes in to 
training to be a cardiology specialist now, or a respiratory specialist nurse, compared to the 
frail. That goes back to your point about investment, we haven’t invested in this cadre of 
staff, because we haven’t prioritised it as an important area of practice.”  P35 

 

“We regard the incidence of delayed discharge (in the frail) as an adverse effect, purely on 
the basis of its economic problem, not because of the personal individual impact of that, so if 
somebody came into hospital, pregnant, and they were badly managed, and their baby was 
not delivered appropriately and somebody missed the fact that her blood pressure was high, 
then there would be a scandal. You know, if somebody comes into a hospital with frailty, who 
is delirious, and if they […] have a fall and a fractured neck femur as a result of that, that’s 
not regarded as scandal.  That’s an inconvenience.” P38 

 

“It’s not that people were uncaring.  We spent great efforts getting really professional, 
empathetic, intelligent, emotionally intelligent people to medical school and then we squash 
them, you know?”P63 

 

Some participants suggested that within acute care, there is a focus on the assessment and 

management of the presenting illness and related severity, with less attention on co-

morbidity, functional disability, social and environmental stressors. These other factors are 

often considered to be within the remit of social and primary care. 

 
“Also, is there something about we don't really know how to do it, because if you, the people 
who the juniors are looking at, and then to some extent, our consultant colleagues are 
patients who are easier, they’re straightforward.  Wanting a diagnosis of a [unclear] or a 
ketoacidosis or a COPD or a pneumonia, whereas if you’re the patient we’re talking about, 
the very frail person, who has gone off their legs, who requires a lot of protective work, which 
is incredibly exciting and really rewarding, people don't know how to do it, so that’s why they 
find it very daunting.” P40 
 
 

Participants proposed that healthcare systems prioritises, and is driven by “hard” targets. 

“Softer” aspects related to frailty are not given similar importance. The “softer” aspects of 

quality are more difficult to measure. 
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“I think that’s one of our big issues, and that’s a huge thing, the fact that we have this lean, 
mean performance managed, target driven culture, has meant that a lot of things that frailty 
needs, using it in a lose sense have had to be neglected. The communication, compassion, 
the (slower) pace […]  P61 

“[…] we’ve had over a decade of measurable target driven care which does not match the 
increasing complexity for the changing demographics that we’re actually seeing.” P13 

 

Participants observed that adversarial positions are often adopted between health and social 

care boundaries that contributes to a fragmented healthcare system and a culture 

characterised by disunity. The interface of healthcare boundaries was highlighted as an area 

of high risk. Participants suggested that the expectations of frail elderly and their carers are 

of central importance but often not prioritised enough and “medicalised”. Participants 

acknowledged that existing healthcare systems seldom effectively explore what patients and 

carers truly value and therefore may not deliver the quality outcomes that patients and 

carers feel contribute to improved quality of life. 

 
 
 “But, it’s also the fact, is it not the fact that if people actually don't feel themselves as ill, 
again like you say, they don't see themselves as frail, and they don't necessarily give you the 
right information, so you are right” P38 
 

5.3.5 Principles and good practice for frailty in the acute care setting 

 

5.3.5.1 “Right place, right time and right person”  

 

Participants in the group discussions felt that the frail elderly should have access to skilled 

and experienced healthcare professionals, with senior clinical decision making in a timely 

fashion during a hospital admission, and in a care environment that will facilitate appropriate 

assessment and intervention. They noted that structural co-location of services and 

resources (e.g. Acute Frailty Unit) within the Emergency department(54) or Acute Medical 

Unit(243) are attempts to bring appropriate multi-professional expertise to the “front door” of 

the hospital, although evidence for long-term improvement in clinical outcomes related to 

such strategies is not yet apparent.  
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“[…]So the first thing is physical co-location, […]. And the second most important thing we 
picked from the structural barriers was the fact that there are not the right people in the right 
place at the right time, so especially with reference to multidisciplinary teams, with reference 
to the lack of psychiatry [unclear words]”. 
 
Participants felt strongly that rapid access to an effective multidisciplinary team is important. 

In addition to the above, Rapid Response Teams(249) and Older Persons’ Assessment and 

Liaison(OPAL)(56) services are popular structures within the acute care setting to bring 

crucial multidisciplinary assessment early in the hospital admission.  Access to specific 

human resource such as liaison and old age psychiatry, palliative care, social workers with 

robust knowledge of community and primary care resources and therapists with appropriate 

specialist skills and knowledge of community rehabilitation services, were highlighted by 

participants as targeted areas for improvement. 

 

5.3.5.2 Shared understanding and decision making: effective inter- and multi-

professional team working with patients and carers, in hospital and with the 

community 

 

Participants commented on how high levels of complexity associated with frail elderly 

patients require shared understanding and decision making by healthcare professionals, 

patients and carers. Professional knowledge and lay experience must work effectively, 

reciprocally and synergistically to improve health and wellbeing. 

 
“I think that the only way you're going to understand older people properly is by working 
across the hospital and community divide because that way you're not just looking at one 
aspect of a person's care, you're actually going to be looking at the whole person …and, 
okay, you might be unable to spend most of your time dealing with this bit but you'll at least 
understand what happens in that bit.”  P44 
 
“…so how the relationships need to happen and to say I don’t assess frailty, none of us 
actually assess frailty here and I charge any of us who totally assess frailty ourselves. It’s a 
(multi-purpose vehicle)MPV, […] It’s diverse and it’s so complex that none of us can really 
get a handle on it. P14 
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5.3.5.3 Rebranding frailty in acute care: Recognising the value of acute care whilst 

redefining the culture 

 

While there has been a strong political narrative about unnecessary hospital admissions for 

the frail elderly, participants acknowledge there is a lack of realism about what can be 

currently achieved in the community. Whilst recognising there is room for improvement in 

this area, people said there should be more explicitness about the value that acute care 

adds to a frail elderly patient’s journey and what high quality acute care for the frail elderly 

looks like. Participants suggest that caring for the frail elderly should be valued as a highly 

skilled specialty, with correspondingly sufficient investment in resources and training. 

 
“ […]it can be very exclusive in some ways in hospitals. Start thinking about places to add 
value to that process, then you can start talking about it.  At the moment, it’s just seen as a 
place that even only for surgery is done, but actually maybe to think about, there are people 
that occasionally need support for things that aren’t in primary care, and that’s why they go 
in there” P41 

 

“[…]all the hospital is, is just a small piece on the pathway of care, en route for an older 
person who is frail, and they have a role to play in that part, which they don't play very well, 
and unfortunately, because they play so badly, people lose so much when they become part 
of that. So, our reaction has been wrongly to say, they shouldn’t go anywhere in acute 
hospitals, not we should change the hospitals, so as to make sure that they are fit for 
purpose...” P38 

 

“[…]At first, they start, oh no, only cardiology nurses are specialists, and then people in 
outpatient do specialist type work, and are specialists, but it dawned upon them, they are 
doing something that’s unique, that actually is skilled as the other nurses, and then they 
realised that they spread that to other areas, but it was a case, they had never really had 
that realisation, really and it has changed very much the attitude of nursing staff.” P43 

 

 “Different cultures, as I only once had to go to children’s A&E, it’s a different feel. It’s entirely 
a different feel, and then the other culture is the palliative care culture. Who would dream of 
not talking to people in palliative care?” P63 

 

“Diagnostic, you sometimes need to get a diagnosis, you actually really need that in a 
community setting though I try hard to do that all the time (but are unable to)” P38 
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“Even if we don't do it in the context of the hospital, because the pressure is on for 
discharge, the sort of thing you can do in two days, you’re now looking at weeks of 
investigation, multiple visits to hospital,[…]and I think maybe it is that realignment of thinking 
you can have one stop clinics” P60 

 

5.3.5.4 Effective data sharing between healthcare sectors 

 

Participants felt that effective sharing of relevant patient information between primary, 

secondary, social and mental healthcare in a timely fashion is a priority. Information 

technology was recognised as a powerful tool to achieve this aim, but as yet not fully 

optimised. 

 
“So, the first thing is physical co-location, especially between hospital and also as well as 
information sharing between all these different areas and finally to be able to use innovation 
of technology, of how they could have communication between professionals” P47 
 
 
An example of good practice using information technology for coordination of shared 

decision making applicable to frailty identified by participants is “Coordinate my care”(250), 

an electronic care plan that displays diagnosis, prognosis, advanced care planning, 

resuscitation status and patient/carer wishes. Participants identified “My Medication 

Passport”(251) a patient led and co-designed initiative, as part of a whole system redesign 

for medicines management in the acute care setting(252), as an example of a simple but 

effective solution for data sharing between healthcare sectors. 

5.3.5.5 A deeper understanding of contextual factors  

 

The contextual elements of any structure or process introduced to improve the quality of 

care are hugely influential. Poor understanding of this leads to poor implementation, and 

ultimately poor performance or unexpected sequalae. 

 
“[…]we have a post ward round checklist, […] what we would need to perfect to adapt, so to 
make sure it incorporates the frailty, but I think it’s important to learn on the way, as the work 
unfolds, is what are the conceptual requirements in which it’s likely to be embedded?  
Because, if it’s going to be embeddable, what is it, what is the likely, sort of, range of 
structures?” P1 
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“the College has done work on handover guidance.  How do you structure a handover?  
What are the essential features, and so if you’ve got those structures built in, we need to 
know that there are building blocks.  Otherwise, dysfunctional systems will take tools and 
think they’ve solved the problem.” P1 

 

5.3.5.6 Simple, clinically relevant screening tests aid reliable recognition of frailty 

 

Some participants felt that simple screening tools for frailty will more reliably identify patients 

in acute care. Though many felt that it was the relationship between the clinician and 

patient/carer that yielded the best frailty assessment, it was also acknowledged that 

increasing complexity and high patient numbers can decrease the reliability of frailty 

assessment and care. 

5.4 Discussion 

5.4.1 Frailty definitions 

 

There is consensus that frailty is attractive concept and that it is multidimensional, with 

agreement that an operationalised clinical frailty assessment should include physical 

performance (e.g. mobility and gait speed), nutritional status, mental health and 

cognition(135). There is further consensus that frailty infers risk of adverse events to the 

individual, and that simple, rapid screening tests are appropriate and useful, and that 

physical frailty can potentially be reduced or reversed when recognised(13).   

Participants felt that an operationalised definition of frailty is additive to current risk prediction 

models in the acute care setting. Many felt that it would promote understanding of baseline 

levels of health to aid discussion with the patient and relatives regarding personalised goal-

setting. Many perceived that an operationalised frailty definition highlights a vulnerable 

patient cohort, less able to withstand the stressors apparent within the acute care setting. It 

is a useful label to adapt and drive change. Though extremely beneficial, some participants 

felt that a universal measure of frailty may not be possible, given the importance of 
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contextual factors in determining performance. Health informatics assessment systems like 

InterRai(187) aim to allow accurate data capture across health sectors with high degrees of 

interoperability for multiple uses (e.g. risk prediction, clinical decision making, quality 

improvement, resource allocation and cost). How clinically acceptable these systems are 

within the acute care setting remains unclear. 

Existing operationalised models of frailty have significant limitations (outlined in Chapter 1). 

Three potentially important additional dimensions are not fully captured by the current 

definitions. Firstly, though associated with disability and vulnerability, frailty is often 

perceived to be distinct. Disability is often defined as impairment that limits activity, resulting 

in restricted participation in normal function. Vulnerability is often defined as the inability to 

withstand effects of external environmental stressors. These artificial distinctions result from 

different conceptual constructs that arguably view complexity from biological (frailty), social 

(vulnerability) and functional (disability) lenses. This may lead to fragmented approaches to 

healthcare, and inconsistent measurement of process and outcomes. 

Secondly, the models do not effectively capture the dynamic nature of frailty over time. In 

clinical practice, frailty is observed to change qualitatively and quantitatively over time within 

individuals. Current statistical models of frailty comfortably fulfil the assumption of frailty 

variability between individuals, but do not capture intra-patient variability over time. 

Thirdly, frailty is often only connected with inevitable biological processes associated with 

the senescence of ageing. Recent evidence suggests that biological deficits and specific 

socio-environmental stressors accumulated early in childhood predict the development of the 

frailty phenotype(253). There are considerable arguments for a life-course approach(147). 

Importantly, age on its own is insufficient to determine an individual’s position on the frailty-

fitness spectrum(254). 
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5.4.2 Structural, Process and Cultural Barriers 

 

Participants perceived that the design of acute care environments is predominantly suited to 

single presentation illnesses of high acuity, and is less sensitive to the needs of the frail co-

morbid elderly with complex health needs. Training of front-line staff at undergraduate and 

postgraduate levels alone was felt to be insufficient when compared to the scale of demand 

within the acute care setting. This perception is reflected in the recent development of 

curricula for geriatric emergency medicine in Europe(255). Poor communication and data 

sharing between multi-professionals within the acute care setting and also with other health 

sectors, was perceived to contribute to fragmented care. Performance metrics that do not 

reflect patient complexity were criticised as detrimental for high quality care, though explicit 

and clear metrics that take into account “softer” aspects of quality were identified as a 

research gap. Kane et.al(256) have noted how acute care system design is not optimal for 

patients with multiple chronic conditions, failure to optimise information technology, 

inadequate workforce numbers and training, and misaligned financial incentives. The 

Institute of Medicine oppose “silo-based” organisational approaches which leads to 

fragmentation of care which are especially harmful for people with chronic illness(257). 

Participants felt strongly that frailty was not valued as a specialism despite it’s complexity 

and challenge, and that this was reflected in the lack of financial investment, suboptimal 

training of staff and reputation.  

5.4.3 Best practice 

 

Participants perceived that co-location of services with rapid access to diagnostics 

investigations and senior experienced decision making would be fundamental in unlocking 

the true value of an acute care setting, and improve patient safety as well as satisfaction. 

Organisational structures such as the Acute Frailty Unit within the emergency department 

have shown some benefit in admission avoidance and emergency readmission rates(54). 

Whole system organisational and process change such as changing from a post-take to “on-
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take” geriatrician ward rounds all week, development of an Acute Frailty Unit for rapid 

multidisciplinary team assessment and discharge of medically fit frail elderly patients to be 

rapidly assessed for escalation of social care in their own homes have shown benefits of 

reducing bed occupancy and mortality without the unintended effects of increased 

emergency readmission(55). However, scaling these services to provide equitable care for 

all frail patients who require acute care is problematic as they are resource-intense.  

Participants felt that a simple, clinically relevant screening tool would aid in the reliable 

recognition of frailty within the acute care setting. This is reflected within national 

recommendations. The Royal College of Physician(RCP) Acute Care Toolkit 3(53) focuses 

on care delivered to the frail elderly within Acute Medical Units, with recommendations for 

models of care and training. The “Silver Book”(201) focuses on care of the older person 

within the first 24 hours, describing urgent care need and competencies required. It seeks to 

help decrease variations in practice, influence the development of appropriate services and 

influence policy. Both these recommend frailty syndromes as a potential method for 

recognising the frail elderly in the acute care setting. 

5.5 Limitations 
 

The focus groups comprised of participants who agreed to take part, and thus represent only 

a sample of views from national experts. As the focus groups took place over the course of a 

single day, true assessment of saturation of view point is limited. This was mitigated by 

focused facilitation of each group to a single specific research question, with 2 separate 

groups exploring the same question. Even with this, themes may not be exhaustive.  

Computer assisted qualitative data analysis software (e.g. NVivo and N6) enable storage, 

ease of retrieval of data for grouping and exploring connections (e.g. thematic versus 

respondent analysis). This ‘horizontal’ and ‘vertical’ analysis is not functionally simple using 

word-processing and spreadsheet software, and may have affected depth of analysis. For 
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example, participant characteristics (e.g. gender and occupation) and possible influences on 

their points of view have not been explored. In addition to content analysis, coding for non-

verbal communication (e.g. pace of speech; length of silence; gestures for emphasis) and 

interaction between participants within the groups, may have helped with interpretation of 

participant comments(258). Methodologies such as discourse analysis, conversation 

analysis and micro-interlocutor analysis may have added to greater breadth and depth. 

Though advice from an experienced qualitative researcher was sought during the design 

phase of the study, they were not available for critical review of themes and subthemes as a 

formal check-point within the methodology. As such, a single researcher extracted data from 

the transcriptions, assigned themes and sub-themes, and interpreted the information for 

report. This may result in researcher bias(259), such as losing critical distance or particular 

attention being paid to participant comments that resonate with the researchers’ 

presuppositions. 

5.6 Conclusion 
 

Front line staff, academics, policy-makers, patients and carers need to collaborate to resolve 

constraints associated with the definition of frailty. A clinically relevant definition of frailty for 

acute care is a research priority. The frail elderly is the ‘core business’ and an essential part 

of acute hospital care, and should be valued as such. This should be reflected by adequate 

financial investment into developing services and research, adequate training of all front-line 

staff involved in their care to ensure that they have the necessary core competence and 

championing of frailty as a specialism.  

 

Acute care health systems need to facilitate a culture of quality and safety for the care of the 

frail elderly as the norm rather than the exception. Dysfunctional healthcare boundaries 

should be dissolved. Active steps should be taken to encourage patient-centred integration 
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of healthcare services with quality and safety being the driving force. Effective 

communication and excellence in multi-professional and inter-professional working across is 

central to this, whilst information technology has a role to play. Some of these are simple 

changes that do not require major restructuring of services. A deeper understanding of 

context is necessary for successful implementation.  

5.6.1 A Frailty model for acute care 

 

A more integrated model of frailty may be beneficial (Fig 13)(146). A frail person may be 

defined as one with accumulated and interacting deficits from 4 domains: physical, mental 

health and psychological, socio-economic and environmental domains. This results in a risk 

of harm beyond the effect of individual deficits or external stressors. Additionally, fragility is a 

dynamic condition that can occur at any point in life. 

 

 

Figure 13: Frailty assessment conceptual model for acute care 
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Adopting this new operational view of frailty will positively affect approaches of care in the 

acute care setting. Firstly, valid frailty assessment requires variables to be measured in all 

domains above. Frailty assessments that focus only on some variables may miss significant 

deficits or stressors. Secondly, robust assessment systems with the ability to monitor frailty’s 

multidimensional characteristics qualitatively and quantitatively over time are needed, as well 

as across health and social care sectors.  

 

Thirdly, operational and statistical definitions must recognise three factors: the accumulation 

of deficits and external stressors; interactions between deficits, and with external stressors; 

and the severity of individual deficits and their impact on other domains. Fourthly, actions 

taken before a person becomes frail to prevent the accumulation of deficits could prevent, 

delay or reduce frailty later in the life-course. 

 

Lastly, there are very well defined pathophysiological processes in the elderly (e.g. chronic 

inflammation-malnutrition; dysregulation of steroid hormones; sarcopaenia) which lead to a 

common endpoint of increased risk of harm. Exploration of other conditions with these 

processes in younger age groups (e.g. peripheral muscle wasting with COPD) may indicate 

patient groups who would benefit from generalizable knowledge of multidimensional 

assessment and intervention. More controversially, patient groups whose pathophysiology is 

not similar to those associated with increased age, but have similar levels of complexity (e.g. 

patients with cerebral palsy) may also benefit from being defined as frail, with consequent 

transferable, if not generalizable learning. 

 

The viewpoint of frailty has value in so far as it describes accurately a cohort of complex 

vulnerable patients who are at increased risk of adverse events, and suffer 

disproportionately the effects of fragmented health and social care. The proposed model 

provides a meeting point for an individual patient’s requirement and targeted interventions. 
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As complexity increases, so must standardisation of care give way to personalisation. 

Improving quality of life is just as important as extending quantity of life, with simple 

interventions accruing to reduce patient harm. Good outcome is individual patient defined 

and highly specific to the individual’s preference, need and point of view. Professional 

knowledge and lay experience must therefore work reciprocally and equally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



144 
 

CHAPTER 6 DEVELOPING AND VALIDATING A RISK PREDICTION MODEL FOR 

ACUTE CARE BASED ON FRAILTY SYNDROMES 
 

The findings presented in this chapter have been published in the BMJ Open Journal (Soong 

et al. 2015)(260, 261). My role as lead and corresponding author in the published article was 

to conceive the study, design analysis, interpret results and write first draft, and contribute to 

revisions.  The Corresponding Author has the right to grant on behalf of all authors and does 

grant on behalf of all authors, a worldwide licence to the Publishers and its licensees in 

perpetuity, in all forms, formats and media (whether known now or created in the future): to i) 

publish, reproduce, distribute, display and store the Contribution, ii) translate the 

Contribution into other languages, create adaptations, reprints, include within collections and 

create summaries, extracts and/or, abstracts of the Contribution, iii) create any other 

derivative work(s) based on the Contribution, iv) to exploit all subsidiary rights in the 

Contribution, v) the inclusion of electronic links from the Contribution to third party material 

where-ever it may be located; and, vi) licence any third party to do any or all of the above. 

The presented text is adapted and/or expanded from publication. 

6.1 Introduction 
 

The modified Delphi exercise (Chapter 4) found the accumulated deficits and high intensity 

service utilisation domains were perceived to be most useful and appropriate in the acute 

care setting. The accumulated deficits variables selected by the consensus methodology 

appear to represent frailty syndromes. In routine clinical practice, the terms Geriatric Giants 

(32), Geriatric  Syndromes (230) or Frailty Syndromes (53) are often used to describe 

clinically vulnerable group within the elderly. When accumulated deficits pass a critical 

threshold, complex systems may fail (biological or otherwise) as high-order functions are 

disrupted (262). Frailty syndromes likely represent high order clinical manifestations of multi-

factorial processes resultant from the accumulation and interaction of deficits and 
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environmental factors. They include cognitive impairment, falls, mobility problems, pressure 

ulcers and incontinence. These syndromes, more prevalent in the elderly, confer a higher 

risk of death(136), institutionalisation (174), disability and poor quality of life(230).  

Hospital Episode Statistics (HES) is an administrative database containing patient-level 

records of all admissions to NHS hospitals in England(263). It has high levels of data 

completeness and rigorous cleaning processes to ensure data quality. This study explores 

the role of HES as a database for secondary analysis to test the following hypotheses:  

1. Frailty syndromes and high intensity service utilisation domains are a valid measure 

of frailty in the acute care population in England,  

2. Frailty syndromes and high intensity service utilisation domains are predictors of 

adverse outcome clinically that are relevant to the acute care setting.  

This study aims to develop and validate a model of frailty based on these syndromes on this 

routinely collected secondary care database as the first step of developing a clinical 

assessment tool to be used at point of access of acute care.  This work evaluates the 

predictive power for clinical outcomes relevant to acute medical care, namely inpatient 

mortality, 30 Day readmission and discharge to a higher level of dependence. 

6.2 Methods 

6.2.1 Data Source 

 

Each record in HES corresponds to a finished consultant episode, during which a patient is 

under the care of an individual consultant. These episodes were aggregated into hospital 

spells covering a patient’s total length of stay in a hospital using established 

methodology(264). HES contains 20 fields per record for diagnoses codes that are defined 

using the tenth revision of the International Statistical Classification of Diseases, Injuries and 

Causes of Death (ICD-10). The first of these is the primary diagnosis, with the rest available 

for coding of comorbidities or complications. HES does not contain present-on-admission 
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flags. HES was examined for ICD-10 diagnostic codes that could be grouped for frailty 

syndromes (Appendix 12), in all 20 fields. Inpatients at acute non-specialist hospital trusts, 

with elective and non-elective admissions for those over >65years old were included. Hyper-

specialist hospitals and mental health units were excluded as they have a very different 

case-mix and data quality(130). 

6.2.2 Temporal analysis 

 

Trend profiles were created for the grouped ICD-10 diagnostic codes for all hospital 

admissions for >65 years to English acute care trusts from January 2005 to March 

2013(N=50,540,141) to determine coding reliability and shifts (Appendix 13). Coding volume 

generally improved over successive years but there was dramatic improvement in 2009, 

which may be due to changes in tariff (PbR). There was significant shift of ICD-10 diagnostic 

codes for dementia, delirium and senility observed over this timeframe and the diagnostic 

codes were collapsed to form a unified frailty syndrome (cognitive impairment). As a result of 

this analysis, English data from 2010-2012 were selected as the time-span to build a risk 

prediction model. 

 

The spells were aggregated both by age-band (65–74; 75–84; >85 years) and monthly.  

Monthly data are visualised as simple line plots. Office of National Statistics (ONS) 

databases were queried for population size estimates or census data where available 

(Appendix 14). 

 

To analyse the variation present in these time-series data, Statistical Process Control (SPC) 

is used to separate special cause variation (signal) from common cause variation(noise), an 

inherent property of all systems. The XmR chart is used as it is a method that is not 

dependent on data distributions or underlying assumptions(265). When analysing count 

data, daily averages for months were calculated to correct for unequal ‘areas of opportunity’; 
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for example, a count of February admissions will be lower by virtue of fewer days in 

February, and daily averages account for the difference in available days. For percentage 

data, such a correction is attained through division by the denominator – all spells and all 

spells with frailty.  Adjustments for seasonal variation are made, and seasonalised reference 

lines are plotted, for more natural interpretation of the charts.  For this purpose, frailty was 

defined as the presence of at least one frailty syndrome and within the cohort of patients 

greater than 65 years old. In this work, a standard rule set for detection of signal is adopted, 

using Microsoft Excel to construct the charts(265). Trend plots for type and number of frailty 

syndromes were constructed.  

6.2.3 Study population for risk prediction model 

 

The risk prediction model scope included all spells for patients over 65 years with 

emergency admission to NHS acute providers from 01/01/2012 to 31/12/2012 (see 6.2.2).  

Emergency admissions were defined as those for which the method of admission was 

recorded as ‘Emergency’, either via accident and emergency services, a general practitioner, 

a Bed Bureau, a consultant outpatient clinic or other means (admimeth=21, 22, 23, 24, 28). 

Predictor variables for investigation, include patient demographics, frailty syndromes and 

previous service use (Table 24). Output variables for investigation, include inpatient 

mortality, 30-Day emergency readmission and drop in functional dependence at discharge 

(Table 25). 

The model consisted of both historical (2010-2012) and within-spell (2012) variables. 

Historical (2010-2012) diagnostic codes were chosen over in-spell ones when coding for 

frailty syndromes as this more accurately described a risk prediction model at the point of 

access to acute care. Charlson co-morbidity scores were calculated in HES using previously 

described methodology(130), using weightings originally described by Charlson (266). Spells 

ending with inpatient mortality were excluded when predicting institutionalisation or 

readmission within 30 days. Spells where the admission source or discharge destination 
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Table 24: Predictor inputs for frailty risk prediction model (independent variables) 

Name  Time Span  Description  Comments  

Age  Current Spell  The startage field from HES   

Sex  Current Spell The sex field from HES   

Admission Source  Current Spell  The admiSorc field from HES  
 

Charlson (Historic)  24 Month Historic 
Average  

Calculated per spell, using all 
diagnoses from all episodes and then 
averaged. Excludes the current spell  

 
Charlson (Current)  Current Spell  Calculated using diagnoses in positions 

2-20 from all episodes in the spell  

Anxiety & Depression  

24 Month Historic 
Binary Indicator  

A binary flag indicating whether a 
relevant diagnosis has been received 
during any inpatient spell in the past 
24 months  

Senility, Dementia and Delirium merged to form 
the Cognitive Impairment indicator because of 
changes in coding over time 

Cognitive Impairment  

Dependence  

Falls & Fracture 

Incontinence  

Mobility Problems 

Pressure Ulcers  

No. of Emergency 
Admissions  

12 Month Historic 
Count  

The number of emergency admission 
spells in the previous 12 months, 
excluding the current spell  

Normalised  

Days since Last Emergency 
Admission  

24 Month Historic  The number of days since the patient’s 
last discharge from an emergency 
admission  

Normalised. Default value used when the 
patient hasn’t had an emergency admission in 
the previous 24 months  
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Table 25: Predictor outputs of frailty risk prediction model (dependant variables) 

 

Name  Time Span  Description  Comments  

Inpatient Mortality  Current Spell  Indicates if the discharge destination 

was death  

 

30 Day Emergency 

Readmission  

30 days from discharge  Indicates if the patient had an 

emergency admission within 30 days 

of discharge from the current spell  
 

Increase in Functional 

Dependence  

Current Spell  Binary outcome-indicates if the 

patient’s discharge destination was 

associated with a higher level of 

functional dependence than the 

admission source  

See functional dependence tiers below  

Tier  Values In Tier  

1  The usual place of residence, including no fixed abode  

Temporary place of residence when usually resident elsewhere, for example, hotels and residential educational establishments  

2  Local authority Part 3 residential accommodation: where care is provided 

Non-NHS (other than Local Authority) run residential care home  

3  NHS run nursing home, residential care home or group home 

Non-NHS (other than Local Authority) run nursing home  

4  NHS other hospital provider: ward for general patients or the younger physically disabled or A&E department  

Non-NHS run hospital  

5  Non-NHS (other than Local Authority) run hospice  
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could not be allocated a tier were excluded when calculating functional dependence 

(approximately <1% of spells not ending in mortality). 

6.2.4 Model development and testing 

 

Pseudorandom numbers split patients into train (60%) and test (40%) groups. The spells 

were subsequently split into train (1,259,185 spells) and test (840,067 spells) sets based 

upon the groupings (to ensure no patient appears in both train and test sets). This technique 

was further used to split the train group into 5 cross validation folds during model and hyper-

parameter selection. Multi-collinearity between predictor variables was investigated by 

Variance Inflation Factor (VIF), where VIF scores of over 3 were taken to denote 

unacceptable collinearity(267). Scikit-learn(268) implementation of logistic regression with l2 

regularisation was used to create the risk prediction model with Receiver Operator 

Characteristic(ROC) curves being produced from the predicted probabilities. For the final 

evaluation, each logistic regression model was trained on the entirety of the train set. The 

model co-efficients selected in the train set were then used to score all samples in the test 

set. Finally, ROC curves and AUC scores(269) were generated  based upon the test set 

scores. Hosmer-Lemeshow(270) tests with scipy implementation of Pearson’s Χ2 test were 

performed for goodness-of-fit. 

6.3 Results 

6.3.1 Frailty Syndrome Prevalence 

 

Between January 2005 and March 2013, there was a rising trend with daily average 

admissions for month increasing from over 2000 to over 4000 (Figure 14A). There has been 

an increase in all age bands over this period, 65–74 increasing from 161,641 to 235,756, 

75–84 increasing from 162,817 to 233,870 and >85 increasing from 71,396 to 137,991 

(Figure 14B). The relative proportion of total admissions has remained constant each age 

band at 40%, 40% and 20% respectively.  
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Figure 14 (A) Daily average admission spells for month for England NHS acute trusts (B) The number 

of spells for patient >65 years by age-band admitted to English acute providers 

 
LNPL Lower Natural Process Limits; UNPL, Upper Natural Process Limits 
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Examination of ONS data (Appendix 14) finds that in the general UK population the number 

of >64 years old in the population increased from 8,031,000 in 2005, to 9,305,179 in 2013. In 

2005, the 65–74s represented 52% of those >65-year; in 2013 it was 54%; 75–84s were 

36% and 33% in 2005 and 2013; and >85s were 12% and 13% in 2005 and 2013 

respectively. 

 

Analysis of trends shows that the coded overall frailty burden, based on the coding of at 

least one frailty syndrome, has increased from 12% to 14% between January 2005 and 

March 2013. There is evidence of seasonal peaks during winter, partly explained by similar 

patterns in admission spells (Figure 15).  

 

The coding of the frailty syndromes has increased between 2005 and 2013. Most patients 

had one frailty syndrome coded (Figure 16) and the most common frailty syndromes 

described between 2005 and 2013 were cognitive impairment and falls (including significant 

fracture) with cognitive impairment increasing to the same levels as falls representing 

approximately 10% of all spells in the those > 65y. Anxiety and/or depression has increased 

particularly from 2010(2.4%) to 2013(>4%) (Figure 17). There is a persistent and steady rise 

in coding for mobility problems.   

 

The overall prevalence for coded frailty syndromes within ICD-10 diagnostics codes in 

descending order of frequency are: cognitive impairment 9%, falls (& significant fracture) 

8.7%, anxiety/depression 2.4%, mobility problems 2%, pressure ulcers 1.1%, incontinence 

1.1% and functional dependence 1.0% (Figure 17). 
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Figure 15: The percentage of admissions to English acute providers coded with at least one frailty 

syndrome 

 
LNPL Lower Natural Process Limits, UNPL Upper Natural Process Limits 
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Figure 16: Trends for the prevalence of count of frailty syndromes and total burden of frailty for 

patients > 65 years admitted to NHS acute provider hospitals between April 2006 and December 

2012,  
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Figure 17: Trends for the prevalence of frailty syndromes for patients >65 years admitted to NHS 

acute provider hospitals between January 2005 and March 2013 
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6.3.2 Mortality 

 

None of the models predictor variables (patient demographics, frailty syndromes, previous 

service use) demonstrated unacceptable collinearity (1.1-2.8) (Table 26). The predictive 

power of the various frailty syndromes models for within spell in-patient mortality have a 

range of AUCs 0.624 – 0.659 (Table 27). The frailty syndromes & admission history model 

demonstrates moderate discriminatory power, with the top 10% of patients identified at 

highest risk of inpatient mortality having a mortality rate (13%) nearly twice the average 

population (7%) (Figure 18). The addition of Charlson Co-morbidity Score did not 

significantly improve the predictive power of the model (AUC 0.641). However, in-spell 

Charlson and Frailty Syndrome models described slightly improved predictive power over 

historical models (Table 27 and 28). 

Table 26: Variance inflation factor scores for predictor variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variance Inflation Factor Score  

Age 2.6  

Sex  1.8  

Historic Charlson  1.1  

Anxiety & Depression 1.7  

Cognitive Impairment  1.1  

Dependence 1.6  

Fall 1.1  

Incontinence 1.2  

Mobility 1.1  

Pressure Ulcers 1.8  
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Table 27: Frailty syndrome models to predict within spell in-patient mortality 

Model Odds Ratios AUC  Model Odds Ratios AUC 

Historical Frailty 
Syndromes 
Model  

Age 1.05 

0.624  

   Historical  
   Frailty     
   Syndromes  
   & Charlson  
   Co-morbidity  
   Scores 
 

  Age   1.05    
 
 
 
 
 
 
  0.641 

Sex  1.30 
  Sex    1.09 

  Charlson    1.20 

Anxiety & Depression 0.94   Anxiety & Depression   0.98 

Cognitive Impairment  1.21   Cognitive Impairment    1.01 

Functional Dependence 1.11   Functional Dependence   1.02 

Falls & Fracture 0.94   Falls & Fracture   0.97 

Incontinence 1.06   Incontinence   1.01 

Mobility Problems 1.08 
  Mobility  
  Problems 

  1.01 

Pressure Ulcers 1.29   Pressure Ulcers   1.05 

In-Spell Frailty 
Syndromes 
Model  

Age 1.05 

0.659  

   Historical  
   Frailty 
   Syndromes 
   & Admission 
   History 
 
   (final model) 

  Age   1.05  
 
 
 
 
 
 
  0.632 

Sex  1.20   Sex    1.21 

Anxiety & Depression 0.93   Anxiety & Depression   0.95 

Cognitive Impairment  1.40   Cognitive Impairment    1.05 

Functional Dependence 0.64   Functional Dependence   1.04 

Falls & fracture 0.65   Falls & fracture   0.90 

Incontinence 1.34   Incontinence   1.02 

Mobility Problems 1.16   Mobility Problems   1.02 

Pressure Ulcers 4.04 

  Pressure Ulcers   1.11 

  No of Emergency    
  admissions (12m) 

  0.97 

  Days since last  
  Emergency Admission 

  0.79 
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Figure 18: Percentage mortality by prediction ranking for the Historical Frailty syndromes & admission history model 
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Table 28: Charlson co-morbidity models to predict within spell in-patient mortality 

 

Model  Odds Ratios  AUC 

Historic 
Charlson  

Age 1.05  

0.639  Sex  1.31  

Charlson  1.20  

In-Spell 
Charlson  

Age 1.05 

0.681  Sex  1.02 

Charlson  1.29 

 

When the frailty syndromes model was trained and tested within the population of those 

being admitted with the most common primary diagnosis (1st diagnostic coding position in 

ICD-10), there was evidence of heterogeneity in performance of the models predictive 

powers for inpatient mortality. This may suggest that the frailty syndromes infer a higher risk 

on some diagnostic groups relative to others (Table 29). 
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Table 29: Performance of ICD-10 3 Diagnostic Code Specific mortality models 
 

ICD-10  Description Spells  Deaths  AUC1  p-value2  

J18 

Bronchopneumonia, 
unspecified organism 

45,478 10,930 0.62 0.14 

N39 
Other disorders of 

urinary system 39,690 2,199 0.61 0.00 

R07 Pain in throat and chest 36,544 227 0.69 0.41 

J44 
Other chronic obstructive 

pulmonary disease 32,223 1,972 0.60 0.70 

S72 Fracture of femur 22,333 1,757 0.67 0.48 

R55 Syncope and collapse 20,490 546 0.64 0.56 

I50 Heart failure 19,531 2,685 0.60 0.27 

J22 
Unspecified acute lower 

respiratory infection 18,020 1,189 0.64 0.68 

I63 Cerebral infarction 16,758 2,496 0.68 0.01 

I48 
Atrial fibrillation and 

flutter 16,848 288 0.74 0.61 

I21 

ST elevation (STEMI) and 
non-ST elevation 

(NSTEMI) myocardial 
infarction 15,485 1,763 0.67 0.95 

R10 
Abdominal and pelvic 

pain 15,650 355 0.68 0.04 

I20 Angina pectoris 14,593 207 0.73 0.54 

R29 

Other symptoms and 
signs involving the 

nervous and 
musculoskeletal systems 12,959 415 0.60 0.23 

K92 
Other diseases of 
digestive system 11,392 856 0.61 0.08 

 
 

 

 

 

 

 

 

 

1-Area under the receiver operating characteristic curve 
2-P-Value from the Hosmer-Lemeshow test 
The models were trained and tested using age, sex and the frailty syndrome model 
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6.3.3 Discharge to a higher level of support 
 

The predictive power of various frailty syndrome models to predict discharge to a higher 

level of support (institutionalisation) has a range of AUCs 0.63 – 0.654 (Table 30). The frailty 

syndromes and admission source model demonstrated moderate discriminatory power, with 

the top 10% of patients identified at highest risk of being discharged to a higher level of 

support (17%) at nearly twice the average population (9%)(Figure 19). Historic Charlson co-

morbidity scores, taking into account age and gender, exhibited AUCs of 0.617. 
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Table 30: Frailty syndrome models to predict discharge with a higher level of support (institutionalisation) 

Model  Odds Ratios  AUC      Model     Odds Ratios     AUC 

Historic Frailty 
Syndromes & 
Admission 
History  

Age 1.04 

0.634  

     Historic Frailty  
    Syndromes 

    Age   1.05    
 
 
 
 
 
 
    0.63 

Sex  0.94      Sex    0.95 

Anxiety & Depression 0.98      Anxiety & Depression   1.02 

Cognitive Impairment  1.36      Cognitive Impairment    1.24 

Functional Dependence 1.20      Functional Dependence   1.05 

Falls & Fracture 1.15      Falls & Fracture   1.18 

Incontinence 1.09      Incontinence   1.04 

Mobility Problems 1.12      Mobility Problems   1.09 

Pressure Ulcers 1.20  

  Pressure Ulcers 
 

  1.04 
No of Emergency 
Admissions (last 12m)  

0.82 
 

Days since last 
Emergency Admission  

0.98 
 

Historic Frailty 
Syndromes & 
Admission 
Source  

Age 1.04 

0.654  

  

Sex  0.94  

Admission Source (x5) 
0.42-
2.60 

 

Anxiety & Depression 0.94  

Cognitive Impairment  1.36  

Functional Dependence 1.17  

Falls & Fracture 1.14  

Incontinence 1.08  

Mobility Problems 1.16  

Pressure Ulcers 1.17  
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Figure 19 Percentage discharged to a higher level of functional dependence (institutionalisation) by prediction ranking for the Frailty syndromes & 

admission source model 
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6.3.4 30 Day Emergency readmission 
 

Table 31 describes the predictive power of various frailty models to predict emergency 

readmission within 30 days (range of AUCs 0.57-0.63). The frailty syndromes and admission 

history model demonstrated moderate discriminatory power, with the top 10% of patients 

identified at highest risk of emergency readmission within 30 days (39%) at nearly twice the 

average population (21%)(Figure 20). Historic Charlson co-morbidity scores (taking into 

account age and gender) exhibited AUCs of 0.591. 

The frailty syndrome and admission history model has some discriminatory power in 

predicting length of hospital stay with those predicted to be at highest risk of mortality also 

having the longest length of stay (Figure 21). However, a full regression of our coded input 

variables for length of hospital stay has not been performed. 
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Table 31: Frailty syndrome models to predict emergency readmission within 30 days 

Model  Odds Ratios  AUC      Model      Odds Ratios      AUC 

Historic  

Frailty 

syndromes  

Age 1.00 

0.574  

     Historic 

    Frailty 

    Syndromes 

    &    

    Admission 

    History 

 

Age 1.00  

 

 

 

 

 

 

    0.630 

Sex  1.20  Sex  1.12 

Anxiety & Depression 1.55  Anxiety & Depression 1.08 

Cognitive Impairment  1.24  Cognitive Impairment  1.05 

Functional 

Dependence 
1.11 

 
Functional Dependence 1.02 

Falls & Fracture 1.25  Falls & Fracture 1.03 

Incontinence 1.11  Incontinence 1.02 

Mobility 1.35  Mobility 1.06 

Pressure Ulcers 1.15 

 Pressure Ulcers 1.02 

 No of Emergency Admissions (last 

12m) 
1.47 

 Days since last Emergency Admission 0.67 
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Figure 20 Percentage with emergency readmission within 30 days by prediction ranking for the Frailty syndromes & admission history model 
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Figure 21 Mean length of stay by prediction ranking for the Frailty syndromes & admission history model 



168 
 

6.4 Discussion 

6.4.1 Frailty Prevalence within HES 
 

The study had initially investigated the potential utility of secondary analysis of National 

Clinical Audit, but preliminary analysis discovered the dataset to be inappropriate and 

incomplete (Appendix 15). This study described, then focused on patients admitted to 

hospital >65 years in England to better understand the impact of frailty syndromes. To the 

authors’ knowledge, this is the first study to examine the prevalence of frailty syndromes for 

patients >65 years across England. The relative burden of coded frailty syndromes has 

increased over this period (12-14%) with cognitive impairment increasing to similar levels to 

falls. Anxiety and/or depression is also increasing in this group. 

 

The overall prevalence rate of frailty found in this study based on HES data is 13.9%.  

Between 2005-2013, though there has been an increase in the numbers of patients admitted 

>65y, the percentage by age band has remained stable, thus not suggesting major drift 

towards older age groups within the older population.   

 

Comparison with ONS data (Appendix 14), the corresponding admissions to English acute 

providers for patients with frailty syndromes is larger than might be expected by 

demographic shift associated with ageing. In 2013, those 65-74 constituted 9.3% of the total 

adult population in England, those 75-84 constituted 5.7% of the total adult population in 

England and >85s constituted 2.3% of the total adult population in England respectively. 

Additionally, those between 65-74s made up approximately 54% of the population over 65 

years, but have 40% of the admissions, those between 75– 84 s made up approximately 

one-third of the population of those over 65 years, but have 40% of the admissions, and 

>85s made up approximately 13% of the population of those over 65 years but have 20% of 

the admissions. 
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Published prevalence rates of frailty vary depending on population studied including the care 

setting and the operational definition used in reported studies. Reported prevalence in 

community dwelling adults varies markedly, ranging from 4.0% to 59.1%)(33). A systematic 

review  reported pooled frailty prevalence across 21 community dwelling study cohorts as 

10.7% (N=61,500)(33). The recent Survey of Health, Ageing and Retirement in Europe 

(SHARE) study reported frailty prevalence as 4.1% in community dwelling adults > 50 

years(N=16,584) in 10 European countries (prevalence of 17% in those over 65 years)(34). 

In the UK, the Hertfordshire Cohort Study(35) reported an overall prevalence of 6.3% for 638 

community dwelling 64-74 year olds, while the English Longitudinal study of ageing(30) 

reported a prevalence of 8% and 13% for 3055 community dwelling over 65 year olds (using 

the Phenotype(136) and Frailty Index(137) definitions respectively).  

 

The overall prevalence of inpatient (hospital) frailty in this study (13.9%) was lower than 

expected from much smaller reported clinical studies within secondary care (range 24.7% - 

80%):  (n=220 >70 years admitted to acute geriatric ward from Emergency department 

(single site)(42), (n=6701)40% [Phenotype] and 32.5%[SOF(271)];  (n=1388 >70 years 

admitted to cardiology service(single site)(44), (n=9008 27%[Phenotype] and 63%[Frailty 

Scale(272)]); (n=298 >75 years admitted to 5 different specialist wards(single site), 50%-

80%[Groningen Frailty Index(39, 40)]); (n=307 > 75 years with diagnosed non-ST elevation 

myocardial infarction(45), 48.5%[n=2305 >65 years Clinical Frailty Scale(273));  (n=752 

medical inpatients > 75 years(41).  In the UK, 2 recent studies (37, 38) reported frailty 

prevalence for n=667 patients >70 years admitted to Acute Medical Units(AMU) at 

69%[ISAR(36)], 17.9%[Phenotype], 66.4%[SOF], 24.9%[Avila-Funes], 24.1%[Rothman] and 

30.9%[Frailty index]. Importantly, these studies mainly consisted of non-elective admissions, 

while this study cohort comprised of elective and non-elective admissions to hospital. Single 

site and smaller studies have individual methodological problems as well. However, it may 



170 
 

be that this methodology truly underestimates the prevalence of frailty within HES, and 

further studies may be needed. 

 

Within HES, not all frailty syndromes are observed to be equally prevalent, nor do they 

appear to be increasing at the same rate. ‘Cognitive impairment’ and ‘Falls’ are most 

prevalent and the rate of ‘Anxiety/depression’ appears to be increasing. The observed 

differences and increase in frailty syndromes in this study (Figure 16) may reflect 

improvements in coding practice within HES due to the introduction of Healthcare Resource 

Group (HRG V.4 introduced in April 2007) and Payment by Results (since April 2009). The 

national dementia strategy was also published in 2009. However, this observed rising trend 

may also reflect a genuine increase in number of diagnosis. Correlation with clinical data 

sets for comparison is consequently a necessary research priority. 

 

This analysis suggests that coexistence of multiple frailty syndromes is less coded within 

HES; even though we used coded frailty syndromes within all 20 of HES diagnostic domains, 

incomplete coding may still be a cause, as not all morbidities will be acknowledged and 

coded for each admission, only those deemed relevant to care at that time. However, it has 

been noted that accumulation of deficit beyond a certain level is incompatible with survival 

(138), and thus multi-morbidity would have a ceiling effect. Further investigation on multiple 

frailty syndromes could be profitable. 

6.4.2 Risk Prediction model based on frailty syndromes 

 

Risk stratification of older persons who require acute care is complex and challenging. 

Reliable recognition of frailty is a research priority for acute hospital care (38, 48, 53, 162, 

173, 201, 243). It is essential to inform routine clinical decision making and plan appropriate 

care. To date, there is no reliable clinical score for use within the acute medical care setting. 

This study explores the use of internationally recognised frailty syndromes coded within HES 

data to potentially aid more reliable frailty recognition within the hospital setting. HES data 
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can reliably provide data related to mortality and high resource need (e.g. occupied bed days 

or readmission). We have constructed a surrogate marker of functional dependency (ie, 

institutionalisation) using available HES fields. 

The ideal frailty assessment for acute care needs to be comprehensively multidimensional to 

prevent missing aspects of patient care that may contribute to further decline or harm. It 

needs to predict outcomes that are relevant to the patient, carers and to acute care 

providers. To be fit for purpose, it should be optimised for clinical usability:  simple, reliable, 

does not fully rely on self or carer reported data and possess high sensitivity if functioning as 

a screening tool. Ideally, there should be the ability to personalise the assessment and 

“threshold” set to patient preference and previous level of functioning. It should be able to 

provide a method to measure frailty over the course of an episode of acute illness and over a 

patient’s life as opposed to single isolated static measures. Ultimately, it should be able to 

highlight areas for intervention to prevent, reverse or minimise further decline. 

Studies exploring the predictive power of frailty scales for outcomes relevant to the UK acute 

medical care setting(Table 32) include prospective observational cohort studies(37, 38, 43) 

and secondary analysis of routinely collected large datasets, both clinical(178) and 

administrative(130, 150). Our model performs uniformly across the clinical outcomes and is 

comparable in predictive power to frailty scores in the same setting.  

None of the models have predictive powers suitable for clinical risk prediction at the patient’s 

bedside (AUC  > 0.80). The exception to this is a single study in the AMU setting in rural 

Ireland(170), which reported AUCs of >0.8 for 30 day mortality and functional decline but the 

results of this secondary analysis of a clinical database was not reproduced in prospective 

observational study at a large teaching centre in the UK(173). 
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Table 32: Summary of the predictive power of frailty scores in acute medical care setting 

Model/Scores 
 
 

AUCs 

Mortality Re-admission Functional dependence 

Inpatient 90 Day 30 Day 90 Day Institutiona- 
lisation 

≤ 2 points 
Barthel 
ADL 

Charlson score 2012 
(Historic) 

0.64  0.59  0.62  

Clinical Frailty Scale 0.72  0.54    
CHS model  0.61  0.52 0.57 0.55 
SOF model  0.59  0.53 0.44 0.56 
Avila-Funes  0.68  0.55 0.50 0.59 
Rothman  0.67  0.53 0.45 0.59 
Frailty Index (35 
variable) 

 0.69  0.57 0.55 0.57 

ISAR  0.62  0.60 0.65 0.60 
PARR30   0.70    

Frailty syndromes and 
admission source 

    0.65  

Frailty syndromes 0.62  0.57  0.63  
Frailty syndromes and 
admission history 

0.63  0.63  0.63  

 

Our model (Table 33) has notable strengths. It is a simple clinical model that predicts 

outcomes relevant to acute medical care. It has less data requirements compared to the 

Frailty Index(36 input variables)(162), Patient At Risk of Readmission 30-Day(PARR30; up 

to 18 input variables)(274), Risk Index for Geriatric Acute Medical Admissions(RIGAMA; 30 

input variables)(178) and Charlson Co-morbidity score(17 input variables)(130). Importantly, 

in comparison to other scores, its predictive power appears to be evenly spread over the 

three outcomes and does not rely on self-reported data (e.g. Identifying Seniors at Risk 

(ISAR) score)(36). It is a model designed to be applied at appoint of access to acute care. It 

was derived from whole population data that is routinely collected, with applicability at 

population and patient level.  This study adds to emerging knowledge surrounding the 

secondary use of administrative data. It provides a novel methodology to utilise routinely 

collected data in a systematic and robust manner that minimises limitations and optimises 

data quality and reliability. 
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Table 33: Final model predictor variables: The frailty syndromes and admission history model 

Age 

Sex  

Anxiety & Depression 

Cognitive Impairment  

Dependence 

Fall 

Incontinence 

Mobility 

Pressure Ulcers 

No of Emergency Admissions (last 12m)  

Days since last Emergency Admission  

 

Existing frailty scores in the acute care setting have very different input variables, thus likely 

do not measure the same thing (Chapter 2). Optimal outcome and input variable selection 

are yet unclear. For example, our model and most existing frailty scores do not take into 

account illness severity or disease acuity. RIGAMAs (178)notable predictive powers for 

inpatient mortality may reflect discrimination for acute critical illness given input variables 

that largely record physiological and metabolic derangement, including prognostic 

biomarkers (e.g. Troponin). However, it may be that the optimal outcome variable for frailty 

in acute care is 30-day or 90-day mortality. Existing frailty scores have very different input 

variables, thus likely do not measure the same thing.  

Studies of frailty scales in the Emergency Department setting display similar predictive 

powers for a wide-range of outcomes: HK-ISAR >65 years discharged from ED AUC 0.59-

0.62 for composite outcome of institutionalisation, re-attendance or death(179); ISAR  score 

> 65 years admitted to hospital via ED AUC 0.549-0.584(275), AUC 0.66 for depressive 

symptoms, AUC 0.61-0.68 for frequent ED visits, AUC 0.66-0.68 for frequent hospitalisation, 

AUC of 0.71 for frequent use of community services(169),high acute care utilisation AUC 

0.68(168); TRST score AUC 0.626-0.640 and VIP score AUC 0.588-0.654 for functional 

decline > 65 years admitted to hospital via ED(275); SHERPA for >70 admitted via ED AUC 
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0.73 for functional decline at 3 months(189); HARP >70 admitted to hospital AUC 0.65 for 

functional decline(188). 

Studies of frailty scales in the hospital ward setting report slightly better predictive powers, 

but these scores might reflect a sub-selected (and therefore possibly more frail), and in most 

instances, older patient population: >70 years admitted to geriatric unit by clinical judgement 

for composite outcome of mortality OR admission to residential care facility OR transfer from 

low to high care within residential facility at discharge FI-CD AUC 0.735, Katz AUC 0.704, 

CHS AUC 0.675, SOF AUC 0.679, FRAIL AUC 0.638, FI-CGA-10 AUC 0.617, Gait AUC 

0.643, SHERPA AUC 0.697, MPI AUC 0.617 HARP AUC 0.639 CCI AUC 0.579(276); >50 

admitted to ICU CFS Odds Ratios(OR) for In-hospital mortality(1.81), adverse events(1.54), 

1-year mortality(1.82), low Quality of Life score(1.98) and Functional 

dependence(2.25)(277); FI for patients admitted with hip fracture AUC 0.82 for failure to 

return home at 30 days(278); > 65 admitted to hospital MPI AUC 0.76, FI-SOF AUC 0.68, FI-

CD AUC 0.73, FI-CGA AUC 0.72 for all-cause mortality at 1 month(185);  >80 admitted to 

hospital for at least 48 hours via ED AUC 0.81 for functional decline at 2 months(279); >70 

years admitted to acute geriatric ward CHS OR for mortality at 6 months CHS (4.68), SOF( 

1.97); >75 admitted to acute care hospital, for every 1% increase in FI is associated with a 

5% increase in risk of death(41).  

A phenomenon of improved predictive power was observed to be reflected with in-spell 

models compared to historic models for both Charlson Co-morbidity scores and Frailty 

Syndromes. There may be two causes. Firstly, HES data is coded at discharge, not 

admission. Diagnostic coding in HES may improve throughout the patients in-hospital stay 

with in-spell coding methodology adding an extra admission as a window for this to happen. 

Secondly, there may be “leak” from the primary diagnostic coding position as these complex 

patients will likely have several reasons for emergency admission to hospital. Interestingly, 

taking into account co-morbidity (by way of Charlson Co-morbidity score) did not significantly 

improve predictive power. Variance Inflation Factor Scores suggest only mild collinearity 
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between the Charlson co-morbidity score and frailty syndromes, suggesting mild overlap 

between the variables. The models heterogeneity in predictive power when tested in patients 

with different ICD-10 primary diagnostic codes may provide further levels of sophistication in 

risk prediction and warrants further study. 

All models displayed significance at p<0.05 for the Hosmer-Lemeshow tests for Goodness-

of-fit test. Similar findings have been described by others who have produced models on 

HES specifically (130) as the test is recognised to detect unimportant differences within large 

datasets(280). Ordering the patients by deciles of predicted risk allows a visual 

representation of the models discrimination. 

6.5 Limitations 
 

Though HES is a large dataset with high information standards, it has limitations. It is 

retrospectively coded, thus reflects the patient’s condition at discharge from hospital. To 

counter this, the model inputs data from historic spells to more accurately reflect a risk 

prediction tool at point of entry to care. Diagnostic coding accuracy in HES has been 

challenged. Plotting annual trend profiles of the data allowed us to choose a suitable 

temporal range to develop the model, as well as account for any change in coding practices 

over time. Even so, the administrative dataset may not accurately reflect the actual clinical 

situation. Coding inconsistencies will limit the models predictive powers and accuracy. 

Prospective testing on a clinical dataset is a necessary next step. 

 

Though a rich dataset, HES does not contain variables previously identified as being 

predictive of frailty (e.g. polypharmacy or weakness). This risks excluding potentially relevant 

variables from the model. HES does not record specific clinical measures of functional 

dependency (eg, Barthel Index). The creation of a five-tier discharge institution levels 

represents a pragmatic approach to create an outcome that reflects increase in care need 
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(within HES) as a proxy measure for increase in functional dependency. The premise of 

comparing discharge institution to admission source within HES as a surrogate for functional 

dependency is possibly flawed. Cohort and epidemiological studies suggest that there is 

significant overlap of functional dependency between residents of residential and nursing 

homes. Additionally, thresholds for transfer into and out of homes in the residential care 

setting are highly context and health system dependant. For instance, there is marked 

variation in the manner that criteria for NHS long-term funding are applied between 

geographical settings. The model adds new knowledge surrounding methodologies to utilise 

routinely collected data for answering clinically meaningful questions. 

6.6 Conclusion 

 

Frailty Syndromes, as applied in this model, are a valid predictor of outcomes relevant to 

acute care for death, emergency readmission and functional dependence. The frailty score 

developed is derived from routinely collected administrative data, and this study adds further 

understanding and utility for the secondary use of this data. The models’ predictive power is 

in keeping or better than other scores in the literature, and is a simpler, clinically relevant 

and a potentially more acceptable measurement for use in the acute care setting. Predictive 

powers of the score are not sufficient for clinical use, though HES coding quality in HES may 

be in part responsible. Prospective testing in a clinical dataset and the addition of other 

variables known to predict frailty may improve predictive power. Frailty is an important 

dimension in risk stratification of older persons requiring acute care. 
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CHAPTER 7 CONCURRENT AND PREDICTIVE VALIDITY OF A RISK PREDICTION 

MODEL BASED ON FRAILTY SYNDROMES IN THE ACUTE MEDICAL CARE SETTING 
 

7.1 Introduction 
 

Existing frailty scores (at population or individual level) have poor to moderate predictive 

powers for adverse outcomes in the acute care setting. From the systematic review (Chapter 

2) and consensus Delphi study (Chapter 4), content validation is established for frailty 

syndromes and high intensity utilisation as appropriate and useful predictor variables for 

frailty assessment in the acute care setting. This model of frailty can be coded within 

retrospective English secondary care administrative data, and that a risk prediction model 

based on these predictor variables have significant predictive value for inpatient mortality, 30 

Day emergency readmission and institutionalisation (Chapter 6).  

However, concerns have been raised regarding the quality of clinical coding of diagnoses 

within administrative data which has primarily been collected for the purpose of cost within 

secondary health care. Additionally, though the predictive power of the model is statistically 

significant within Hospital Episode Statistics(HES), it is not sufficient for clinical 

prognostication or to aid clinical decision making. Equally, it is not certain whether a risk 

prediction model at national level will perform at local clinical level. As discussed in chapter 

6, other predictor variables not available within HES may be useful and relevant for risk 

stratification. Equally, in-spell coding of frailty syndromes appeared to improve the models’ 

predictive power. It is not certain if this phenomenon is observable in clinical datasets or is 

unique to HES. Older persons requiring hospital care within the acute care setting may also 

have higher levels of disease acuity and physiological derangement compared to more 

stable community dwelling. It is uncertain how a risk prediction model based on known frailty 

syndromes prior to admission (i.e. at point of access to acute care) might perform with the 

interaction active high disease acuity.  
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To address these issues, a prospective observational study exploring the model in older 

persons (over 65 years) requiring admission to a central London teaching hospital acute 

medical unit was undertaken. The study aims to: 

1. Examine the prevalence of frailty syndromes within this clinical setting 

2. Provide concurrent validation of the frailty syndromes and high intensity utilisation 

model in relation to an established operationalised definition (Frailty Index), Charlson 

Co-morbidity score and Age 

3. Provide Predictive Validity of the frailty syndromes and high intensity utilisation model 

for the outcomes of 30 day: 

a. Inpatient mortality 

b. Emergency readmission 

c. Institutionalisation 

4. Compare predictive powers of the frailty syndromes and high intensity utilisation 

model to the Frailty Index, Charlson Co-morbidity and admission National Early 

Warning Score (NEWS) 

5. Explore the effect of other predictor variables (not available within HES) on the 

models’ predictive power 

6. Examine the predictive power of frailty syndromes coded historically (i.e. information 

available at point of access of care) compared to new or active frailty syndromes 

(analogous to in-spell). 

7.2  Methods 
 

7.2.1 Setting 
 
This prospective observational study took place in the Acute Assessment Unit of Chelsea 

and Westminster Hospital. A single researcher undertook convenience sampling on 

weekdays from May 2013 – Dec 2013, therefore the dataset is not fully consecutive. 

Inclusion criteria for the study encompassed all adult emergency medical admission via the 
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Acute Assessment Unit (including fracture neck of femur). Exclusion criteria included elective 

admissions, pregnancy, admission with acute surgical diagnosis, and existing inpatient 

transferred to Acute Assessment Unit for higher intensity monitoring (ie patient not newly 

admitted to hospital). 

 

7.2.2 Sampling 
 

The data source for the predictor variables were patient records (both paper and electronic) 

for up to 36 hours from admission to hospital. This included Age, Gender, presence of 

Cognitive impairment; Reduced mobility; Falls; Incontinence; Pressure ulcers; 

Polypharmacy; Functional dependence; Anxiety; Depression; Co-morbidity; Nutritional 

assessment and Illness severity (Admission National Early Warning Score). Outcomes were 

recorded from electronic records up to 30 days after admission to hospital. This included 

inpatient mortality, emergency readmission and institutionalisation. The data extraction tool 

was iteratively developed and piloted prior to commencement of the study. The full data 

coding and extraction protocol is shown in Appendix Data protocol (Appendix 16 and 17 

respectively). 

7.3.3 Power 

 
The analysis of national data (Chapter 5) suggest emergency readmission rates in patients 

over 65 years within England is approximately 12 percent. The number of events 

recommended per outcome variable is between 5 to 9 to avoid type 1 error, over fitting and 

relative bias for exploratory analysis using logistic regression(281). Therefore, it is estimated 

that the minimum number of patients over 65 years needed to fit 10 predictor variables is 

417. Previous data estimates that 60 percent of inpatients are over 65 years of age(282). It 

is therefore estimated that at least 642 adult patient recruitments are required.  
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7.3.4 Statistical analysis 
 
Descriptive statistics examining prevalence of demographics, predictor and outcome 

variables comparing older persons (over 65 years) and adults are displayed. Variance 

inflations factors for collinearity diagnostics are undertaken for predictor variables to ensure 

independence of variables. 

 

Full description of coding for predictor and outcome variables are shown in Appendix 18. 

Three a priori risk prediction models were built on patients over 65 years: 

1. The Historic Frailty syndromes model is equivalent and contains the same predictor 

variables as the Frailty Syndromes and High intensity utilisation model (Chapter 5).  

2. The New/Active Frailty Syndromes model contains the same predictor variables as the 

model in chapter 5 but codes for new or active frailty syndromes within that admission 

spell (as opposed to historic information available at the point of access to acute care).  

3. The Frailty Syndromes Plus model: In addition to the predictor variables in the Historic 

Frailty syndromes model, polypharmacy (defined as >5 medication), two questions on 

weight loss and admission NEWS score are included. 

 

7.3.5 Concurrent validation 

 
To explore concurrent validation, the above frailty models were compared to the Frailty 

Index, Charlson Co-morbidity Score and Age (as continuous variable). A 31 variable Frailty 

Index was created for the classification of frailty using previously established 

procedures(138). Simultaneous logistic regression to test the predictive power of the above 

three frailty models to predict frailty as defined by the frailty index was undertaken. 

Performance metrics including Hosmer-Lemeshow Goodness-of-Fit and resultant model 

diagnostics were calculated. Predicted probabilities were used to produce Area under the 

Receiver Operator Characteristic Curve(AUC)(270) as a summary statistic of predictive 

power. The Charlson Co-morbidity score was calculated using previously established 
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procedures(266). The frailty models risk deciles were plotted against mean Charlson Co-

morbidity score for visual representation and 2-tailed Spearman’s rank correlation was 

calculated. The frailty models risk deciles were plotted against Age (as a continuous 

variable) for visual representation and 2-tailed Spearman’s rank correlation was calculated. 

 

7.3.6 Predictive Validation 

 
To explore concurrent validity, simultaneous logistic regression to test the predictive power 

of the above three frailty models to predict outcomes at 30 days: inpatient mortality, 

emergency readmission and institutionalisation. Performance metrics including Hosmer-

Lemeshow Goodness-of-Fit and resultant model diagnostics were calculated. Predicted 

probabilities were used to produce AUC.  

 

7.3.8 Missing Data 

 
A full missing data analysis was undertaken. Where appropriate, multiple imputation using 

logistic regression for binary variables and linear regression for continuous variables was 

undertaken, with production of confidence intervals over 5 iterations. Episodes with inpatient 

mortality were not included in logistic regression analysis for the other 2 outcomes. 

7.4 Results 

7.4.1 Descriptive Statistics 

 

A total of 790 patients were included in the study and 482(61%) were 65 years and older. 

Frailty syndromes and adverse outcomes were highly prevalent in patients over 65 years 

(5.2 - 42.5%)(Table 34). The prevalence of frailty syndromes, deficits in activities of daily 

living, mean number of admissions in previous 6 months, 7 & 30 Day emergency 

readmission, inpatient mortality and institutionalisation were statistically higher in patients 

over 65 years compared to younger adults. However, the difference between patients over 
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65 and those under 65 for mean admission NEWS Scores, historically recorded anxiety 

and/or depression as well as reduced mobility, were not statistically significant. 

Multi-collinearity between predictor variables was investigated by Variance Inflation Factor 

(VIF), where VIF scores of over 3 were taken to denote unacceptable collinearity. Table 35 

confirms predictor variables are independent. 

Table 34: Prevalence of frailty syndromes and outcomes 

n(%) Age ≥ 65 years 
(n=482) 

Age ≤ 65 years 
(n=308) 

Test 
Chi-Sq or T-Test 

Mean Age(years) 81.5(65.1-103.6) 45.1(16-64.8) -42.004 P<0.001 
Gender 312(64.7%) female 162(52.6%) female 11.389 P=0.001 

Mean Charlson Score 2.23(0-11) 1.26(0-10) -6.451 P<0.001 

Mean admission NEWS score 
NEWS 0-4 
NEWS 5-6 
NEWS > 7 

2.13(0-14) 
397(82.4%) 
58(12.0%) 
27(5.6%) 

2.02(0-13) 
260(84.4%) 

23(7.5%) 
21(6.2%) 

3.786 P 0.151 

Mean number of previous admissions in 
previous 6m 

1(0-10) 0.68((0-10) -3.009 P=0.003 

ADLs                          With at least 1 deficit 
Dependant for Washing 
Dependant for Dressing 
Dependant for Cooking 

205(42.5%)  
175(35.7%) 
162(33.6%) 
196(40.7%) 

31(10.1%) 
28(9.1%) 
26(8.4%) 
30(9.7%) 

96.372 P<0.001 
73.187 P<0.001 
65.669 P<0.001 
89.474 P<0.001 

New/Active Cognitive Impairment 155(32.2%) 50(16.2%) 25.857 P<0.001 

New/Active Falls 133(27.6%) 16(5.2%) 62.924 P<0.001 

New/Active Reduced mobility 130(27.0%) 15(4.9%) 64.642 P<0.001 

New/Active Incontinence 155(32.2%) 29(9.4%) 56.551 P<0.001 

New/Active Pressure Sores 42(8.7%) 6(1.9%) 12.507 P<0.001 

New/Active Nutrition risk 112(23.2%) 45(14.6%) 7.005 P=0.008 

Historic Anxiety and/or depression 151(31.3%) 90(29.2%) 0.178 P=0.673 

Mean number of medications 9(0-24) 4.2(0-18) -11.469 P<0.001 

Polypharmacy (>5 medications)  328(68%)  99(32.1%) 95.228 P<0.001 

Historic Cognitive Impairment 86(27.8%) 11(3.6%) 36.242 P<0.001 

Historic Falls 198(42.1%)  25(8.1%)  103.726 P<0.001 

Historic Reduced mobility 25(5.2%) 14(4.5%) 0.141 P=0.707 

Historic Incontinence 50(10.4%) 8(2.6%) 16.748 P<0.001 

Inpatient Mortality 34(7.1%) 3(1%) 15.851 P<0.001 

7 Day emergency readmission 33(6.8%) 9(2.9%) 4.779 P=0.029 

30 Day emergency readmission 85(17.6%)  19(6.2%)  23.044 P<0.001 

Discharge to higher level of dependence 54(11.2%) 18(5.8%) 7.339 P=0.007 

Composite (InPatient Mortality or 
30DReadmission or Discharge to higher 
level of dependence 

144(29.9%) 35(11.4%) 35.699 P<0.001 
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Table 35: Collinearity Diagnostics 

Model 

Collinearity Statistics 

Tolerance VIF 

 Gender .811 1.234 
Age .746 1.340 
Number of previous admissions in 
previous 6m 

.867 1.153 

Historic Anxiety and/or depression .849 1.178 
New/Active Pressure Sores .850 1.176 
New/Active Cognitive Impairment .753 1.328 
New/Active Reduced mobility .765 1.307 
New/Active Falls .629 1.590 
New/Active Incontinence .628 1.593 
Historic Cognitive Impairment .815 1.227 
Historic Reduced mobility .904 1.107 
Historic Falls .604 1.656 
Historic Incontinence .806 1.241 
NEWS .899 1.112 
ADLS .630 1.587 
POLYPHARMACY (>5 Medications) .787 1.270 
Charlson Score .842 1.187 

a. Dependent Variable: InPatientMortalityEpisode 

 

7.4.2 Concurrent validation 

7.4.2.1 Frailty index 

 

A 31-item frailty index was calculated and its distribution plotted. A gamma distribution was 

revealed. The frailty index divided into quintiles denoting grade of frailty: Not frail, pre-frail, 

mildly frail, moderately frail, severely frail as per previously established procedures(283). 

These outcomes were collapsed into binary outcomes: Not Frail (Not frail and pre-frail) and 

Frail (mild, moderate and severe frailty). Appendix 19 summarises the variables coded to 

calculate the index, missing value analysis and histogram displaying the index’s distribution. 

 

Predictive power and diagnostics of the three frailty syndromes models in terms of their 

ability to predict frailty as defined by the frailty index following logistic regression are 

summarised in Table 36. AUC of less than 0.7 is interpreted as inadequate discrimination, 

0.70-0.80 as moderate discrimination and over 0.80 as excellent(270). All three frailty 

syndrome models show excellent predictive powers for frailty as defined by frailty index 

(Historic Frailty syndromes AUC 0.83-0.85; New/Active Frailty Syndromes New/Active Frailty 
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Syndromes AUC 0.86-0.88; Frailty Syndromes Plus AUC 0.86-0.88). Figure 22 suggests that 

there is significant overlap between the population identified as frail by both the historic frailty 

syndromes model and the frailty index. 

 

7.4.2.2 Charlson Co-morbidity Score 

 
The historic frailty model predicted probabilities did not correlate (Table 37) with calculated 

Charlson Co-morbidity score (ρ=0.054; P = 0.33). Table 38 displays calculated Charlson Co-

morbidity Score by risk deciles of the Historic Frailty model and Figure 23 shows the mean 

Charlson Co-morbidity Score by ascending risk deciles of the Historic Frailty model 

(predicting inpatient mortality). This suggests the Historic Frailty model did not significantly 

correlate with the Charlson Co-morbidity score. 

 
 

7.4.2.3 Age 

 
The historic frailty model predicted probabilities for inpatient mortality shows significant 

correlation with increasing age (ρ=0.202; P<0.001; Table 39), though this correlation was not 

strong. Figure 24 shows age plotted by historic frailty model predicted probabilities. 

 

 

 

 

 



185 
 

Table 36: Ability of frailty syndrome models to predict frailty(Quintile 3-5) as categorised by Frailty Index 

New/Active Frailty Model 
    % Correct 

Classification 
Area under the 

Curve 
Std. 

Errora 
Asymptotic 

Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

Imputation 
models Sensitivity Specificity PPV NPV LR+ LR- 

Lower 
Bound 

Upper 
Bound 

Original 
Model 85.0% 82.8% 85.0% 82.8% 4.93 0.18125 

84 .907 .021 .000 .865 .948 

Model 1 83.0% 78.9% 84.8% 76.6% 3.934461 0.214985 81.3 .884 .015 .000 .854 .913 

Model 2 80.6% 76.4% 82.9% 73.4% 3.411172 0.25444 78.8 .872 .016 .000 .842 .903 

Model 3 80.9% 74.9% 82.1% 73.4% 3.220565 0.254844 78.4 .859 .017 .000 .827 .892 

Model 4 83.5% 75.4% 83.8% 75.0% 3.393507 0.218786 80.3 .875 .016 .000 .844 .905 

Model 5 81.0% 72.0% 81.3% 71.6% 2.893887 0.264245 77.4 .873 .016 .000 .842 .903 

       
a. Under the nonparametric assumption 

       
b. Null hypothesis: true area = 0.5 

 

Historic Frailty model 
    % Correct 

Classification 
Area under the 

Curve 
Std. 

Errora 
Asymptotic 

Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

Imputation 
models Sensitivity Specificity PPV NPV LR+ LR- 

Lower 
Bound 

Upper 
Bound 

Original 
Model 81.7% 80.0% 84.0% 77.3% 4.082569 0.229358 

80.9 .888 .023 .000 .844 .933 

Model 1 78.4% 74.4% 81.3% 70.8% 3.060902 0.289824 76.8 .844 .018 .000 .809 .878 

Model 2 79.2% 76.4% 82.7% 72.0% 3.351327 0.272945 78 .854 .017 .000 .821 .887 

Model 3 76.7% 74.9% 81.3% 69.3% 3.051802 0.311476 75.9 .833 .018 .000 .798 .869 

Model 4 77.7% 73.3% 81.6% 68.3% 2.908564 0.304737 75.9 .838 .018 .000 .803 .873 

Model 5 79.6% 72.5% 81.3% 70.4% 2.898087 0.281438 76.8 .841 .018 .000 .806 .876 

       
a. Under the nonparametric assumption 

       
b. Null hypothesis: true area = 0.5 
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Frailty Plus model 
    % Correct 

Classification 
Area under the 

Curve 
Std. 

Errora 
Asymptotic 

Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

Imputation 
models Sensitivity Specificity PPV NPV LR+ LR- 

Lower 
Bound 

Upper 
Bound 

Original 
Model 81.7% 81.2% 84.8% 77.5% 4.337729 0.226034 

81.4 .901 .021 .000 .860 .943 

Model 1 78.8% 77.9% 83.5% 72.1% 3.563845 0.272199 78.4 .873 .015 .000 .843 .903 

Model 2 80.9% 78.4% 84.2% 74.3% 3.744843 0.243409 79.9 .881 .015 .000 .852 .910 

Model 3 79.2% 73.9% 81.2% 71.4% 3.029084 0.282229 77 .863 .016 .000 .832 .894 

Model 4 81.1% 73.3% 82.2% 71.8% 3.037262 0.257855 78 .873 .015 .000 .843 .904 

Model 5 81.3% 74.1% 82.5% 72.6% 3.138754 0.252184 78.4 .873 .015 .000 .843 .903 

       
a. Under the nonparametric assumption 

       
b. Null hypothesis: true area = 0.5 

PPV – positive predictive value; NPV Negative predictive Value, LR+ Positive Likelihood ratio, LR- Negative Likelihood ratio 

 
Figure 22: Agreement on frailty between Frailty Index and Historic Frailty Syndromes model 

Frailty 
Index 

Historic 
Frailty 

Syndromes 

N=226 N=60 N=54 
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Table 37: Correlation of predicted probability (Historic Frailty Model) to Charlson Co-Morbidity Score 
Correlations 

 
Predicted 

probability CHARLSON 

Spearman's 
rho 

Predicted probability of Historic 
Frailty Model 

Correlation 
Coefficient 

1.000 .054 

Sig. (2-tailed) . .327 

N 332 326 

CHARLSON Correlation 
Coefficient 

.054 1.000 

Sig. (2-tailed) .327 . 

N 326 461 

 
Table 38: Predicted probability by Charlson Co-morbidity Score 

 

Predicted probability (Binned) 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Count Count Count Count Count Count Count Count Count Count 

CHARLSON 0 8 13 10 0 8 3 4 5 6 2 

1 10 12 9 6 10 9 2 9 8 4 

2 9 17 9 1 6 5 3 5 9 5 

3 7 9 3 3 8 6 2 5 5 1 

4 5 2 3 2 2 6 1 1 2 2 

5 2 2 1 0 1 3 0 2 1 5 

6 2 3 1 0 0 4 1 1 1 1 

7 0 2 0 0 0 1 0 0 2 1 

8 0 1 1 0 0 0 0 0 0 0 

9 1 1 0 0 0 0 0 0 0 1 

10 0 0 0 0 0 0 0 0 0 1 

11 1 0 0 0 0 0 0 0 0 0 

                                       
 

 
 
 
 

Figure 23: Mean 

Charlson Co-morbidity 

Score by predicted 

probability deciles of 

Historic Frailty 

Syndromes model 
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Table 39: Correlation of predicted probability (Historic Frailty Model) to Age 
Correlations 

 Age 
Predicted 
probability 

Spearman's rho Age Correlation Coefficient 1.000 .202** 
Sig. (2-tailed) . .000 
N 482 332 

Predicted probability Correlation Coefficient .202** 1.000 
Sig. (2-tailed) .000 . 
N 332 332 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
Figure 24 Predicted probability deciles of Historic Frailty Syndromes model by Age 
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7.4.3 Predictive validation 

 
Appendix 20(1-19) displays full missing data analysis, multiple imputation of variables, 

logistic regression with performance metrics of the three frailty syndrome models for the 

outcomes of inpatient mortality, emergency readmission and institutionalisation. 

N=34/480(7%) with outcomes of inpatient mortality were not included in regressions for the 

other two outcomes. Table 40 summarises the predictive powers and model diagnostics of 

the three frailty syndrome models in comparison to calculated Charlson Co-morbidity Score, 

frailty index and admission National Early Warning Score within our dataset. 

 

The Historic Frailty Syndromes model had moderate to good predictive power for adverse 

events at 30 days (inpatient mortality AUC 0.80-0.81, emergency readmission AUC 0.71-

0.72, institutionalisation AUC 0.63-0.65) in comparison to Frailty Index (inpatient mortality 

AUC 0.73-0.74, emergency readmission AUC 0.53-0.55, institutionalisation AUC 0.52-0.58), 

Charlson Co-morbidity Score (inpatient mortality AUC 0.73-0.74, emergency readmission 

AUC 0.60-0.61, institutionalisation AUC 0.61-0.67) and Admission National Early Warning 

Score (inpatient mortality AUC 0.69-0.71, emergency readmission AUC 0.58-0.60, 

institutionalisation AUC 0.59-0.64).  

 

The coding of New/Active frailty syndromes did not reveal improved predictive power, in 

contrast to improvement with in-spell coding within HES (Chapter 5). Adding polypharmacy, 

loss of weight admission NEWS as predictor variables to the Historic Frailty Syndromes 

model mildly improves predictive power (inpatient mortality AUC 0.84-0.86, emergency 

readmission AUC 0.72-0.78, institutionalisation AUC 0.66-0.69).  
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Table 40: Summary Table of Predictive Validity of frailty models compared to Charlson Co-morbidity, Frailty index and NEWS 

Outcomes at 30 
days 

Frailty Historic Model Frailty New Active/Model Frailty Plus (Historic) 
AUROC Sensitivity(%) Specificity(%) LR+ LR- AUROC Sensitivity(%) Specificity(%) LR+ LR- AUROC Sensitivity(%) Specificity(%) LR+ LR- 

InPatient Mortality 0.80-
0.81 

2.9-5.9 99.6-100 13.2 - 
Ind 

0.94-
0.97 

0.77-
0.78 

2.9-5.9 99.8-100 13.1-
Ind 

0.94-
0.97 

0.84-
0.86 

8.8-29.4 99.3-99.8 13.1-
92.2 

0.71-
0.91 

7 Day 
readmission 

0.71-
0.75 

2.2-9.1 99.3-100 4.8-
Ind 

0.91-
0.98 

0.69-
0.73 

2.2-3.0 99.8-100 9.7-
Ind 

0.96-
0.98 

0.72-
0.78 

3.0-9.1 99.5-100 14.6-
Ind 

0.94-
0.97 

30 Day 
Readmission 

0.72-
0.73 

16.7-19.3 98.2-98.5 9.59-
14.13 

0.79-
0.84 

0.71-
0.74 

17.2-18.3 98.2-98.5 9.6-
11.8 

0.83-
0.84 

0.72-
0.74 

18.1-21.1 96.1-98.0 4.7-
10.3 

0.80-
0.85 

Institutionalisation 0.63-
0.65 

0 100 Ind 1 0.64-
0.66 

0 100 Ind 1 0.66-
0.69 

0 100 Ind 1 

 

Outcomes at 30 
days 

Charlson Co-Morbidity Index(Age and gender adjusted) Frailty Index Admission NEWS (Age and Gender adjusted) 
AUROC Sensitivity(%) Specificity(%) LR+ LR- AUROC Sensitivity(%) Specificity(%) LR+ LR- AUROC Sensitivity(%) Specificity(%) LR+ LR- 

InPatient Mortality 0.73-
0.74 

2.9 99.8 13.2 0.97 0.73-
0.74 

0 100 Ind 1 0.69-
0.71 

2.9-3.0 100 Ind 0.97 

30 Day 
Readmission 

0.60-
0.61 

0 100 Ind 1 0.53-
0.55 

0 100 Ind 1 0.58-
0.60 

0 100 Ind 1 

Institutionalisation 0.61-
0.67 

0 100 Ind 1 0.52-
0.58 

0 100 Ind 1 0.59-
0.64 

0 100 Ind 1 

Ind – Indeterminate
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7.5 Discussion 

7.5.1 Frailty Prevalence 

 

In this single site study, frailty syndromes are prevalent in patients over 65 years requiring 

admission to this central London Acute Medical Unit. Comparison of this study’s prevalence 

of frailty syndromes with other recent prospective observational studies in the acute care 

setting suggest similar findings. (Table 41). 

Table 41: Prevalence of frailty syndromes in observational studies in the acute care setting 

Frailty Syndrome 

Lakhan 

2011 

(284) 

Buurman 

2011 

(285) 

Edmans 

2013 

(243) 

Bell 2016 

(286) 

Soong 

2015 

Chap 6 

(260) 

This 

Study 

Anxiety / Depression 

 

21.1%  29.9% 2.4% 31.3% 

Functional Dependence 59.8% 50.9% 47%  1.0% 42.5% 

Falls 41.9% 23.3% 31% 39.2% 8.7% 42.1% 

Incontinence 36.7% 22.2%  38.6% 1.1% 10.4% 

Mobility Problems 

 

58.5% 12%  2.0% 5.2% 

Pressure Ulcers 4.9%   14.9% 1.1% 8.7% 

Cognitive Impairment 34.3% 40.1% 16% 25.5% 9.0% 27.8% 

Polypharmacy  60.7%    68% 

Malnutrition  51.5%  32.8%  14.6% 

 

These prevalence rates are higher than coded within English Hospital Episode Statistic 

data(260) (Chapter 6). This discrepancy between clinical and administrative datasets could 

be explained by two possible reasons. Retrospective coding for frailty syndromes within 

English Hospital Episode Statistics under represents their prevalence in the acute care 

setting. Observational studies exploring the prevalence of frailty syndromes in the acute care 

setting have shown that clinicians commonly did not recognise(286) and document geriatric 

syndromes in discharge summaries (missing 33% to 95% of syndromes present)(285, 286).  

Alternatively, the coding of frailty syndromes using ICD-10 may be incomplete. 
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7.5.2 Data sampling and protocol 
 
Our data protocol and sampling strategy has strengths. It is pragmatic and contains routinely 

assembled data which is feasibly collected within first 36 hours of acute medical admission 

and is representative of information available at point of access of care (36 hours was 

chosen as patients admitted over the weekend often required the extra time for the 

assessments to be updated on the patient electronic records at the time of the study). The 

predictor variables are derived from outputs from systematic review (Chapter 2) and Delphi 

consensus study of National Experts (Chapter 4) and it aims to predict clinical outcomes 

relevant and important to the acute care setting. However, the data quality is only 

representative of accuracy and reliability of clinicians recording the data within the patient 

notes. Under-reporting of frailty syndromes has been reported both in observational 

studies(285, 286) and National Clinical Audit(73, 78, 287).  

 

7.5.3 Concurrent validity 

 
In terms of concurrent validity, the frailty syndromes models show excellent predictive power 

for frailty as defined by frailty index methodology, and there is significant overlap. Within this 

observational dataset, there is poor correlation with the frailty models and calculated 

Charlson Co-morbidity score, but significant correlation with age.  

7.5.4 Predictive Validity 

 

In terms of predictive validity, the frailty syndromes models show excellent 30-day predictive 

power for inpatient mortality, moderate predictive power for emergency readmission and 

poor predictive power for institutionalisation. Overall, the models appear to be very specific 

and relatively insensitive. The predictive power of the frailty syndromes models for adverse 

outcomes is more uniform and compares favourably to Charlson Co-morbidity score, frailty 

index and admission NEWS which have moderate predictive powers for inpatient mortality 

but poor for readmission and institutionalisation. 
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Contrary to the phenomenon of improved predictive power for adverse events with in-spell 

coding of frailty syndromes (Chapter 5), coding new/active frailty syndromes did not improve 

the models’ predictive power within this prospective local clinical dataset. This difference 

may have three possible explanations. Firstly, the format and availability of information 

captured by clinicians on patient records did not allow coding for 2 new or active frailty 

syndromes, namely anxiety and/or depression and activities of daily living. These were 

coded as historic in the new/active frailty syndromes model, potentially diluting their effect. 

Secondly, the improvement of the models predictive power with in-spell coding may be a 

phenomenon specific to the Hospital Episode Statistics dataset, which is retrospectively 

coded. Thirdly, there may be reversibility of frailty syndromes during admission such that 

retrospective coding at discharge (HES) is not reflective of the presence and absence of 

frailty syndromes at presentation to the acute medical unit. 

 

The poor predictive power of the frailty models for institutionalisation may be context specific 

to the acute care trust site which serves many residents within the top decile of income for 

England(288)(Figure 26), who may have resources to opt for private social care within their 

own homes. The addition of polypharmacy, weight loss and admission NEWS appear to 

improve the frailty syndrome models predictive power for adverse events relevant to the 

acute care setting. 
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Figure 25: Income deciles (for England) for residents of Kensington and Chelsea borough
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7.6 Limitations 
 

There are important limitations to consider. The data available for outcomes consist of site 

specific data. Given the high concentration of acute care trusts in central London, patients 

may conceivably have been readmitted to other hospitals within the 30-day follow up period, 

limiting accuracy. Though the power calculation suggests sufficient recruitment for an 

exploratory analysis of emergency readmissions, the frailty syndrome models are relatively 

underpowered for the other adverse outcomes which may affect generalisability. 

Additionally, the methodology was not an exhaustive search of potential predictor variables 

available for a comprehensive statistical model. 

 

The quality of data extracted from patient records can be affected all along the information 

chain, from patient to research database(289). Reliability describes consistency over 

repeated measurements. Validity denotes the extent which the measure utilised measures 

what is intended to be measured. Accuracy characterises the degree to which a 

measurement reflects the true value. Information offered by patients to clinicians may be 

susceptible to recall bias, as well as limitations in accuracy, reliability and validity. In addition 

to experiencing these factors, front-line clinicians who record the data in the patient record, 

as well as researchers who extract the data are also susceptible to bias from inter-rater 

reliability as well as transcription and legibility (for written records) errors.  Furthermore, the 

quality of the data within the research database can be affected by missing or conflicting 

values. Non-random interpretation bias can affect the quality of the data all along this 

information chain.  

 

Ideally, data could be prospectively collected direct from the patient utilising a data extraction 

tool that has been piloted for maximum reliability and validity (with clear data manual), and 

be entered directly into the database (e.g. utilising an electronic platform) to minimise 

transcription errors(290). Quality checks along the data chain such as assessment of inter-
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rater reliability, as well as blinding between researchers who collect the data and perform 

analysis, may further limit bias. Given resource limitations, the strengths of this study utilising 

patient records include a data extraction tool that was iteratively developed and piloted, a 

single researcher (though intra-observer reliability was not measured) extracting data, and 

robust strategy for missing data, but are subject to other possible biases described above. 

7.7 Conclusion 
 
This prospective observational study demonstrates the concurrent and predictive validity of 

frailty syndromes and high resource utilisation model for risk stratification of older persons in 

the acute care setting of a central London acute medical admissions unit. This pragmatic 

pilot study demonstrates the feasibility of aggregating routinely collected data for the 

purpose of identifying frail patients within the acute medical care setting. It adds to 

knowledge surrounding the relationship between frailty syndromes and co-morbidity, age 

and the frailty index. It examines for differences between the predictive power of historical 

frailty syndromes and new/active ones seen in the acute care setting. It explores whether the 

addition of variables not available within HES but considered important (Chapter 4) improve 

risk prediction (e.g. polypharmacy). It explores the interaction disease acuity (admission 

NEWS as a surrogate for physiological derangement) and risk prediction with frailty 

syndromes. 

 

This study confirms the validity of a risk prediction model based on frailty syndromes and 

high resource utilisation, conceived from existing evidence (Chapter 2, expert consensus 

(Chapter 4), and testing on an existing retrospective large dataset (Chapter 5). It forms a 

necessary first step in the development of a usable clinically relevant and acceptable risk 

stratification tool to identify older persons at risk of adverse events in the acute care setting. 

Exploring other predictor variables (particularly in the psychosocial domains), and their effect 

on predictive power and model diagnostics is a research priority. Recruiting a larger dataset 
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will enable stepwise regression, account for coefficient shrinkage and enable efficient 

calibration of the model design to purpose (e.g. “rule out” for ambulatory care or “rule in” 

screening for comprehensive geriatric assessment on specialist frailty unit).  
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CHAPTER 8 CONCLUSION 
 

This chapter consists of five sections: a summary of results, what this thesis adds to the 

current literature, impact on policy and practice, future directions and concludes with 

answering the hypothesis 

8.1 Summary of results  
 
The systematic review (Chapter 2) identified 23 studies of frailty assessment scores 

developed or validated in the acute care setting with multidimensional risk stratifications 

models predicting mortality and other adverse outcomes. Most studies are observational in 

nature (69.6 percent) or are secondary analysis of previously collected data. The studies are 

heterogeneous in terms of methodological quality, definitions of frailty, predictor and 

outcome variables, population studied, setting and timing of frailty assessment, duration of 

follow up for outcomes and age-inclusion. However, the data suggest frailty is highly 

prevalent in the acute care setting but with a wide range (17.5-90 percent). The predictor 

variables identified in the studies can be summarised as follows: patient demographic, 

phenotype, high resource utilisation, physical and cognitive deficits, functional dependence, 

co-morbidity, psychological and mental health, social deficits and perceived quality of life. 

Existing frailty scores demonstrate moderate predictive value for mortality in the acute care 

setting, but poor for other outcomes relevant to acute care, namely emergency readmission, 

functional decline and institutionalisation. Overall, the review suggests that existing frailty 

scores are not sufficiently operationalised for clinical decision making and prognostication in 

the acute care setting. 

 

The London-wide survey of acute medical units (Chapter 3) found that frailty assessment 

was not routinely used in clinical practice. Only 20 percent of London acute trusts employ a 

standardised frailty assessment tool. First generation tools (which examine single domains) 

predominate, with variation over which domain is assessed (e.g. cognitive impairment is 
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assessed in 93 percent of acute medical units in London versus quality of life assessed in 

only 13 percent). There is extensive use of non-validated assessment tools. The use of 

structured documents does not appear to improve frailty assessment, though there is little 

standardisation of required scales for frailty, even within national guidance.   

 

The Delphi study gained consensus to suggest that measures of accumulated deficit and 

high intensity service utilisation are perceived as most useful and appropriate for quantifying 

frailty in the acute care setting (Chapter 4). The accumulated deficits appear to represent 

frailty syndromes. The Acute Medical Unit and Care of the Older Person’s ward were 

perceived as the optimal settings for frailty assessment. There was a bipolarity of agreement 

regarding the number of frailty indicators that could be reliably measured in the acute 

medical care setting, with the majority centred around 5 items (mode) and a smaller 

proportion for >10 items. This may reflect a difference in philosophy between screening and 

comprehensive assessment. Characteristics of a successful frailty assessment tool in the 

acute care setting include “clinically meaningful and relevant”, “simple (easy to use)” and 

“accessible by multidisciplinary team”. 

 

Focus group participants exploring the contextual barriers and facilitators to frailty 

assessment in the acute care setting (Chapter 5), perceived that an operationalised 

definition of frailty would be additive to existing risk prediction models in this setting, aids in 

understanding of baseline levels of health to aid discussion with the patient and relatives 

regarding personalised goal-setting and highlights a vulnerable patient cohort in the acute 

care setting. Some participants felt that a universal measure of frailty may not be possible, 

given the importance of contextual factors in determining performance. Existing acute care 

environments are perceived to be poorly designed to deal with complexity and multi-

morbidity found in frail patients. Training of front-line staff was felt to be insufficient. Poor 

communication between staff in terms of data sharing and decision making, both within 

acute care setting between health sectors, was observed to contribute to fragmented care. 
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Performance metrics that do not reflect patient complexity may diminish quality of care and 

drive perverse incentives. Valuing frailty as a specialism with appropriate financial 

investment, enhanced reputation of staff and appropriate training was perceived as 

important. An integrated multidimensional model of frailty for the acute care setting is 

proposed. 

 

The retrospective secondary analysis of English hospital episode statistics(HES) has added 

to understanding of frailty within this routinely collected administrative data (Chapter 6). The 

study provides new methodology for coding frailty within all 50,540,141 patient spells for 

patients over 65 years admitted to acute provider hospitals in England (January 2005 - 

March 2013) within HES. A rising trend of admission spells was noted from January 2005 – 

March 2013 (daily average admissions for month rising from over 2000 to over 4000). The 

overall prevalence of coded frailty is increasing (64559 spells in January 2005 to 150085 

spells by Jan 2013). Most patients had a single frailty syndrome coded (10.2 percent vs total 

burden of 13.9 percent). Cognitive impairment and Falls (including significant fracture) are 

the most common frailty syndromes coded within HES, while the rate of coded 

Anxiety/depression is increasing. 

 

The risk prediction model based on frailty syndromes and high resource utilisation was built 

and tested on 2099252 patients over 65 years with emergency admission to English NHS 

acute providers from 01/01/2012 to 31/12/2012. The model has uniform predictive power 

(AUC 0.63) for outcomes important to acute care setting, namely inpatient mortality, 30Day 

emergency readmission and institutionalisation. This compares favourably to other scores 

which predict a single outcome reasonably well (e.g. Frailty Index and mortality or PARR30 

and 30day readmission), but poorly predict the range of outcomes described. The model 

also has similar predictive power in comparison to other frailty scores for these outcomes. 

Additionally, the model is based on historic information available at point of access of care, is 

simple and has reduced reliance on self-reported data. For concurrent validation, it’s 
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predictive power is similar to the Charlson Co-morbidity Score for inpatient mortality and 

adding co-morbidity to the model does not improve its predictive power. However, the 

predictive power demonstrated by the model (AUC=0.63) within HES is insufficient for 

routine clinical use. However, use at local institution level to plan services or track the effect 

of interventions/quality improvement programmes has not been explored as yet, but is a 

research priority. 

 

The concept was further explored as a clinical model in a prospective observational study of 

patients over 65 years admitted to a single acute medical unit in London(N=482) discovered 

that frailty syndromes are highly prevalent: cognitive impairment-27.8 percent, falls-42.1 

percent, reduced mobility-5.2 percent, pressure sores-8.7 percent, functional dependence-

42.5 percent, anxiety/depression-31.3 percent and incontinence 10.4 percent. (Chapter 7) 

This contrasts with coding within the large national administrative dataset which 

demonstrated lower prevalence of frailty syndromes. In terms of concurrent validity, the 

historic frailty model has excellent predictive power for frailty as defined by Frailty index 

(AUC 0.83 - 0.85). The model significantly correlates with age, but not with Charlson Co-

morbidity Score.  

 

In terms of criterion or predictive validity, the historic frailty model again had uniformly 

moderate to good predictive power for adverse events at 30 days (inpatient mortality AUC 

0.80-0.81, emergency readmission AUC 0.71-0.72, institutionalisation AUC 0.63-0.65), 

which compared favourably to the  Frailty Index (inpatient mortality AUC 0.73-0.74, 

emergency readmission AUC 0.53-0.55, institutionalisation AUC 0.52-0.58), Charlson Co-

morbidity Score (inpatient mortality AUC 0.73-0.74, emergency readmission AUC 0.60-0.61, 

institutionalisation AUC 0.61-0.67) and admission National Early Warning Score (inpatient 

mortality AUC 0.69-0.71, emergency readmission AUC 0.58-0.60, institutionalisation AUC 

0.59-0.64).  
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Certain frailty syndromes are more predictive of certain outcomes e.g. pressure ulcers and 

inpatient mortality. Coding with ‘New/Active frailty’ syndromes does not improve predictive 

power for adverse events. The addition of other a priori predictor variables not available 

within HES, but routinely collected within the acute care setting (polypharmacy, nutrition risk 

and admission National Early Warning Score), improved the models predictive power for 

mortality and 30-Day emergency readmission. 

 

8.2 What this adds to current literature 
 

8.2.1 Frailty identification 

 

Existing frailty instruments in the acute care setting may be categorised into having 5 

different approaches(291), differing in complexity, methodology of data capture (e.g. self-

reported or clinician assessed), characteristics measured and clinimetric properties:  

1. Clinician judgement (e.g. ‘Eyeball’ or Clinical Frailty Scale) 

2. Single measure of physical performance (Timed-get-up-and Go or slow gait speed) 

3. A group of physical characteristics (e.g. Cardiovascular Health Study or Study of 

Osteoporotic Fracture) 

4. Broadening frailty to include other dimensions other than physical (e.g. Edmonton 

Frail Scale and Tilberg Frailty Indicator) 

5. Accumulation of deficit (e.g. Frailty Index) 

Judgement based assessments have the premise that front-line clinicians recognise frailty 

when they see it. However, studies into reliability and interrater agreement demonstrate 

varying levels of consistency, and limited accuracy(292, 293). Single measures of physical 

performance are practical, clinically acceptable and well validated to predict poor outcome in 

community dwelling older persons, but are often not feasible in the acutely ill. Higher rates of 

cognitive and functional impairment in older persons, particularly in acute care, may preclude 

the methodology. Assessments based on a group of physical characteristics (e.g. 
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phenotype) have been criticised as excluding important dimensions, such as cognition, 

psychosocial factors and the older person’s environment(294, 295). Multidimensional 

assessments differ in type, number, weighting of variables and dimensions assessed, 

thereby identifying distinct but overlapping populations. The choice of variables measured by 

the assessments are often based on differing conceptualisations of frailty (Chapter 5), what 

is feasibly measured or how well they predict a specific outcome (e.g. mortality or functional 

decline). Some existing assessments, designed specifically for other reasons (e.g. PRISMA 

7(152) developed to screen for disability) have been repurposed to identify frailty. 

Assessments based on the premise of accumulated deficit over time require a large number 

of variables, rendering them less feasible and clinically acceptable for the acute clinical care 

setting, but more suited to large dataset analysis. Though often based on rigorous statistical 

modelling, these assessments have been criticised for failing to identify areas for prevention 

or intervention(296). 

The findings from this thesis (Chapter 4 and 5) report that a simple, clinically meaningful 

assessment for frailty, that is accessible by, and improves effective communication between 

front-line clinicians, carers and the patient, and that improves clinical decision making (e.g. 

highlight areas for intervention) gain consensus as the characteristics of an excellent 

assessment tool for the acute care setting. The thesis (Chapter 4) suggests optimal 

variables to be measured in a population of acutely ill older persons, and explores contextual 

barriers (Chapter 5) to implementation of an assessment tool in the acute care setting. The 

thesis reports a risk prediction model based on the above findings, which demonstrates 

concurrent and predictive validity, both in a large national administrative dataset (Chapter 6), 

and in a local clinical setting (Chapter 7). Operationalisation of the risk prediction model into 

a clinical score with the above characteristics is considered in sections 8.4 and 8.5 below. 

Additionally, this thesis highlights three further research priorities for frailty identification in 

the acute care setting, considered below. 
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8.2.1.1 What utility does frailty add to existing risk stratification models? 

Participants in the focus groups (Chapter 5) believe that frailty, as a concept, is additive to 

existing risk stratification models. There are hints of this relationship in existing risk 

prognosis literature, and within the results of the thesis. For example, a multicenter 

prospective observational study(88) exploring frailty (as defined by clinical frailty scale) in 

patients >50 years admitted to intensive care units reported that frailty remained a significant 

predictor of mortality at 12 months after multivariable adjustment for age, gender, co-

morbidity (Elixhauser score), illness severity (Acute Physiology and Chronic Health 

Evaluation (APACHE) II score) as well as presence and severity of organ dysfunction 

(Sequential Organ Failure Assessment (SOFA)). When the final risk predictive model based 

on frailty syndromes is compared to co-morbidity index (Chapter 6 and 7), this thesis reports 

similar predictive powers for inpatient mortality. The National Early Warning Score (NEWS) 

is an example of a track-and-trigger risk prognostic model based on physiological 

observations. After multivariable adjustment accounting for admission National Early 

Warning Score, several frailty syndromes remain significant predictors of inpatient mortality 

and 30-day emergency readmission (Appendix 17 and 18). Research priorities include 

exploration of the relationship between frailty and acute illness, and between operationalised 

frailty and existing risk prediction models in clinical use. 

8.2.1.2 How can measuring frailty be used to practically to improve outcomes? 

 

Acute care environments are challenging environments for the frail older person(291, 297). 

Often, these environments remove support structures that exist in the familiar ecosystem of 

the frail older persons home (e.g. social interaction with friends and relatives, hearing aid left 

by ambulance service, familiarity of routine and environment). Additionally, admission to 

hospital can worsen physical frailty (e.g. muscular deconditioning from late mobilisation 

during acute illness) and exacerbate pre-existing conditions (e.g. many emergency 

departments are not dementia-friendly and may exacerbate concurrent delirium). 
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Furthermore, admission to hospital exposes the frail older patient to potential stressors, such 

as infection, inpatient falls risk and iatrogenesis (e.g. polypharmacy or inappropriate urinary 

catheterisation).  

 

The premise of operationalised frailty measurement in acute care setting is that timely and 

reliable identification of frailty highlights a vulnerable patient cohort that would benefit from 

safer and more holistic processes of care, as well as targeted interventions and pathways. 

This in turn is predicated on the premise that in some cases frailty is reversible, and that in 

some circumstances a trajectory of decline can be lessened, while recognising that for 

others, mortality is an inevitable natural progression.  Recent studies(298-300) and findings 

from the thesis (Chapter 5) suggest that older persons do not readily identify or resonate 

with being labelled as ‘frail’. While it can be argued that the most severely frail would not 

benefit from aggressive forms of intervention(301), care must be taken to ensure that access 

to health and social care services is not limited inappropriately by the label of frailty.   

 

Research priorities include investigation as to how best to utilise operationalised frailty to 

improve clinical decision making by clinicians, carers and patients, exploring how 

operationalised frailty measurement can improve quality of care while avoiding unintended 

consequences and, ultimately how it can improve patient outcomes. 

8.2.1.3 Is a universal frailty metric possible? 

Traditional healthcare boundaries may contribute little or even hinder the delivery of holistic 

patient-centered care to frail older persons. Though hospitals remain a necessary and 

appropriate safe-haven for frail older persons who are acutely and severely ill(291, 297), 

more integrated services across the sectors such as hospital at home(302, 303) and 

specialist physician extensivist services(304) are increasingly being trialed. 
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The true clinical utility of frailty measurement may only be achieved if the metric spans 

health care boundaries, from hospital to community and care home. Truly patient-centric 

care can ill-afford data, communicational or interventional ‘silos’, and thus a universal frailty 

metric that performs reliably, is valid and accurate in all settings is a worthy goal. However, 

the significance of contextual factors may render this goal unachievable (Chapter 5). 

The InterRai assessment systems’ robust informatics standards allow high levels of data 

interoperability between healthcare settings. Utilising the frailty index methodology, 

researchers have developed and tested an operationalised frailty model in different sectors, 

including acute care(305) and care home(306). Although these two frailty indices were not 

entirely similar, it is theoretically possible to measure frailty across a patient journey. This 

has applicability to the monitoring of outcomes of interventions in frail people and the 

requirements for a metric that is sensitive to change(307). Additionally, a universal frailty 

metric that is robust and scalable, from patient to organisational, and finally national levels 

allows for health and social care planning and targeted allocation of resources. 

8.2.2 Novel methodology to measure frailty in secondary care administrative data 

 

The study utilising retrospective national(English) HES data suggest that frailty syndromes 

can be coded within ICD-10, and that some frailty syndromes are more prevalent within HES 

than others. Prevalence of frailty (as per the definition in Chapter 6) appears to be rising. 

Building a risk prediction model based on candidate variables identified within the Delphi 

study, we discovered that the predictive power of frailty syndromes and high resource 

utilisation model is comparable to other frailty scores developed or validated in the acute 

care setting (prospective observational or secondary analysis of existing datasets), but have 

added benefit of more uniform predictive powers across the outcomes relevant and 

important to acute care. To the author’s knowledge, this is the first study to operationalise a 

definition of frailty based on frailty syndromes within national administrative data. In addition, 

understanding of local frailty ‘burden’ will help in planning of services. 
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8.2.3 Validation of a clinical risk prognostic model on an acute medical unit 
 

The prospective clinical observational trial within the acute medical unit of an acute trust 

does suggest that prevalence of frailty syndromes is higher compared to those coded within 

HES. The Frailty Syndromes and high resource utilisation model appears to have excellent 

concurrent validation with frailty index definition, correlating with age but not Charlson Co-

morbidity Index. The Frailty Syndromes and high resource utilisation model has good to 

moderate predictive power for inpatient mortality and emergency readmission within 30 days 

respectively, but poor for institutionalisation (this may be contextual; Chapter 7). This 

compares favourably to Charlson Co-morbidity score, frailty index and admission NEWS 

score. Coding new/active frailty in comparison to existing frailty does not improve predictive 

power of our models. However, the addition of other a priori clinically relevant routinely 

collected data in the acute care setting to frailty syndromes (e.g. polypharmacy and 

admission NEWS score) does improve the predictive power. To the author’s knowledge, this 

is the first observational study within the acute care setting to provide concurrent validation 

of a frailty assessment based on frailty syndromes and high resource utilisation with the 

established frailty index, and explore predictive validation of the model for outcomes relevant 

and meaningful to the acute care setting.  

 

8.3 Impact on policy and practice 
 

8.3.1 National reports and recommendations 

 

The Royal College of Physician report ‘Acute Care Toolkit 3:  Acute medical care for frail 

older people’(53), the intercollegiate report ‘Quality standards for the care of older people 

with urgent & emergency care needs: The Silver Book’(85) and the King’s Fund report 

‘Making our health and care systems fit for an ageing population’(308) endorse and 

recommend the use of frailty syndromes for clinical recognition of frailty in the acute care 
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setting. The published principles and standards of the British Geriatric Society(309) 

recommend that front-line clinical staff be appropriately trained to asses and care for older 

people. It contains explicit recommendations for the establishment of mandatory training 

programmes for the recognition and management of delirium, for the management of 

psychological and behavioural problems in dementia, for falls prevention and post falls care, 

for the management and promotion of continence, for the management of mobility issues 

and providing care at the end of life. 

 

The studies in the thesis support the national recommendations above by providing evidence 

of significant association between frailty syndromes with adverse outcomes relevant to the 

acute care setting, such as inpatient mortality and 30-day emergency readmission. Future 

work in terms of developing and testing a simple clinical score based on this risk prediction 

model, and quality improvement initiatives to implement consistent identification of frailty 

syndromes in the acute care setting, are considered below.  

 

8.3.2 NHS Benchmarking Network’s Older People’s Care in Acute Settings Project 
 

The NHS Benchmarking network is a national member led, subscription-funded programme 

that provides NHS organisations with the infrastructure and expertise to compare 

themselves on key indicators, share learning and good practice, as well as network with 

peers. The programme consists of a diverse range of projects. The Older People’s care in 

Acute Settings project aims to accurately understand the scale, nature and impact of frailty 

within the ageing population in the acute care setting, and to ultimately decrease 

unwarranted variation and improve outcomes. It is mainly a national audit of processes and 

organizational structures, following an older person’s journey through secondary care, from 

the emergency department, short term assessment units, elderly care ward to discharge. It 

was designed to focus primarily on admissions avoidance, assessment of the older persons, 

inpatient care and supported discharge.  
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The first iteration of this audit national benchmarking reported in 2014 (2013/2014 data), the 

second iteration reported in 2015(2014/2015 data) and the third iteration of this audit 

(2015/2016 data) reported in early 2017. Of note, 35 percent of trusts audited reported 

utilising a frailty tool or pathway in 2015 (the network’s definition included comprehensive 

geriatric assessment, older persons advice and liaison service, Bournemouth Criteria tool 

and the Mayo Clinic Screening tool), a ratio increasing to 66 percent by 2017. 29 percent of 

trusts audited reported having a frailty unit in 2015, a ratio increasing to 52 percent by 2017.  

 

In 2015, 17 percent of trusts audited reported using a recognised frailty tool or pathway 

within the setting of the acute admission ward (defined as expected length of stay from 12 

hours to 72 hours e.g. acute medical unit), increasing to 40 percent by 2017. The London-

wide survey (Chapter 3) reported 20 percent of trusts utilising a recognised frailty tool in 

2012. However, processes for multidimensional assessment did take place, though 

instruments were predominantly unidimensional 1st generation assessment tools where 

validated, and variation in dimension of assessment was demonstrated. 

 

Interestingly, the national benchmarking audit reference group considered using the term 

‘frailty’ to define the cohort of older person of interest, but rejected the proposal as it 

recognised that the word had many meanings, thus restricting the audit to patients ≥ 65 

years requiring acute care instead. This is mirrored in the focus group study (Chapter 5) 

where the term was taken to represent a diverse set of concepts.  

 

From 2015, the national benchmarking audit collected some patient level data regarding 

demographics, length of stay, living arrangements, disposition of patient post discharge, 

whether CGA was undertaken, and whether the patient had a diagnosis of dementia. 

Additionally, recognising there were no specific ICD-10 diagnostic codes for frailty, the 

national benchmarking audit, in conjunction with the British Geriatric Society, included 6 

patient level ICD-10 codes felt to be proxy for frailty, as a part of the service user audit, 
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namely: N39 – Disorder of the urinary system, unspecified, R54 – Senility, J22 Unspecified 

acute lower respiratory infection, R55 Syncope and collapse, R69 – Unknown and 

unspecified causes of morbidity and R41 Other symptoms and signs involving cognitive 

function and awareness.  

 

The large data study (Chapter 6) suggests more comprehensive coding for frailty in the form 

of frailty syndromes is feasible, that coding for these syndromes has improved over time and 

that they are associated with adverse clinical outcomes relevant to the acute care setting. 

Additionally, our study demonstrates that dramatic ICD-10 coding shifts can occur over time 

(e.g. R54 – Senility coding has decreased to negligible frequency since 2013; Appendix 13). 

National audits utilising ICD-10 coding must ensure they understand changes in frequency of 

diagnostic codes over time to be accurate and relevant. 

 

8.3.3 National Collaborative Breakthrough Networks 
 

In 2001, the Institute of Medicine described quality in healthcare as having 6 dimensions: 

Patient-centeredness, effectiveness, efficiency, timeliness, safety and equity(257). In 2010, 

the Royal College of Physicians expanded this to include sustainability(310). These provide 

a useful framework of definition for the measurement of improvement. 

Improvement Science is an emerging field of research in health. It stems from a strong 

research base in the manufacturing industry(311), but has expanded over the last 2 decades 

to encompass diverse disciplines such as psychology, safety systems (e.g. aviation(312)), 

econometrics and behavioural economics, action research, epidemiology, management 

science and policy research, as well as improvement methodologies developed from within 

medicine(313). It is a “whole-systems” approach that engages basic and applied sciences to 

organisations, teams and individuals, using the above diverse disciplines as effective levers, 

with the aim of improving healthcare and health.  
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These properties make it ideally suited to cope with ‘real-world application of evidence in a 

systematic and scientific manner (evidenced based implementation). Where traditional 

disciplines are necessarily reductionist, it embraces complexity. It concerns itself primarily 

(though not exclusively) with seeking transferable principles as opposed to generalisable 

knowledge. Its flexibility allows it to be responsive in rapidly changing and diverse 

environments where traditional methodologies may be too rigid and sluggish to be fit for 

purpose. 

 

Originally proposed by the Institute for Healthcare Improvement, the breakthrough series 

collaborative methodology(314) sought to provide a collaborative structure for multiple 

organisations to achieve large scale sustainable improvements through spread and adoption 

of existing knowledge, expertise and best practice(315). In the United Kingdom, three 

national collaborative breakthrough networks have current programmes that are potentially 

impacted by the findings of this thesis. 

 

8.3.3.1 Frailsafe Network 

 

Supported by a Health Foundation award and sponsored by the British Geriatric Society, this 

collaborative network of 12 hospitals seeks to improve measured quality of care for frail 

patients admitted to NHS hospitals with medical emergencies. First conceived as a ‘check-

and-challenge’ checklist during an Institute for Healthcare Improvement 90-day Research 

and Development cycle in 2010, the network champions the use of a tool designed as a 

structured interaction between senior clinician and another member of staff (junior doctor or 

therapist). The checklist consists of an initial screening trigger for identification of the target 

population, a clinical response based on a screen for frailty syndromes to activate existing 

appropriate care pathways, and a monitoring phase to ensure key interventions are 

sustained over the first 5 days of acute care(316). 
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The findings of the thesis corroborate that the presence of frailty syndromes in acute care 

are associated with adverse events. Utilising routinely collected data (Chapter 6) to identify a 

population with frailty syndromes prior to admission may better identify a population that 

would benefit from use of the checklist, and enable measurement of the effect of 

interventions over time. Understanding of levels of frailty prior to admission will aid in 

communication with patients and relatives regarding goal setting, and aid in clinical decision 

making. 

 

8.3.3.2 Healthy Ageing Collaborative 

 

Housed within the Yorkshire and Humber Academic Health Science Network, the Healthy 

Ageing Collaborative are championing a primary care based model of frailty via the 

development and validation of an electronic frailty index(283), based on 36 deficits coded in 

primary care electronic health records (READ diagnostic codes). The index was developed 

using patient level data within the ResearchOne and The Health Improvement 

Network(THIN) databases. The index demonstrated moderate predictive power at one, three 

and five years for mortality, emergency hospitalisation and nursing home admission (AUC 

0.66-0.76). The network sought to utilise this methodology(138) to identify patients that could 

benefit from targeted supportive management or care planning. As the index is scalable 

(mild, moderate and severe), it is amenable to implementation of a graded response. 

Examples of implementation of this primary care tool include identification of patients for 

medication reviews, for proactive falls prevention and avoidance of unplanned hospital 

admissions. 

 

The findings of the thesis (Chapter 7) suggest that there is good agreement between the 

frailty syndromes and the frailty index model within the acute care setting, with a significant 

overlap of population identified. This association should be explored further (e.g. is the frailty 
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syndromes model identifying a population of higher severity frailty as graded by the frailty 

index?). Equally, populations as identified as frail by the primary care frailty index 

methodology who then require acute hospital admission may benefit from screening for 

frailty syndromes in secondary care to trigger appropriate pathways of care (e.g. delirium 

bundle) 

8.3.3.3 Acute Frailty Network 

 

This national collaborative network works on the premise that no one model will fit all 

healthcare systems. It aims to optimise the quality of acute care of frail older people within 

the first 72 hours of emergency admission to hospital by facilitating the sharing of expertise, 

knowledge, best practise and experience between front-line clinical teams, researchers and 

quality improvement methodologists. The network collaborative runs a comprehensive 

programme of national events, topic specific master classes, facilitates site visits, return on 

investment calculator for new services, offers improvement measurement expertise, utilises 

experienced based design to improve services, and houses a web resource repository, to 

achieve these aims. 

 

The network currently recommends using the clinical frailty scale(43) (Chapter 2) as a 

screening tool to target frail older persons who would benefit most from CGA. The rationale 

behind this choice is three-fold.  Firstly, it is simple, feasible and easy-to-use in the acute 

care setting(293). Secondly, though the predictive power(AUC) of the tool for adverse events 

is moderate at best, it’s negative predictive value is reasonably good (i.e. high specificity). 

Thus, while the tool alone cannot be used to identify accurately the frail older patients, it 

could potentially be used to screen out patients who do not require CGA(317). Thirdly, it is 

felt that a scalable universal measure used by all participating sites would provide a 

benchmark to compare practice (the clinical frailty scale extends from very fit (score of 1) to 

terminally ill (score of 9)). 

 



214 
 

The findings from this thesis (Chapter 7), suggest that a risk prediction model based on 

frailty syndromes and high resource utilisation may have more favourable predictive powers 

for inpatient mortality and 30-day emergency readmission compared to the clinical frailty 

scale. However, the model has not yet been operationalised into a simple clinical score (this 

is expanded in section 8.4). 

 

8.4 Recommendations for future work 
 
There are several areas of potential future research highlighted by this thesis. This includes 

the creation of a frailty assessment score that is useful, relevant and clinically acceptable in 

the acute care setting. To achieve this aim will require us to fill more gaps in our existing 

knowledge. The predictor variables used within the frailty syndromes and high resource 

utilisation model are a pragmatic constellation of evidence within existing literature, expert 

consensus, as well as what is available and feasibly coded within administrative and clinical 

datasets. The prospective study hints at other candidate variables, such as admission 

National Early Warning Score which improve performance and predictive power of the model 

within the acute care setting. Exploration of other candidate variables, particularly within the 

psychosocial and environmental domains, and how they affect model diagnostics and 

predictive power is a necessary next step. How best to systematically and reliably capture 

these predictor variables in the acute care setting is also an area for further research. 

 

Information captured to measure frailty can be used more accurately and efficiently, both 

quantitatively and qualitatively. Quantitatively, given the risk prediction models predict 

different outcomes, research into how best to calibrate the model for clinical acceptability 

(e.g. simple scoring system for each deficit) is a necessity. Equally, determination of score 

cut-offs and threshold-setting based on desired sensitivity and specificity for specific decision 

making is a research priority. For example, a clinical score calibrated for screening for 
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ambulatory care would likely be very different from one to be used to predict referral for 

comprehensive geriatric assessment, despite similar variables measured.  

 

Once a clinical score is developed, adequate testing of construct validity, as well as test and 

re-test reliability and inter-rater reliability is important to ensure robustness of score for 

routine clinical use. The Delphi study (Chapter 4) suggests that a simple, clinically 

meaningful score may be useful for clinical decision making. Designing a clinical score that 

is acceptable to clinicians will require piloting and feasibility testing(293). 

 

External validation in other non-emergency populations such as elective hip surgery will add 

to knowledge of the scores performance and use within the secondary care setting. 

Additionally, exploring the model’s performance compared to existing operationalised frailty 

measures (e.g. frailty index) in the primary care setting will likely add to understanding of 

overlap and distinctiveness. 

 

From a qualitative point of view, the presence of frailty syndromes can trigger specific 

pathways of care (e.g. delirium bundle). How best to implement this effectively and safely is 

a priority for improvement science research and system redesign (e.g. FRAILsafe(316)). The 

predicted adverse outcomes and presence of frailty syndromes can serve as a platform for 

meaningful discussion with patient regarding realistic goal setting and targeting of resource, 

aid clinical decision making and trigger efficient multidisciplinary team assessment and 

intervention. However, research into other contextual areas such as patient or carer 

acceptability of ‘frail’ label, and subsequent access to care is a necessity to mitigate against 

unintended consequences. 
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This author knows of work already started validating the frailty syndromes and high resource 

utilisation model in international secondary care datasets, national Scottish administrative 

datasets as well as at acute trust level providing external validation. 

8.5 Answering the hypothesis 
 

A two-fold hypothesis was expressed in chapter one: 

1. A systematic approach to the assessment of older persons in the acute care setting 

based on frailty may produce better clinical outcomes.  

2. A risk prediction model based on the concept of frailty may provide the basis for a more 

systematic approach to the assessment of older persons in the acute care setting. 

 

In attempting to marry these 2 hypotheses together, this thesis has summarised the 

characteristics and limitations of frailty identification within the acute care setting. This thesis 

has demonstrated that existing frailty scores within this setting are based on risk prognostic 

models that have poor to moderate predictive powers for patient outcomes relevant to the 

acute care setting (Chapter 2). This thesis has demonstrated that current practices for the 

assessment of older persons requiring acute medical care are far from systematic or 

comprehensive, and highlighted potential areas for improvement (Chapter 3).  

 

In developing an optimal frailty assessment for the acute care setting, this thesis finds that a 

simple, clinically meaningful assessment for frailty that is accessible by, and improves 

effective communication between front-line clinicians, carers and the patient, and that 

improves clinical decision-making gain consensus as desirable characteristics. Expert 

consensus gives face-validity to variables selected for the final risk prediction model. Though 

full consensus was not achieved, the Acute Medical Unit or Specialist Care of Older Person 

setting (Acute Frailty Unit or Specialist Frailty Ward) and within 24 hours of admission to 

hospital are likely to represent optimal location and timing for such an assessment tool.  An 
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optimal assessment tool will fail if implemented in a manner that disregards contextual 

realities of the setting. This thesis has characterised structural, process and cultural barriers 

to optimal frailty assessment in the acute care setting, and assembled principles and 

examples of best practice (Chapter 4 and 5).   

 

This thesis has demonstrated that a risk prediction model based on frailty syndromes and 

previous high intensity utilisation of resources is feasibly coded within administrative and 

clinical data. This thesis provided concurrent and predictive validation for the final risk 

prediction model within the acute care setting of an acute medical unit, and presented 

comparison of said model to existing risk prognostic models within this setting (namely frailty 

defined by frailty index, co-morbidity defined by Charlson Co-morbidity score and deranged 

physiology of acute illness defined by admission National Early Warning Score) 

 

Operationalising this risk prediction model as a clinical score that fulfils the above 

characteristics and demonstrating that it improves the quality of care for older persons in the 

acute care setting, as well as proving that utilisation of the said score within the acute care 

context improves patient outcomes compared to existing processes of care, remains outside 

this doctoral thesis, but future research with that aim has been proposed. 
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Appendix 1: Final search strategy used in systematic literature review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Search term Number of 
articles 

1 Frail*[Title] 9769 

2 hospital* OR acute* OR inpatient OR emergenc* 11434302 

3 (((((((((((domain*[Title]) OR index[Title]) OR indices[Title]) OR 
score*[Title]) OR measure*[Title]) OR outcome*[Title]) OR 
status[Title]) OR prognos*[Title]) OR factor*[Title]) OR 
marker*[Title]) OR assess*[Title]) 

3700214 

4 1 AND 2 AND 3 972 

5 Remove duplications 675 

6 English Language 655 

7 Sensitivity check with DENT, EVANS, WOU, WINOGRAD PASSED 
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Full papers rigorously 

subjected to inclusion and 

exclusion criteria(MINORS) 

 N= 44 

Appendix 2: Summary of study selection process 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pubmed, EPOC, CINAHL and 

EMBASE between 1978 – 

present (21st Oct 2015) and 

hand searched references 

N=655 

 

 

  

Initial screening of titles 

N=739 

  

Abstracts rigorously 

subjected to inclusion and 

exclusion criteria 

N= 105 

Full papers for data 

extraction 

N=33 

2 researchers 

reviewed all 

abstracts. If disagree, 

included for full 

paper review 

Kappa 0.941 

(P<0.001) 

 

 

Hand search references and 

grey literature 

N=84 

  

Predicts Functional 

Dependence only 

N=3 

Predicts Mortality only 

N=6 

Predicts Readmission only 

N=1 

Full papers with 
Multidimensional outcomes 

including mortality 
 

N=23 
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Appendix 3: Full details of quality assessment of selected papers for data extraction using modified MINORS score(N=33) 
 

 

 

 
Quality Assessment item 

Winograd Sager Inouye McCusker McCusker Teno Meldon Dendikuri 

 
1991 1996 1998 1999 2000 2000 2003 2004 

Definitions and aims 
1 A Clearly Stated aim 2 2 2 2 2 2 2 2 

2 Clear definition of frailty 2 1 2 2 2 1 2 2 

Study design, case selection and data 
collection 

3 
Inclusion of consecutive 
patients/representativeness of sample 2 1 2 2 2 2 1 1 

4 Prospective collection of data 2 2 2 2 2 1 2 1 

5 Endpoints appropriate to the aim of the study 2 1 2 2 2 2 2 2 

6 Unbiased assessment of study endpoint 1 2 1 1 1 1 1 1 

7 
Follow-up period appropriate to the aim of the 
study 1 2 2 2 2 1 2 2 

8 loss to follow up less than 5% 1 1 0 1 1 1 2 2 

9 
Multivariate analysis(e.g. Reporting of HR,RR,OR 
with CI after multivariate adjustment) 2 2 2 2 2 1 2 2 

10 
Summary performance statistic reported(e.g. 
AUC) 0 2 2 2 2 0 2 2 

11 Prospective calculation of study size 0 0 0 0 0 0 0 0 

Group Comparison 

12 Adequate control group 
        

13 Contemporary groups 
        

14 Baseline equivalence of groups 
        

15 Adequate statistical analyses 
        

 
 

Score 15 16 17 18 18 12 18 17 

 
 

Ratio 0.681818 0.727273 0.772727 0.818182 0.818182 0.545455 0.818182 0.772727 

  
Comments 

        

          

 

 

Scoring:0(not reported); 1(reported but 
inadequate); 2(reported and adequate) 
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Quality Assessment item 

Olssen Cornette Hustey Anpalahan Drame Noro Yim Dhaussy 

 
2004 2005 2007 2008 2008 2011 2011 2012 

Definitions and aims 
1 A Clearly Stated aim 2 2 2 2 2 2 2 2 

2 Clear definition of frailty 1 2 2 2 2 1 2 1 

Study design, case selection and data 
collection 

3 
Inclusion of consecutive 
patients/representativeness of sample 2 2 2 1 1 1 1 1 

4 Prospective collection of data 2 1 1 1 2 1 2 1 

5 Endpoints appropriate to the aim of the study 1 2 2 2 2 2 2 2 

6 Unbiased assessment of study endpoint 1 1 1 1 1 1 1 2 

7 
Follow-up period appropriate to the aim of the 
study 2 2 2 2 2 2 2 2 

8 loss to follow up less than 5% 0 2 2 1 1 0 2 1 

9 
Multivariate analysis(e.g. Reporting of HR,RR,OR 
with CI after multivariate adjustment) 2 2 2 2 2 2 1 2 

10 
Summary performance statistic reported(e.g. 
AUC) 0 2 2 0 2 2 2 2 

11 Prospective calculation of study size 0 0 0 0 0 0 0 0 

Group Comparison 

12 Adequate control group 
      

13 Contemporary groups 
      

14 Baseline equivalence of groups 
     

15 Adequate statistical analyses 
      

 
 

Score 13 18 18 14 17 14 17 16 

 
 

Ratio 0.590909 0.818182 0.818182 0.636364 0.772727 0.636364 0.772727 0.727273 

  
Comments 

        

          

 
 Scoring:0(not reported); 1(reported but inadequate); 2(reported and adequate) 
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Quality Assessment item 

Pilotto Billings Walsh Dowsing Wou Edmans Dent Evans Kellett 

 
2012 2012 2012 2013 2013 2013 2014 2014 2014 

Definitions and aims 
1 A Clearly Stated aim 2 2 1 2 2 2 2 2 2 

2 Clear definition of frailty 2 1 1 2 2 2 2 2 2 

Study design, case selection and data 
collection 

3 
Inclusion of consecutive 
patients/representativeness of sample 1 2 1 1 

1 
1 1 1 1 

4 Prospective collection of data 2 1 1 2 2 2 2 2 1 

5 Endpoints appropriate to the aim of the study 2 2 2 2 2 2 2 2 2 

6 Unbiased assessment of study endpoint 1 1 1 1 1 1 1 2 1 

7 
Follow-up period appropriate to the aim of the 
study 2 2 2 2 

2 
2 2 2 2 

8 loss to follow up less than 5% 1 2 1 0 1 1 0 2 0 

9 
Multivariate analysis(e.g. Reporting of HR,RR,OR 
with CI after multivariate adjustment) 2 2 2 2 

2 
0 2 2 0 

10 
Summary performance statistic reported(e.g. 
AUC) 2 2 1 2 

2 
2 2 0 2 

11 Prospective calculation of study size 0 0 2 2 2 2 0 2 0 

Group Comparison 

12 Adequate control group 
  

 

    13 Contemporary groups 
  

 

    14 Baseline equivalence of groups 
 

 

    15 Adequate statistical analyses 
  

 

    
 

 

Score 17 17 15 18 19 17 16 19 13 

 
 

Ratio 0.772727 0.772727 0.681818 0.818182 0.863636 0.772727 0.727273 0.863636 0.590909 

  
Comments 

    

 

    

      

 

    

 
 

 Scoring:0(not reported); 1(reported but inadequate); 2(reported and adequate) 
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Quality Assessment item Aronow Costa Dent 

Romero-
Ortuno Wallis Kahlon Basic Hubbard 

 
2014 2014 2014 2014 2015 2015 2015 2015 

Definitions and aims 
1 A Clearly Stated aim 2 2 2 2 2 2 2 2 

2 Clear definition of frailty 1 1 2 2 2 2 1 1 

Study design, case selection and data 
collection 

3 
Inclusion of consecutive 
patients/representativeness of sample 1 2 1 2 1 2 2 2 

4 Prospective collection of data 1 2 2 1 1 2 1 1 

5 Endpoints appropriate to the aim of the study 2 2 2 2 2 2 2 2 

6 Unbiased assessment of study endpoint 1 1 1 1 1 1 1 1 

7 
Follow-up period appropriate to the aim of the 
study 1 2 2 2 2 2 2 2 

8 loss to follow up less than 5% 2 2 0 2 1 1 0 1 

9 
Multivariate analysis(e.g. Reporting of HR,RR,OR 
with CI after multivariate adjustment) 2 2 2 2 2 2 2 2 

10 
Summary performance statistic reported(e.g. 
AUC) 0 2 0 2 2 0 0 0 

11 Prospective calculation of study size 0 0 0 0 0 0 0 0 

Group Comparison 

12 Adequate control group 
      

13 Contemporary groups 
      

14 Baseline equivalence of groups 
     

15 Adequate statistical analyses 
      

 
 

Score 13 18 14 18 16 16 13 14 

 
 

Raito 0.590909 0.818182 0.636364 0.818182 0.727273 0.727273 0.590909 0.636364 

  
Comments 

        

          

 
 Scoring:0(not reported); 1(reported but inadequate); 2(reported and adequate) 
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Variation in final MINORs score 
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Wallis 2015 
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Appendix 4: Summary of methodological characteristics of the studies included in the systematic review 
Author Study Tool Name 

(If applicable) 
Purpose Year Study type Age  Setting n Frailty 

Assessment 
Period 

Exclusions 

Winograd Screening for frailty: 
criteria and 

predictors of 
outcome 

NA To determine the 
reliability of rapid 

screening by 
clinically derived 
geriatric criteria 

in predicting 
outcomes of 

elderly 
hospitalized 

patients 
 

1991 Observational; 
Single centre; 
Prospective 

≥65 years General Medical 
Ward; 

US 
 

985 Within 96 hours Admitted from nursing 
home; already in 

rehabilitation program; 
LoS too short 

McCusker Detection of Older 
People at Increased 
Risk of Adverse 
Health Outcomes 
After an Emergency 
Visit: The ISAR 
Screening Tool 

Identification of 
Seniors at Risk 

(ISAR) 

To develop a self-
report screening 

tool to 
identify older 
people in the 
emergency 

department (ED) 
of a 

hospital at 
increased risk of 
adverse health 

outcomes, 
including: 

death, admission 
to a nursing 

home or long-
term 

hospitalisation, 
or a clinically 

significant 
decrease in 
functional 

status 

1999 Observational; 
Multicentre; 
Prospective; 

 

≥65 years 4 Emergency 
Departments 

Montreal 
(2 community, 2 

tertiery hospitals) 

1673 On attendance to 
ED 

Confusion (Not 
orientated to time and 
place) 
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McCusker Prediction of Hospital 
Utilisation Among 
Elderly 
Patients During the 6 
Months After an 
Emergency 
Department Visit 

Identification of 
Seniors at Risk 

(ISAR) 

Predict high 
levels of acute 

care hospital use 
during 

the 6 months 
after the ED visit 

2000 Observational; 
Multicentre; 
Prospective; 

 

≥65 years 4 Emergency 
Departments 

Montreal 
(2 community, 2 

tertiery hospitals) 

1620 On Attendance to 
ED 

Significant Cognitive 
impairment (unless 
proxy available); 
admissions to hospital, 
non resident, no 
telephone access; non-
critical illness 

Meldon A Brief Risk-
stratification Tool to 
Predict Repeat 
Emergency 
Department Visits 
and Hospitalisations 
in Older Patients 
Discharged from the 
Emergency 
Department 

Triage Risk Screening 
Tool(TRST) 

5-item 

Evaluate the 
predictive ability 
of a simple six-
item triage risk 
screening tool 

(TRST) to identify 
elder emergency 
department (ED) 
patients at risk 
for ED revisits, 
hospitalisation, 

or nursing home 
(NH) placement 
within 30 and 

120 days 
following ED 

discharge. 

2003 Observational; 
Multicentre; 
Prospective 

≥65 years 
Years 

(Community 
dwelling) 

2 urban 
Emergency 

Departments 
Cleveland 

647 On attendance to 
ED 

Significant Cognitive 
impairment (unless 
proxy available); 
admissions to hospital, 
non resident, no 
telephone access; non-
critical illness 

Dendukuri The Identification of 
Seniors At Risk 
Screening Tool: 
Further 
Evidence of 
Concurrent and 
Predictive Validity 

Identification of 
Seniors at Risk 

(ISAR) 

To evaluate the 
validity of the 
Identification 

of Seniors at Risk 
(ISAR) screening 

tool for detecting 
severe 

functional 
impairment and 
depression and 

predicting 
increased 
depressive 

symptoms and 
increased 
utilisation 
of health 
services. 

2004 Secondary 
analysis; 

Observational; 
Multicentre; 

Retrospective 

≥65 years 4 Emergency 
Departments 

Montreal 

1122 On attendance to 
ED 

Significant Cognitive 
impairment (unless 
proxy available); 
admissions to hospital, 
non resident, no 
telephone access; non-
critical illness 

Anpalahan Geriatric Syndromes 
as predictors of 
adverse outcomes of 

Geriatric Syndromes determine the 
association 

between the 

2007 Observational; 
Single centre; 
Retrospective 

≥75 years 
Community 

dwelling 

Single centre AMU 
Western Australia 
admitted to Rapid 

110 Within 24 hours 
of admission 

patients from 
nursing homes, patients 
who were transferred to 
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hospitalisation common geriatric 
syndromes and 

predefined 
adverse 

outcomes of 
hospitalisation 

 
 to identify the 
most important 

independent 
predictors of 

adverse 
outcomes using 

information 
gained within 24 
h of admission in 

older general 
medical patients 

assessment 
medical unit 

(RAMU) under the 
General Internal 

Medicine unit 

other 
units or hospitals, 
patients who were 
considered for palliative 
care on admission, 
patients not conversant 
in English 
and those who were 
discharged from hospital 
within 48 
hours 

Dhaussy Is health-related 
quality of life an 
independent 
prognostic factor for 
12-month mortality 
and nursing home 
placement in frail 
elderly patients? 

NA determine 
whether, in frail 

elderly 
subjects, health-
related quality of 

life is a 
prognostic factor 

for 
survival or 

nursing home 
placement at 12 

months, 
independently 
of other known 

objective 
prognostic 

factors 

2012 Observational 
Multicentre; 
Prospective 

≥75 years 9 academic 
centres admission 

through ED to 
geriatric wards in 

France 

1306 After admission, 
not clear 

intensive care or surgical 
admission, admission 
did not occur after 
admission to the 
emergency 
unit 

Noro Method for Assigning 
Priority Levels in 
Acute 
Care (MAPLe-AC) 
predicts outcomes of 
acute 
hospital care of older 
persons - a cross-
national 
validation 

Method for 
Assigning Priority 

Levels for Acute Care 
(MAPLe-AC) 

evaluate the 
ability of the 
Method for 

Assigning Priority 
Levels for Acute 

Care (MAPLe-AC) 
to predict 
adverse 

outcomes in 
acute care for 
older people 

2011 Secondary 
analysis; 

Multicentre; 
Retrospective 

≥75 years acute internal 
medical services 
in 1 hospital in 
each of the 5 

Nordic countries ; 
acute hospital care 

either internal 
medical or 
combined 

medical-surgical 
services in 8 

1156 First 24 hours of 
hospital 
admission 

Critically unwell or 
admitted directly to ICU 
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and to assess its 
usability as a 

decision making 
tool for discharge 

planning. 

hospitals in 
Ontario, Canada 

Yim Emergency 
department 
intervention for high-
risk elders: 
identification 
strategy and 
randomised 
controlled trial to 
reduce 
hospitalisation and 
institutionalisation 

Hong Kong-
Identification of 
Seniors at Risk 

(HK-ISAR) 

Derive a HK 
version of ISAR, 
validate on local 

population, 
compare to 
original, use 

validated tool to 
identify high-risk 
elderly patients 

for structured ED 
intervention and 
targetted referral 

process 

2011 Randomised 
controlled trial; 

Multicentre;  
Prospective 

≥65 years 3 ED in Hong Kong 1820 On discharge 
home from ED 

Admitted to hospital 

Walsh Outcomes After 
Unplanned 
Admission to 
Hospital in Older 
People: Ill-Defined 
Conditions as 
Potential Indicators 
of the Frailty 
Trajectory 

NA To describe 
outcomes after 

unplanned 
hospital 

admission in 
older people and 

to determine 
whether 
disease 

trajectories in 
those admitted 
with ill-defined 

conditions 
(symptoms and 

signs) are distinct 
from other 
diagnostic 
groups and 

consistent with 
known disease 

trajectories. 

2012 Observational 
Single Centre; 
Retrospective 

cohort selection; 
Longitudinal 

follow up 

≥65 years Unplanned 
admissions to 

general internal 
and geriatric 

medicine inpatient 
units at Acute 

hospital in 
southern England   

5312 Extract from 
Patient 
Administrations 
System(PAS) 

Cases with a primary 
code of R69X (unknown 
and unspecified causes 
of morbidity) and R95–
99 
(ill-defined and 
unknown causes of 
mortality) were 
excluded 

Dowsing The ability of frailty 
to predict outcomes 
in older people 
attending an acute 
medical 
unit. 

Canadian Study on 
Health and Aging 

Clinical Frailty Scale 
(CHSA CFS) 

to measure the 
prevalence of 
frailty in one 

AMU using the 
Canadian Study 
on Health and 

2013 Observational; 
Single centre; 
Prospective 

≥70 Attending acute 
medical unit at 

central teaching 
hospital during 

weekdays in 
England 

654 Not clear Admitted at weekends 
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Aging Clinical 
Frailty Scale 

(CSHA CFS)8 9 
and to ascertain 

its 
ability to predict 

outcomes 
relevant to acute 
triage (mortality, 

length of stay 
and 

readmissions). 

Dent Frailty determinants 
and discharge 
outcomes in 
hospitalised older 
persons 

frailty index of 
cumulative deficits FI-
CD;  Phenotype;  Study 

of Osteoporotic 
Fractures(SOF) index;  
Fatigue, Resistance, 
Ambulation, Illness, 
Loss of Weight index 

(FRAIL),  
Frailty Index based on 

Ten Domain 
Comprehensive 

Geriatric 
Assessment(FI-CGA-

10); 
Score Hospitalier 

d’Evaluation du 
Risque de Perte 

d’Autonomie index 
(SHERPA); 

multi-dimensional 
index(MPI); 

 hospital admissions 
risk profile(HARP);  

Single domain: 

Charlson’s co-
morbidity index(CCI) 

Lawton’s IADL 
Adapted Katz index 

 
single markers: 
Grip strength 

Walking Speed 

to evaluate 
several 

common frailty 
and functional 

decline indices on 
their ability 

to predict poor 
Geriatric 

Evaluation and 
Management 

Unit 
(GEMU) 

outcomes, both 
at discharge and 

at 6 months. 

2014 
 

Observational; 
Longitudinal; 
Prospective; 

 

≥70 Admitted to 
Geriatric 

Evaluation and 
Management 
Unit(GEMU) in 

Academic Hospital 
West Australia; 

post acute medical 
unit 

172 Not clear; During 
their stay on 
Geriatric 
Evaluation and 
Management Unit 
(GEMU): 
a specialised ward 
designed to 
optimise a 
patient’s chance 
of recovery 
following acute 
admission; Pre-
selected for entry 
predominantly 
from Acute 
Medical Unit 
using the clinical 
judgement 
of geriatricians 

dementia/unresolved 
delirium within 72 h of 
GEMU 
admission without 
proxy, language barrier 
without 
proxy, clinician advised 
against inclusion (elder-
abuse, 
physically aggressive, 
medically unwell, 
infectious, missed by 
researcher and declined 
participation 



247 
 

Evans The risk of adverse 
outcomes in 
hospitalized older 
patients in relation to 
a frailty index based 
on a comprehensive 
geriatric assessment 
 

frailty index based on 
a comprehensive 

geriatric assessment 
(FI-CGA) 

to test the 
measurement 

properties, 
especially the 

predictive 
validity, of a 
frailty index 
based on a 

comprehensive 
geriatric 

assessment (FI-
CGA) in an acute 

care setting in 
relation to the 
risk of death, 
length of stay 
and discharge 
destination. 

 
 

2014 Observational; 
Longitudinal; 
Prospective 

≥75 Single center 
community 

hospital in US 
Admitted as 

medical inpatient 
from ED 

 

752 Within 24 hours 
of hospital 
admission 

Admitted to ICU 

Wou 
 

The predictive 
properties of frailty-
rating scales 
in the acute medical 
unit 

Frailty Phenotype 
Study of Osteoporotic 

Fractures(SOF) 
Ávila-Funes 

Rothman 
Frailty Index(FI) 

The aim of this 
study was to 

assess the 
predictive value 

of 
frailty-rating 

scales in older 
people 

presenting as 
medical 

emergencies 

2013 Secondary 
analysis 

Prospective 
Cohort 

 

;≥70 2 acute medical 
units in England 

667 Within 72 hours 
of admission on 
AMU 

 

Dent Psychosocial factors 
modify the 
association of 
frailty with adverse 
outcomes: a 
prospective 
study of hospitalised 
older people 

Phenotype The 
aims of this study 

were to: i) 
investigate the 

association 
between 

psychosocial 
factors and 

frailty, and ii) to 
establish 
whether 

psychosocial 
factors impact on 

the association 
between frailty 

2014 Observational; 
Single Centre; 
Prospective 

≥70 Admitted to 
Geriatric 

Evaluation and 
Management 
Unit(GEMU) in 

Academic Hospital 
West Australia 

172 Within 72 hours 
of admission to 
GEMU 

language barrier without 
a proxy, physician 
advised against 
inclusion (elder-abuse, 
physically aggressive, 
medically 
unwell and/or 
infectious) and 
dementia/unresolved 
delirium 
without a proxy 
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and adverse 
outcomes. 

Edmans The Identification of 
Seniors at Risk (ISAR) 
score 
to predict clinical 
outcomes and health 
service 
costs in older people 
discharged from UK 
acute 
medical units 

Identification of 
Seniors at Risk 

(ISAR) 

to evaluate 
whether the 

Identification of 
Seniors At Risk 
(ISAR) predicts 

the clinical 
outcomes and 

health and 
social services 
costs of older 

people 
discharged from 

acute medical 
units. 

2013 Observational; 
Multicentre; 
Prospective 

≥70 2 acute medical 
units in England 

667 Within 72 hours 
of admission on 
AMU 

Unable to participate 
due to language, 
expected discharge >72 
hours 

Kellet A four item scale 
based on gait for the 
immediate global 
assessment of 
acutely ill medical 
patients-one look is 
more than 1000 
words 

Stable gait, Unstable 
gait, needed Help to 

walk or was Bedridden 
(SUHB scale) 

 
Clinical Frailty 

Scale(CFS) 

correlation of the 
eight CFS frailty 

icons 
with 30-day in-

hospital 
mortality, mental 
status, history of 

falls, 
presence of 

pressure sores 
and activities of 

daily living. It also 
proposes a 

simple four item 
scale based on 

the patient’s gait 
for the 
global 

assessment of 
acutely ill 

medical patients. 

2013 Secondary 
Analysis; 

Single centre; 
Retrospective 

All adults Single Medical 
Admission Unit in 

Rural Canada 

2954 Not clear; during 
admission on 
AMU 

Patients deemed ~high 
risk~ by GP are referred 
to a different hospital 

Aronow Validating SPICES as a 
Screening Tool for 
Frailty 
Risks among 
Hospitalized Older 
Adults 

skin integrity; 
problems eating; 

incontinence; 
confusion; evidence of 

falls; and sleep 
disturbance(SPICES) 

explore the 
association of 
SPICES clinical 

assessment 
criteria with 

adverse 
outcomes among 
a sample of older 

2014 Secondary 
Analysis; 

Single centre; 
Retrospective 

 
 

≥65 admitted to 
general 

medical/surgical 
units 

in center in US 

174 Within 24 hours 
of admission 

Not clear 
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hospitalized 
patients who 

were included in 
a prospective 

cohort study of 
risk factors and 

hospital 
outcomes 

Costa Geriatric Syndromes 
Predict Postdischarge 
Outcomes Among 
Older Emergency 
Department Patients: 
Findings From the 
interRAI 
Multinational 
Emergency 
Department 
Study 

Geriatric Syndromes to identify 
predictive and 
generalizable 

geriatric 
syndromes that 
can be assessed 

to improve 
clinical reasoning 

rather than to 
create discrete 

decision 
support 

instruments 

2014 
 

Observational; 
Multicentre; 
Prospective 

≥75 Attendance to ED 
in 13 sites across 

the world 

2282 Not clear; During 
attendance to ED 

Patients in severe acute 
medical crisis (highest 
level of triage 
acuity/severity), those 
expected to die within 
24 hours, and those who 
did not speak the native 
language (and were 
without an interpreter 
 

Romero-
Ortuno 

A Risk Index for 
Geriatric Acute 
Medical Admissions 
(RIGAMA) 

RIGAMA to create and 
validate a Risk 

Index for 
Geriatric Acute 

Medical 
Admissions 

(RIGAMA) for 
those aged ≥ 65, 

based 
on accumulation 

of deficits 

2014 Secondary 
Analysis; 

Single centre; 
Retrospective 

≥65 Secondary analysis 
of Patient 

Administration 
System(PAS) of 

patients admitted 
under general 

medicine at a large 
tertiary teaching 

hospital in Ireland 

29 
982 

Extracted from 
Patient 
Administrations 
System(PAS) 

Not clear 

Wallis Association of the 
clinical frailty scale 
with hospital 
outcomes 

Clinical Frailty 
Scale(CFS) 

Investigate the 
association of the 
CFS with patient 
characteristics 

and outcomes in 
a large tertiary 

university 
National Health 
Service (NHS) 

acute hospital in 
UK. 

2015 Secondary 
Analysis; 

Single centre; 
Retrospective 

≥75 Admission via ED 
to academic 

elderly care unit in 
UK 

5764 Within 72 hours 
of admission 

Not clear 

Kahlon Association between 
frailty and 30-day 

Clinical Frailty 
Scale(CFS) 

to evaluate 
whether 

2015 Observational; 
Multicentre; 

≥18 Patients 
discharged from 

495 Not clear; during 
inpatient stay on 

severe cognitive 
impairment (5 or more 
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outcomes 
after discharge from 
hospital 

frailty identified 
using the Clinical 

Frailty Scale is 
an independent 

predictor of 
death or 

readmission 
within 30 days 
after discharge 
from hospital. 

Prospective General Medical 
Wards at 2 

academic centres 
in Canada 

general internal 
medicine ward 

errors on 
the Short Portable 
Mental Status 
Questionnaire, on 
the assumption their 
ability to answer 
questionnaires 
accurately would be 
compromised), were 
deemed by their 
attending physician to 
have foreshortened 
life expectancy that 
would preclude 
90-day follow-up, or 
were transferred to or 
from a 
long-term care facility, 
another inpatient 
service or 
another acute care 
hospital 

Basic Frailty in an Older 
Inpatient Population 
Using the Clinical 
Frailty Scale to 
Predict Patient 
Outcomes 

Clinical Frailty 
Scale(CFS) 

to evaluate the 
impact of frailty, 
measured using 

the CSHA-CFS, on 
in-hospital 

mortality, new 
nursing home 

placement, and 
length of hospital 

stay. 
 

 

2015 Observational; 
Single centre; 
Prospective 

Not stated 
But youngest 
patient 75 

Admission to 
geriatric service 
with criteria that 

included delirium, 
deconditioning, 

functional 
impairment, gait 
abnormality and 

falls, multiple 
medical diagnoses, 
and psychosocial 

problems in 
Australia 

2125 Not clear; during 
inpatient stay 
under 
geriatricians 
based on geriatric 
targeting 
criteria that 
included delirium, 
deconditioning, 
functional 
impairment, gait 
abnormality and 
falls, multiple 
medical 
diagnoses, and 
psychosocial 
problems 

Not clear 

NA:Not applicable; LoS: Length of stay(days); DRG(Diagnosis-related groups); Emergency Department(ED); NH: Nursing Home; LR: Likelihood Ratio; OR: 
Odds Ratios; ADLS: Activities of Daily Living; CGA: Comprehensive Geriatric Assessment, AMU: Acute Medical Unit; HR: Hazard Ratio, MMSE: Mini-mental 
State Examination 
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Appendix 5: Summary of results of the studies included in the systematic review 
Author Study Tool Name 

(If applicable) 
Year Frailty Criteria Description Outcome Frailty Prevalence Result AUC 

Winograd Screening for 
frailty: criteria and 

predictors of 
outcome 

NA 1991 Cerebrovascular accident 
Chronic and disabling illness 
Confusion 
Dependence in ADLs 
Depression 
Falls 
Impaired mobility 
Incontinence 
Malnutrition 
Polypharmacy 
Pressure Sore 
Prolonged bedrest 
Restraints 
Sensory impairment 
Socioeconomic/family   
problems 

Independent: 
Independent in 
all ADLs with 
short term 
acute illness 
 
Frail: meets 
any one of the 
criteria 
 
Severely 
impaired: 
Severe 
dementia and 
ADL 
dependence 
Terminal illness 

LoS;  
 
1 Year: 
Readmission; 
 
Nursing Home 
admission; 
 
Mortality 

Frail:27% 
Severely 

impairment: 10% 

Univariate: 
Average LoS: 
Independent 
12.9 
Frail 24.8 
Severely impaired 
20.7 
P<0.0001 
 
Readmission: 
No difference 
 
Multivariate: 
Age, DRG Group 
adjustment  
 
Nursing home 
admission (compared 
to independent): 
Frail RR 20.75 x  
Severely impaired RR 
28.71 x 
 
Mortality 
(Frail assigned RR 1.0) 
 
Independent: 
RR 0.25 
Β coefficient -1.38(-
1.84 - -0.42) 
 
Severely impaired: 
RR 1.84 
Β coefficient 0.61 
(0.12 – 1.1) 

 

NA 

McCusker Detection of Older 
People at 
Increased Risk of 
Adverse 
Health Outcomes 

Identification of 
Seniors at Risk 

(ISAR) 

1999 ”Before the illness or injury 
that brought you to the 
emergency department, did 
you need someone to help 
you on a regular basis?” 

≥2 criteria adverse health 
outcome, was defined 
as the occurrence of 
one of three events:  
(1) death during 

51% frail Not recorded AUC 0.71 for 
adverse health 
outcome 
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After an 
Emergency Visit: 
The ISAR 

Screening Tool 

(Y/N) 
“Since the illness or injury 
that brought you to the 
emergency department, 
have you needed more help 
than usual to take care of 
yourself?”(Y/N) 
“Have you been hospitalized 
for one or more nights 
during the past 6 months 
(excluding a stay in the 
emergency 
department)?”(Y/N) 
“In general, do you see 
well?” 
“In general, do you have 
serious problems with your 
memory?”(Y/N) 
“Do you take more than 2 
different medications every 
day?”(Y/N) 

the 6 months after the 
ED visit, including in-
hospital deaths; 
(2) institutionalisation, 
defined as admission to 
a nursing 
home or chronic care 
hospital or acute care 
hospitalisation 
for 3 months or more 
during the 6-month 
follow-up period; 
or (3) a clinically 
significant decline in 
physical function, 
defined a priori as a 3-
point or greater decline 
on the 28-point 
OARS ADL scale 
between enrollment 
and the 6-month 
follow-up. 

AUC 0.7 for 
adverse health 
outcome or 
disability 

McCusker Prediction of 
Hospital Utilisation 
Among Elderly 
Patients During 
the 6 Months 
After an 
Emergency 
Department Visit 

Identification of 
Seniors at Risk 

(ISAR) 

2000 See above ≥ 2 criteria 
 

High utilisation was 
defined as the top 
decile of the 
distribution of acute 
care hospital 
days in the number of 
acute care hospital days 
during the 6 months 
after the index visit 
(≥32 days for total 
sample) 

Frail: 51% Adjusted Odds Ratios: 
 
Needs assistance 1.78 
 
Increased assistance 
1.47 
 
Hospitalized last 6m 
1.80 
 
Vision 
1.22 
 
Memory 
0.80 
 
≥ 3 medications 
1.57 

AUC = 0.68 (95% CI 
0.63–0.72) 

Meldon A Brief Risk-
stratification Tool 
to Predict Repeat 
Emergency 
Department Visits 
and 

Triage Risk 
Screening 
Tool(TRST) 

5-item 

2003 History or evidence of 
cognitive impairment (poor 
recall or not oriented) 
Difficulty 
walking/transferring or 
recent falls 

≥ 2 criteria 
 

Composite 
endpoint of subsequent 
ED use, hospital 
admission, or NH 
admission at 30 and 
120 days 

Frail: 43.6% 
 
 

ED use (RR = 1.7; 95% 
CI = 1.2 to 2.3),  
 
Hospital 
admission (RR = 3.3; 
95% CI = 2.2 to 5.1) 

AUC 0.64 
composite 
outcome 
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Hospitalisations 
in Older Patients 
Discharged from 
the Emergency 
Department 

≥ 5 medications 
ED use in previous 30 days 
or hospitalisation in previous 
90 days 
Emergency department 
nurse concern for elder 
abuse/neglect, substance 
abuse, medication 
noncompliance, problems 
meeting instrumental 
activities of daily living, or 
other 

 
Individual outcomes: 
ED use 
Hospital admission 
NH admission 
At 30 and 120 days 

 
composite 
outcome (RR = 1.9; 
95% CI = 1.7 to 2.9)  
 
at 30 days and 
120 days compared to 
the low-risk cohort. 
NH admission at 120 
days RR 8.2 CI=1.8-
21.5) 
Number of NH 
admissions at 30 days 

AUC 0.72 
hospitalisation at 
30 days 
 

Dendukuri The Identification 
of Seniors At Risk 
Screening Tool: 
Further 
Evidence of 
Concurrent and 
Predictive Validity 

Identification of 
Seniors at Risk 

(ISAR) 

2004 See above ≥ 2 criteria 
 

Concurrent (at time of 
use of score): 
Severe functional 
impairment 
Depression 
 
Predictive (within 5m of 
index visit) 
Increase in depressive 
symptoms 
 
Frequent ED use (≥2 
visits) 
 
Frequent 
hospitalisation (≥11 
Days) 
 
Frequent use of 
community health 
centre (10visits) 
 
 
 

Frailty=25-45.8% 
Across both 
studies 

Concurrent and 
predictive  

Concurrent and 
predictive AUC 
0.86 (95% CI 0.75 – 
0.92) for severe 
functional 
impairment 
 
AUC 0.78 (95% CI 
0.70–0.84) for 
detection of 
concurrent 
depression  
 
AUC 0.66 (95% CI 
0.55–0.75) for 
increase in 
depressive 
symptoms 
 
AUC 0.71 (95%CI 
0.61-0.79) for 
frequent use of 
community health 
centre 
 
AUC 0.61-0.68 
(95%CI 0.57-0.75) 
for Frequent ED 
use 
  
AUC 0.66-0.68 
(95%CI 0.61-0.75) 
for frequent 
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hospitalisation  

Anpalahan Geriatric 
Syndromes as 
predictors of 
adverse outcomes 
of hospitalisation 

Geriatric Syndromes 2007 Presence of impaired 
cognition (MMSE≤23) at the 
time of assessment 
Recurrent falls (two or more 
falls during the preceding 6 
Months or ≥3 falls during the 
preceding 12 months) 
A fall as a presenting 
complaint 
(cardiac/neurological 
causes of falls were not 
included, but unexplained 
non-accidental falls were 
included) 
Impaired mobility at the 
time of assessment 
(requiring 
more than minimal 
assistance to stand up from 
a standard chair and walk 3 
m) 
Dependent in at least one 
PADL 2 weeks before 
admission 
(requiring assistance from 
another person) 
Presence of urinary 
incontinence 2 weeks before 
admission 
(occasional stress 
incontinence was not 
considered sufficient). 

≥1 (i) length of 
hospital stay (LOS) of 28 
days or more 
 
(ii)institutionalisation or 
change in 
residential care status 
to a more dependent 
category at discharge or 
during 3 months post-
discharge 
 
(iii) unplanned 
readmissions during 3 
months  
 
(iv) mortality in hospital 
or 3 months post-
discharge. 

49% Odds Ratios: 
 
unplanned 
readmissions during 3 
months 1.94 
 
mortality in hospital 
or 3 months post-
discharge 2.22 

Not Reported 

Dhaussy Is health-related 
quality of life an 
independent 
prognostic factor 
for 12-month 
mortality and 
nursing home 
placement in frail 
elderly patients? 

NA 2012 Age ≥ 85(Y/N) 
(Gender(M/F))* 
Dependent for ADL(Y/N) 
Delirium(Y/N) 
Malnutrition risk(Y/N) 
Co-morbidity:     Charlson 
Score 0-1 
Charlson Score 2-4 
Charlson Score ≥5 
Perceived health Scale (Duke 
Health Profile)-10pt increase 
Number of children≥2± 

NA 12-month: 
Mortality  
 
Nursing Home 
Placement  

NA Overall HR for model 
not clear 

AUC 0.66 for both 
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Living alone± 
*For mortality model 
±For Nursing Home 
Placement 

Noro Method for 
Assigning Priority 
Levels in Acute 
Care (MAPLe-AC) 
predicts outcomes 
of acute 
hospital care of 
older persons - a 
cross-national 
validation 

Method for 
Assigning Priority 
Levels for Acute 

Care (MAPLe-AC) 

2011 ADL impairment  
Cognitive impairment 
Behaviour disturbance 
(verbally or physically 
abusive, socially 
inappropriate 
behavior, resists care) 
Decline in decision making 
Problems with medication 
management 
Pressure ulcers 
Falls 
Problems with meal 
preparation 
Difficulty swallowing 

Algorithm 
based 
interaction of 
criteria to form 
5 levels of risk 
 

discharge to home 
discharge to institution 
death at 1 year 
 
Composite adverse 
event  
Death or 
institutionalisation 

NA See paper AUC 0.71-0.83 
discharge to home 
 
AUC 0.65-0.68 
Living at home at 1 
year(Nordic) 
 
AUC 0.73-0.78 
Composite adverse 
event  
Death or 
institutionalisation 
 
AUC 0.69-0.73 
Composite adverse 
event  
Death or 
institutionalisation 
1 year (Nordic) 

Yim Emergency 
department 
intervention for 
high-risk elders: 
identification 
strategy and 
randomised 
controlled trial to 
reduce 
hospitalisation and 
institutionalisation 

Hong Kong-
Identification of 
Seniors at Risk 

(HK-ISAR) 

2011 ”Before the illness or injury 
that brought you to the 
emergency department, did 
you have any health 
problems that required you 
to limit your activities?”  
” Have you visited a hospital 
emergency department 
during the past month? “ 
 “Have you been hospitalised 
for one or more nights 
during the past 6 months? “ 
” Do you take more than two 
different medications every 
day? “ 
” In case of need, can you 
count on someone close to 
you? “ 
 “Do you usually have 
enough income to meet 
your daily needs?” 

≥2 composite primary 
outcome measure was 
to identify any of the 
following adverse 
outcomes: (1) 
institutionalisation, 
defined as admission to 
a nursing home or 
chronic/acute care 
hospital for ≥3 months, 
(2) admission to an 
acute care general 
hospital during the first 
month after the index 
ED visit, (3) early return 
visit or frequent ED 
visits (one return visit 
within one month or 
three or more visits 
during the 6 months 
following the index ED 
visit), and (4) death 

Frail=38%  AUC 0.59-0.62 
composite primary 
outcome 
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Walsh Outcomes After 
Unplanned 
Admission to 
Hospital in Older 
People: Ill-Defined 
Conditions as 
Potential 
Indicators of the 
Frailty Trajectory 

NA 2012 Gender 
 age 
residence at admission 
(community dwelling or 
residential care, indicating 
level of functional support) 
primary discharge diagnostic 
category (using ICD-10); 
including ill defined 
conditions 
co-morbidity (count of the 
number of different 
diagnostic categories at first 
admission) 
presence or absence of 
cognitive and mood 
disorders 

NA 1)Death  
2)any readmission 
3) and readmission 
for ill-defined 
conditions  
 
up to 36 months after 
discharge 

NA 1)36m mortality: 
Primary diagnosis of 
cancer (hazard ratio 
(HR) = 3.99, 
95% (CI) = 2.18–7.31) 
P < .001), respiratory 
diagnoses (HR = 2.44, 
95% CI = 1.57–3.80, 
P < .001) and for 
those who were older 
(HR = 1.03, 
95% CI = 1.01–1.05, P 
< .001) and had 
greater co-morbidity 
(HR = 1.07, 95% CI = 
1.01–1.14, P = .018) 
and 
lower for women (HR 
= 0.67, 95% CI = 0.51–
0.88, 
P = .005)  
2) 36m readmission 
respiratory diagnoses 
(HR = 1.31, 95% CI = 
1.06–1.64, P = .01), 
cognitive and 
mood disorders (HR = 
1.70, 95% CI = 1.20–
2.42, 
P = .003), older age 
(HR = 1.02, 95% CI = 
1.01–1.03, 
P < .001), and greater 
co-morbidity (HR = 
1.06, 95% 
CI = 1.03–1.09, P < 
.001) had a 
significantly higher 
risk 
of any readmission. 
Risk of any 
readmission was 
lower for 
those with other 
diagnoses (HR = 0.78, 
95% CI = 0.65 

Not reported 
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–0.94, P = .01) and 
living in residential 
care (HR = 0.37, 
95% CI = 0.18–0.79, P 
= .01). 
 
3)36m readmission 
for ill-defined 
conditions 
risk of readmission 
specifically for ill-
defined conditions 
was lower for 
the groups with a 
cancer (HR = 0.10, 
95% CI = 0.01– 
0.74, P = .02), 
respiratory (HR = 0.48, 
95% CI = 0.30– 
0.77, P = .002), 
circulatory (HR = 0.61, 
95% CI = 0.44 
–.86, P = .005), or 
other (HR = 0.43, 95% 
CI = 0.31– 
0.60, P < .001) 
diagnosis. Risk was 
greater with greater 
co-morbidity (HR = 
1.06, 95% CI = 1.00–
1.12, P = .04). 
 

Dowsing The ability of 
frailty to predict 
outcomes in older 
people attending 
an acute medical 
unit. 

Canadian Study on 
Health and Aging 

Clinical Frailty Scale 
(CHSA CFS) 

2013 Very fit – Robust, active, 
energetic, well motivated 
and fit; these people 
commonly exercise regularly 
and are in the most fit group 
for their age  
Well – Without active 
disease, but less fit than 
people in category 1 
Well, with treated comorbid 
disease – Disease symptoms 
are well controlled 
compared with those in 
category 4 

CHSA CFS 5-7 30 & 90 Day mortality; 
readmission; long 
Length of stay (>6 days) 
 

29% 90 Day mortality: OR 
1.4 (95% CI 1.3-1.5) 
30 Day readmission: 
OR 1.1 (1-1.2) 
90 Day readmission: 
OR 1.0 (1.0-1.1) 
Long length of stay RR 
5.0 (95% CI 0.7-35.1) 

AUC Long length of 
stay 0.5 
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Apparently vulnerable – 
Although not frankly 
dependent, these people 
commonly complain of being 
“slowed up” or have disease 
symptoms 
Mildly frail – With limited 
dependence on others for 
instrumental activities of 
daily living 
Moderately frail – Help is 
needed with both 
instrumental and non-
instrumental activities of 
daily living 
Severely frail – Completely 
dependent on others for the 
activities of daily living, or 
terminally ill 
(Very Severely Frail – 
Completely dependent, 
approaching the end of life. 
Typically, they could not 
recover even from a minor 
illness.) 
(Terminally Ill - Approaching 
the end of life. This category 
applies to people with a life 
expectancy <6 months, who 
are not otherwise evidently 
frail.) 

Dent Frailty 
determinants and 
discharge 
outcomes in 
hospitalised older 
persons 

frailty index of 
cumulative deficits 

FI-CD; Frailty 
Phenotype; Study of 

Osteoporotic 
Fractures(SOF) 

index;  
Fatigue, Resistance, 
Ambulation, Illness, 

Loss of Weight 
index (FRAIL),  

Frailty Index based 
on Ten Domain 
Comprehensive 

Geriatric 

2013 
 

See below *** 
Phenotype(See above) 

FI-CD<0.45 
Phenotype≥3 
SOF≥2 
FRAIL≥3 
FI-CGA>13 
SHERPA>6 
MPI>0.66 
HARP≥4 
 
1 domain: 
CCI≥5 
Lawton IADL≥3 
Adapted 
Katz≥1 
 

A composite outcome 
measure of ‘poor 
outcome’ was 
defined as one or more 
of (i) death; (ii) 
admission to a 
residential 
care facility and (iii) 
move from low-level 
care to high-level 
care within residential 
care.  
 
at 
discharge and at 6-

FI-CD 38% 
Phenotype 56% 
SOF 70% 
FRAIL 62% 
FI-CGA 26% 
SHERPA51% 
MPI 24% 
HARP 25% 
 
CCI 28% 
Lawton’s IADL 
57% 
 
Grip strength 74% 
Slow Walking 27% 

See paper At discharge 
FI-CD 0.735 
Katz 0.704 
SHERPA 0.697 
Lawton 0.694 
Grip strength 0.69 
SOF 0.679 
Phenotype 0.675 
Slow walking 0.643 
HARP 0.639 
FRAIL 0.638 
MPI 0.617 
FI-CGA 0.617 
CCI 0.579 
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Assessment(FI-CGA-
10); 

Score Hospitalier 

d’Evaluation du 
Risque de Perte 

d’Autonomie 
index (SHERPA); 

multi-dimensional 
index(MPI); 

 hospital admissions 
risk profile(HARP);  

Single domain: 

Charlson’s co-
morbidity 
index(CCI) 

Lawton’s IADL 
Adapted Katz index 

 
single markers: 
Grip strength 

Walking Speed 

1 measure: 
Grip strength 
<18kg women 
<30kg men 
 
Walking speed 
<30s to walk 
6m 
 
 
 
 

month follow-up. At 6m: 
FI-CD 0.702 
Katz 0.646 
SHERPA 0.657 
Lawton 0.635 
Grip strength 
0.627 
SOF 0.657 
Phenotype 0.627 
Slow walking 0.613 
HARP 0.60 
FRAIL 0.608 
MPI 0.599 
FI-CGA 0.588 
CCI 0.592 
 

Evans The risk of adverse 
outcomes in 
hospitalized older 
patients in relation 
to a frailty index 
based on a 
comprehensive 
geriatric 
assessment 
 

frailty index based 
on a comprehensive 

geriatric 
assessment (FI-

CGA) 

2014 55 variables (binary and 
ordinal) encompassing: 
Cognitive Status, Delirium, 
Depression, Anxiety, Fatigue 
Emotional Other*  
,Motivation, Health Attitude, 
Speech, Hearing, Vision, 
Strength, Sleep, Daytime 
Drowsiness, Transfer, 
Walking, Aid, Balance, Falls, 
Falls Number, Bowel, 
Bladder, Weight, Appetite, 
Feeding, Bathing, Dressing, 
Toileting, Cooking, Cleaning, 
Shopping, Medication use, 
Driving, Banking, Medical 
problems, Count of 
medications 

Not Frail <0.35 
FI-CGA 0.35-
0.45  
FI-CGA 0.46-
0.55  
FI-CGA>0.55  
 

120 day mortality 
Length of hospital stay 
Discharge destination 

Not Frail 27.2% 
 
FI-CGA 0.35-0.45 
32.2% 
FI-CGA 0.46-0.55 
22.1% 
FI-CGA 0.56-0.65 
14.1% 
FI-CGA>0.65 
4.2% 
 
 

Risk ratio increase 
from not frail to most 
severely frail 
 
FI-CGA>0.65 has 6.8 
risk ratio mortality 
compared to FI-
CGA<0.35 
 
FI-CGA <0.35 has 
average LoS of 4.2 
compared to LoS 7.8 
for FI-CGA >0.65 
 
Mean FI-CGA were 
lower in those who 
were discharged 
home (mean FI-CGA 
0.38) compared to 
those discharged to 
Nursing Home (mean 
FI-CGA 0.49) 
 
Age and Gender 

NA 
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adjusted model: each 

1% increase in the FI-
CGA 
translates to a 5% 
increase in the risk of 
death 
The people who were 
discharged had the 
lowest mean FI 
0.38 (±0.11) 
compared with those 
who died, who had 
the 
highest 0.52 (±0.12) or 
were discharged to 
nursing home, 
FI-CGA = 0.49 (±0.11). 
The average 
length of stay also 
increased from 4.2 in 
the least frail group 
to 7.8 in the frailest 
group. 

Wou 
 

The predictive 
properties of 
frailty-rating scales 
in the acute 
medical unit 

Frailty Phenotype 
Study of 

Osteoporotic 
Fractures(SOF) 

Ávila-Funes 
Rothman 

Frailty Index(FI) 

2013 Frailty Phenotype (See 
above) 
SOF (See above) 
Ávila-Funes: 
Frailty Phenotype(see 
above) & 
Cognitive impairment 
(MMSE lowest 25%) 
Rothman: 
Mobility- 
Gait speed of >10 s to walk  
back and forth over a 10 
foot course 
Physical Activity- 
Score <64 for men, <52 for  
women on the physical  
activity scale for the elderly 
Nutritional Status 
Weight loss > 10lbs in past  
year (intentional and  
unintentional) 
Cognition 

Phenotype≥3 
SOF≥2 
Ávila-Funes≥3 
Rothman’s≥2 
FI>0.25 
 

90 day: 
Mortality 
Institutionalisation 
(defined as new 
admission to care home 
or move to new care 
home due to increased 
care needs) 
Unplanned hospital 
readmission 
Decline in function 
(defined as ≤2 points in 
Barthel ADL) 
Composite: any of 
above 

Phenotype 17.9% 
SOF 66.4% 
Ávila-Funes 24.9% 
Rothman’s 24.1% 
FI 30.9% 

lacked mental 
capacity, unless a 
family consultee or 
the 
responsible AMU 
physician agreed. 

90 day mortality  
Phenotype 0.61 
SOF 0.59   
Ávila-Funes 0.68 
Rothman’s 0.69 
FI 0.69 
 
90 day 
readmissions 
Phenotype 0.52 
SOF 0.53 
Ávila-Funes 0.55 
Rothman’s 0.53 
FI 0.57 
 
90 day 
Institutionalisation 
Phenotype 0.57 
SOF 0.44 
Ávila-Funes 0.50 
Rothman’s 0.45 
FI 0.55 
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MMSE<24  
90 day functional 
decline 
Phenotype 0.55 
SOF 0.59 
Ávila-Funes 0.59 
Rothman’s 0.59 
FI 0.57 
 
90 day composite 
outcome 
Phenotype 0.53 
SOF 0.54 
Ávila-Funes 0.57 
Rothman’s 0.55 
FI 0.59 

Dent Psychosocial 
factors modify the 
association of 
frailty with 
adverse outcomes: 
a prospective 
study of 
hospitalised older 
people 

Phenotype 2014 Frailty Phenotype: See 
above 

Phenotype≥3 
 Adjustment 
for age, gender 
and Charlson 
co-morbidity 
index 

1)mortality at 12 
months, 2) long length 
of stay (LOS) > 12 days 
3) 1-month emergency 
rehospitalisation 
4) a higher level 
of care needed on 
discharge 

55.8% 12m Mortality HR 
3.16 (95%CI 1.36-
7.33) 
 
Discharged to higher 
level of care OR 2.40 
(95% CI 1.21-4.78) 
 
1-month emergency 
rehospitalisation OR 
2.53 (95% CI 1.10-
5.82) 
 
Long length of 
stay(OR 2.04 (95% CI 
1.07-3.88) 
 
Psychosocial factors 
associated with frailty 
included poor 
wellbeing, anxiety, 
depression, and a low 
sense of control. 
Several psychosocial 
factors increased the 
likelihood of adverse 
outcomes 
associated with frailty, 
including anxiety and 
low ratings for: 

Not reported 
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wellbeing, sense of 
control, social 
activities and 
home/neighbourhood 
satisfaction. 

Edmans The Identification 
of Seniors at Risk 
(ISAR) score 
to predict clinical 
outcomes and 
health service 
costs in older 
people discharged 
from UK acute 
medical units 

Identification of 
Seniors at Risk 

(ISAR) 

2013 See above ISAR≥2 Composite outcome at 
90D: 
• death; 
• hospital readmission; 
• new entry into a care 
home or change of care 
home; 
• increased 
dependency in personal 
activities of daily living, 
defined as a decrease 
of ≥2 points on the 
Barthel ADL 
index; 
• reduced mental well-
being, defined as an 
increase of 
≥2 points on the GHQ-
12; 
• reduced quality of 
life, defined by any 
decline in EQ-5D 

Frail = 69.2% Not recorded AUC 0.62 
mortality, 0.65 for 
move to care 
home  
AUC 0.6 for 
readmission 
AUC 0.62 for 
increase in 
dependency 
AUC 0.5 for 
reduced mental 
well-being 
AUC 0.56 for 
reduced quality of 
life 
AUC 0.6 for any 
adverse outcome 
AUC 0.7 for high 
total health and 
social care costs 
AUC Composite 
0.60 

Kellet A four item scale 
based on gait for 
the immediate 
global assessment 
of acutely ill 
medical patients-
one look is more 
than 1000 words 

Stable gait, 
Unstable gait, 

needed Help to 
walk or was 

Bedridden (SUHB 
scale) 

 
Clinical Frailty 

Scale(CFS) 

2013 SUHB 
Walking unaided – steady 
Walking unaided – unsteady 
Walking with help 
Bedridden 
 
CHSA CFS: see above 
 
 

CFS≥5 
SUHB – walking 
with help 
 

30-day in-hospital 
mortality, mental 
status, history of falls, 
presence of pressure 
sores and activities of 
daily living. 

CFS=25.7% 
SUHB=17.5% 

Not clearly reported 30D mortality AUC 
0.85 SUHB, 0.87 
CFS(icons); altered 
mental status AUC 
0.8 SUHB, 
0.83CFS(icons); 
History of falls AUC 
0.79 SUHB 0.81 
CFS(icons); 
Pressure sores 
AUC 0.8 SUHB 0.83 
CFS(icons); ADLs 
AUC 0.87-0.96 
SUHB 0.88-0.97 
cfs(icons) 

Aronow Validating SPICES 
as a Screening 
Tool for Frailty 

skin integrity; 
problems eating; 

incontinence; 

2014 skin integrity; 
problems eating; 

incontinence; 

≥2 Inpatient Mortality 
30Day Readmission 
Adverse events 

SPICES = 62.6% Inpatient Mortality OR 
1.028 
Hospital adverse 

Not presented 
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Risks among 
Hospitalized Older 
Adults 

confusion; evidence 
of falls; and sleep 

disturbance(SPICES) 

confusion; 
evidence of falls; 
sleep disturbance 

summarised as one or 
more of the following:  
one or more falls;  
hospital acquired 
pressure ulcer;  
transfer to higher level 
of 
care;  
complication from 
procedure;  
any hospital acquired 
infection;  
adverse drug reaction; 
length of stay ≥7 days 

event OR 3.041 
30D Readmission  
OR 1.235 

Costa Geriatric 
Syndromes Predict 
Postdischarge 
Outcomes Among 
Older Emergency 
Department 
Patients: Findings 
From the 
interRAI 
Multinational 
Emergency 
Department 
Study 

Geriatric Syndromes 2014 
 

Different models for 
different outcomes: 

90th percentile hospital 
length of stay 

Lives alone 
Distressed informal 

caregiver(s) 
Impaired 

locomotion(admission) 
Poor self-report health 

Traumatic injury 
Discharge to Higher level of 
Care 

Impaired 
locomotion(admission) 

Unstable condition 
Any ED or hospital use 
within 28 days post index ED 
visit 

Any premorbid ADL 
impairment 

Expresses anhedonia 
Any past ED visits(last 90 

days) 

NA 90th percentile hospital 
length of stay 
Discharge to higher 
level of care 
Any ED or hospital use 
within 28 days post 
index ED visit 
 

NA Different adjusted 
odds ratios for 
different variables for 
each outcomes 
reported, but not 
individual models as a 
whole 

1.AUC 90th 
percentile hospital 
length of stay 0.70 
2.Discharge to 
higher level of care 
AUC 0.59 
3.Any ED or 
hospital use within 
28 days post index 
ED visit AUC 0.67 

Romero-
Ortuno 

A Risk Index for 
Geriatric Acute 
Medical 
Admissions 
(RIGAMA) 

RIGAMA 2014 History of: 
Ischaemic heart disease  
Chronic liver disease  
Cancer  
 
Admitted with: 
Stroke  
Pneumonia  

None (low)  
1 or 2 
(intermediate)  
3 to 5 (high)  
6 or more (very 
high)  

In-hospital mortality (%, 
in last admissions). 
Prolonged length of 
stay (LOS > 30 days, %, 
in last admissions who 
did not die as in-
patient). 
Discharged to long term 

27.9% with 1 or 2 
deficits 
30.8% with 3 to 5 
deficits, and 
29.5% with 6 
or more deficits. 

Inpatient Mortality 
1 or 2 Deficits OR 
3.05(95%CI 2.19-4.25) 
3 to 5 Deficits OR 
7.84(95%CI 5.70-
10.79) 
6 or more Deficits OR 
25.82(95%CI 18.83-

AUC for in-patient 
mortality was 0.78 
(95% CI: 
0.77 – 0.79, P < 
0.001).  
The AUC for 
prolonged 
LOS was 0.59 (95% 
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Pleural effusion  
Congestive heart failure  
Acute myocardial infarction  
 
Vital signs: 
Respiratory rate > 20 per 
min.  
O2 saturation < 92% on 
room air  
Systolic blood pressure < 
100 
mmHg  
Diastolic blood pressure < 60 
mmHg  
Heart rate > 100 beats per 
min.  
Heart rate < 50 beats per 
min.  
Temperature < 35°C  
Temperature > 38.5°C  
 
Laboratory abnormalities: 
Haemoglobin < 10 g/dl  
Hematocrit < 35%  
Red Distribution Width > 
15%  
White Cell Count > 12 per 
109/l  
Creatinine > 150 μmol/l  
Urea > 10 mmol/l  
Sodium < 135 mmol/l  
Sodium > 145 mmol/l  
Potassium < 3.0 mmol/l  
Potassium > 5.5 mmol/l  
Albumin < 35 g/l  
Glucose > 10 mmol/l  
Glucose < 3 mmol/l  
Positive troponin 

care (LTC, %, in last 
admissions who did not 
die as in-patient). 
30-day readmission 
rate (%, in first 
admissions who did not 
die as in-patient and 
were readmitted for a 
second time during the 
observation period). 

35.41) 
 
Prolonged LOS 
1 or 2 Deficits OR 
1.35(95%CI 1.14-1.61) 
3 to 5 Deficits OR 
1.95(95%CI 1.65-2.31) 
6 or more Deficits OR 
2.37(1.99-2.83) 
 
Discharged to LTC 
1 or 2 Deficits OR 
1.08(95%CI 0.84-1.40) 
3 to 5 Deficits OR 
1.34(95%CI 1.05-1.72) 
6 or more Deficits OR 
1.20(0.92-1.56) 
 
30-Day Readmission 
1 or 2 Deficits OR 
1.29(95%CI 0.95-1.75) 
3 to 5 Deficits OR 
1.38(95%CI 1.02-1.87) 
6 or more Deficits OR 
1.98(1.44-2.72) 
 
 
 
 
 

CI: 0.58 – 0.60, P < 
0.001); 
the AUC for 
discharge to LTC 
was 0.50 (95% CI: 
 0.48 – 0.51, P = 
0.637); 
the AUC for 30-day 
readmission rate 
was 0.55 (95% CI: 
0.53 – 0.58, P< 
0.001). 

Wallis Association of the 
clinical frailty scale 
with hospital 
outcomes 

Clinical Frailty 
Scale(CFS) 

2015 See above Used as ordinal 
integer within 
multivariate 
analysis 

Inpatient mortality 
transfer into core DME 
ward (from non-DME 
ward) 
LoS≥10days 
30D Readmission 

Used as ordinal 
integer within 
multivariate 
analysis 

Adjusted for Age, 
gender, co-morbidity, 
dementia/concern 
 
Transfer to Elderly 
ward 
OR1.33 (95%CI 1.24-
1.42) 

in-patient 
mortality. AUC: 
0.72 (0.69 to 0.75, 
P<0.001) 
DME transfer were 
AUC 0.68 (0.66 to 
0.71, P<0.001) 
LoS≥10days 



265 
 

Prolonged Length of 
Stay 
OR 1.19(95%CI 1.14-
1.23) 
In-patient death OR 
1.60(95% CI 1.48-
1.74) 
30-Day readmission 
OR1.04(0.99-1.10) 
 

AUC: 0.62 (0.61 to 
0.64, P<0.001; 
30-day 
readmission AUC 
0.54 (0.52 to 0.56, 
P<0.001) 

Kahlon Association 
between frailty 
and 30-day 
outcomes 
after discharge 
from hospital 

Clinical Frailty 
Scale(CFS) 

2015 See above ≥5 the composite 
of readmission (to any 
acute care hospital in 
the province) or death 
within 30 days after 
discharge 
from the index hospital. 

32.7% Unadjusted 
OR Composite 
1.98(1.23-3.18) 
OR Readmission 
1.82(1.13-2.97) 
OR Death 2.46(0.81-
7.45) 
OR Visit to ED 
1.59(1.05-2.41)  
 
Adjusted for age and 
sex 
OR Composite 2.01 
(1.19–3.41) 
OR Readmission 
1.90 (1.11–3.26)  
OR Death  
2.18 (0.65–7.39) 
OR Visit to ED 
1.75 (1.10–2.76) 
 
 

Not reported 
(only LACE AUC for 
composite 
reported) 
 

Basic Frailty in an Older 
Inpatient 
Population Using 
the Clinical Frailty 
Scale to Predict 
Patient Outcomes 

Clinical Frailty 
Scale(CFS) 

2015 See above ≥5 in-hospital mortality, 
new nursing home 
placement, and length 
of stay 

88.6-90% OR in-hospital 
mortality 2.44(1.77-
3.36) 
2.97(2.11-4.17) 
 
OR New Nursing 
Home Placement 
2.08(1.40-3.10) 
1.60(1.14-2.24) 
 
HR LoS  
0.88(0.82-0.94) 
0.87(0.81-0.93) 

Not reported 
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*** Frailty criteria used within Dent et al. Frailty and functional decline indices predict poor 
outcomes in hospitalised older people 2013 
Frailty index of cumulative deficits FI-CD 

Deficit Count Variable 

1 Help Bathing 

2 Help Dressing 

3 Help Transferring From a Bed to Chair and Back 

4 Help Walking Around Home 

5 Help Eating 

6 Help Grooming  

7 Help Toileting 

8 Help Using Telephone 

9 Help Shopping 

10 Help Food Preparation 

11 Help Housekeeping 

12 Help Laundry 

13 Help with Transportation  

14 Help taking Medications 

15 Help with Finances 

16 Psychological Stress/Acute Disease in Last 3 Months 

17 Previous Myocardial Infarction 

18 Chronic Heart Failure 

19 Peripheral Vascular Disease 

20 Previous Stroke 

21 Chronic Obstructive Pulmonary Disease 

22 Renal Failure 

23 Tumour 

24 Diabetes 

25 Orthostatic Hypotension 

26 Pressure Sore or Skin Ulcer 

27 Depression 

28 Anxiety 

29 Hearing Difficulty 

30 Unable to Drive 

31 Difficulty Chewing or Swallowing 

32 Poor Dentition 

33 Self-Reported Poor Health 

34 Weight Loss > 4.5 kg in past year 

35 Appetite 

36 Self Report: "Everything is an effort" 

37 Self Report: "Could not get going" 

38 Low Physical Activity  

39 Lives Alone 

40 Low Community Mobility 

41 Slow Walking Speed 

42 Falls in Previous Year 

43 Low Quality of Life 

44 Mini Mental State Examination 

45 Low Mid-Arm Circumference 

46 Low Calf Circumference 

47 Low Body Mass Index 

48 Grip Strength 

49 Low Protein Consumption 

50 Self Reported Malnutrition 
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The Study of Osteoporotic Fractures (SOF) index  

weight loss (5% loss either intentional or unintentional over the last year) 

self-report of low energy and low mobility (unable to rise from a chair five times) 

 
Fatigue, Resistance, Ambulation, Illness, Loss of Weight index (FRAIL) 

fatigue (self-report) 
resistance (unable to rise from a chair five times) 
ambulation (slow walking speed) 
illnesses (≥5 illnesses on Charlson’s co-morbidity index 
loss of weight of 5% or more in the past year. 

 

FI-CGA-10 components 
cognition (MMSE) 
mood and motivation (GDS-15) 
hearing or sight problem 
mobility (6 m walk time) 
balance (standing ability) 
bowel function 
bladder function 
ADLs, IADLs 
nutritional status (MNA) 
social resources 
Problems for each component were classified as: major (two points), minor (1 point) and none (0 point). 
Scores were summed and frailty defined as scores >13/20 
 
Multi-dimensional Prognostics Index(MPI): 
ADL 
IADL 
MMSE 
CCI 
MNA 
Braden skin assessment 
medication number 
living status 
Problems for each component were classified as: major (1 point), minor (0.5 point) and none (0 point) [8]. 
Scores were summed, divided by eight 
 

Score Hospitalier d’Evaluation du Risque de Perte d’Autonomie index (SHERPA); 

falls in the previous year 
MMSE (first 21 questions) 
bad self-perceived health 
age 
IADL 
Scores were summed 
 
Hospital admissions risk profile(HARP): 

age (scored 0–2 points) 

MMSE-21 (scored 0–1 points) 

IADL (scored 0–2points)  

Equivalent to ‘high risk of functional decline’ on HARP  
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Lawton’s scale 
Telephoning 
Shopping 
food preparation 
housekeeping 
laundry 
transport 
medication 
finances 
  
Adapted Katz score 
Feeding 
Washing 
Grooming 
Dressing 
Toileting 
Transferring from a bed or chair and walking 

 
NA:Not applicable; LoS: Length of stay(days); DRG(Diagnosis-related groups); Emergency 
Department(ED); NH: Nursing Home; LR: Likelihood Ratio; OR: Odds Ratios; ADLS: Activities of Daily 
Living; IADLS: Instrumental Activities of Daily Living; CGA: Comprehensive Geriatric Assessment, 
AMU: Acute Medical Unit; HR: Hazard Ratio, MMSE: Mini-mental State Examination; MNA: Mini 
nutritional assessment 
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Appendix 6: Frailty tools in the acute care setting that are validated to predict single outcome 

Appendix 6.1 Frailty tools in the acute care setting that are validated to predict single outcome: Mortality 
Author Study Tool Name 

(If applicable) 
Purpose Yea

r 
Study type Age  Setting n Frailty 

Criteria 
  Period Description Exclusions Outcom

e 
Frailty 

Prevalence 
Result AUC 

Inouye(182) Importance 
of 
functional 
measures 
in 
predicting 
mortality 
among 
older 
hospitalized 
patients.  

 

NA To evaluate 
and validate 

the 
contribution 
of functional 
measures to 
5 standard 
burden of 

illness 
indices in 

predicting 90 
day and 
2year 

survival 

199
8 

Observation
al; 

Single 
Centre; 

prospective 

≥70 
year

s 

Admitted 
to general 
medicine 

on 
weekdays 
to general 
medicine 
to a large 
teaching 

hospital in 
US 

525 Impairment of 
instumental 
ADLs; 
MMSE<20; 
geriatric 
depression 
score > 7 
 

1 point for 
each 

Not clear Low = 0 
Intermediate
=1 

High≥2 

Delirium, 
could not be 
interviewed 

(coma, 
intubated, 
terminal 

condition), 
discharged 
in less than 

48 hours 

90 Day 
and 2 
year 

survival 

73% 
intermediate/hi

gh risk 

Mortality 
(validation 
group) 
 
RR 
Intermedia
te Risk 
1.9(95%CI 
1.3-2.8) 
 
RR High 
Risk 
2.5 (95% 

CI 1.8-3.6) 

AUC 
0.69(developme
nt) 
0.66(validation) 

 

Teno(183) Prediction 
of survival 
for older 
hospitalized 
patients: 
the help 
survival 
model. 
Hospitalize
d elderly 
longitudinal 
project. 

Hospitalized 
Elderly 

Longitudinal 
Project 
(HELP) 

To develop 
and validate 

a model 
estimating 

the 
survival time 

of 
hospitalized 

persons 
aged 80 

years and 
older 

200
0 

Observation
al; 

Multicentre; 
Prospective 

≥80 
year

s 

Admitted 
to 4 

hospitals 
in US 

1266 Disease 
Class: 
Acute 
Respiratory 
Failure/Multi 
Organ 
System 
Failure/Coma 
all others 
Congestive 
Heart Failure 
Cancer 
Orthopaedic 
Age  
Glasgow 
Coma Score  
Activities of 
daily living 
APACHE3 
score 
Weight Loss 

Not clear Normogram if they did 
not 
speak 
English or 
were foreign 
nationals 
admitted for 
a specific 
medical 
procedure; 
had AIDS or 
multiple 
trauma; were 
admitted for 
hospice 
care, to 
psychiatry, 
or for 
elective 
surgery; 
were 
admitted to a 
hospital 
ward after 
transfer from 
another 
hospital; 
died or were 
discharged 
within 72 
hours of 
hospitalisatio
n; or were 
scheduled 
for discharge 
within 
48hours of 
admission 

survival 
time up 
to 711 
days 

NA NA AUC 
0.74(Somers’ 
Dxy 0.4) 
 
Bootstrap AUC 
0.73 (corrected 
Somers’Dxy of 
0.46) 
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Drame(184) Derivation 
and 
validation 
of a 
mortality-
risk index 
from a 
cohort of 
frail elderly 
patients 
hospitalised 
in medical 
wards via 
emergencie
s: the 
SAFES 
study 

Mortality Risk 
Index(MRI) 

To identify 
predictive 

factors for 2-
year 

mortality in 
frail elderly 

patients after 
acute 

hospitalisatio
n, 

and from 
these to 

derive and 
validate a 
Mortality 

Risk 
Index (MRI) 

200
8 

Observation
al; 

Multicentre; 
Prospective  

≥75  9 
academic 
centres 

admission 
through 
ED to 

geriatric 
wards in 
France 

 

1306 Age ≥ 
85(Y/N) 
Dependent 
for ADL(Y/N) 
Delirium(Y/N) 
Malnutrition 
risk(Y/N) 
Co-morbidity:      
Charlson 
Score 0-1 
Charlson 
Score 2-4 
Charlson 
Score ≥5 

After 
admissio

n, not 
clear 

Weighted 
Score 
≥ 2 

 
Low risk: ≤2 
Medium 
Risk: 3-5 
High Risk: 
≥6 
 

intensive 
care or 
surgical 
admission, 
admission 
did not occur 
after 
admission to 
the 
emergency 
unit 

2 year 
mortality 

Frail = 73% 
 

Overall HR 
for model 
not clear 
 
 

AUC 0.71(0.66-
0.76) in the 
validation 
cohort 
 
AUC 0.72(0.68-
0.75) in the 
derivation 
cohort 
 

Pilotto(185) Comparing 
the 
Prognostic 
Accuracy 
for All-
Cause 
Mortality of 
Frailty 
Instruments
: A 
Multicentre 
1-Year 
Follow-Up 
in 
Hospitalize
d Older 
Patients 

Frailty Index 
derived from 
the Study of 
Osteoporotic 
Fractures(FI-

SOF) 
Frailty Index 

based on 
cumulative 

deficits(FI-CD) 
Frailty Index 
based on a 

Comprehensiv
e Geriatric 

Assessment(F
I-CGA) 

Multidimensio
nal Prognostic 

Index(MPI) 

to compare 
the accuracy 

of the four 
above-

reported 
frailty 

instruments 
in predicting 
one-month 

and 
one-year all-

cause 
mortality in 
hospitalized 

older 
patients 

201
2 

Observation
al; 

Prospective; 
Cohort 

 

≥65  Multicente
r Geriatric 
Units in 

Italy 

2033 FI-SOF: 
1) 
unintentional 
weight loss 
2) inability to 
rise from a 
chair five 
times without 
the use of 
arms 
 3) low 
energy level 
 
FI-CD: 
32 items: 
difficulty with 
eating, 
dressing, 
walk around, 
getting in/ 
out bed, 
getting bath, 
toileting, 
using 
telephone, 
going out, 
shopping, 
cooking, light 
house work, 
taking 
medicine, 
managing 
money, 
arthritis, 
Parkinson’s 
disease, 
glaucoma, 
diabetes, 
stomach 
problems, 
history of 
heart attack, 
hypertension, 
history of 
stroke, 
flu, broken 
hip, broken 
bones, 

Not 
clear; 

During 
hospital 
admissio

n on 
geriatric 

units 

FI-SOF ≥2 
FI-CD 
continuous  
FI-CGA: 
0-7 mild 
7-14 
moderate 
>13 severe 
MPI: 
≤0.33 low 
risk 
0.34-0.66 
moderate 
risk 
>0.66 

Unable to 
consent or 
no proxy 

All-
cause 
mortality 
at 1m 
and 1 
year 
 
 
 
 

FI-SOF 62.3% 
FI-CD NA 
FI-CGA 
moderate 
29.2% 
FI-CGA severe 
1.1% 
MPI moderate 
36.5% 
MPI severe 
21.6% 

1 month 
mortality 
FI-SOF  
HR 1.87 – 
2.42 
FI-CD HR 
1.13 for 
each point 
increase 
FI-CGA 
moderate 
HR 2.92 
FI-CGA 
severe HR 
4.54 
MPI 
moderate 
HR 2.05 
MPI 
severe HR 
7.70 
 
1 year 
mortality 
FI-SOF 
1.67 – 
2.45 
FI-CD HR 
1.11 for 
each point 
increase 
FI-CGA 
moderate 
HR 2.93 
FI-CGA 
severe HR 
4.18 
MPI 
moderate 
HR 2.00 
MPI 
severe HR 
5.70 
  
 

1 month 
mortality 
Age and gender 
adjusted 
 
FI-SOF 0.68 
FI-CD 0.74 
FI-CGA 0.72 
MPI 0.72 
 
1 year mortality 
Age and gender 
adjusted 
FI-SOF 0.698 
FI-CD 0.73 
FI-CGA 0.73 
MPI 0.71 
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trouble with 
bladder/bowe
ls, 
dementia, 
self-rated 
health, as 
well as 
problems with 
vision, 
hearing, ear, 
teeth, and 
feet 
 
FI-CD: 10 
domains: 1) 
cognitive 
status; 2) 
mood and 
motivation; 3) 
communicatio
n; 4) mobility; 
5) balance; 6) 
bowel 
function; 7) 
bladder 
function; 8) 
basal ADL 
and IADL); 9) 
nutrition; 10) 
social 
resources 
 
MPI: 8 
domains: 1) 
basal ADL; 2) 
IADL; 3) 
cognitive 
(SPMSQ); 4) 
co-morbidity 
(CIRS); 5) 
nutrition 
(MNA); 6) risk 
of developing 
pressure 
sores (ESS); 
7) the 
number of 
drugs taken 
by 
patients at 
admission; 8) 
co-habitation 
status 

Olsson(186) Rapid 
emergency 
medicine 
score can 
predict 
long-term 
mortality in 
nonsurgical 
emergency 
department 
patients 

Rapid 
Emergency 
Medicine 

Score (REMS) 

To examine 
the Rapid 

Emergency 
Medicine 

Score 
(REMS) as a 
predictor of 
long-term 

(4.7 years) 
mortality in 

the 
nonsurgical 

200
4 

Observation
al; 

Single 
Centre; 

Prospective 

All 
adult

s 

Single 
University 
Hospital 
ED; all 

consecutiv
e non- 

surgical 
attendanc
es to ED 

1200
6 

Age, blood 
pressure, 
respiratory 
rate, pulse 
rate, Glasgow 
Coma Scale 
score, 
peripheral 
oxygen 
saturation, 
and patient 
age 

20min 
arrival to 
ED 

Mean arterial 
pressure 
Pulse Rate 
Respiratory 
Rate 
Peripheral 
oxygen 
saturation(%
) 
Glasgow 
Coma Scale 

Surgical Mortality NA Mortality 
over 4.7 
years 
HR 1.26 
(95% CI 
1.25-1.27) 

NA 
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emergency 
department 

(ED) 

Hubbard(18
7) 

Derivation 
of a frailty 
index from 
the interRAI 
acute care 
instrument 

Frailty Index derivation of 
a Frailty 

index from 
the interRAI 
assessment 
system for 
Acute Care 
(the FI-AC) 

201
5 

Secondary 
analysis of 3 

cohort 
studies; 

Multicentre; 
Restrospecti

ve 

≥70 admitted 
to eleven 

acute care 
hospitals 

in 
Queensla

nd and 
Victoria, 
Australia 

1418 56 deficits 
from the 
interRAI 
acute care 
instrument 
(not clear) 

First 24 
hours 

Not clear admitted to 
coronary or 
intensive 
care units, 
received 
palliative 
care only, or 
were 
transferred 
out of 
general 
medical units 
within 24 
hours of 
admission to 
inpatient 
wards 

Inpatien
t 
mortality 

NA each 0.1 
increase in 
FI-AC 
increased 
the 
likelihood 
of inpatient 
mortality 
twofold 
(OR: 2.05 
[95% CI 
1.70 – 
2.48]) 

NA 
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Appendix 6.2 Frailty tools in the acute care setting that are validated to predict single outcome: Readmission 

 

 

 

 

 

 

Author Study Tool Name 
(If 

applicable) 

Purpose Year Study type Age  Setting n Frailty Criteria   Period Description Exclusions Outcome Frailty 
Prevalence 

Result AUC 

Billings(274) Development 
of a 
predictive 
model to 
identify 
inpatients at 
risk of re-
admission 
within 30 
days of 
discharge 
(PARR-30) 

inpatients 
at risk of 

re-
admission 
within 30 
days of 

discharge 
(PARR 30) 

To develop 
an 

algorithm 
for 

identifying 
inpatients 

at high risk 
of re-

admission 
to a 

National 
Health 
Service 
(NHS) 

hospital in 
England 

within 
30 days of 
discharge 

using 
information 

that can 
either 

be obtained 
from 

hospital 
information 
systems or 

from 
the patient 
and their 

notes 

2012 Secondary 
Analysis; 

Retrospective; 
Multicentre 

All 
adults 

Administrative 
data (Hospital 

Episode 
Staistics) 
10% of all 

NHS 
hospital 

admissions in 
England with a 
discharge date 

between 1 
April 2008 and 

31 March 
2009. 

576 
868 

Patient age (squared) 
Number of emergency 
hospital discharges in 
the last year 
Whether there had 
been a prior emergency 
hospital discharge in 
the past 30 days 
Whether the current 
admission was an 
emergency admission 
Index of multiple 
deprivation band for the 
place of residence 
(lower super output 
area) 
History in the prior 2 
years: 
Congestive heart failure  
Peripheral vascular 
disease Chronic 
pulmonary disease  
Diabetes with chronic 
complications  
Renal disease  
Metastatic cancer with 
solid tumour  
Other malignant cancer  
Moderate/severe liver 
disease  
Other liver disease  
Hemiplegia or 
paraplegia  
Dementia 
Hospital-specific 
variable 
National constant 

Extracted 
from 
Hospital 
Episode 
Statistics 

NA non-
emergency 
admissions; 
admissions 
where a 
national 
tariff was 
not 
applicable; 
admissions 
for multiple 
trauma or 
transport 
accidents; 
and 
children 
aged under 
four. 

Readmission 
within 30 
days 

NA In those 
over 50 
years 
 
Positive 
predictive 
value 59.2 
(95% CI 
58.0 to 
60.5%) 
Sensitivity* 
5.4 (95% 
CI 5.2 to 
5.6%) 
Specificity  
99.5 (95% 
CI 99.5 to 
99.5%) 
 

AUC  
0.70 
(95% 
CI 
0.69 
to 
0.70) 
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Appendix 6.3 Frailty tools in the acute care setting that are validated to predict single outcome: Functional Decline 

Author Study Tool Name 

(If 

applicable) 

Purpose Year Study type Age  Setting n Frailty Criteria   Period Description Exclusions Outcome Frailty 

Prevalence 

Result AUC 

Sager(188) Hospital 
admission risk 
profile 
(HARP): 
identifying 
older patients 
at risk for 
functional 
decline 
following acute 
medical illness 
and 
hospitalisation. 

 

Hospital 
admission 
risk profile 
(HARP) 

To develop 
and validate 
an instrument 
for stratifying 
older patients 
at the time of 
hospital 
admission 
according to 
their risk of 
developing 
new 
disabilities in 
activities of 
daily living 
(ADL) 
following 
acute medical 
illness and 
hospitalisation 

1996 Observational; 

Multicentre; 

Retrospective 

≥70 

years 
General 
Medical 
Ward;  

US; 

Four 
university 
and two 
private non-
federal 
acute care 
hospitals. 

829 Scoring system 
Age:  
<75 – 0 
75-84 – 1 
≥85 – 2 
 
Cognitive function 
(abbreviated 
MMSE) 
15-21 – 0 
0-14 – 1 
 
IADL function prior 
to admission 
6-7 – 0 
0-15 – 2 
 

48 hours 
of 
admission 

Total Score 

4 or 5 high 
risk 

2 or 3 
intermediate 
risk 

0 or 1 low 
risk 

Terminal 
illness, severe 
cognitive 
impairment, 
inability to 
give informed 
consent, 
admission to 
ICU, admitted 
for surgery, 
living in 
nursing home 
efore 
admission, 
dying during 
hospitalisation 
or 3m after 
discharge 

Functional 
decline at 
discharge 
and at 3m 

Validation 
cohort 

At discharge 

Low risk 
19% 

Intermediate 
risk 31% 

High risk 
55%% 

NA AUC 
0.65 

Cornette(189) Early 
evaluation of 
the risk of 
functional 

decline 
following 
hospitalisation 
of older 

patients: 
development 
of a predictive 
tool 

Score 
Hospitalier 
d’Evaluation 

du Risque 
de Perte 

d’Autonomie 

(SHERPA) 

Develop a 
predictive tool 
on admission 
to identify 
older 
hospitalized 
people at risk 
of functional 
decline 3 
months after 
discharge 

2005 Observational; 

Multicentre; 

Retrospective 

≥70 

years 
2 academic 
hospitals in 
France 
admitted via 
ED 

625 Fall in previous 
year(Y/N) 

MMSE <15/21(Y/N) 

Bad perceived 
health(Y/N) 

Age (<75; 75-
84;>84) 

Pre-admission iADL 
score(6-7; 5; 3-4;0-
1-2) 

48 hours 
of 
admission 

≥3.5 terminal 
illness, 
admission to 
the intensive 
care unit, 
admission for 
a stroke, 
length of stay 
shorter than 
48 h, 
dependence 
for the six 
activities of 
daily living 
(based on 
retrospective 
reports) 

Functional 
decline was 
defined a 
priori as a 
loss of at 
least one 

point on the 
ADL scale 
between 
premorbid 
evaluation 
on 

admission 
and 3-month 
post-
discharge 
evaluation. 

Frailty: 43% Score 
and OR: 

0-3 (OR 
1) 
 
3.5-
4.5(OR 
1.97) 
 
5-6 (OR 
4.17) 

>6 (OR 
10.42) 

AUC 
0.73 

Hustey(190) A Brief Risk 
Stratification 
Tool to Predict 
Functional 
Decline in 

Triage Risk 
Screening 
Tool(TRST) 

6-item 

determine the 
effectiveness 
of the six item 

Triage Risk 
Screening 

2007 Secondary 
Analysis; 

Observational; 

≥65 

years 
2 urban 
Emergency 
Departments 

Cleveland 

650 History or evidence 
of cognitive 
impairment (poor 
recall or 

On 
discharge 
home 
from ED 

≥ 2 criteria 

 

Admitted; 

residence 
outside the 
geographic 

Functional 
status 
measured 
as summed 
ADL and 
IADL scores 

45% Odds 
Ratios 

 

30-day 

  30-day 
ADL 
AUC  
0.64; 
(95%  
0.56–
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NA:Not applicable; LoS: Length of stay(days); DRG(Diagnosis-related groups); Emergency Department(ED); NH: Nursing Home; LR: Likelihood Ratio; OR: 

Odds Ratios; ADLS: Activities of Daily Living; CGA: Comprehensive Geriatric Assessment, AMU: Acute Medical Unit; HR: Hazard Ratio, MMSE: Mini-mental 

State Examination 

Older Adults 
Discharged 
from 
Emergency 
Departments 

Tool (TRST) 
to assess 
baseline 

functional 
status and 
predict 
subsequent 
functional 
decline 

in older 
community-
dwelling 
adults 
discharged 
home from 

the 
emergency 
department 
(ED) 

Retrospective not oriented) 

Difficulty 
walking/transferring 
or recent falls 

≥ 5 medications 

ED use in previous 
30 days or 
hospitalisation in 
previous 

90 days 

Emergency 
department nurse 
concern for 

elder 
abuse/neglect, 
substance abuse, 
medication 
noncompliance, 

problems meeting 
instrumental 
activities of daily 

living, or other 

lives alone/no 
caregiver 

service area, 
no telephone 
access, 
difficulty 
hearing, 
severe 

cognitive 
impairment 
with no 
primary 
caregiver 
willing to 
serve as a 
proxy 
respondent, 
and unable to 
speak English 

at 30 and 
120 days 

 

Decline in 
self-
perceived 
physical 
health 
measured 
by follow-up 
SF-36 
standardized 
physical 
health 
component 

scores ≤ 4 

than 
baseline 

ADL 
decline 
2.58 

120-day 
ADL 
decline 
2.53 

30-day 
SF-36 
decline 
1.13 

120-day 
SF-36 
decline 
1.10 

0.72) 

120-day 
ADL 
AUC 
0.66; 
(95% 

CI 0.58–

0.74) 

30-day 
SF-36  

0.52 
(95% 
CI(0.44–

0.60);  

120-day 
SF-36 
0.51 
(95% CI 
0.43–

0.59). 
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 Appendix 7 Electronic Survey  covering dimensions of frailty 
 

 

 

Cognition and 

Delirium 

 

 

 

 

 

 

 

 

 

 

 

Mood 

 

 

 

 

 

 

 

 

 

 

 

 

Illness Severity 

 

 

 

 

 

 

 

 

 

Falls Risk 

 

 

 

 

 

 

Functional 

Dependence 

 

 

 

Mini Mental State 

Examination (MMSE)  

Abbreviated Mental Test 

(AMT) 

Confusion Assessment 

Method (CAM) 

Other method: please specify 

Locally derived assessment 

method 

Embedded in admission 

document Y/N 

 

Hospital Anxiety and 

Depression Scale (HADS) 

Beck Depression Inventory 

(BDI) 

Geriatric Depression Scale 

(GDS) 

Other method: please specify 

Locally derived assessment 

method 

Embedded in admission 

document Y/N 

 

Early Warning Score (EWS) 

H.O.T.E.L. score 

Other method: please specify 

Locally derived assessment 

method 

Embedded in admission 

document Y/N 

 

Falls Risk Assessment Tool 

(FRAT) 

Locally derived assessment 

method 

Embedded in admission 

document Y/N 

 

Barthel ADL Index 

Other method: please specify 

Locally derived assessment 

method 

Embedded in admission 

document Y/N 

 

Quality of Life 

 

 

 

 

 

 

 

 

 

 

 

Standardised Frailty 

Score 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nutrition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Continence 

Pressure Ulcer Risk 

Medicines reconciliation 

Resuscitation decision 

 

 

 

Short Form 36 

European Quality of 

Life-5 Dimensions (EQ-

5D) 

Other method: please 

specify 

Locally derived 

assessment method 

Embedded in admission 

document Y/N 

 

Edmonton Frail Scale 

Canadian Study of 

Health and Aging Frailty 

rating(CSHA) 

Other method: please 

specify 

Locally derived 

assessment method 

Embedded in admission 

document Y/N 

 

Malnutrition Universal 

Screening Tool (MUST) 

Mini Nutritional 

Assessment (MNA) 

Other method please 

specify 

Locally derived 

assessment method 

Embedded in admission 

document Y/N 

 

 

 

 

 

Please specify 

Embedded in admission 

document Y/N 
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Appendix 8: GIS Choropleths of assessments in London Acute Trusts 

8.1 Cognitive Impairment Assessment in London acute NHS Trusts 
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8.2 Falls Risk Assessment in London acute NHS Trusts 
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8.3 Continence Assessment in London acute NHS Trusts 
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8.4 Nutritional Assessment in London acute NHS Trusts 
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8.5 Functional Dependence Assessment in London acute NHS Trusts 
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8.6 Pressure Ulcer Risk Assessment in London acute NHS Trusts 
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8.7 Quality of Life Assessment in London acute NHS Trusts 
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8.8 Illness Severity Assessment in London acute NHS Trusts 
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8.9 Mood Assessment in London acute NHS Trusts 
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8.10 Resuscitation Decision Assessment in London acute NHS Trusts 
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8.11 Medicines Reconciliation Assessment in London acute NHS Trusts 

 

 

 

 

 

 

 

 

 

 



288 
 

Appendix 9: Multidimensional assessments embedded within admission document 

9.1 Cognitive assessments embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

+ 
+ 
 

+ 
 
 
- 
- 
 
 
 

+ 
 

+ 
+ 

AMT 
AMT 
AMT 

 
 
 
 
 
 
 
 

AMT 
 

AMT 
AMT 

North West Chelsea & 
Westminster Hospital 
NHS Foundation Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and Westminster 
Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

+ 
 
 
- 
 
 

+ 
 

+ 
+ 
- 
+ 
+ 
+ 
 

+ 
 

AMT 
 
 
 
 
 

AMT 
 

AMT 
AMT 

 
AMT 
AMT 
AMT 

 
AMT 

 

North Central University College 
London Hospitals NHS 
Foundation Trust 
Royal Free London 
NHS Foundation Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
 

The Royal Free Hospital 
 

The Whittington Hospital  

+ 
 
 

+ 
+ 

AMT 
 
 

AMT 
AMT 

South East Guys and St Thomas' 
NHS Foundation Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital NHS 
Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 

- 
 

+ 
+ 
- 
 
- 
 
 

+ 
 

+ 

 
 

AMT 
AMT 

 
 
 

 
 

AMT 
 

AMT 
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9.2 Mood assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

  

North West Chelsea & 
Westminster Hospital 
NHS Foundation Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and Westminster 
Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 

+ 
 

 
 
 
 
 
 

GDS 

North Central University College 
London Hospitals NHS 
Foundation Trust 
Royal Free London 
NHS Foundation Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 

The Royal Free Hospital 
 

The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital NHS 
Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
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9.3 Illness Severity Score embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

 
 
 
 
 
 
 
 

+ 
+ 

 
 
 
 
 
 
 
 

Locally Derived 
Locally Derived 

North West Chelsea & 
Westminster Hospital 
NHS Foundation 
Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and 
Westminster Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

+ 
 
 
 
 
 
 

 

Locally Derived 
 
 
 
 
 
 

North Central University College 
London Hospitals 
NHS Foundation 
Trust 
Royal Free London 
NHS Foundation 
Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
The Royal Free Hospital 

 
The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation 
Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital 
NHS Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
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9.4 Falls risk assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

 
+ 

 
Locally Derived 

North West Chelsea & 
Westminster Hospital 
NHS Foundation 
Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and 
Westminster Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 
 
 

+ 
+ 
 
 
 
 
 

+ 
 

 
 
 
 
 
 
 
 

Locally Derived 
Locally Derived 

 
 
 
 
 

Locally Derived 

North Central University College 
London Hospitals 
NHS Foundation 
Trust 
Royal Free London 
NHS Foundation 
Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 

The Royal Free Hospital 
 

The Whittington Hospital  

 
 
 
 

+ 

 
 
 
 

Locally Derived 

South East Guys and St Thomas' 
NHS Foundation 
Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital 
NHS Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
 
 

 
 
 
 
 
 
 
 
 

+ 
 

 
 
 

 
 
 
 
 
 

Locally Derived 
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9.5 Quality of Life assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

  

North West Chelsea & 
Westminster Hospital 
NHS Foundation Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and Westminster 
Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

North Central University College 
London Hospitals NHS 
Foundation Trust 
Royal Free London 
NHS Foundation Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 

The Royal Free Hospital 
 

The Whittington Hospital 

  
 

South East Guys and St Thomas' 
NHS Foundation Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital NHS 
Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
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9.6 Nutrition assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

  

North West Chelsea & 
Westminster Hospital 
NHS Foundation 
Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and 
Westminster Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 

 
 

+ 
+ 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

MUST 
MUST 

North Central University College 
London Hospitals 
NHS Foundation 
Trust 
 
Royal Free London 
NHS Foundation 
Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
 

The Royal Free Hospital 
 

The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation 
Trust 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital 
NHS Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital  
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9.7 Continence assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

 
+ 

 

North West Chelsea & 
Westminster Hospital 
NHS Foundation Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and Westminster 
Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 

 
 

+ 
 

+ 
+ 
 
 
 
 
 

+ 
 

 
 
 
 
 
 
 

North Central University College 
London Hospitals NHS 
Foundation Trust 
Royal Free London 
NHS Foundation Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
The Royal Free Hospital 

 
The Whittington Hospital 

  
 

South East Guys and St Thomas' 
NHS Foundation Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital NHS 
Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
 

 
 

+ 
+ 
 
 

+ 
 
 
 
 

+ 
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9.8 Pressure Ulcer Risk assessment embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

 
+ 

 

North West Chelsea & 
Westminster Hospital 
NHS Foundation 
Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and 
Westminster Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 
 
 

+ 
+ 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

North Central University College 
London Hospitals 
NHS Foundation 
Trust 
Royal Free London 
NHS Foundation 
Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
The Royal Free Hospital 

 
The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation 
Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital 
NHS Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
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9.9 Resuscitation decision embedded in medical admission pro forma 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

+ 
+ 

 

North West Chelsea & 
Westminster Hospital 
NHS Foundation 
Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and 
Westminster Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

+ 
 
 
 
 
 

+ 
 

+ 
 
 
 
 
 

 

 
 
 
 
 
 
 

North Central University College 
London Hospitals 
NHS Foundation 
Trust 
Royal Free London 
NHS Foundation 
Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 
The Royal Free Hospital 

 
The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation 
Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital 
NHS Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
 
 

 
 

+ 
+ 
 
 
 
 
 

+ 
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9.10 Standardised frailty assessment embedded in medical admission document 
Sector Trust Hospital Assessment 

embedded in 
admission 
document 

Assessment type 

North East Barts Health NHS 
Trust 
 
 
 
Barking, Havering and 
Redbridge University 
Hospitals NHS Trust 
 
Homerton University 
Hospital NHS 
Foundation Trust 
 
Barnet and Chase 
Farm Hospitals NHS 
Trust 

Whipps Cross Hospital 
Newham University 
Hospital 
The Royal London 
Hospital 
 
King George V Hospital 
Queen’s Hospital 
 
 
Homerton University 
Hospital 
 
 
Barnet Hospital 
Chase Farm Hospital 

 
+ 

 
Locally derived 

North West Chelsea & 
Westminster Hospital 
NHS Foundation Trust 
 
West Middlesex 
University Hospital 
NHS Trust 
 
Ealing Hospital NHS 
Trust 
 
The North West 
Hospitals NHS Trust 
 
Imperial College 
Healthcare NHS Trust 
 
 
The Hillingdon 
Hospitals NHS 
Foundation Trust 
 
West Hertfordshire 
Hospitals NHS Trust 

Chelsea and Westminster 
Hospital 

 
 

West Middlesex 
University Hospital 

 
 

Ealing Hospital 
 
 

Northwick Park Hospital 
Central Middlesex 

Hospital 
 

St Mary's Hospital 
Charing Cross Hospital 
Hammersmith Hospital 

 
Hillingdon Hospital 

 
 

Watford General Hospital 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

North Central University College 
London Hospitals NHS 
Foundation Trust 
Royal Free London 
NHS Foundation Trust 
The Whittington 
Hospital NHS Trust 

University College 
Hospital 

 
 

The Royal Free Hospital 
 

The Whittington Hospital  

  
 

South East Guys and St Thomas' 
NHS Foundation Trust 
 
Epsom and St Helier 
University Hospitals 
NHS Trust 
Croyden Health 
Services NHS Trust 
 
King's College 
Hospital NHS 
Foundation Trust 
 
South London 
Healthcare NHS Trust 
 
Kingston Hospital NHS 
Trust 

St Thomas’ Hospital 
 
 

Epsom Hospital 
St Helier’s Hospital 

 
Croyden University 

Hospital 
 
 

King’s College Hospital 
 
 

Queen Elizabeth Hospital 
 
 

Kingston Hospital 
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admission record 

 

 100% being all 11 assessments 

covering all dimensions are done 
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DRAFT 

                                                                  

Appendix 10: Final draft of questions for electronic survey 
Background 
 
The frail elderly are at increased susceptibility to adverse events and poor health outcomes. They 
have high levels of complexity.  
a. Firstly, they have deficits in multiple dimensions. For example: Physical (e.g. sarcopaenia); Mental 
(e.g. dementia); Environmental (e.g. home hazards) and Social (e.g. isolation). 
b. Secondly, they have deficits that interact. For example, a frail patient with a urinary tract infection 
may present with confusion. This in turn has an effect on the patients’ mobility and nutritional 
status. Polypharmacy may lead to adverse events. From a health system point of view, this may 
affect length of stay or readmission rate.  
c. Thirdly, they have deficits that are dynamic. For example, fluctuating delirium requires multiple 
points of measurement (monitoring) 
 
Acute care environments (emergency unscheduled care) are especially high risk areas for the frail 
elderly. They are time pressured, volume pressured (high turnover rates) and at high risk for 
delivering fractured or fragmented care: 
a. Multiple teams (risk of poor communication between teams) 
b. Multiple shifts (different health care roles undertaken by different people throughout day 
affecting continuity of care) 
c. Multiple handovers (risk of missing or incorrect information handed over) 
 
Additionally, current information systems design are often not fit for purpose: 
a. Relevant data recorded in different places (e.g. patient record; nursing record; dietetics record; 
physiotherapy record etc.) 
b. Relevant data not available to everyone (e.g. mental health records) 
c. Relevant data not available in timely fashion for effective decision making 
 
Frailty assessment in Acute Care 
Recent evidence suggest that existing frailty assessment tools have poor clinical predictive powers in 
the acute care setting(162). Many existing frailty assessment tools have been developed in the 
community (e.g. population studies; care homes) and validated for specific purposes (e.g. predict 
admission to hospital; costing. Some measures of frailty are not routinely collected in clinical 
practice (e.g. grip strength by calibrated dynamometer).  
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Question 1) How can we best measure frailty in acute care? What can we measure routinely in 

clinical practice that will aid recognition and improve care for frail patients? (You may select more 

than one) 

 

Demographics 

1. Age 

2. Social Deprivation  

a. E.g. Index of multiple deprivation 

3. Gender 

 

Phenotype(136) 

1. Unintended weight loss  

a. E.g. > 5kg/5% in preceding year/BMI < 18.5 

2. Self-Reported exhaustion  

a. E.g. (CES-D ‘I could not get “going.”’; ‘I felt that everything I did was an effort’);(Energy/Vitality 

Domain SF-36 < 40%) 
3. Weakness (from sarcopaenia) 

a. E.g. Grip Strength ≤17kg female ≤ 29kg male 

4. Slow walking speed 

a.  E.g. 6 min walking ≤ 210m; >6 s for 15 ft 

5. Low physical activity  

a. E.g. Energy expenditure males <383 kcals; females <270 kcals; FACIT 

Health and Social Service Utilisation 

1. Recent hospital admission episodes 

a. E.g. Last 6 months(318) 

2. Multiple hospital admission episodes 

3. Large package of care at home 

4. Care home resident 

a. E.g. From a nursing or residential home 

5. Social isolation(319) 

Accumulation of Multiple Deficits(320) 

1. Functional Dependence 

a. E.g. Barthel Index (321)  

2. Nutritional status(29) 

a. E.g. Malnutrition Universal Screening Tool (MUST)(322) 

b. E.g. Mini Nutritional Assessment (MNA)(322) 

3. Pressure Ulcer Risk 

a. E.g. Waterlow score(323) 

4. Impaired Cognition(324) 

a. E.g. Confusion Assessment Method (CAM)  

b. E.g. Abreviated Mental Test Score (AMT)  
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c. E.g. Mini mental State Examination (MMSE)  

d. E.g. Addenbrooke's Cognitive Examination (ACE)(325) 

e. E.g. Montreal Cognitive Assessment (MoCA)(326) 

5. Incontinence(327) 

a. E.g. “Do you have any problems with your bladder or bowels?” 

b. E.g. International Consultation on Incontinence Questionnaire (ICIQ)(328) 

6. Impaired mobility(329) 

a. E.g. Timed Up-and-Go test(330) 

7. Falls(331) 

a. E.g. “How many falls have you had in the last year?” 

b. E.g. STRATIFY falls risk tool(332) 

c. E.g. Morse falls score (MFS)(333) 

d. E.g. Fracture neck of femur(334) 

8. Co-morbidity(133) 

a. E.g. Number of comorbid conditions 

b. E.g. Prognostic index: Charlson Index(130) or Elixhauser Index(129) 

c. E.g. Inflammatory disease: Chronic Kidney Disease, Pulmonary disease, Depression, 

anaemia, Diabetes Mellitus(131) 

d. E.g. Accelerated artherosclerosis: Hypertension, Peripheral Vascular Disease, 

Congestive Cardiac Failure, Cerebrovascular Disease, Ischaemic Heart Disease 

e. E.g. Malignancy 

9. Poly-pharmacy(335) 

a. E.g. >5 medications 

b. E.g. STOPP/START tool(336) 

10. Anxiety Depression(337) 

a. E.g. Hospital anxiety and depression scale (HADS) 

11. Impaired vision 

12. Impaired hearing 

13. Chronic lung disease(“Trap” question) 

Biomarkers & Imaging: 

1. Chronic inflammation 

a. E.g. CRP Raised/IL-6 Raised(23)/TNF α Raised(24) 

2. Coagulopathy 

a. E.g. D-Dimer/Fibrinogen/Factor VII/VIII raised 

3. Steroid hormone dysregulation 

a. E.g. Testosterone low/oestrogen low/endogenous estradiol raised/Growth Hormone  

and Insulin-like Growth Factor low/ dehydroepiandosterone sulphate (DHEAS) 

low/cortisol raised(27, 28) 

4. Sarcopaenia 

a. E.g. Peripheral quantitative computerized tomography (PQCT) showing decreased 

mucle bulk and increased fat(25) 

5. Low vitamin D levels 

a. E.g. 25(OH)D low(139) 

6. What other indicators of frailty do you consider to be most useful? ___________________ 
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Question 2 Reliability in healthcare refers to: 

a. Always delivering care (100% compliance to a care standard) 

b. No variation in quality of care given 

Given time and volume pressures in acute care, what is the maximum number of domains that can 

be reliably measured per patient? 

a. 1 

b. 2 

c. 3 

d. 4 

e. 5 

f. 6 

g. 7 

h. 8 

i. 9 

j. ≥10 

 

 Question 3 When should we be measuring these frailty domains? (You may select more than one) 

a. On arrival to hospital 

b. Within 24 hours of arrival to hospital 

c. Within 24-72 hours of arrival to hospital 

d. >72 hours – one week of arrival to hospital 

e. At discharge 

f. Other _____________________________________________________________________ 

 

Question 4 Where should we be measuring these frailty domains? (You may select more than one) 

a. Emergency Department 

b. AMU 

c. Specialty ward (Excluding Care of the older person specialty ward) 

d. Care of the older person specialty ward 

e. Specialist Frailty Unit 

f. Discharge lounge 

g. Other_____________________________________________________________________ 
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Question 5 What characteristics are crucial for a successful frailty assessment tool in acute care? 

(e.g. short and concise) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 6 How can we best manage frailty in acute care? (You may select more than one)  

1. Structures: Acute Care of the Elderly Units(338) 

2. Structures: Acute Medical and Mental Health Units(339) 

3. Structures: Older Persons Liason Service(56) 

4. Frailty screening for all older people (>65 years) requiring acute care 

a. Checklists(340) 

b. Case-finding (e.g. PARR(341)) 

5. Care bundles (3-5 High evidence grade interventions “bundled” together for reliable 

delivery) 

6. Education programmes for staff 

7. Other_____________________________________________________________________ 
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Appendix 11A Percentage agreements of each variable at the end of round two ranked by frequency of perceived usefulness 
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Appendix 11B: Agreement of frailty indicators for Round 1 and Round 2 

 

 

 

 

Round 1 (N=16) Round 2 (N=41) 

Frailty indicator 

Not 

useful 

at all 

Mildly 

useful 

Modera

tely 

useful Useful 

Very 

useful 

Not 

useful 

at all 

Mildly 

useful 

Moderat

ely 

useful Useful 

Very 

useful 

Age 12.5% 12.5% 18.8% 31.3% 25.0% 4.9% 7.3% 26.8% 29.3% 31.7% 

Care home resident 0.0% 0.0% 31.3% 25.0% 43.8% 0.0% 7.3% 9.8% 46.3% 36.6% 

Chronic Inflammation  25.0% 25.0% 37.5% 12.5% 0.0% 36.6% 34.1% 17.1% 9.8% 2.4% 

Chronic lung disease 12.5% 0.0% 25.0% 50.0% 12.5% 2.4% 17.1% 43.9% 29.3% 7.3% 

Count of Coagulopathy  31.3% 18.8% 31.3% 18.8% 0.0% 39.0% 36.6% 17.1% 7.3% 0.0% 

Falls 0.0% 0.0% 6.3% 43.8% 50.0% 0.0% 0.0% 4.9% 39.0% 56.1% 

Functional dependence 0.0% 0.0% 12.5% 37.5% 50.0% 0.0% 4.9% 4.9% 36.6% 53.7% 

Gender 43.8% 25.0% 25.0% 6.3% 0.0% 34.1% 34.1% 19.5% 12.2% 0.0% 

Generalised anxiety and/or depression 0.0% 25.0% 18.8% 31.3% 25.0% 2.4% 4.9% 39.0% 36.6% 17.1% 

Impaired cognition 0.0% 0.0% 0.0% 43.8% 56.3% 0.0% 2.4% 2.4% 36.6% 58.5% 

Impaired mobility 0.0% 6.3% 0.0% 56.3% 37.5% 0.0% 0.0% 12.2% 39.0% 48.8% 

Impaired vision 0.0% 6.3% 37.5% 37.5% 18.8% 0.0% 12.2% 41.5% 34.1% 12.2% 

Impaired hearing 0.0% 12.5% 31.3% 43.8% 12.5% 0.0% 14.6% 41.5% 31.7% 12.2% 

Incontinence 0.0% 6.3% 6.3% 43.8% 43.8% 0.0% 4.9% 14.6% 48.8% 31.7% 
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 Round 1 (N=16) Round 2 (N=41) 

Frailty indicator 

Not 

useful 

at all 

Mildly 

useful 

Modera

tely 

useful Useful 

Very 

useful 

Not 

useful 

at all 

Mildly 

useful 

Moderat

ely 

useful Useful 

Very 

useful 

Large package of at home 0.0% 0.0% 25.0% 6.3% 68.8% 0.0% 0.0% 14.6% 24.4% 61.0% 

Low peripheral skeletal muscle bulk  18.8% 25.0% 18.8% 25.0% 12.5% 17.1% 39.0% 19.5% 14.6% 9.8% 

Low physical activity 0.0% 18.8% 37.5% 25.0% 18.8% 2.4% 19.5% 26.8% 26.8% 24.4% 

Low vitamin D levels 12.5% 18.8% 25.0% 37.5% 6.3% 19.5% 36.6% 26.8% 14.6% 2.4% 

Multiple hospital admission episodes 0.0% 0.0% 6.3% 31.3% 62.5% 0.0% 0.0% 12.2% 22.0% 65.9% 

Multiple morbidity 0.0% 6.3% 6.3% 56.3% 31.3% 0.0% 4.9% 4.9% 48.8% 41.5% 

Nutritional Status 0.0% 0.0% 12.5% 62.5% 25.0% 0.0% 0.0% 7.3% 51.2% 41.5% 

Polypharmacy 0.0% 0.0% 6.3% 68.8% 25.0% 0.0% 7.3% 9.8% 56.1% 26.8% 

Pressure ulcer risk 0.0% 6.3% 12.5% 56.3% 25.0% 0.0% 0.0% 19.5% 43.9% 36.6% 

Recent hospital admission episodes 0.0% 12.5% 25.0% 56.3% 6.3% 0.0% 7.3% 24.4% 56.1% 12.2% 

Self-reported exhaustion 12.5% 12.5% 25.0% 37.5% 12.5% 2.4% 31.7% 19.5% 36.6% 9.8% 

Slow walking Speed 0.0% 25.0% 6.3% 50.0% 18.8% 0.0% 9.8% 12.2% 39.0% 39.0% 

Social deprivation 18.8% 6.3% 12.5% 50.0% 12.5% 7.3% 22.0% 26.8% 31.7% 12.2% 

Social isolation 6.3% 12.5% 6.3% 56.3% 18.8% 0.0% 17.1% 24.4% 34.1% 24.4% 

Steroid hormone dysregulation 31.3% 25.0% 25.0% 18.8% 0.0% 34.1% 36.6% 22.0% 7.3% 0.0% 

Unintended Weight loss 6.3% 0.0% 6.3% 25.0% 62.5% 0.0% 9.8% 14.6% 53.7% 22.0% 

Weakness 0.0% 12.5% 18.8% 43.8% 25.0% 2.4% 4.9% 22.0% 36.6% 34.1% 
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Appendix 12: Coding of Frailty Syndromes in ICD-10 Diagnostic codes within 

English Hospital Episode Statistics 
Frailty Syndrome ICD-10 Diagnostic Code 

Anxiety and Depression F320 F320- F320-- F320-D F3200 F3200- F3200A F3200D

 F3201 F3201A F3201D F3207 F320X F321 F321 1 F321-

 F321-- F321-D F3210 F3210- F3210A F3210D F3211

 F3211- F32110 F32111 F3211A F3211D F3219 F322 F322 

D F322- F322-D F32211 F3229 F322X F323 F323 D F323-

 F323-- F323-D F3230 F3231 F3239 F324 F325 F326

 F327 F328 F328 A F328- F3289 F328A F329 F329 

A F329 D F329- F329-- F329-A F329-D F329. F329/

 F3290 F3292 F3293 F3295 F3296 F3298 F3299

 F329A F329D F329J2 F329M F329Q F32X F32X- F33#-

 F330 F330- F330-D F3300 F3300A F3301 F3301A

 F3301D F331 F331 1 F331- F331-D F3310 F3310-

 F3310A F3310D F3311 F3311- F3311A F3311D F332 F332-

 F332-- F332-D F3320 F3329 F333 F333- F333-D

 F3330 F3331 F3333 F334 F334- F335 F336 F337

 F338 F338- F338-D F3380 F339 F339 A F339- F339-

- F339-D F3396 F33X F380 F380- F3800 F3800A

 F3800D F381 F381- F3810 F3810A F3810D F388 F388-

 F38X F410 F410- F410-- F4100 F4101 F4103

 F410D F411 F411- F411-D F412 F412- F412--

 F4122 F412D F413 F413- F418 F418- F419 F419-

 F419-- F4193 F4199 F419X F41X F430 F430- F430-

D F4300 F4301 F4302 F431 F431- F431-- F432 F432 

0 F432 2 F432 3 F432 5 F432- F432-- F432-D F4320

 F4320A F4320D F4320X F4321 F4321- F4321A F4321D

 F4322 F4322- F4322A F4322D F4323 F4323A F4323D

 F4324 F4325 F4325- F4325A F4325D F4328 F4328A

 F4328D F4329 F432X F438 F438- F439 F439- F43X

 F440 F440- F441 F441- F442 F442- F4422 F443

 F443- F444 F444- F445 F445- F446 F446- F447

 F447- F448 F448- F4480 F4481 F4481A F4481D

 F4482 F4488 F449 F449- 

Delirium F050 F050 A F050- F051 F051 A F051 D F051- F051-A F051-

D F0513 F051D F058 F058- F058-- F059 F059 D F059-

 F059-- 

Dementia F000 F000 A F000 D F000* F000+ F000- F000-A F000-D

 F0000 F00001 F00002 F0000A F0001 F00010 F0001A

 F0002 F0002A F0003 F00031 F00032 F0004 F00040
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 F00041 F00042 F0004A F0009 F0009A F000a F001 F001 

0 F001 1 F001 A F001 D F001* F001+ F001- F001-A F001-

D F0010 F00101 F00102 F0010A F0011 F00111 F00112

 F0011A F0012 F00122 F0012A F0013 F00130 F00131

 F00132 F0014 F00140 F00141 F00142 F0014A F001A

 F001AG F001D F002 F002 A F002 D F002* F002*A

 F002+ F002- F002-A F002-D F0020 F0020A F0021

 F00211 F0022 F0023 F0023A F0024 F0024A F002A F008

 F009 F009 * F009 A F009 D F009* F009+ F009- F009-

A F009-D F009.A F0090 F00901 F0090A F0091 F00912

 F0091A F0092 F0092A F0093 F0093A F0094 F0094A

 F009A F009A\ F009AG F009D F009DG F009X F009XA F00A-

A F00X F00X- F010 F010* F010- F010-D F0100

 F01001 F01002 F0100A F0100D F0101 F01012 F0101A

 F0101D F0102 F0102A F0102D F0103 F0104 F01042

 F0104A F0104D F011 F011 A F011 D F011- F011-- F011-

A F011-D F0110 F01100 F01101 F01102 F0110A F0111

 F01111 F01112 F0111A F0112 F01120 F01121 F01122

 F0113 F01131 F01132 F0114 F01141 F01142 F0114A

 F0114D F0117 F0119 F011A F011D F012 F012 A F012 

D F012- F012-D F0120 F0120A F0121 F01211 F01232

 F0124 F012A F013 F013 A F013 D F013* F013- F013-

D F0130 F01301 F01302 F0130A F0131 F01310 F01312

 F0133 F01330 F0134 F01340 F01341 F01342 F018 F018 

A F018- F018-A F0180 F0181 F0182 F0183 F0184

 F018D F019 F019 * F019 A F019 D F019* F019- F019-

- F019-A F019-D F0190 F0191 F01910 F0192 F01921

 F0192A F0193 F0194 F01941 F01942 F0197 F0199

 F019A F019D F019N F019Z8 F01X F01X- F02. F020

 F020 A F020 D F020* F020- F020-A F020-D F0200

 F02001 F0200A F0201 F02012 F0202 F0203 F0203A

 F0204 F0204A F020A F020D F021 F021 A F021* F021-

 F021-A F0210 F0211 F0214 F021A F022 F022 A F022 

D F022* F022- F022-A F0220 F0220A F0222 F0223

 F0224 F022A F023 F023 A F023 D F023* F023+ F023-

 F023-A F023-D F0230 F02301 F0230A F0231 F0231A

 F0232 F02320 F02321 F0232A F0233 F02331 F0233A

 F0234 F02341 F02342 F0234A F023A F023AG F023D

 F023X F023XA F024 F024 A F024* F024-A F0240

 F0241 F02412 F0242A F0243 F0244 F024A F028 F028 

! F028 * F028 A F028 D F028* F028+ F028- F028-A F028-

D F0280 F02801 F0280A F0281 F02811 F0281A F0282

 F02821 F0282A F0283 F0284 F0284A F028A F028D

 F028XA F029 F02X F03- F030 F0300 F03011

 F0304 F03X F03X * F03X A F03X D F03X* F03X+ F03X-
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 F03X-- F03X-A F03X-D F03X0 F03X0* F03X00 F03X01

 F03X02 F03X0D F03X1 F03X11 F03X12 F03X2 F03X20

 F03X2A F03X2D F03X3 F03X4 F03X41 F03X42 F03X6

 F03X9 F03XD F03XG F03XI F03XS F03XZ F04X F04X-

 R410 R410 D R410- R410-- R4100 R4104 R4109

 R410D R410L R410X R411 R411- R411X R412 R412-

 R413 R413- R413-- R418 R418 D R418- R418--

 R4185 

Functional Dependence Z741 Z741- Z742 Z742- Z7421 Z743 Z743- Z748 Z748-

 Z749 Z749- Z74X Z750 Z750- Z7500 Z751 Z751-

 Z751-- Z751-D Z7511 Z7513 Z752 Z752- Z7520 Z753

 Z753- Z754 Z754- Z7548 Z755 Z755- Z755-D

 Z7555 Z758 Z758- Z759 Z759- Z75X 

Falls and Fractures R55X R55X D R55X* R55X+ R55X- R55X-- R55X-D R55X7

 R55XA R55XD R55XX S320 S320 0 S320- S320-D

 S3200 S3200D S3201 S3202 S3205 S3206 S3209

 S320D S321 S321 0 S321 D S321- S3210 S3210D

 S3211 S32130 S322 S322- S3220 S3221 S323 S323 

0 S323- S3230 S3230D S3231 S3236 S324 S324 0 S324-

 S3240 S3240A S3240D S3241 S324D S325 S325 0 S325 

D S325- S325-D S3250 S3250- S3250A S3250D S3251

 S3252 S3254 S3255 S3256 S3258 S3259 S327 S327 

0 S327- S3270 S3270D S3271 S328 S328 0 S328- S328-

D S3280 S3280D S3281 S3288 S32X S330 S330- S331

 S331- S331-D S3310 S331D S332 S332- S3320 S333

 S333- S3330 S3331 S333D S334 S334- S3340 S335

 S335- S3350 S336 S336- S337 S337- S3370 S33X

 S420 S420 0 S420- S420-A S4200 S4200D S4201

 S4201D S4206 S421 S421 0 S421- S4210 S4210-

 S4210D S4211 S4212 S4213 S422 S422 0 S422-

 S4220 S4220- S4220D S4221 S42210 S4222 S422O S423

 S423 0 S423 D S423- S4230 S4230D S4231 S4231D

 S4232 S42340 S4236 S4239 S423D S424 S424 0 S424-

 S4240 S4240D S4241 S4241D S4244 S4248 S4249 S427

 S427- S4270 S4270D S4271 S428 S428- S4280

 S4281 S429 S429 0 S429- S4290 S4290D S4291

 S4299 S430 S430 0 S430- S430-- S4300 S4302

 S4309 S430D S431 S431- S4310 S4316 S431D S432

 S432- S4320 S433 S433- S4330 S434 S434-

 S4340 S4341 S434D S435 S435- S436 S436-

 S436D S437 S437- s620 S620 0 S620- S6200

 S6200D S6201 S6204 S6208 S621 S621 0 S621-

 S6210 S6211 S6211D S6218 S622 S622 0 S622-
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 S6220 S6220D S6221 S6221D S6228 S623 S623 0 S623-

 S623-- S6230 S6230D S6231 S6231D S6234 S6236

 S6239 S624 S624 0 S624- S6240 S6240D S6241

 S6241D S6244 S625 S626- S627 S627 0 S6271

 S6274 S628 S628 0 S628- S6280 S6280- S6280D

 S6281 S6288 S6289 S628O S629 S720 S720 0 S720-

 S720-D S720.0 S7200 S7200- S72000 S72009 S7200A

 S7200D S7201 S7201D S7203 S7204 S7205 S7208

 S7209 S720A S720D S721 S721 0 S721- S7210

 S72100 S7210D S7211 S7215 S7219 S721D S721O S722

 S722 0 S722- S7220 S7220D S7221 S72210 S7221D

 S7222 S723 S723 0 S723 1 S723- S7230 S7230D

 S7231 S7236 S723D S724 S724 0 S724- S7240

 S7240A S7240D S7241 S7246 S727 S727- S7270

 S7271 S728 S728 0 S728- S7280 S7280D S7281

 S728D S729 S729 0 S729- S7290 S7290D S7291

 S7295 S7299 S729D S72X S730 S730- S730-D

 S7300 S730D S731 S731- S7310 S7315 S731D S73X

 S73X- W000 W000- W0009 W000A W001 W001-

 W0010 W0012 W0019 W002 W002- W002A W003

 W003- W0033 W003A W004 W004- W0040 W0049

 W004A W004D W005 W005- W006 W006- W007

 W007- W008 W008- W0080 W008A W009 W009-

 W0090 W0099 W009A W010 W010 A W010 D W010-

 W010-A W0100 W0101 W0103 W0104 W0108

 W0109 W010A W011 W011- W0111 W0118 W0119

 W011A W012 W012- W012-- W0120 W0122 W0123

 W0128 W0129 W012A W012X W013 W013- W0130

 W0131 W0139 W013A W014 W014- W0140 W0141

 W0148 W0149 W014A W015 W015- W0150 W0152

 W0158 W0159 W015A W016 W016- W0160 W016A W017

 W017- W018 W018- W0180 W0181 W0182 W0185

 W0188 W0189 W018A W019 W019- W0190 W0191

 W0192 W0195 W0198 W0199 W019A W020 W020-

 W020A W021 W021- W022 W022- W023 W023-

 W0230 W0239 W023A W024 W024- W024A W025

 W025- W026 W026- W027 W028 W028- W0280

 W0281 W0282 W028A W029 W029- W0290 W0291

 W0293 W0299 W029A W030 W030- W0300 W0301

 W0309 W030A W031 W031- W0319 W031A W032

 W032- W0320 W0329 W032A W033 W033- W0330

 W0331 W0333 W0339 W033A W034 W034- W0349 W035

 W035- W036 W036- W037 W037- W038 W038-

 W0380 W0383 W038A W039 W039- W0390 W0398

 W0399 W039A W040 W040- W0409 W040A W041



311 
 

 W041- W0410 W0419 W042 W042- W0429 W043

 W043- W044 W044- W045 W045- W046 W0460

 W0469 W047 W048 W048- W049 W049- W0491

 W0499 W049A W050 W050- W0504 W0509 W050A W051

 W051- W0519 W051A W052 W052- W0528 W0529

 W052A W053 W053- W054 W054- W0549 W054A W055

 W055- W056 W056- W057 W057- W058 W058-

 W0581 W0589 W058A W059 W059- W0598 W0599

 W059A W060 W060- W0600 W0601 W0604 W0608

 W0609 W060A W061 W061- W061-A W0611

 W0619 W061A W062 W062- W062-- W0624 W0628

 W0629 W062A W063 W063- W064 W064- W065

 W065- W065A W066 W066- W067 W068 W068-

 W0689 W069 W069- W0690 W0691 W0692 W0699

 W069A W070 W070- W0700 W0701 W0706 W0708

 W0709 W070A W071 W071- W0711 W0718 W0719

 W071A W072 W072- W0720 W0728 W0729 W072A W073

 W073- W074 W074- W075 W075- W0752 W0759 W076

 W076- W077 W077- W078 W078- W0782 W079

 W079- W0790 W0798 W0799 W079A W080 W080-

 W0808 W0809 W080A W081 W081- W0810 W0819 W082

 W082 A W082- W0829 W082A W083 W083- W0830 W084

 W084- W085 W085- W0850 W085A W086 W086-

 W0860 W087 W087- W088 W088- W0889 W089

 W089- W0899 W089A W090 W090 A W090- W0900

 W0901 W0909 W090A W091 W091- W092 W092-

 W0920 W0921 W092A W093 W093- W0939 W093A W094

 W094- W095 W095- W0959 W095A W096 W096- W097

 W097- W098 W098- W0981 W0988 W0989 W098A W099

 W099- W0990 W0991 W0999 W099A W100 W100-

 W100-A W1000 W1008 W1009 W100A W101

 W101- W1011 W1012 W1019 W101A W102 W102-

 W1029 W102A W103 W103 D W103- W1030 W1039

 W103A W104 W104- W1049 W105 W105- W1052

 W1058 W1059 W105A W106 W106 D W106- W1062 W107

 W107- W108 W108- W1082 W1085 W1089 W108A W109

 W109- W1090 W1098 W1099 W109A W109D W110

 W110- W1100 W1103 W1109 W110A W111 W111-

 W1110 W112 W112 D W112- W113 W113 D W113-

 W113-D W1130 W1139 W114 W114- W115

 W115- W116 W116- W116A W117 W117- W118

 W118- W1182 W1183 W1188 W119 W119- W1191

 W1192 W1193 W1198 W1199 W119A W120 W120-

 W120A W121 W121- W122 W122- W123 W123- W124

 W124- W125 W125- W126 W126- W126A W127
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 W127- W128 W128- W129 W129- W1292 W1299

 W129A W130 W130- W1300 W1304 W1308 W1309

 W130A W131 W131- W131A W132 W132- W1329 W133

 W133- W1339 W134 W134- W1349 W135 W135- W136

 W136- W1360 W137 W137- W138 W138- W1389

 W138A W139 W139- W1390 W1392 W1393 W1399

 W139A W140 W140- W140A W141 W141- W142

 W142- W143 W143- W144 W144- W1449 W145

 W145- W146 W146- W147 W147- W148 W148-

 W1482 W148A W149 W149- W1490 W1499 W149A W150

 W150- W151 W151- W152 W152- W153 W153-

 W1530 W154 W154- W155 W156 W156- W157 W158

 W158- W159 W159- W1590 W160 W160- W161

 W161- W162 W162- W163 W163- W164 W164- W165

 W165- W166 W166- W167 W167- W168 W168- W169

 W169- W170 W170- W1700 W1701 W1708 W1709

 W170A W171 W171- W172 W172- W1720 W1729

 W172A W173 W173- W1730 W1739 W173A W174

 W174- W1740 W1749 W174A W175 W175- W1752

 W175A W176 W176- W1762 W1769 W176A W177

 W177- W178 W178- W1780 W1781 W1782 W1789

 W178A W179 W179- W1790 W1791 W1792 W1798

 W1799 W179A W180 W180- W180-A W1800

 W1801 W1802 W1803 W1804 W1808 W1809 W180A

 W180E W181 W181- W1810 W1811 W1819 W181A

 W181D W182 W182- W182-- W1820 W1821 W1822

 W1828 W1829 W182A W183 W183- W1830 W1831

 W1839 W183A W184 W184- W1840 W1848 W1849

 W184A W185 W185- W1851 W1858 W1859 W185A W186

 W186- W1869 W187 W187- W1879 W188 W188-

 W1880 W1881 W1882 W1883 W1888 W1889 W188A W189

 W189- W1890 W1891 W1892 W1893 W1894 W1895

 W1898 W1899 W189A W190 W190 A W190 D W190-

 W190-- W190-A W190-D W1900 W1901

 W1903 W1905 W1908 W1909 W190A W191 W191-

 W191-A W1910 W1911 W1918 W1919 W191A W192

 W192 D W192+ W192- W192-- W192-A W1921

 W1922 W1928 W1929 W192A W193 W193- W1930

 W1939 W194 W194* W194- W1940 W1941 W1943

 W1948 W1949 W194A W195 W195- W1959 W195A W196

 W196- W196A W197 W197- W197A W198 W198-

 W198-A W1980 W1981 W1982 W1988 W1989

 W198A W199 W199 0 W199 D W199- W199-A

 W199-D W1990 W1991 W1992 W1993 W1994
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 W1995 W1996 W1998 W1999 W199A W199D W19X 

Incontinence R15X R15X A R15X D R15X- R15X-- R15X9 R32X R32X- R32X-

- R32X-A R32X-D R32X0 R32X1 R32X3 R32X9 R32XD 

Mobility problems R260 R260- R260D R261 R261- R261D R262 R262 A R262-

 R2621 R2623 R263 R263- R263D R268 R268- R268-

- R2683 R2686 R2689 R268D R269 Z740 Z740 Z Z740-

 Z740-- Z740-D Z740. Z7400 Z7401 Z7404 Z740C

 Z740D 

Pressure Ulcers L890 L890- L890-- L890D L891 L891- L891-- L892 L892-

 L892-- L893 L893- L893-A L899 L899 A L899- L899-

- L89X L89X - L89X A L89X D L89X E L89X I L89X J L89X 

Z L89X- L89X-- L89X-D L89X1 L89X5 L89X9 L89XD 

Senility R54X R54X A R54X D R54X- R54X-D R54X. R54X0 R54X6

 R54X7 R54X9 R54XA R54XD R54XI R54XW R54XX 
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Appendix 13: Exploration of ICD-10 diagnostic coding for frailty syndromes from 2005 - 2013 
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Appendix 14: ONS Data from 2005 - 2013 
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Appendix 15: Exploration of National Clinical Audit for secondary analysis for 

frailty model 
Introduction 

This increase in volume and complexity of patients and disease may impact the quality and safety of 

this potentially vulnerable population. There is a need for robust sources of timely data to inform 

clinical decision making, drive quality improvement, direct operational resources and guide health 

policy.  

National clinical audits evaluate clinical practice against criteria or guidelines derived from the 

available evidence of best practice that achieve (or intend to achieve) national coverage. They collect 

a wealth of clinical, demographic and outcome data at patient level.  Secondary-use of national 

clinical audit data has been utilised successfully to evaluate risk and examine factors predicting 

outcome in “real-world” situations (342, 343). 

Secondary analysis of existing large datasets has benefits. It maximises utility of already collected 

data. It enables the ability test and alter research hypothesis prior to prospective data collection. It 

answers research questions without further resource intensive data collection or potential harm to 

patients. But there are limitations. The data is retrospective. Data variables and how they are 

captured within datasets may not be comprehensive or optimal to answer specific research queries. 

As the data is observational, association cannot imply causality (though techniques to limit bias exist 

e.g. propensity analysis, multivariable adjustment and instrument variable analysis).  

We aim to ascertain if secondary use data from relevant national clinical audits have the power to 

describe and inform of the needs of this growing population, and highlight those who are at risk of 

poor outcomes. 

Methods 

 As of October 2011, there are 9 completed national clinical audits that have sampled acute medical 

emergency admission episodes, from the Healthcare Quality Improvement Partnership (HQIP) and 

non-HQIP register: 

1. The National Sentinel Stroke Audit 

2. The National Audit of Continence Care 

3. National Audit of Falls and Bone Health in Older People 

4. The National Chronic Obstructive Pulmonary Disease Audit  

5. Myocardial Ischaemia National Audit Project 

6. The National Heart Failure Audit 

7. UK Inflammatory Bowel Disease Audit (Adult) 

8. National Audit of Dementia 

9. National Diabetes Audit 

Audits that contained elective admission, outpatient episodes, maternity, paediatric or surgical 

admissions were excluded. 
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Analysis 
Step 1: Cross-sectional analysis of data methodology across the 9 National Clinical Audits 
Step 2: Cross-sectional analysis across the 9 National Clinical Audits for similar data fields  
Step 3: Analysis of data capture for structure of a core minimum data set for geriatric 
patients(344), between audit years across 9 audits across the following domains: 
 

A. Demographics 
a. Age 
b. Gender 
c. Ethnicity 

B. Usual place of residence/level of dependence 
C. Comprehensive Geriatric Assessment Domains 

a. Co-morbidities 
b. Cognition 
c. Functioning and social support 
d. Falls risk 
e. Continence 
f. Mobility 
g. Mood 
h. Medicines Management 
i. Nutrition 
j. Pressure Sore Risk 
k. Pain 

D. Organisation of care 
a. Admission location 
b. Ward of care 

E. Outcomes 
a. Mortality 
b. Length of Stay 
c. Level of dependence at Discharge 
d. Patient and carer communication 
e. Readmission 

 

Results 

Table 1 summarises the methodological characteristics of included National Clinical Audits. Table 2 

summarises the presence or absence of predictor and outcome variables within included National 

Clinical audits. Tables 3 Summarises the data capture (where available) for the included National 

Clinical Audits. 

Cross sectional analysis of the methodological characteristics between the national clinical audits 

reveal that the period of study for each audit does fully synchronise. A single adult (National 

Diabetes Audit-inpatients) utilised structured paper entry forms, while the rest used a web-based 

entry platform. The majority of the audits utilised snap-shot consecutive case notes for data 

sampling (The Myocardial Infarction National Audit Project used continuous a data sampling 

strategy). All audits had safeguards for data completeness, but four did not have data validation 

processes to ensure accuracy (Table 1) 
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Analysis revealed important predictor and outcomes variables to a minimum dataset have been 

excluded. For example, only four national clinical audits included collected information of cognitive 

impairment. Only five audits collected mortality as an outcome variable. 

Additionally, how data was captured for each predictor and outcome variable varied tremendously. 

For example, cognitive impairment was captured essentially captured in four different ways: was 

cognitive assessment documented, had a cognitive assessment been performed, had a standardised 

cognitive assessment scale been used to assess the patient and documentation of the score of the 

standardized cognitive assessment scale used. 
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Table 1: Summary of data methodologies used for the 9 National Clinical Audits with acute medical emergency admissions to secondary care 
 National Falls & 

Bone Health 
National 
Inflammatory 
Bowel Disease 
Audit 

Myocardial 
Infarction 
National Audit 
Project 

National Audit of 
Dementia 

National 
Continence 
Audit 

National COPD Audit National 
Diabetes Audit 
(Inpatient) 

National Heart 
Failure Audit 

Sentinel Stroke Audit 

Years 2007 
2010 

2006 
2008 
2010 

2000-present 2010 
2012 

2005 
2006 
2010 

1997 
2001 
2003 
2008 

2009 
2010 
2011 
 

2007 - present 1998 
1999 
2002 
2004 
2006 
2008 
2010 

Data collection 
methodology 

Web based data 
entry tool 

Web based data 
entry tool 

Web based 
data entry tool 

Web based data 
entry tool 

Web based data 
entry tool 

Web based data 
entry tool 

Structured 
paper forms 

Web based 
data entry tool 

Web based data 
entry tool 

Sampling 
methodology (per 
site) 
& 
Case 
Ascertainment 

 Snap-shot interval; 
Consecutive 
40 non hip fractures 
+ 20 hip fractures 
attending Emergency 
Medicine; > 65 years 
old 

Snap-shot 
interval; 
Consecutive 
20 Crohn’s 
disease and 20 
ulcerative colitis 

Continuous; 
 
HES reports 
approx. 
105,000 
MI/annum; 
MINAP reports 
approx. 80,000 
MI/annum 

Snap-shot interval; 
Consecutive 40 case 
notes 

Snap-shot 
interval; 
25 patients <65 
with urinary 
incontinence / 
LUTS; 
25 patients >65 
with urinary 
incontinence / 
LUTS; 
15 patients <65 
with faecal 
incontinence; 
15 patients >65 
with faecal 
incontinence 
 
 
 
 
 
 
 
 
 
 
 
 
 

Snap-shot 
interval; 
 60 patients 
admitted with COPD 

Snap-shot 
interval; 
All in-patients 
with diabetes 
mellitus on a 
single day 
 
 

Continuous; 
 
 
 

Snap-shot 
interval; 
60 patients 
Admitted with 
primary diagnosis of 
Stroke( or 10% of 
units admitting >600 
stroke patients a 
year) 
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 National Falls & 
Bone Health 

National 
Inflammatory 
Bowel Disease 

Audit 

Myocardial 
Infarction 

National Audit 
Project 

National Audit of 
Dementia 

National 
Continence 

Audit 

National COPD Audit National 
Diabetes Audit 

(Inpatient) 

National Heart 
Failure Audit 

Sentinel Stroke Audit 

Data 
Completeness 

Web tools guard 
completion of fields 
Detailed guidelines 

for data entry 
including exclusions 

Web tools guard 
completion of 

fields 
Detailed 

guidelines for 
data entry 
including 

exclusions 

Web tools 
guard 

completion of 
fields 

Detailed 
guidelines for 

data entry 
including 

exclusions 

Web tools guard 
completion of fields 
Detailed guidelines 

for data entry 
including exclusions 

Web tools guard 
completion of 

fields 
Detailed 

guidelines for 
data entry 
including 

exclusions 

Web tools guard 
completion of fields 
Detailed guidelines 

for data entry 
including exclusions 

Detailed 
guidelines for 

data entry 
including 

exclusions 

Web tools 
guard 

completion of 
fields 

Detailed 
guidelines for 

data entry 
including 

exclusions 

Web tools guard 
completion of fields 
Detailed guidelines 

for data entry 
including exclusions 

Data Validation Different 
auditor(internal) re-
audit first 5 patients 

– kappa statistic; 
Post entry quality 
check(internal); 

Sampling check for 
exclusions(internal) 

No validation 
process 

Annual 
validation by 

re-entry of data 
from 20 case 

notes (internal) 

Different 
auditor(internal) re-
audit first 5 patients 

– kappa statistic; 
Post entry quality 
check(internal); 

Sampling check for 
exclusions(internal) 

 

No validation 
process 

Different 
auditor(internal) re-
audit first 5 patients 

– kappa statistic 
Post entry quality 

check(internal) 
Sampling check for 
exclusions(internal) 

No validation 
process 

No validation 
process 

Different 
auditor(internal) re-
audit first 5 patients 

– kappa statistic 
Post entry quality 

check(internal) 
Sampling check for 
exclusions(internal) 
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Table 2: Independent and dependent variables associated with frailty in acute care within the 9 National Clinical Audits with acute medical emergency 
admissions to secondary care (+=present; -=not recorded) 

Audit 
 
 
Variable 

National 
Falls & 
Bone 

Health 
Audit 

National 
Inflammatory 
Bowel Disease 

audit 

Myocardial 
infarction 
national 

audit project 

National 
audit of 

dementia 

National 
continence 

audit 

National 
COPD audit 

National 
diabetes 

audit 

National 
heart 

failure audit 

Sentinel 
stroke 
audit 

Age + + + + + + + + + 

Gender + + + + + + + + + 

Ethnicity - - - + + + - - - 

Usual residence/Level 
of support 

+ - - + + + - - - 

Co-morbidities + + + + + + - + + 

Cognition + - - + + - - - + 

Mood - - - + - - - - + 

Mobility + - - + + - - - + 

Functional Level + + - + + + - - + 

Continence + - - + + - - - + 

Falls Risk + - - - - - - - - 

Nutrition status + - + + - + - + + 

Pressure Sore Risk + - - + - - - - - 

Pain Assessment + - - + - - - - + 

Admission 
location/ward of care 

+ + + + - - + - - 

Inpatient mortality - + - + - + - + + 

Level of dependence 
at discharge 

+ + - + - - - - + 

Length of stay + + - + - - - - + 

Readmission + - - - - + - - - 
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Table 3: Summary of data capture for each domain across the 9 National Clinical Audits with acute 

medical emergency admissions to secondary care  

Demographics 

AGE 

 

 

 

 

 

 

 

 

 

 

GENDER 

Database Name Database Question 

Falls & Bone Health Sex 

Sentinal (Stroke) B3 Gender 

National audit of 
Dementia 

Gender 

Inflammatory Bowel 
Disease 

Gender 

National Heart Failure 
Audit 

Sex 

MINAP Gender 

National Continence Audit Sex 

National Diabetes Audit Patient gender 

National COPD Audit Gender 

 

ETHNICITY 

Database Name Database Question 

National audit of 
Dementia 

Ethnicity 

National Continene 
Audit 

Ethnicity 

National Continene 
Audit 

Ethnicity 

National COPD Audit Ethnic Group 

 

Database Name Database Question 

Falls & Bone Health Age 

Sentinal (Stroke) B2 Date of Birth 

Sentinal (Stroke) 1.2ii Age at admission 

National audit of 
Dementia 

Age 

Inflammatory Bowel 
Disease 

What was the patient's age at 
admission 

National Heart Failure 
Audit 

Date of birth 

MINAP Date of Birth 

National Continene Audit Age (years) 

National Diabetes Audit Patient's age 

National COPD Audit Year of Birth 
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USUAL PLACE OF RESIDENCE/LEVEL OF DEPENDANCE 

Database Name Database Question 

Falls & Bone 
Health 

Usual place of residence 

Falls & Bone 
Health 

Does this patient live alone? 

National audit of 
Dementia 

Please indicate the place in which the person was living or receiving care 
before admission (select one) 

National 
Continence Audit 

Please indicate in which care setting this patient is in 

National COPD 
Audit 

Accommodation 

National COPD 
Audit 

Personal care received 

 

 

 

 

 

 

 

 

 

 

 



328 
 

Comprehensive Geriatric Assessment Domains 

CO-MORBIDITIES 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Are the following documented within the patient’s initial and / or pre-operative 
clinical records:Details of co-morbidities with specific mention of the presence or 
absence of both cardiac and respiratory disease? 

Sentinal 
(Stroke) 

2.1 Did the patient have any of the following co-morbidities prior to admission? 

Sentinal 
(Stroke) 

If yes, please selct all that apply 

Sentinal 
(Stroke) 

2.2 Did the patient have any of the following risk factors? 

Sentinal 
(Stroke) 

2.2i If yes, please select all that apply 

National 
audit of 
Dementia 

The medical assessment includes co morbid conditions 

Inflammatory 
Bowel 
Disease 

Did the patient have any significant co-morbid diseases? 

National 
Heart Failure 
Audit 

IHD 

National 
Heart Failure 
Audit 

AMI 

National 
Heart Failure 
Audit 

Valve Disease 

National 
Heart Failure 
Audit 

Hypertension 

National 
Heart Failure 
Audit 

Diabetes 

National 
Heart Failure 
Audit 

COPD 

National 
Heart Failure 
Audit 

Asthma 

MINAP Previous AMI 

MINAP Previous Angina 

MINAP Hypertension 

MINAP Hypercholesterolaemia 

MINAP Peripheral vascular disease 

MINAP Cerebrovascular disease 
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MINAP Asthma or COPD 

MINAP Chronic renal failure 

MINAP Heart failure 

MINAP Previous PCI 

MINAP Previous CABG 

MINAP Family history of CHD 

MINAP Diabetes 

National 
Continene 
Audit 

What other relevent documented conditions does the patient have either 
currently or in the past, select all that apply (women) 

National 
Continence 
Audit 

What other relevent documented conditions does the patient have either 
currently or in the past, select all that apply (men) 

National 
Continence 
Audit 

What other relevant conditions does the patient have either currently or in the 
past? 

National 
COPD Audit 

2.3 Does the patient have any other significant medical conditions 

National 
COPD Audit 

2.3 a If yes, please tick which conditions are recorded in the patients medical 
records 

Falls & Bone 
Health 

1.2.9 A record of the presence or absence of cardiac murmurs? 

Falls & Bone 
Health 

1.2.10 Full blood count and renal function test results? 

Falls & Bone 
Health 

1.2.11 Oxygen saturation on room air? 

Falls & Bone 
Health 

3.3.2 Performance of an ECG? 

Falls & Bone 
Health 

3.3.3 Documentation that the ECG was analysed? 

Falls & Bone 
Health 

3.3.5 Did cardiac assessment reveal an abnormality requiring further investigation 
or onward referral? (Also answer No if no assessment done) 

Falls & Bone 
Health 

3.3.6 Is there evidence of referral to/for further investigation or assessment for 
cardiac disease? 

 

Cognition 

Database Name Database Question 

Falls & Bone 
Health 

Are the following documented within the patient’s initial and / or pre-operative 
clinical records:History of cognitive impairment / dementia prior to the fracture? 

Falls & Bone 
Health 

Are the following documented within the patient’s initial and / or pre-operative 
clinical records:Assessment of cognitive function using a standardised scale? 
 
(Note that the AMT4 is insufficient in this setting). 

Falls & Bone 
Health 

Whether the results were normal or abnormal? 

Falls & Bone 
Health 

Was a formal assessment of cognitive function, including where indicated a 
delirium screen (e.g. CAM), performed within 72 hours of surgery (or admission if 
not operated)? 
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Falls & Bone 
Health 

Does the clinical record include a standardised assessment of cognitive function 
(not including pre-op for hip fracture, unless this was normal)? 

Falls & Bone 
Health 

2.2.5 Was a formal assessment of cognitive function, including where indicated a 
delirium screen (e.g. CAM), performed within 72 hours of surgery (or admission if 
not operated)? 

Falls & Bone 
Health 

5.1.18 Validated screening assessment of cognitive function (excluding AMT 4, as 
this is not sufficient in this setting)? 

Falls & Bone 
Health 

5.2.1 Does the specialist falls service routinely exclude older people with 
dementia from their service for assessment and management of falls? 

Sentinal 
(Stroke) 

5.4 Is there evidence that the patient's cognitive  status has been assessed? 

National audit 
of Dementia 

There is a nursing management plan for the dementia or symptoms of 
 
dementia or "confusional state" 

National audit 
of Dementia 

Has a standardised mental status test been carried out? (e.g. Mini 
 
Mental State Examination (MMSE), Abbreviated Mental State (AMT)) 

National audit 
of Dementia 

Has a screen for delirium been carried out? (e.g. Confusion Assessment 
 
Method (CAM)) 

National audit 
of Dementia 

Has a standardised test of cognitive ability been carried out on admission and on 
discharge? 

National audit 
of Dementia 

Test score on discharge is: 

National 
Continence 
Audit 

Has the patient's cognition been assessed 

National 
Continence 
Audit 

Is the patient's cognitive status: 

National 
Continence 
Audit 

Is there documented use of a formal scoring system for assessment of cognition 

 

Functioning and Social Support 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Do the clinical notes made pre-surgery or within 48 hours post surgery include the 
following documentation:Pre-admission functional ability (minimum of wash, dress, 
meals)? 

Falls & Bone 
Health 

Do the clinical notes made pre-surgery or within 48 hours post surgery include the 
following documentation:Pre-admission social support? 

Falls & Bone 
Health 

Was the patient assessed for their need of social care support? 

Falls & Bone 
Health 

Was referral for Social services input offered? 

Falls & Bone 
Health 

Does the clinical record of this assessment include:3 Statement of person’s 
perceived functional ability? 

Falls & Bone 3.7.4 Were appropriate home hazard interventions offered? 
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Health 

Falls & Bone 
Health 

3.7.5 Was the patient recommended any form of telecare (such as a 
pendant alarm) to assist in the management of their falls risk? 

Sentinal 
(Stroke) 

2.4 Was the patient independent in everyday activities before the stroke? 
(e.g. Barthel 19-20, Rankin < 3) 

Sentinal 
(Stroke) 

2.11 Dependency at discharge (using the Barthel ADL Functional Assessment Scale) 

Sentinal 
(Stroke) 

5.2 Is there evidence in the multidisciplinary notes of a social work assessment 
within 7 days of referral? 

Sentinal 
(Stroke) 

Was discharge organised involving the use of an early supported discharge scheme? 

National audit 
of Dementia 

Has an assessment of functioning, using a standardised assessment, 
been carried out? (e.g. Barthel ADL Functioning Assessment Scale - possible score 
between 0-20) 

National audit 
of Dementia 

Has an assessment of support provided to the person 'informally' been 
carried out? (e.g. from carers, family, friends) 

National audit 
of Dementia 

Has a formal care provision assessment been carried out? 

National audit 
of Dementia 

Has a financial support assessment been carried out? 

National audit 
of Dementia 

Has a home safety assessment been carried out? (e.g. information 
requested from patient, relative, carer or GP regarding environmental risk 
factors; request for OT follow up, if required) 

Inflammatory 
Bowel Disease 

Was discharge planning initiated within 24 hours of admission? (e.g. 
information pertinent to discharge of the patient summarised and 
entered at this point) 

National audit 
of Dementia 

Please enter recorded reason why discharge planning could not be 
initiated within 24 hours 

National audit 
of Dementia 

Are any support needs that have been identified documented in the discharge plan 
or summary (e.g. help needed with activities of Daily Living, referral to 
Occupational Therapy) 

National audit 
of Dementia 

An assessment of the carer's current needs has taken place in advance of discharge 
(tick N/A if carer did not want or need one) 

National 
Continence 
Audit 

Has the patient's functional ability been assessed 

National 
Continene 
Audit 

Is the patient's functional status 

National 
COPD Audit 

Personal care received 

 

Falls risk 

Database 
Name 

Database Question 

Falls & 
Bone 
Health 

Was a multi-factorial risk assessment performed? 

Falls & Did the falls assessment include a history of falls in the past year? 
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Bone 
Health 

Falls & 
Bone 
Health 

Did the falls assessment include the context of the presenting fall (place and activity)? 

Falls & 
Bone 
Health 

Was there documented evidence of the consideration of the cause of the index fall 
(aetiology) including transient loss of consciousness? 

Falls & 
Bone 
Health 

Did the assessment document the presence or absence of any previous syncope, 
blackout, or unexplained fall(s)? 

Falls & 
Bone 
Health 

Documented lying and standing blood pressure readings? 
 
(Exception – if patient is unable to stand) 

Falls & 
Bone 
Health 

Did the patient have any assessment for visual impairment? 
 
(Assessing reading only is insufficient, as near sight is not relevant to falls risk) 

Falls & 
Bone 
Health 

Did the multi-factorial falls risk assessment involve a multidisciplinary falls 
clinic/service? 

Falls & 
Bone 
Health 

Was a clinical assessment of osteoporosis/fracture risk performed in line with NICE TA 
161 or good practice for men? (Including decision to commence treatment in women 
aged 75, women 65-74 years and men aged 65 and over with osteoporosis.) 

Falls & 
Bone 
Health 

4 Record of fear of falling during activities of daily living using recognised 
 
assessment tool? 

Falls & 
Bone 
Health 

3.9.3 Did the multi‐factorial falls risk assessment of this patient lead to an 
individualised intervention plan recorded in the clinical notes? 

 

Continence 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Did the patient have any assessment of urinary function, including continence 
status? 

Falls & Bone 
Health 

Was there any impairment of urinary function or continence? 

Falls & Bone 
Health 

Was referral made for continence problems from the assessment, or is there clear 
documentation that referral was not required? 

Falls & Bone 
Health 

5.1.8 Assessment of urinary pattern, including presence or absence of 
 
incontinence? 

Sentinal 
(Stroke) 

4.3 Did the patient have an indwelling urinary catheter in the first week after 
admission? 

Sentinal 
(Stroke) 

4.3i If yes, which of the following have been documented as the reason for urinary 
catheterisation?(please select all that apply) 

Sentinal 
(Stroke) 

4.4 Is there a plan to promote urinary continence? 

National audit As part of the assessment has the patient been asked about any 
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of Dementia  
continence needs? 

National 
Continence 
Audit 

How often is the patient incontinent of faeces 

 

Mobility 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Do the clinical notes made pre-surgery or within 48 hours post surgery include the 
following documentation: Pre-admission mobility including use of walking aids? 

Falls & Bone 
Health 

Do the clinical records indicate that a gait, balance and mobility assessment was 
performed within 12 weeks of the fall? 

Falls & Bone 
Health 

Was an attempt made within 24 hours of surgery to mobilise the patient? 
 
(As a minimum, documentation should reflect attempts to stand up, 
 
transfer and walk a few steps) 
 
(If yes go to 2.2.7. If No go to 2.2.6.1) 

Falls & Bone 
Health 

Was sitting out of bed documented as being delayed for medical reasons 
 
other than delay in post‐operative X‐ray? 

Falls & Bone 
Health 

Does the clinical record of this assessment include:Result of a gait, balance and 
mobility assessment, using a standardised tool 
 
(or a decision that further assessment is inappropriate, e.g. severely limited 
 
mobility)? 

Falls & Bone 
Health 

3.6.5 Has the patient participated in any form of exercise programme? 

Falls & Bone 
Health 

3.6.6 Was this an Otago or FaME programme > 12 weeks duration? 
(Modification or shorter duration is only acceptable if this is clearly 
documented as being on clinical grounds, including frailty, not if a 
modified programme is offered as standard). 

Falls & Bone 
Health 

3.6.7 Has the strength and balance programme been prescribed by an 
 
appropriately trained professional? 

Falls & Bone 
Health 

3.6.8 Has the strength and balance programme been monitored by an 
appropriately trained professional competent to modify and progress the 
exercise programme? 

National 
audit of 
Dementia 

The medical assessment includes assessment of mobility 

National 
Continence 
Audit 

2.9ii If yes, is there documented evidence of the following : a. Assessment of mobility 
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Mood 

Database Name Database Question 

Sentinal (Stroke) 5.3 Is there evidence that the patient's mood has been 
assessed? 

National audit of 
Dementia 

Has a standard mood (depression) testing been carried out? 
(e.g.Geriatric Depression Scale (GDS), Zung) 

 

Medicines Management 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Are the following documented within the patient’s initial and / or pre-operative 
clinical records:List of current medications including doses and frequencies? 

Falls & Bone 
Health 

Does the clinical record include any features of a medication assessment at the time 
of the fall? 

Falls & Bone 
Health 

Was the patient on any psychotropic (see help notes) medication at the time of the 
fall? 

Falls & Bone 
Health 

Was the patient was on night sedation (see help notes) medication at the time of the 
fall? 

Falls & Bone 
Health 

Was the patient prescribed Calcium (1 g per day) prior to the fracture? 

Falls & Bone 
Health 

Was the patient prescribed Vitamin D3 (800 iU per day) prior to the fracture? 

Falls & Bone 
Health 

Was the patient prescribed a bisphosphonate or other appropriate medication prior 
to the fracture? (Other licensed and recommended medications are Strontium, 
Parathyroid hormone analogues, Raloxifene) 

Falls & Bone 
Health 

At 12 weeks post fracture, was the patient prescribed Calcium (1 g per day or 
equivalent)? 

Falls & Bone 
Health 

At 12 weeks post fracture, was the patient prescribed Vitamin D (800 iU per day or 
equivalent)? 

Falls & Bone 
Health 

At 12 weeks post fracture, was the patient prescribed a bisphosphonate? 

Falls & Bone 
Health 

At 12 weeks post fracture, was the patient prescribed other appropriate therapy for 
osteoporosis (strontium, parathyroid hormone (PTH), or raloxifene or denosumab)? 

Falls & Bone 
Health 

1.2.12 Administration of some form of medical thromboprophylaxis within 24 hours 
of admission? (If yes go to 1.2.14. If no go to 1.2.13) 

Falls & Bone 
Health 

1.2.13 Does the clinical record show documentation of a clinical decision NOT to 
prescribe thromboprophylaxis? 

Falls & Bone 
Health 

3.2.4 By 12 weeks after the fall was there evidence of a medication review? (Can be 
in hospital, at home, in clinic etc.) 

Falls & Bone 
Health 

3.2.5 By 12 weeks after the fall was the patient on any psychotropic (see help notes 
3.2.2) medication? 

Falls & Bone 
Health 

3.2.6 By 12 weeks after the fall was the patient on any night sedation (see help notes 
3.2.3) medication? 

Falls & Bone 
Health 

2.3 Was the patient on the following medication before admission? 
 
Any lipid lowering medication 

Sentinal 
(Stroke) 

2.3 Was the patient on the following medication before admission? 
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Warfarin 

Sentinal 
(Stroke) 

2.3 Was the patient on the following medication before admission? 
 
Anti-platlet medication 

National 
audit of 
Dementia 

The assessment includes a record of current medications for physical 
 
conditions 

Inflammator
y Bowel 
Disease 

The assessment includes a record of current medications for mental 
 
health conditions 

National 
audit of 
Dementia 

On admission, was the patient taking antipsychotics due to an existing 
 
regular prescription? 

National 
audit of 
Dementia 

Is a PRN prescription for antipsychotics in place for this admission? 

National 
audit of 
Dementia 

Has the PRN been administered during this admission? 

National 
audit of 
Dementia 

What is the main or primary reason recorded for prescription of 
 
antipsychotics? 

MINAP Where was aspirin/other antiplatelet drug given 

National 
Diabetes 
Audit 

If discontinued, has the transfer to sc insulin been managed appropriately (e.g. s.c 
insulin or oral therapy introduced before infusion stopped) 

National 
COPD Audit 

Did the patient receive systemic corticosteroids for more than 24 hours as as in-
patient 

National 
COPD Audit 

Did the patient receive antibiotics in the first 24 hours of his/her admission 

National 
COPD Audit 

If yes, which antibiotic did the patient receive 

National 
COPD Audit 

Did the patient have oxygen prescribed on the drug chart as an in-patient in the first 
24 hours 

Sentinal 
(Stroke) 

Was the patient on the following medication before admission? Any lipid lowering 
medication 

 

Nutrition 

Database 
Name 

Database Question 

Falls & 
Bone 
Health 

1.2.4 Were IV fluids both prescribed and administered within 12 hours of presentation, 
or documented as assessed and not required? 

Sentinal 
(Stroke) 

3.3 Has screening for swallowing disorders (not gag reflex)  been specifically recorded 
in the first 4 hours? 

Sentinal 
(Stroke) 

3.3(i) If No: Has it been recorded within the first 24 hours? 

Sentinal 
(Stroke) 

3.5 Has swallowing been assessed within 72 hours of admission (or of stroke if the 
stroke occurred in hospital) by a speech and language therapist or other professional 
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trained in dysphagia assessment (i.e. not screening)? 

Sentinal 
(Stroke) 

3.7 Was the patient receiving fluids within 24 hours of stroke either orally, 
intravenously or parenterally? 

Sentinal 
(Stroke) 

3.8 Was the patient receiving nutrition within 72 hours of admission? 

Sentinal 
(Stroke) 

3.8i If yes, which of the following methods was used?(tick all that apply) 

Sentinal 
(Stroke) 

3.9 Was the patient screened for malnutrition using a malnutrition screening tool (e.g. 
Malnutrition Universal Screening Tool)? 

Sentinal 
(Stroke) 

5.1 Is there evidence that the patient was weighed  but at least once during 
admission? 

National 
audit of 
Dementia 

The medical assessment includes assessment of nutritional status 

National 
audit of 
Dementia 

The assessment of nutritional status includes recording of weight 

National 
audit of 
Dementia 

The assessment of nutritional status includes recording of height 

National 
audit of 
Dementia 

The assessment of nutritional status includes whether referral is 
 
needed for specialist input, e.g. dietetics 

National 
audit of 
Dementia 

The assessment of nutritional status includes identification of any help 
 
needed with eating/drinking 

National 
audit of 
Dementia 

If help needed with eating/drinking is identified, is this recorded in 
 
the care/management plan? 

National 
audit of 
Dementia 

Has the patient's weight/BMI been recorded on admission and on discharge? 

National 
audit of 
Dementia 

Weight/BMI on discharge is: 

National 
Heart 
Failure 
Audit 

Height(cm) 

National 
Heart 
Failure 
Audit 

Weight(kg) 

MINAP Weight 

MINAP Height 

MINAP Cholesterol 

MINAP Glucose 

MINAP Dietry advice given during this admission 

National 
COPD 

weight 
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Audit 

National 
COPD 
Audit 

height 

National 
COPD 
Audit 

BMI 

 

Pressure Sore risk 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Was pressure ulcer risk assessment carried out and appropriate equipment 
documented as used within 4 hours, or documented as assessed and not required? 

Falls & Bone 
Health 

Was pressure-relieving equipment documented as being used in theatre, or assessed 
and not required? 

National 
audit of 
Dementia 

Has a formal pressure sore risk assessment been carried out and score 
recorded? (e.g. Waterlow, Norton Scales) 

 

Pain 

Database Name Database Question 

Falls & Bone Health 1.2.11 Was there documented assessment of pain severity (e.g. pain 
score)within the place of first presentation? 

Falls & Bone Health 1.2.12 Was adequate analgesia administered within 60 minutes of 
hospital attendance, or prior to attendance by ambulance personnel? 
(If yes then answer 1.2.2. If no go to 1.2.3) 

Falls & Bone Health Date analgesia first administered? 
Time analgesia first administered? 

National audit of 
Dementia 

As part of the assessment has the patient been asked about the 
presence of any pain? 

 

Organisation of clinical care 

Admission location 

Database Name Database Question 

Falls & Bone 
Health 

Was the patient admitted to an acute unit? 

Falls & Bone 
Health 

In the first week of admission (or acute peri operative period) on what ward did 
the patient spend the majority of their time? 

  

Sentinal (Stroke) 1.8 Where was the patient initially admitted to? 

 

Ward of care 

Database Name Database Question 

Falls & Bone On what ward/unit did the patient spend the majority of time between acute 
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Health admission and discharge from NHS care? 

Falls & Bone 
Health 

Place of Presentation (where patient attended NHS services for assessment 
/treatment) 

Falls & Bone 
Health 

Was the patient admitted to an acute unit? 

Falls & Bone 
Health 

1.1.4.1 In the first week of admission (or acute perioperative period) on what 
ward did the patient spend the majority of their time? 

Falls & Bone 
Health 

1.1.4.2 Was transfer for rehabilitation in an NHS setting required? 

Falls & Bone 
Health 

1.1.4.3 In what type of NHS setting was rehabilitation performed for the 
patient? 

Falls & Bone 
Health 

1.1.4.4 Date patient moved to rehabilitation setting 

Falls & Bone 
Health 

1.1.7 If not admitted to acute hospital, where was the patient discharged to 
following assessment at ED/MIU?(If you have answered Yes to 1.1.4 you cannot 
answer this question) 

Sentinal (Stroke) Is your hospital the first hospital to which the patient with a new stroke was 
admitted or the location where the patient who suffered the stroke was already 
an inpatient? 

Sentinal (Stroke) If YES, did you repatriate this patient to a hospital with which you have a formal 
agreement within 72 hours? 

Sentinal (Stroke) Was the patient already an inpatient at the time of stroke? 

  

Sentinal (Stroke) 1.9 Was the patient treated in a Stroke Unit (or units) at any time during hteir 
stay 

Sentinal (Stroke) 1.11 Did the patient spend over 90% of their stay on a stroke unit? 

Sentinal (Stroke) 1.11 If no, where did the patient spend over 50% of their time? 

National audit of 
Dementia 

Please identify the speciality of the ward that this patient spent the 
 
longest period on during this admission: 

National audit of 
Dementia 

Has the patient been prescribed antipsychotics during this admission, 
 
in addition to any regular prescription or as a new prescription? 

National audit of 
Dementia 

How many moves between wards/care settings took place overall 
 
(after admission and excluding medical assessment unit)? 

National audit of 
Dementia 

Did any moves take place at night (after 20:00)? 

National audit of 
Dementia 

Were any moves unplanned? 

National audit of 
Dementia 

Did unplanned moves take place for urgent medical reasons which are 
 
documented? 

National audit of 
Dementia 

Is it stated whether the referral was emergency, urgent or routine? 

National audit of 
Dementia 

Do you have any comments to make on section 6, record keeping? 

Inflammatory 
Bowel Disease 

1.1.7 Was the patient transferred to a specialist gastroenterology ward? 

Inflammatory 1.1.7i If yes, which type of ward? 
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Bowel Disease 

Inflammatory 
Bowel Disease 

Was the patient taking oral steroids on discharge? 

National Heart 
Failure Audit 

Main place of care 

MINAP Admission Ward 

National 
Diabetes Audit 

Specialty of Ward 

National audit of 
Dementia 

Please identify the speciality of the ward that this patient spent the longest 
period on during this admission: 

 

OUTCOMES 

MORTALITY 

Database Name Database Question 

Sentinal (Stroke) 1.3 Did the patient die whilst still an inpatient 

Sentinal (Stroke) 1.3i If No, at the time of the audit is the patient 

Sentinal (Stroke) 1.5 Date of Death 

Sentinal (Stroke) 1.5i Or date of death not applicable 

Sentinal (Stroke) 1.5ii Time from stroke (or date of admission if not available) to 
death: 

Sentinal (Stroke) 1.6 Was the patient alive at 30 days after stroke? 

National audit of 
Dementia 

Did the person die during their stay in the hospital? 

Inflammatory Bowel 
Disease 

Did the patient die during admission? 

Inflammatory Bowel 
Disease 

Days from admission (if died) 

Inflammatory Bowel 
Disease 

Primary cause of death 

National Heart Failure 
Audit 

Did the patient die during this admission 

MINAP Death in hospital 

National COPD Audit Did the patient die in hospital during their index admission 

National COPD Audit 5.2 Was the patient still alive at 90 days after their admission 

National COPD Audit 5.2 a. If 'not recorded' why is this 

National COPD Audit Date of death 

National COPD Audit Did the patient die from: 

 

 

Length of Stay 

Database Name Database Question 

Falls & Bone 
Health 

Date of discharge from inpatient NHS care? (i.e. the date of return to usual 
residence or new permanent residence) 

Falls & Bone 
Health 

Registration date (1.1.2) 
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Falls & Bone 
Health 

Registration time (24 hour clock) 1.1.2 

Falls & Bone 
Health 

Date of discharge / admission / transfer from place of 
 
presentation?(Date of discharge / transfer from A&E / MIU etc) 

Falls & Bone 
Health 

Time of discharge / admission to a ward/ transfer 
 
from another department from place of presentation? (if not documented, use 
time of first notes entry following transfer) 

Sentinal (Stroke) 1.2 Date of admission 

Sentinal (Stroke) 1.2i Time of admission 

Sentinal (Stroke) 1.4 Date of discharge (if discharged alive) 

Sentinal (Stroke) 1.4i Lentgh of stay to discharge alive 

Sentinal (Stroke) 1.12 Date of admission to stroke unit 

Sentinal (Stroke) 1.13 Date of discharge from stroke unit 

National audit of 
Dementia 

Has the patient been in the hospital for 5 days or longer (this includes 
 
the date of admission)? 

National audit of 
Dementia 

The date of admission is 

National audit of 
Dementia 

The date of initial treatment plan is 

National audit of 
Dementia 

The first recorded estimated date of discharge is 

National audit of 
Dementia 

The actual date of discharge is 

Inflammatory 
Bowel Disease 

Length of stay (if discharged) 

National Heart 
Failure Audit 

Admission Date 

National Heart 
Failure Audit 

Date of Discharge 

MINAP Discharge date 

National 
Diabetes Audit 

Number of nights in hospital 

National COPD 
Audit 

Date of admission to hospital 

National COPD 
Audit 

Date of discharge from hospital or to an Early Discharge Scheme 

National audit of 
Dementia 

Has the patient been in the hospital for 5 days or longer (this includes the date of 
admission)? 

 

Level of Dependence at Discharge 

Database Name Database Question 

Falls & Bone Health What was the discharge destination from this complete episode? 

Sentinal (Stroke) 2.12 Was the patient newly institutionalised at discharge? 

National audit of 
Dementia 

Please indicate the place in which the person is living or receiving care after 
discharge: (select one) 
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Inflammatory Bowel 
Disease 

Discharge Destination 

 

Patient & Carer Communication 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Is it documented within the medical, nursing or therapy notes that oral falls 
prevention information has been given to the patient or their carer? 

Falls & Bone 
Health 

Is it documented within the medical, nursing or therapy notes that written falls 
prevention information has been given to the patient or their carer? 

Falls & Bone 
Health 

Has the written falls information been provided in the patients own (or preferred) 
language? 

Falls & Bone 
Health 

Is it documented within the medical, nursing or therapy notes that oral information 
with regard to bone health has been given to the patient or their carer? 

Falls & Bone 
Health 

Is it documented within the medical, nursing or therapy notes that written bone 
health information has been given to the patient or their carer? 

Falls & Bone 
Health 

Has the written information on bone health been provided in the patients own (or 
preferred) language? 

Falls & Bone 
Health 

2.2.10 Is it documented that patient and /or carer views were used in discharge 
 
planning? 

Falls & Bone 
Health 

3.9.4 Was the intervention plan shared with the patient in writing? (multifactorial 
falls risk assessment) 

Sentinal 
(Stroke) 

7.1i Is there documented evidence that there has been a discussion with the 
patient about:Diagnosis 

Sentinal 
(Stroke) 

7.1ii Is there documented evidence that there has been a discussion with the 
patient about:Prognosis 

Sentinal 
(Stroke) 

7.3 Were the carer's needs for support assessed separately? 

Sentinal 
(Stroke) 

7.4 Is there evidence that the skills required to care for the patient at home were 
taught? 

National audit 
of Dementia 

9 Does the care assessment contain a section dedicated to collecting 
 
information from the carer, next of kin or a person who knows the 
 
patient well? 

National audit 
of Dementia 

9A Does this assessment request details of: Personal details, preferences and 
routines 

National audit 
of Dementia 

9B Does this assessment request details of:Whether the person needs reminders or 
support with personal care 

National audit 
of Dementia 

9C Does this assessment request details of:Recurring factors that may cause or 
exacerbate distress 

National audit 
of Dementia 

9D Does this assessment request details of:Support or actions that can calm the 
person if they are agitated 

National audit 
of Dementia 

9E Does the assessment also ask about life details which aid communication? 

National audit 
of Dementia 

Has information about support on discharge been given to the patient 
 
and/or the carer? 
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National audit 
of Dementia 

Is there evidence in the notes that the discharge coordinator/person planning 
discharge has discussed (or received information about) appropriate place of 
discharge and support needs with: The person with dementia 

National audit 
of Dementia 

Is there evidence in the notes that the discharge coordinator/person planning 
discharge has discussed (or received information about) appropriate place of 
discharge and support needs with: The person's carer/relative 

National audit 
of Dementia 

Has the patient and/or carer received a copy of the plan or summary? 

National audit 
of Dementia 

Carers or family have received advance notice of discharge and this is documented 

 

Readmission 

Database 
Name 

Database Question 

Falls & Bone 
Health 

Did the patient have any unplanned readmissions within 28 days of discharge from 
the presenting episode? 

National 
COPD Audit 

5.9 Has the patient been admitted to hospital, or accepted by an early discharge 
scheme, since this index admission 

National 
COPD Audit 

5.9 a. If yes, what was the date of admission or acceptance by an early discharge 
scheme, for this second episode of care 

 
 
Discussion  
 
An ideal database of use for secondary analysis to develop or validate a risk prediction model based 
on frailty for older persons in the acute care setting  would have continuous data collection direct 
from clinical records(345) and contain variables representative of the minimum dataset for study of 
geriatric patients(344). It’s data intra-operability would allow for longitudinal study across primary 
and secondary care health sectors(204). This is summarised in Figure 1. 
 
Current methodological considerations in regards to timing, presence of predictor and outcome 
variables, and how predictor and outcomes variables are captured within the above national clinical 
audits do not allow for aggregation for secondary analysis  
 
Conclusion 
We are currently unable to use National Clinical Audit for purposes of testing a frailty risk 
stratification model. Other secondary care datasets need to be explored.  
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①Clinical outcomes in the elderly are not only related to age, diagnosis and co-morbidity but functional and environmental measures as well(346). A 

minimum dataset for patients > 65yrs ensures comprehensiveness of data collection and allows for interoperability thereby increasing utility.(344, 347-349) 

②Core headings standardise core contents while maintaining simplicity, improves accessibility of content(350) 

②Structured scales improve reproducibility of data capture and provide granularity(197) 

③Merely collecting data does not ensure improvement will happen. Contextual factors influence the likelihood of change. Investigation of potential 

barriers assists development of implementation plans(351-353) 

④Sentinel audit(354) is example of good practice. It has produced reports specifically for the priorities and understanding of various stakeholders.

Figure 1: Action-Effect Diagram for requirements of national clinical audit for successful secondary analysis utilisation for developing or 

testing a risk prediction model based on frailty 
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Appendix 16: Data source and coding for predictor and outcome variables 

16A Independent Variables 
Data Source Location Temporal coding Items Item coding 

COGNITIVE IMPAIRMENT Pc/HPc New/Active Difficult History Binary 
 Pc/HPc New/Active Confusion Binary 
 Pc/HPc New/Active Memory Problems Binary 
 Pc/HPc New/Active Collapse Binary 
 Assessments New/Active Abbreviated Mental Test Scale 
 Assessments New/Active Abbreviated Mental Test Score 

< 8 
Binary 

 PMHx Historic Dementia Binary 
 PMHx Historic Traumatic Brain Injury Binary 
 PMHx Historic Neuro-developmental disorders Binary 
 PMHx Historic Learning Disability Binary 
 Rx Hx Historic Dementia Medication Binary 
REDUCED MOBILITY Pc/HPc New/Active Reduced Mobility Binary 
 Assessments New/Active Mobility Assessment Ordinal 
 PMHx Historic Hemi/Paraparesis Binary 
 PMHx Historic Neurodegenerative disorder Binary 
 Rx Hx Historic Parkinson’s Medication Binary 
FALLS Pc/HPc New/Active Fall Binary 
 Pc/HPc New/Active Fracture Neck of Femur Binary 
 PMHx Historic Fracture Neck of Femur Binary 
 PMHx Historic Falls prior to admission Binary 
INCONTINENCE Pc/HPc; 

Assessments 
New/Active Continence Ordinal 

 Pc/HPc; 
Assessments 

Historic History of incontinence Binary 

NUTRITION Assessments New/Active Weight below average Binary 
 Assessments New/Active Poor oral intake Binary 
PRESSURE ULCERS Assessments New/Active Waterlow Score Scale 
 Assessments New/Active Pressure Ulcer Binary 
POLYPHARMACY Rx Hx Historic >5 Medications Binary 
 Rx Hx Historic Number of medications Scale 
FUNCTIONAL 
DEPENDENCE 

PMHx Historic Independent Dressing Binary 

 PMHx Historic Independent Washing Binary 
 PMHx Historic Independent Cooking Binary 
 PMHx Historic Known to Social Services Binary 
 PMHx Historic Package of Care at home Ordinal 
 PMHx Historic Admitted from Care Facility Binary 
ANXIETY & DEPRESSION PMHx Historic Anxiety Binary 
 PMHx Historic Depression Binary 
 Rx Hx Historic Antidepressants Binary 
 Rx Hx Historic Anxiolytics Binary 
SOCIAL  Pc/HPc New/Active Social admission Binary 
 Pc/HPc Historic Lives alone Binary 
CO-MORBIDITY Pc/HPc Historic Charlson Score Scale 
 Pc/HPc Historic Number of Co-morbidities Scale 
ILLNESS SEVERITY Assessments New/Active National Early Warning Score Scale 
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16B Dependent Variables 
CLINICAL OUTCOMES    Inpatient Mortality Binary 
   7 Day emergency readmission Binary 
   30 Day emergency readmission Binary 
   Discharge to higher level of 

dependence 
Binary 
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Appendix 17: Frailty Data Collection protocol 

GENERAL NOTES 
A) Time window: 36 hours from the time of admission to the AAU: 
1. Nursing Assessments 
2. Pharmacy 
3. OT 
4. Physiotherapists 
5. Dieticians 

(Please check above notes for narrative of patient journey for anything else relevant after 36 hours e.g. 
deceased) 

B) Hierarchy for data validation: 
1. Senior review (clerking form p. 10 – 11) overrules junior notes (clerking form p. 4 – 9). 
2. Nursing notes (EPR) regarding continence and mobility on the ward overrules junior clerking. 
3. Physio and OT notes (EPR) regarding mobility at home (including stairs/lift etc.) overrules junior 

clerking. 
4. Drug history source is only the pharmacist notes (EPR), not the junior clerking. 
5. If NEWS score unknown at time of presentation to ED, use NEWS score on admission to AAU.  If 

NEWS score unknown at time of admission to AAU, leave blank. 
C) Please fill in separate Microsoft ExcelTM Spreadsheet with the following fields (to be merged 

with final database file later: 
a. Patient Hospital Number EPR DEMOGRAPHICS to link patients 
b. Hb   EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

c. Hematocrit  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 
d. RDW   EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

e. WBC   EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

f. Creatinine  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

g. Urea   EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

h. Sodium  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

i. Potassium  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

j. Albumin  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

k. Glucose  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

l. Troponin  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

m. Resp Rate  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

n. SaO2   EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

o. O2percentage  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

p. Systolic BP  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

q. Diastolic BP  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

r. Heart Rate  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

s. Temperature  EPR NURSING ASSEMENTS (Please take first Ix from date of admission) 

t. Weight  EPR Medications 
u. Height   EPR Medications 
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1. Postcode  EPR DEMOGRAPHICS 
2. Admission Date CLERKING FORM FRONT PAGE 
3. Admission Time CLERKING FORM FRONT PAGE 
4. NEWS   CAS. CARD > BEDSIDE NOTES > CLERKING 

EXAMINATION 
5. Age   STICKER     < EPR 

DEMOGRAPHICS 
6. Sex   STICKER     < EPR 

DEMOGRAPHICS 
7. DNAR   CLERKING FORM p. 3 
8. Presentation  CLERKING FORM p. 4 – 5, 8 – 11      [DROWSY OR 

VULNERABLE ANY SOURCE] 
9. Continence  CLERKING FORM p. 5; HPC; Senior review  <

 EPR NURSING NOTES  
10.  Psychiatry Hx CLERKING FORM p. 8 – 9 
11.  PMH   CLERKING FORM p. 5, p.10 – 11 

a. Anaemia – not diagnosed during the current admission. 
b. Dementia 
c. Hemi/Paraparesis 
d. Hearing/Visual Impairment 
e. Chronic Lung Disease 
f. CCF – also LVF 
g. HIV+/AIDS 
h. Fractured Neck of Femur – with or without hip replacement  [Not 

including elective surgery]. 
i. Neurodevelopmental – present since childhood [Includes cerebral palsy, 

spina bifida]. 
j. Traumatic Brain Injury – [includes spontaneous subarachnoid 

haemorrhage with sequelae]. 
k. Psychiatric [Other] – 1 or more psychiatric condition(s) other than 

Dementia, Neurodegenerative diseases, Depressive disorders, Anxiety 
disorders [Includes Personality Disorders]. 

l. Neurodegenerative [Not Dementia] – 1 or more neurodegenerative 
diagnoses other than dementia [Including Multiple Sclerosis, Motor 
Neurone Disease, Parkinson’s Disease with or without features of 
dementia]. 

m. Rheumatological – Systemic lupus erythematosus, Polymyositis, Mixed 
connective tissue disease, Polymyalgia rhematica, moderate – severe 
Rheumatoid arthritis. 

n. Diabetes Mellitus, End Organ Damage - any of: Neuropathy, 
Nephropathy(CKD, eGFR < 60) or Retinopathy. 

o. Malignancy, Any - a diagnosis of non-metastatic cancer where treatment 
began within the last 5 years [Includes Lymphoma, Myeloma, Leukaemias, 
Polycythaemia rubra vera]. 

p. Liver Disease, Mild – Chronic hepatitis or, cirrhosis without portal 
hypertension. 

q. Liver Disease, Moderate – Severe – Cirrhosis with portal hypertension. 
r. Peptic Ulcer Disease – Only those who have received treatment 
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s. Renal Disease, Moderate – Severe – Patients on dialysis, with a kidney 
transplant, uraemia or creatinine >265umol/L >> eGFR < 60 (CKD stage 
IIIa) 

t. Cerebrovascular disease – 1 or more of Stroke, Transient ischaemic 
attack or Vascular dementia 

u. Hypertension – [Includes medically controlled hypertension] 
v. Peripheral Vascular Disease – Intermittent claudication, arterial bypass, 

acute limb ischaemia, acute mesenteric ischaemia, untreated thoracic or 
abdominal aortic aneurysm >5.5cm diameter. 

w. Myocardial Infarction – 1 or more STEMI or NSTEMI events, confirmed 
with ECG and Troponin elevation. 

x. Osteoporosis-diagnosed; or osteopaenia with significant complication 
e.g. frature NOF/vertebrae 

12.  Drug Hx   EPR PHARMACIST NOTES [ONLY MEDICATIONS ON 
ADMISSION] 

13.  Dosette   EPR PHARMACIST NOTES 
14. Cognition   TTP / AMT completed CLERKING FORM 
15. eGFR     EPR PATHOLOGY [READING ON ADMISSION 

TO ED > AAU] 
16.  Number of Admissions in previous 6 months  EPR DSUM LIST 
17.  Falls Score    EPR NURSING ASSESSMENTS 
18.  Pre-Admission Fall   EPR NURSING ASSESSMENT [FROM FALLS 

SCORE] 
19.  Bed to Chair Transfers  EPR NURSING NOTES  > EPR 

PHYSIO AND OT NOTES 
a. bedbound?   EPR NURSING NOTES > Cas card 

20.  Moving & Handling  
a. Independently mobile EPR NURSING ASSESSMENT 
b. History of falls?  EPR NURSING ASSESSMENT 

21.  Waterlow score   EPR NURSING ASSESSMENT 
22.  Weight below average  EPR NURSING ASSESSMENT [FROM 

WATERLOW SCORE] 
23.  Reduced food intake  EPR NURSING ASSESSMENT [FROM 

WATERLOW SCORE] 
24.  Alcohol scores   CLERKING FORM p. 7 
25.  Washing, Dressing, Cooking, CLERKING FORM p. 7 > EPR 

PHYSIO, OT NOTES 
26.  Methadone    EPR PHARMACIST NOTES [Prescribed pre-

admission] 
27.  Illicit drugs    CLERKING FORM p. 7   
28.  Rehab    CLERKING FORM p. 4 – 11  >

 EPR PHYSIO/OT NOTES  [SOCIAL OR PHYSICAL 
REHABILITATION, EXCLUDING DRUG MISUSE REHABILITATION] 

29.  Lives alone    CLERKING FORM p. 7 
 [EXCLUDING 24h CARE] 

30.  Full Time Carer   CLERKING FORM p. 7  [LIVE IN 
OR 24h CARE] 

31.  Social Services   CLERKING FORM p. 7 



 

349 
 

32.  Accomodation   CLERKING FORM p. 7 > EPR 
PHYSIO, OT NOTES 

33.  Home Mobility   CLERKING FORM p. 7  > EPR 
PHYSIO, OT NOTES 

34.  Mobility    CLERKING FORM p. 7 > EPR 
NURSE/PHYSIO/OT 

35. Outcomes    7day/ 30 day/ LOS/ mortality 
 EPR DSUM LIST 

  NEWS SCORE KEY 
 0 1 2 3 

Resp. Rate 12 – 20 9 – 11 21 – 24 < 9   OR   > 24 
SpO2 > 95 94 – 95 92 – 93  < 92 

Inspired O2 Room air  Any O2 

supplement 
 

Temperature 36 – 38 38 – 38.9 OR 
35.1 - 36 

=> 39 =< 35 

Systolic BP 110 – 220  100 – 110 90 – 100 < 90 OR => 220 
Heart Rate 50 – 90  90 – 110 110 – 130  > 130 

Conscious level Alert   Voice, pain, 
unresponsive 
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Appendix 18: Three Frailty Syndrome models 
 

Model 1: Historic Frailty Syndromes Model Predictor Inputs 
Coding 

Age Static  Scale 

Number of 
admissions in 
previous 6 months 

Static  Scale 

Gender Static  Binary 

Cognitive 
impairment 

Historic Dementia OR Traumatic Brain Injury OR Neuro-developmental disorders OR Learning 
Disability OR Dementia Medication 

Binary 

Reduced mobility Historic Hemi/Paraparesis OR Neurodegenerative disorder OR Parkinson’s Medication Binary 

Pressure Ulcers New/Active Pressure Ulcers Present Binary 
Incontinence Historic History of incontinence Binary 

Anxiety and/or 
depression 

Historic Anxiety OR Depression OR Antidepressants OR Anxiolytics Binary 

Falls Historic Fracture Neck of Femur OR Falls prior to admission Binary 
Activities of Daily 
Living 

Historic Dependent for Washing; Dependent for Dressing; Dependent for Cooking 
 

Ordinal 
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Model 2: New/Active Frailty Syndromes Model Predictor Inputs 
Coding 

Age Static  Scale 

Number of 
admissions in 
previous 6 months 

Static  Scale 

Gender Static  Binary 

Cognitive 
impairment 

New/Active Difficult History OR Confusion OR Memory Problems OR Collapse Binary 
 

Reduced mobility New/Active Reduced Mobility OR Mobility Assessment (need assistance; dependent) Binary 
Pressure Ulcers New/Active Pressure Ulcers Present Binary 
Incontinence New/Active Incontinence Binary 
Anxiety and/or 
depression 

Historic Anxiety OR Depression OR Antidepressants OR Anxiolytics Binary 

Falls New/Active Fall OR Fracture Neck of Femur Binary 

Activities of Daily 
Living 

Historic Dependent for Washing; Dependent for Dressing; Dependent for Cooking 
 

Ordinal 
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Model 3: Frailty Plus Predictor Inputs 
Coding 

Age Static  Scale 

Number of 
admissions in 
previous 6 months 

Static  Scale 

Gender Static  Binary 

Cognitive 
impairment 

Historic Difficult History OR Confusion OR Memory Problems OR Collapse Binary 
 

Reduced mobility Historic Reduced Mobility OR Mobility Assessment (need assistance; dependent) Binary 
Pressure Ulcers New/Active Pressure Ulcers Present Binary 
Incontinence Historic Incontinence Binary 
Anxiety and/or 
depression 

Historic Anxiety OR Depression OR Antidepressants OR Anxiolytics Binary 

Falls Historic Fall OR Fracture Neck of Femur Binary 

Activities of Daily 
Living 

Historic Dependent for Washing; Dependent for Dressing; Dependent for Cooking 
 

Ordinal 

Admission National 
Early Warning 
Score 

Static NEWS 0-4; NEWS 5-6; NEWS > 7 Ordinal 

Polypharmacy Historic  Binary 

Weight loss New/active “Weight below average” Binary 

Weight loss New/Active “Low food intake” Binary 
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Frailty Model outputs for all three models 
Coding 

Inpatient Mortality Static 30 Days Binary 

30 Day 
Readmission 

Static Non-elective Binary 

Institutionalisation Static Change in location from admission location to discharge location with increase in functional 
dependence 

Binary 
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Appendix 19: Frailty Index coding, Missing Value analysis and histogram of 

distribution 

Criteria=31 Scoring 

Present with Social Admission 
Present with Fall 
Present with Acopia 
Present with Confusion 
Present with Reduced mobillity 
History of Memory problems 
History of Chronic Lung Disease 
History of Dementia 
History of Peripheral Vascular Disease 
History of Congestive Cardiac Failure 
History of Fracture Neck of Femur 
History of Cerebrovascular Disease 
History of Myocardial Infarction 
History of Hemiparaparesis 
History of Anaemia 
Hearing Problems 
History of Chronic Kidney Disease 
Visual Problems 
History of Depression 
History of Osteoporosis 
Polypharmacy (meds > 5) 
Orientated to Time 
Orientated to Place 
Orientated to Person 
Pressure Sore  
“Weight below average” 
”low_food_intake”  
History of Diabetes mellitus 
History of liver disease 
History of malignancy 
Continence 

No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=1 
No=0 Yes=0.5 Yes+End organ involvement=1 
No=0 Yes=0.5 Yes+severe=1 
No=0 Yes=0.5 Yes+metastasis=1 
No=0 incontinent of bowel or urine=0.5 
doubly=1 
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Appendix 20:  Full statistical analysis for predictive validation for frailty syndrome 

models 

Appendix 20.1: Missing Value Analysis for Frailty Index 
Missing Value Analysis 

 
 

 

 
Though missing data is only 5.4%, the pattern of data suggests the need for multiple imputation. 
Note predictor variable AMT<7 was excluded as considered unreliable 
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Appendix 20.2: Histogram of Frailty Index (31 Variables) 

 
1. Histogram of pooled data suggest gamma distribution(138) 
2. Divided into quintiles(283): 

a. Quintile 1: Not frail 
b. Quintile 2: Pre-frail 
c. Quintile 3: Mild Frailty 
d. Quintile 4: Moderate Frailty 
e. Quintile 5: Severe Frailty 

3. Binary outcome identified Not Frail (Quintile 1-2) and Frail (Quintile 3-5) using frailty index 
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Appendix 20.3: Multiple Imputation for Historic Frailty Syndromes model 
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Imputation Specifications 

Imputation Method Automatic 
Number of Imputations 5 
Model for Scale Variables Linear Regression 
Interactions Included in 
Models (none) 

Maximum Percentage of 
Missing Values 100.0% 

Maximum Number of 
Parameters in Imputation 
Model 

100 

 
Imputation Results 

Imputation Method Fully Conditional Specification 
Fully Conditional Specification Method Iterations 10 
Dependent Variables Imputed Gender,NumAdmit,Readmission7,Readmission3

0,DiscDecline,Pressure_Sore,COGNITIONOLDB
INARY,RedMobOLDBINARY,FALLSOLDBINAR
Y,CONTINENCEOLDBINARY,ADLS,AnxDepBIN
ARY 

Not Imputed(Too Many 
Missing Values)  

Not Imputed(No Missing 
Values) Age,InPatientMortalityEpisode 

Imputation Sequence Age,InPatientMortalityEpisode,Gender,CONTINE
NCEOLDBINARY,NumAdmit,Readmission7,Disc
Decline,ADLS,Readmission30,AnxDepBINARY,
RedMobOLDBINARY,FALLSOLDBINARY,COG
NITIONOLDBINARY,Pressure_Sore 

 
Imputation Models 

 
Model 

Missing Values Imputed Values Type Effects 
Gender 

Logistic 
Regression 

InPatientMortality
Episode,CONTIN
ENCEOLDBINAR
Y,Readmission7,
DiscDecline,ADL
S,Readmission30
,AnxDepBINARY,
RedMobOLDBIN
ARY,FALLSOLD
BINARY,COGNIT
IONOLDBINARY,
Pressure_Sore,A
ge,NumAdmit 

3 15 

CONTINENCEOLDBINARY 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
Readmission7,Di
scDecline,ADLS,
Readmission30,A
nxDepBINARY,R
edMobOLDBINA
RY,FALLSOLDBI
NARY,COGNITIO
NOLDBINARY,Pr
essure_Sore,Age,
NumAdmit 

6 30 
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NumAdmit 

Linear 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,AnxDepB
INARY,RedMobO
LDBINARY,FALL
SOLDBINARY,C
OGNITIONOLDBI
NARY,Pressure_
Sore,Age 

10 50 

Readmission7 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,DiscDe
cline,ADLS,Read
mission30,AnxDe
pBINARY,RedMo
bOLDBINARY,FA
LLSOLDBINARY,
COGNITIONOLD
BINARY,Pressure
_Sore,Age,NumA
dmit 

12 60 

DiscDecline 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,ADLS,Re
admission30,Anx
DepBINARY,Red
MobOLDBINARY,
FALLSOLDBINA
RY,COGNITION
OLDBINARY,Pre
ssure_Sore,Age,
NumAdmit 

14 70 

ADLS 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,Readmission3
0,AnxDepBINAR
Y,RedMobOLDBI
NARY,FALLSOL
DBINARY,COGNI
TIONOLDBINAR
Y,Pressure_Sore,
Age,NumAdmit 

15 75 
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Readmission30 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,AnxDep
BINARY,RedMob
OLDBINARY,FAL
LSOLDBINARY,C
OGNITIONOLDBI
NARY,Pressure_
Sore,Age,NumAd
mit 

16 80 

AnxDepBINARY 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,RedMob
OLDBINARY,FAL
LSOLDBINARY,C
OGNITIONOLDBI
NARY,Pressure_
Sore,Age,NumAd
mit 

16 80 

RedMobOLDBINARY 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,AnxDepB
INARY,FALLSOL
DBINARY,COGNI
TIONOLDBINAR
Y,Pressure_Sore,
Age,NumAdmit 

17 85 

FALLSOLDBINARY 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,AnxDepB
INARY,RedMobO
LDBINARY,COG
NITIONOLDBINA
RY,Pressure_Sor
e,Age,NumAdmit 

23 115 

COGNITIONOLDBINARY 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,AnxDepB
INARY,RedMobO
LDBINARY,FALL
SOLDBINARY,Pr
essure_Sore,Age,
NumAdmit 

37 185 
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Pressure_Sore 

Logistic 
Regression 

InPatientMortality
Episode,Gender,
CONTINENCEOL
DBINARY,Readm
ission7,DiscDecli
ne,ADLS,Readmi
ssion30,AnxDepB
INARY,RedMobO
LDBINARY,FALL
SOLDBINARY,C
OGNITIONOLDBI
NARY,Age,NumA
dmit 

90 450 
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Appendix 20.4 Logistic regression for Historic Frailty Syndromes model to predict 

Inpatient Mortality 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 32.010 12 .001 

Block 32.010 12 .001 
Model 32.010 12 .001 

1 Step 1 Step 44.994 12 .000 
Block 44.994 12 .000 
Model 44.994 12 .000 

2 Step 1 Step 48.043 12 .000 
Block 48.043 12 .000 
Model 48.043 12 .000 

3 Step 1 Step 50.788 12 .000 
Block 50.788 12 .000 
Model 50.788 12 .000 

4 Step 1 Step 44.076 12 .000 
Block 44.076 12 .000 
Model 44.076 12 .000 

5 Step 1 Step 46.382 12 .000 
Block 46.382 12 .000 
Model 46.382 12 .000 

Significant model 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 119.136a .092 .251 
1 1 200.856b .089 .223 
2 1 197.808c .095 .237 
3 1 195.063d .100 .250 
4 1 201.775e .087 .219 
5 1 199.469f .092 .230 

Model explains 22-25% of variation 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 8.139 8 .420 
1 1 6.490 8 .593 
2 1 7.426 8 .491 
3 1 10.552 8 .228 
4 1 11.666 8 .167 
5 1 3.636 8 .888 

Performance metrics suggest no over-fitting 
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Classification Table

a 

Imputation Number Observed 

Predicted 
InPatientMortalityEpisode Percentage 

Correct No Yes 
Original data Step 1 InPatientMortalityEpisode No 312 0 100.0 

Yes 19 1 5.0 
Overall Percentage   94.3 

1 Step 1 InPatientMortalityEpisode No 447 1 99.8 
Yes 33 1 2.9 

Overall Percentage   92.9 
2 Step 1 InPatientMortalityEpisode No 447 1 99.8 

Yes 33 1 2.9 
Overall Percentage   92.9 

3 Step 1 InPatientMortalityEpisode No 446 2 99.6 
Yes 32 2 5.9 

Overall Percentage   92.9 
4 Step 1 InPatientMortalityEpisode No 448 0 100.0 

Yes 32 2 5.9 
Overall Percentage   93.4 

5 Step 1 InPatientMortalityEpisode No 447 1 99.8 
Yes 32 2 5.9 

Overall Percentage   93.2 
a. The cut value is .500 
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Variables in the Equation 

 B S.E. Wald df P OR 

95% C.I.for OR Fraction 
Missing 

Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
From all 
multiple 
imputation 
models 

 Gender(Male) 1.012 .436   .021 2.751 1.168 6.476 .081 .085 .984 

Age .035 .026   .177 1.035 .984 1.089 .051 .052 .990 
Number of Previous Admission in 
previous 6m -.091 .143   .521 .913 .690 1.207 .012 .012 .998 

Cognitive Impairment -1.097 .526   .037 .334 .119 .936 .015 .015 .997 

Reduced Mobility -19.033 7232.259   1.000 .000 .000 .000 .000 .000 1.000 
Falls -.483 .449   .283 .617 .255 1.493 .128 .138 .975 
Incontinence -.477 .701   .497 .621 .156 2.476 .157 .174 .970 
Anxiety and/or Depression -.354 .465   .447 .702 .282 1.747 .024 .024 .995 
ADLS(1 deficit) 2.067 .694   .003 7.899 2.029 30.756 .013 .013 .997 

ADLS(2 deficits) -9.374 6739.886   .999 .000 .000 . .000 .000 1.000 
ADLS(3 deficits) 2.142 .546   .000 8.518 2.921 24.840 .052 .053 .990 

Pressure sores 1.156 .541   .036 3.177 1.080 9.341 .258 .311 .951 

Constant -6.572 2.188   .003 .001 .000 .102 .066 .069 .987 

Male gender, functional dependence and pressure sores significantly predict inpatient mortality at 30 days after multivariable adjustment.  

In this model cognitive impairment appears to be protective 
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Model diagnostics 

 
Sensitivity Specificity PPV NPV LR+ LR- 

False Positive Rate 
(Type I Error) 

False negative rate 
(Type II Error) Power  

% Correct 
Classification 

Area 
Under 

the 
Curve 

Std. 
Errora p 

Asymptotic 95% 
Confidence 

Interval 

    
Lower 
Bound 

Upper 
Bound 

Original Model 5.0% 100.0% 100.0% 94.3% Ind 0.95 0.0% 95.0% 0.05 94.3 .808 .058 .000 .693 .922 
Model 1 2.9% 99.8% 50.0% 93.1% 13.17647 0.97276 0.2% 97.1% 0.029412 92.9 .804 .043 .000 .720 .888 
Model 2 2.9% 99.8% 50.0% 93.1% 13.17647 0.97276 0.2% 97.1% 0.029412 92.9 .805 .043 .000 .721 .889 
Model 3 5.9% 99.6% 50.0% 93.3% 13.17647 0.945397 0.4% 94.1% 0.058824 92.9 .811 .042 .000 .729 .892 
Model 4 5.9% 100.0% 100.0% 93.3% Ind 0.941176 0.0% 94.1% 0.058824 93.4 .801 .044 .000 .714 .887 
Model 5 5.9% 99.8% 66.7% 93.3% 26.35294 0.943282 0.2% 94.1% 0.058824 93.2 .812 .040 .000 .733 .891 

          
a. Under the nonparametric assumption 

          
b. Null hypothesis: true area = 0.5 

Highly specific but relatively insensitive test for mortality. It’s a rule in test for this dependent variable 
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Appendix 20.5 Logistic regression for Historic Frailty Syndromes model to predict 7 day 

emergency readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 28.360 12 .005 

Block 28.360 12 .005 
Model 28.360 12 .005 

1 Step 1 Step 22.731 12 .030 
Block 22.731 12 .030 
Model 22.731 12 .030 

2 Step 1 Step 29.787 12 .003 
Block 29.787 12 .003 
Model 29.787 12 .003 

3 Step 1 Step 31.113 12 .002 
Block 31.113 12 .002 
Model 31.113 12 .002 

4 Step 1 Step 28.653 12 .004 
Block 28.653 12 .004 
Model 28.653 12 .004 

5 Step 1 Step 26.509 12 .009 
Block 26.509 12 .009 
Model 26.509 12 .009 

Significant model 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 127.437a .083 .219 
1 1 217.931b .046 .117 
2 1 210.876c .060 .152 
3 1 239.764d .063 .145 
4 1 270.424e .058 .125 
5 1 272.568f .054 .116 

Model explains 11.6%-15.2% of variation 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 6.554 8 .585 
1 1 6.132 8 .632 
2 1 6.095 8 .637 
3 1 5.191 8 .737 
4 1 4.378 8 .822 
5 1 7.409 8 .493 

Performance metrics suggest no over fitting 
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Classification Table

a 

Imputation Number Observed 

Predicted 
Readmission7 Percentage 

Correct No Yes 
Original data Step 1 Readmission7 No 303 2 99.3 

Yes 20 1 4.8 
Overall Percentage   93.3 

1 Step 1 Readmission7 No 449 0 100.0 
Yes 32 1 3.0 

Overall Percentage   93.4 
2 Step 1 Readmission7 No 446 3 99.3 

Yes 30 3 9.1 
Overall Percentage   93.2 

3 Step 1 Readmission7 No 442 1 99.8 
Yes 38 1 2.6 

Overall Percentage   91.9 
4 Step 1 Readmission7 No 435 2 99.5 

Yes 44 1 2.2 
Overall Percentage   90.5 

5 Step 1 Readmission7 No 436 1 99.8 
Yes 44 1 2.2 

Overall Percentage   90.7 
a. The cut value is .500 
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Variables in the Equation 

 B S.E. Wald df p OR 

95% C.I.for OR 

Fraction 

Missing Info. 

Relative 

Increase 

Variance 

Relative 

Efficiency Lower Upper 

Pooled 

data from 

all 

imputation 

models 

Step 

1a 

Gender(Male) .625 .413   .133 1.867 .825 4.227 .173 .193 .967 

Age .027 .023   .225 1.028 .983 1.074 .047 .049 .991 

Number of Previous 

Admission in previous 6m 
.335 .093   .001 1.398 1.161 1.684 .261 .316 .950 

Cognitive Impairment -.355 .519   .495 .701 .253 1.946 .095 .101 .981 

Reduced Mobility -8.395 4761.560   .999 .000 .000 . .000 .000 1.000 

Falls -.337 .436   .442 .714 .299 1.701 .250 .299 .952 

Incontinence .087 .651   .894 1.091 .297 4.001 .271 .331 .949 

Anxiety and/or Depression .010 .436   .981 1.010 .426 2.396 .206 .237 .960 

ADLS(1 deficit) .627 .804   .438 1.871 .379 9.240 .227 .266 .957 

ADLS(2 deficits) .397 1.163   .734 1.487 .145 15.309 .295 .369 .944 

ADLS(3 deficits) .507 .522   .334 1.661 .587 4.699 .257 .309 .951 

Pressure sores .083 .818   .921 1.086 .191 6.176 .561 1.030 .899 

Constant -5.457 1.882   .004 .004 .000 .171 .039 .040 .992 

Number of previous admissions in last 6m is a significant predictor of 7-Day emergency readmission after multivariable adjustment 
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Diagnostics 

          
% Correct 
Classificai
ton 

Area 
Und
er 
the 

Curv
ec 

Std. 
Erro

ra 

Asympt
otic 
Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitiv
ity 

Specific
ity PPV NPV LR+ LR- 

False Positive Rate(Type 
I Error) 

False negative rate(Type 
II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 4.8% 99.3% 

33.3
% 

93.8
% 

7.2619
05 

0.9586
67 0.7% 95.2% 

0.0476
19 

93.3 .809 .050 .000 .711 .908 

Model 1 3.0% 100.0% 
100.0

% 
93.3

% Ind 
0.9696

97 0.0% 97.0% 
0.0303

03 
93.4 .710 .053 .000 .606 .814 

Model 2 9.1% 99.3% 
50.0

% 
93.7

% 
13.606

06 
0.9152

06 0.7% 90.9% 
0.0909

09 
93.2 .757 .045 .000 .669 .845 

Model 3 2.6% 99.8% 
50.0

% 
92.1

% 
11.358

97 
0.9765

63 0.2% 97.4% 
0.0256

41 
91.9 .741 .042 .000 .658 .823 

Model 4 2.2% 99.5% 
33.3

% 
90.8

% 
4.8555

56 
0.9822

73 0.5% 97.8% 
0.0222

22 
90.5 .729 .043 .000 .644 .813 

Model 5 2.2% 99.8% 
50.0

% 
90.8

% 
9.7111

11 
0.9800

2 0.2% 97.8% 
0.0222

22 
90.7 .724 .042 .000 .642 .805 

Highly specific and relatively insensitive; Rule in test 

 
Imputation model 4 has best HL fit 
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Appendix 20.6 Logistic regression for Historic Frailty Syndromes model to predict 30 Day 

readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 57.077 12 .000 

Block 57.077 12 .000 
Model 57.077 12 .000 

1 Step 1 Step 54.556 12 .000 
Block 54.556 12 .000 
Model 54.556 12 .000 

2 Step 1 Step 55.605 12 .000 
Block 55.605 12 .000 
Model 55.605 12 .000 

3 Step 1 Step 55.853 12 .000 
Block 55.853 12 .000 
Model 55.853 12 .000 

4 Step 1 Step 61.549 12 .000 
Block 61.549 12 .000 
Model 61.549 12 .000 

5 Step 1 Step 49.931 12 .000 
Block 49.931 12 .000 
Model 49.931 12 .000 

Significant model 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 272.726a .162 .253 
1 1 403.607b .107 .174 
2 1 402.557c .109 .178 
3 1 402.309d .109 .178 
4 1 408.386e .120 .192 
5 1 414.172f .098 .159 

15.9%-17.8% variation explained by the model 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 8.089 8 .425 
1 1 6.467 8 .595 
2 1 7.416 8 .492 
3 1 6.943 8 .543 
4 1 15.017 8 .059 
5 1 11.434 8 .178 

Performance metric suggest there is no model overfitting. Model 4 is worse model 
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Classification Table

a 

Imputation Number Observed 

Predicted 
Readmission30 Percentage 

Correct 0 1 
Original data Step 1 Readmission30 0 242 14 94.5 

1 50 17 25.4 
Overall Percentage   80.2 

1 Step 1 Readmission30 0 387 7 98.2 
1 73 15 17.0 

Overall Percentage   83.4 
2 Step 1 Readmission30 0 387 7 98.2 

1 71 17 19.3 
Overall Percentage   83.8 

3 Step 1 Readmission30 0 387 7 98.2 
1 71 17 19.3 

Overall Percentage   83.8 
4 Step 1 Readmission30 0 384 6 98.5 

1 72 20 21.7 
Overall Percentage   83.8 

5 Step 1 Readmission30 0 386 6 98.5 
1 75 15 16.7 

Overall Percentage   83.2 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 

Fraction 

Missing Info. 

Relative 

Increase 

Variance 

Relative 

Efficiency Lower Upper 

Pooled 

data from 

all 

imputation 

models 

Step 

1a 

Gender(Male) .205 .299   .494 1.227 .680 2.217 .183 .207 .965 

Age -.044 .016   .006 .957 .927 .988 .047 .048 .991 

Number of Previous 

Admission in previous 6m 
.370 .070   .000 1.447 1.262 1.660 .039 .040 .992 

Cognitive Impairment -.933 .447   .039 .394 .162 .954 .205 .235 .961 

Reduced Mobility -.514 .627   .413 .598 .175 2.047 .058 .059 .989 

Falls -.079 .275   .774 .924 .538 1.586 .043 .044 .991 

Incontinence -.391 .467   .403 .677 .271 1.689 .021 .021 .996 

Anxiety and/or Depression .082 .277   .768 1.085 .631 1.866 .022 .023 .996 

ADLS(1 deficit) .353 .545   .517 1.423 .489 4.142 .035 .035 .993 

ADLS(2 deficits) .846 .669   .207 2.331 .625 8.690 .108 .115 .979 

ADLS(3 deficits) .867 .351   .014 2.380 1.193 4.749 .121 .131 .976 

Pressure sores .232 .452   .608 1.262 .515 3.089 .199 .227 .962 

Constant 1.364 1.292   .291 3.910 .311 49.241 .049 .051 .990 

Number of previous admissions in previous 6m and functional dependence is significantly predictive of 30-Day emergency readmission. 

Cognitive impairment and age is protective   
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Diagnostics 

          
% Correct 
Classificat
ion 

Area 
Und
er 
the 

Curv
ec 

Std. 
Erro

ra 

Asympt
otic 
Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitiv
ity 

Specific
ity PPV NPV LR+ LR- 

False Positive Rate(Type 
I Error) 

False negative rate(Type 
II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 25.4% 94.5% 

54.8
% 

82.9
% 

4.6396
59 

0.7894
41 5.5% 74.6% 

0.2537
31 

80.2 .774 .033 .000 .710 .839 

Model 1 17.0% 98.2% 
68.2

% 
84.1

% 
9.5941

56 
0.8445

5 1.8% 83.0% 
0.1704

55 
83.4 .724 .030 .000 .666 .782 

Model 2 19.3% 98.2% 
70.8

% 
84.5

% 
10.873

38 
0.8214

12 1.8% 80.7% 
0.1931

82 
83.8 .731 .030 .000 .673 .789 

Model 3 19.3% 98.2% 
70.8

% 
84.5

% 
10.873

38 
0.8214

12 1.8% 80.7% 
0.1931

82 
83.8 .727 .030 .000 .668 .785 

Model 4 21.7% 98.5% 
76.9

% 
84.2

% 
14.130

43 
0.7948

37 1.5% 78.3% 
0.2173

91 
83.8 .733 .030 .000 .675 .792 

Model 5 16.7% 98.5% 
71.4

% 
83.7

% 
10.888

89 
0.8462

87 1.5% 83.3% 
0.1666

67 
83.2 .720 .030 .000 .660 .779 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 

Very specific model, relatively insensitive 

 
Imputation model 1 has best HL fit 
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Appendix 20.7 Logistic regression for Historic Frailty Syndromes model to predict 

institutionalisation 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 11.234 12 .509 

Block 11.234 12 .509 
Model 11.234 12 .509 

1 Step 1 Step 12.879 12 .378 
Block 12.879 12 .378 
Model 12.879 12 .378 

2 Step 1 Step 13.285 12 .349 
Block 13.285 12 .349 
Model 13.285 12 .349 

3 Step 1 Step 11.966 12 .448 
Block 11.966 12 .448 
Model 11.966 12 .448 

4 Step 1 Step 11.448 12 .491 
Block 11.448 12 .491 
Model 11.448 12 .491 

5 Step 1 Step 11.231 12 .509 
Block 11.231 12 .509 
Model 11.231 12 .509 

Not significant model 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 234.852a .034 .064 
1 1 325.239b .026 .052 
2 1 378.983c .027 .049 
3 1 326.152d .025 .049 
4 1 350.784e .023 .044 
5 1 351.002f .023 .044 

Model only explains 4.4-5.2% of variation 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 4.866 8 .772 
1 1 7.843 8 .449 
2 1 2.730 8 .950 
3 1 8.639 8 .374 
4 1 5.681 8 .683 
5 1 14.786 8 .063 

Performance metrics suggest all models are not over-fitted. Model 5 is not good 
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Classification Table
a 

Imputation Number Observed 

Predicted 
DiscDecline Percentage 

Correct 0 1 
Original data Step 1 DiscDecline 0 283 0 100.0 

1 41 0 .0 
Overall Percentage   87.3 

1 Step 1 DiscDecline 0 428 0 100.0 
1 54 0 .0 

Overall Percentage   88.8 
2 Step 1 DiscDecline 0 414 0 100.0 

1 68 0 .0 
Overall Percentage   85.9 

3 Step 1 DiscDecline 0 428 0 100.0 
1 54 0 .0 

Overall Percentage   88.8 
4 Step 1 DiscDecline 0 422 0 100.0 

1 60 0 .0 
Overall Percentage   87.6 

5 Step 1 DiscDecline 0 422 0 100.0 
1 60 0 .0 

Overall Percentage   87.6 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df p OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all 
imputation 
models 

Step 
1a 

Gender(Male) -.280 .336   .406 .756 .391 1.463 .074 .077 .985 
Age .027 .018   .137 1.027 .991 1.065 .012 .012 .998 
Number of Previous 
Admission in previous 6m -.043 .102   .676 .958 .784 1.171 .129 .140 .975 

Cognitive Impairment -.261 .439   .554 .771 .322 1.846 .244 .290 .953 
Reduced Mobility .535 .562   .341 1.707 .567 5.134 .032 .033 .994 
Falls .363 .351   .305 1.438 .712 2.905 .299 .377 .943 
Incontinence -.190 .499   .704 .827 .310 2.207 .120 .129 .976 
Anxiety and/or Depression .046 .320   .885 1.047 .559 1.962 .044 .045 .991 
ADLS(1 deficit) .029 .790   .971 1.029 .200 5.286 .468 .732 .914 
ADLS(2 deficits) .564 .707   .426 1.758 .434 7.117 .187 .211 .964 
ADLS(3 deficits) .311 .426   .469 1.365 .582 3.202 .281 .347 .947 
Pressure sores -.444 .646   .498 .642 .171 2.409 .418 .607 .923 
Constant -4.338 1.508   .004 .013 .001 .251 .016 .016 .997 
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Diagnostics 

          % Correct 
Classification 

Area 
under the 

Curve 
Std. 

Errora 
Asymptotic 

Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 
Sensitivity Specificity PPV NPV LR+ LR- 

False Positive Rate 
(Type I Error) 

False negative rate 
(Type II Error) Power  

Lower 
Bound 

Upper 
Bound 

Original Model 0.0% 100.0% Ind 87.3% Ind 1 0.0% 100.0% 0 87.3 .659 .044 .001 .572 .745 
Model 1 0.0% 100.0% Ind 88.8% Ind 1 0.0% 100.0% 0 88.8 .647 .040 .000 .569 .726 
Model 2 0.0% 100.0% Ind 85.9% Ind 1 0.0% 100.0% 0 85.9 .640 .035 .000 .571 .710 
Model 3 0.0% 100.0% Ind 88.8% Ind 1 0.0% 100.0% 0 88.8 .641 .041 .001 .562 .720 
Model 4 0.0% 100.0% Ind 87.6% Ind 1 0.0% 100.0% 0 87.6 .633 .039 .001 .557 .709 
Model 5 0.0% 100.0% Ind 87.6% Ind 1 0.0% 100.0% 0 87.6 .634 .039 .001 .558 .710 

          
a. Under the nonparametric assumption 

          
b. Null hypothesis: true area = 0.5 

 

 

Model 2 has the best HL fit 
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Appendix 20.8 Missing data analysis for New/Active Frailty Syndromes model 
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Appendix 20.9 Multiple imputation for New/Active Frailty Syndromes model 
Imputation Specifications 

Imputation Method Automatic 
Number of Imputations 5 
Model for Scale Variables Linear Regression 
Interactions Included in 
Models (none) 

Maximum Percentage of 
Missing Values 100.0% 

Maximum Number of 
Parameters in Imputation 
Model 

100 

 
Imputation Results 

Imputation Method Fully Conditional Specification 
Fully Conditional Specification Method Iterations 10 
Dependent Variables Imputed Gender,NumAdmit,Pressure_Sore,ADLS,Readmi

ssion7,Readmission30,DiscDecline,COGNITION
NEWBINARY,RedMobNEWBINARY,FALLSNEW
BINARY,CONTINENCENEWBINARY,AnxDepBI
NARY 

Not Imputed(Too Many 
Missing Values)  

Not Imputed(No Missing 
Values) Age,InPatientMortalityEpisode 

Imputation Sequence Age,InPatientMortalityEpisode,Gender,NumAdmi
t,CONTINENCENEWBINARY,Readmission7,Dis
cDecline,ADLS,Readmission30,FALLSNEWBIN
ARY,AnxDepBINARY,COGNITIONNEWBINARY
,RedMobNEWBINARY,Pressure_Sore 

 
Imputation Models 

 
Model 

Missing Values Imputed Values Type Effects 
Gender 

Logistic 
Regression 

InPatientMortalit
yEpisode,CONT
INENCENEWBI
NARY,Readmis
sion7,DiscDeclin
e,ADLS,Readmi
ssion30,FALLS
NEWBINARY,A
nxDepBINARY,
COGNITIONNE
WBINARY,Red
MobNEWBINAR
Y,Pressure_Sor
e,Age,NumAdmi
t 

3 15 

NumAdmit 

Linear 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
FALLSNEWBIN
ARY,AnxDepBI
NARY,COGNITI
ONNEWBINAR
Y,RedMobNEW
BINARY,Pressu
re_Sore,Age 

10 50 
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CONTINENCENEWBINARY 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,Readmission7,
DiscDecline,AD
LS,Readmission
30,FALLSNEW
BINARY,AnxDe
pBINARY,COG
NITIONNEWBIN
ARY,RedMobN
EWBINARY,Pre
ssure_Sore,Age
,NumAdmit 

11 55 

Readmission7 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,Di
scDecline,ADLS
,Readmission30
,FALLSNEWBIN
ARY,AnxDepBI
NARY,COGNITI
ONNEWBINAR
Y,RedMobNEW
BINARY,Pressu
re_Sore,Age,Nu
mAdmit 

12 60 

DiscDecline 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,AD
LS,Readmission
30,FALLSNEW
BINARY,AnxDe
pBINARY,COG
NITIONNEWBIN
ARY,RedMobN
EWBINARY,Pre
ssure_Sore,Age
,NumAdmit 

14 70 

ADLS 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,Readm
ission30,FALLS
NEWBINARY,A
nxDepBINARY,
COGNITIONNE
WBINARY,Red
MobNEWBINAR
Y,Pressure_Sor
e,Age,NumAdmi
t 

15 75 
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Readmission30 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
FALLSNEWBIN
ARY,AnxDepBI
NARY,COGNITI
ONNEWBINAR
Y,RedMobNEW
BINARY,Pressu
re_Sore,Age,Nu
mAdmit 

16 80 

FALLSNEWBINARY 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
AnxDepBINARY
,COGNITIONNE
WBINARY,Red
MobNEWBINAR
Y,Pressure_Sor
e,Age,NumAdmi
t 

16 80 

AnxDepBINARY 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
FALLSNEWBIN
ARY,COGNITIO
NNEWBINARY,
RedMobNEWBI
NARY,Pressure
_Sore,Age,Num
Admit 

16 80 

COGNITIONNEWBINARY 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
FALLSNEWBIN
ARY,AnxDepBI
NARY,RedMob
NEWBINARY,Pr
essure_Sore,Ag
e,NumAdmit 

34 170 
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RedMobNEWBINARY 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
FALLSNEWBIN
ARY,AnxDepBI
NARY,COGNITI
ONNEWBINAR
Y,Pressure_Sor
e,Age,NumAdmi
t 

53 265 

Pressure_Sore 

Logistic 
Regression 

InPatientMortalit
yEpisode,Gende
r,CONTINENCE
NEWBINARY,R
eadmission7,Dis
cDecline,ADLS,
Readmission30,
FALLSNEWBIN
ARY,AnxDepBI
NARY,COGNITI
ONNEWBINAR
Y,RedMobNEW
BINARY,Age,Nu
mAdmit 

90 450 
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Appendix 20.10 Logistic regression for New/Active Frailty Syndromes model to predict 

Inpatient Mortality 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 27.716 12 .006 

Block 27.716 12 .006 
Model 27.716 12 .006 

1 Step 1 Step 38.075 12 .000 
Block 38.075 12 .000 
Model 38.075 12 .000 

2 Step 1 Step 34.490 12 .001 
Block 34.490 12 .001 
Model 34.490 12 .001 

3 Step 1 Step 36.227 12 .000 
Block 36.227 12 .000 
Model 36.227 12 .000 

4 Step 1 Step 39.132 12 .000 
Block 39.132 12 .000 
Model 39.132 12 .000 

5 Step 1 Step 35.064 12 .000 
Block 35.064 12 .000 
Model 35.064 12 .000 

Significant model 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 91.290a .089 .270 
1 1 207.776b .076 .190 
2 1 211.361c .069 .173 
3 1 209.624d .072 .181 
4 1 206.719e .078 .195 
5 1 210.787f .070 .176 

17.3-19.0% variation explained by model 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 9.749 8 .283 
1 1 10.401 8 .238 
2 1 3.909 8 .865 
3 1 6.310 8 .613 
4 1 10.324 8 .243 
5 1 9.032 8 .340 

Performance metrics suggest models are not over fitted 
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Classification Table

a 

Imputation Number Observed 

Predicted 
InPatientMortalityEpisode Percentage 

Correct No Yes 
Original data Step 1 InPatientMortalityEpisode No 283 1 99.6 

Yes 13 2 13.3 
Overall Percentage   95.3 

1 Step 1 InPatientMortalityEpisode No 448 0 100.0 
Yes 33 1 2.9 

Overall Percentage   93.2 
2 Step 1 InPatientMortalityEpisode No 447 1 99.8 

Yes 32 2 5.9 
Overall Percentage   93.2 

3 Step 1 InPatientMortalityEpisode No 448 0 100.0 
Yes 33 1 2.9 

Overall Percentage   93.2 
4 Step 1 InPatientMortalityEpisode No 448 0 100.0 

Yes 32 2 5.9 
Overall Percentage   93.4 

5 Step 1 InPatientMortalityEpisode No 447 1 99.8 
Yes 33 1 2.9 

Overall Percentage   92.9 
a. The cut value is .500 

 

 

 

 



 

385 
 

 
Variables in the Equation 

 B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled data 
from all 
multiple 
imputations 
models 

Step 1a Gender(Male) .788 .425   .065 2.200 .953 5.078 .118 .127 .977 
Age .029 .025   .246 1.029 .980 1.081 .030 .031 .994 
Number of admissions 
in the previous 6m -.050 .134   .709 .951 .732 1.236 .015 .015 .997 

Pressure Sore .989 .558   .080 2.688 .888 8.138 .228 .268 .956 
ADLS(1 deficit) 1.762 .696   .011 5.821 1.487 22.785 .059 .061 .988 

ADLS(2 deficits) -1.894 4058.623   1.000 .150 .000 . .000 .000 1.000 
ADLS(3 deficits) 1.696 .540   .002 5.453 1.891 15.727 .018 .018 .996 

Cognitive Impairment .026 .421   .950 1.027 .449 2.347 .069 .072 .986 
Reduced Mobility .388 .522   .464 1.473 .506 4.289 .416 .602 .923 
Falls .180 .441   .684 1.197 .502 2.852 .138 .151 .973 
Incontinence -.711 .439   .106 .491 .208 1.162 .026 .026 .995 
Anxiety and/or 
depression -.522 .452   .248 .594 .245 1.438 .011 .011 .998 

Constant -6.278 2.096   .003 .002 .000 .114 .033 .033 .994 

Functional dependence is significant predictor of inpatient mortality after multivariable adjustment 
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Diagnostics 

          

% Correct 
Classificati
on 

Area 
Und
er 
the 

Curv
e 

Std. 
Erro

ra 
Asympto
tic Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitivi
ty 

Specifici
ty PPV NPV LR+ LR- 

False Positive Rate(Type I 
Error) 

False negative rate(Type II 
Error) Power  

Lowe
r 

Boun
d 

Uppe
r 

Boun
d 

Original 
Model 13.3% 99.6% 66.7% 

95.6
% 

37.866
67 

0.8697
29 0.4% 86.7% 

0.1333
33 

95.3 .834 .066 .000 .704 .963 

Model 1 2.9% 100.0% 
100.0

% 
93.1

% Ind 
0.9705

88 0.0% 97.1% 
0.0294

12 
93.2 .777 .047 .000 .685 .869 

Model 2 5.9% 99.8% 66.7% 
93.3

% 
26.352

94 
0.9432

82 0.2% 94.1% 
0.0588

24 

93.2 .767 .046 .000 .677 .856 

Model 3 2.9% 100.0% 
100.0

% 
93.1

% Ind 
0.9705

88 0.0% 97.1% 
0.0294

12 

93.2 .777 .046 .000 .686 .867 

Model 4 5.9% 100.0% 
100.0

% 
93.3

% Ind 
0.9411

76 0.0% 94.1% 
0.0588

24 
93.4 .780 .047 .000 .688 .872 

Model 5 2.9% 99.8% 50.0% 
93.1

% 
13.176

47 
0.9727

6 0.2% 97.1% 
0.0294

12 
92.9 .777 .045 .000 .689 .864 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 

 

Model 2 is best HL fit 
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Appendix 20.11 Logistic regression for New/Active Frailty Syndromes model to predict 

7day readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 23.864 12 .021 

Block 23.864 12 .021 
Model 23.864 12 .021 

1 Step 1 Step 24.724 12 .016 
Block 24.724 12 .016 
Model 24.724 12 .016 

2 Step 1 Step 26.223 12 .010 
Block 26.223 12 .010 
Model 26.223 12 .010 

3 Step 1 Step 20.201 12 .063 
Block 20.201 12 .063 
Model 20.201 12 .063 

4 Step 1 Step 26.123 12 .010 
Block 26.123 12 .010 
Model 26.123 12 .010 

5 Step 1 Step 24.379 12 .018 
Block 24.379 12 .018 
Model 24.379 12 .018 

Model 3 is not significant 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 10.445 8 .235 
1 1 6.732 8 .566 
2 1 9.566 8 .297 
3 1 9.437 8 .307 
4 1 4.931 8 .765 
5 1 8.005 8 .433 

Performance metrics suggest models are not over fitted 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 132.829a .077 .188 
1 1 274.353b .050 .108 
2 1 272.854c .053 .115 
3 1 220.461d .041 .104 
4 1 272.954e .053 .114 
5 1 274.698f .049 .107 

10.4-11.5% variation explained by model 
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Classification Table
a 

Imputation Number Observed 

Predicted 
Readmission7 Percentage 

Correct No Yes 
Original data Step 1 Readmission7 No 272 2 99.3 

Yes 20 2 9.1 
Overall Percentage   92.6 

1 Step 1 Readmission7 No 437 0 100.0 
Yes 44 1 2.2 

Overall Percentage   90.9 
2 Step 1 Readmission7 No 436 1 99.8 

Yes 44 1 2.2 
Overall Percentage   90.7 

3 Step 1 Readmission7 No 449 0 100.0 
Yes 32 1 3.0 

Overall Percentage   93.4 
4 Step 1 Readmission7 No 436 1 99.8 

Yes 44 1 2.2 
Overall Percentage   90.7 

5 Step 1 Readmission7 No 436 1 99.8 
Yes 44 1 2.2 

Overall Percentage   90.7 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all 
multiple 
imputation 
models 

Step 
1a 

Gender(Male) .559 .377   .139 1.749 .834 3.672 .119 .128 .977 
Age .023 .022   .307 1.023 .979 1.068 .090 .094 .982 
Number of admissions in 
the previous 6m 

.308 .081   .000 1.361 1.162 1.594 .046 .048 .991 

Pressure Sore .443 .648   .498 1.557 .421 5.756 .339 .445 .937 
ADLS(1 deficit) .733 .795   .363 2.081 .414 10.467 .377 .520 .930 
ADLS(2 deficits) .354 1.116   .753 1.425 .146 13.886 .399 .565 .926 
ADLS(3 deficits) .392 .533   .466 1.479 .506 4.327 .322 .415 .940 
Cognitive Impairment .208 .398   .601 1.232 .563 2.693 .106 .113 .979 
Reduced Mobility -.169 .429   .693 .844 .362 1.968 .158 .175 .969 
Falls -.122 .440   .781 .885 .370 2.115 .190 .216 .963 
Incontinence .007 .472   .989 1.007 .392 2.583 .271 .331 .949 
Anxiety and/or depression -.150 .393   .702 .861 .398 1.861 .085 .090 .983 
Constant -5.086 1.824   .005 .006 .000 .222 .076 .080 .985 
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Diagnostics 

          

% Correct 
Classificati
on 

Area 
und
er 
the 
curv

e 

Std. 
Erro

ra 
Asympto
tic Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitivi
ty 

Specifici
ty PPV NPV LR+ LR- 

False Positive Rate(Type I 
Error) 

False negative rate(Type II 
Error) Power  

Lowe
r 

Boun
d 

Uppe
r 

Boun
d 

Original 
Model 9.1% 99.3% 50.0% 

93.2
% 

12.454
55 

0.9157
75 0.7% 90.9% 

0.0909
09 

92.6 .785 .057 .000 .674 .897 

Model 1 2.2% 100.0% 
100.0

% 
90.9

% Ind 
0.9777

78 0.0% 97.8% 
0.0222

22 
90.9 .717 .039 .000 .641 .794 

Model 2 2.2% 99.8% 50.0% 
90.8

% 
9.7111

11 
0.9800

2 0.2% 97.8% 
0.0222

22 

90.7 .726 .038 .000 .652 .801 

Model 3 3.0% 100.0% 
100.0

% 
93.3

% Ind 
0.9696

97 0.0% 97.0% 
0.0303

03 

93.4 .690 .055 .000 .583 .797 

Model 4 2.2% 99.8% 50.0% 
90.8

% 
9.7111

11 
0.9800

2 0.2% 97.8% 
0.0222

22 
90.7 .719 .043 .000 .636 .802 

Model 5 2.2% 99.8% 50.0% 
90.8

% 
9.7111

11 
0.9800

2 0.2% 97.8% 
0.0222

22 
90.7 .722 .039 .000 .645 .798 

 

Model 4 has best HL fit 
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Appendix 20.12 Logistic regression for New/Active Frailty Syndromes model to predict 

30day readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 37.090 12 .000 

Block 37.090 12 .000 
Model 37.090 12 .000 

1 Step 1 Step 54.666 12 .000 
Block 54.666 12 .000 
Model 54.666 12 .000 

2 Step 1 Step 58.383 12 .000 
Block 58.383 12 .000 
Model 58.383 12 .000 

3 Step 1 Step 54.445 12 .000 
Block 54.445 12 .000 
Model 54.445 12 .000 

4 Step 1 Step 57.085 12 .000 
Block 57.085 12 .000 
Model 57.085 12 .000 

5 Step 1 Step 52.671 12 .000 
Block 52.671 12 .000 
Model 52.671 12 .000 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 257.252a .119 .188 
1 1 400.484b .107 .175 
2 1 405.720c .114 .185 
3 1 418.365d .107 .171 
4 1 401.077e .112 .182 
5 1 420.139f .104 .166 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 3.540 8 .896 
1 1 4.425 8 .817 
2 1 1.365 8 .995 
3 1 5.138 8 .743 
4 1 6.497 8 .592 
5 1 7.255 8 .509 
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Classification Table
a 

Imputation Number Observed 

Predicted 
Readmission30 Percentage 

Correct No Yes 
Original data Step 1 Readmission30 No 228 6 97.4 

Yes 47 12 20.3 
Overall Percentage   81.9 

1 Step 1 Readmission30 No 389 6 98.5 
Yes 72 15 17.2 

Overall Percentage   83.8 
2 Step 1 Readmission30 No 386 6 98.5 

Yes 74 16 17.8 
Overall Percentage   83.4 

3 Step 1 Readmission30 No 382 7 98.2 
Yes 77 16 17.2 

Overall Percentage   82.6 
4 Step 1 Readmission30 No 387 7 98.2 

Yes 72 16 18.2 
Overall Percentage   83.6 

5 Step 1 Readmission30 No 383 6 98.5 
Yes 76 17 18.3 

Overall Percentage   83.0 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all 
multiple 
imputation 
models 

Step 
1a 

Gender(Male) .112 .286   .696 1.118 .638 1.960 .093 .099 .982 
Age -.044 .017   .009 .957 .927 .989 .086 .090 .983 

Number of admissions in 
the previous 6m 

.363 .069   .000 1.438 1.256 1.645 .013 .013 .997 

Pressure Sore .567 .514   .277 1.762 .623 4.988 .356 .477 .934 
ADLS(1 deficit) .142 .551   .797 1.152 .391 3.398 .085 .089 .983 
ADLS(2 deficits) .638 .630   .312 1.892 .549 6.521 .093 .098 .982 
ADLS(3 deficits) .433 .382   .260 1.541 .723 3.288 .211 .244 .959 
Cognitive Impairment .387 .323   .233 1.473 .776 2.794 .221 .257 .958 
Reduced Mobility .268 .329   .418 1.307 .681 2.510 .200 .229 .962 
Falls -.583 .337   .084 .558 .288 1.083 .086 .090 .983 
Incontinence -.340 .330   .303 .712 .372 1.360 .049 .050 .990 
Anxiety and/or depression .050 .289   .862 1.051 .596 1.855 .111 .118 .978 
Constant 1.288 1.328   .332 3.626 .267 49.179 .082 .086 .984 
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Diagnostics 

          % 
Correct 
Classific
ation 

Are
a 

und
er 
the 
cur
ve 

Std. 
Err
ora 

Asympt
otic 
Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensiti
vity 

Specifi
city PPV 

NP
V LR+ LR- 

False Positive 
Rate(Type I Error) 

False negative 
rate(Type II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 20.3% 97.4% 

66.7
% 

82.9
% 

7.932
203 

0.817
574 2.6% 79.7% 

0.203
39 

81.9 .74
1 

.03
7 .000 .668 .814 

Model 1 17.2% 98.5% 
71.4

% 
84.4

% 
11.35

057 
0.840

351 1.5% 82.8% 
0.172

414 
83.8 .72

7 
.03

1 .000 .667 .787 

Model 2 17.8% 98.5% 
72.7

% 
83.9

% 
11.61

481 
0.835

003 1.5% 82.2% 
0.177

778 
83.4 .73

6 
.02

9 .000 .678 .793 

Model 3 17.2% 98.2% 
69.6

% 
83.2

% 
9.560

676 
0.843

129 1.8% 82.8% 
0.172

043 
82.6 .71

8 
.03

0 .000 .658 .777 

Model 4 18.2% 98.2% 
69.6

% 
84.3

% 
10.23

377 
0.832

981 1.8% 81.8% 
0.181

818 
83.6 .73

3 
.02

9 .000 .675 .791 

Model 5 18.3% 98.5% 
73.9

% 
83.4

% 
11.85

125 
0.830

006 1.5% 81.7% 
0.182

796 
83 .72

4 
.03

0 .000 .666 .783 

          
a. Under the nonparametric assumption 

          
b. Null hypothesis: true area = 0.5 

 

Model 2 has the best HL fit 
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Appendix 20.13: Logistic regression for New/Active Frailty Syndromes model to predict 

institutionalisation 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 16.956 12 .151 

Block 16.956 12 .151 
Model 16.956 12 .151 

1 Step 1 Step 15.846 12 .198 
Block 15.846 12 .198 
Model 15.846 12 .198 

2 Step 1 Step 16.201 12 .182 
Block 16.201 12 .182 
Model 16.201 12 .182 

3 Step 1 Step 15.338 12 .223 
Block 15.338 12 .223 
Model 15.338 12 .223 

4 Step 1 Step 16.801 12 .157 
Block 16.801 12 .157 
Model 16.801 12 .157 

5 Step 1 Step 17.475 12 .133 
Block 17.475 12 .133 
Model 17.475 12 .133 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 3.517 8 .898 
1 1 9.687 8 .288 
2 1 9.687 8 .288 
3 1 8.307 8 .404 
4 1 6.523 8 .589 
5 1 3.344 8 .911 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 213.186a .056 .103 
1 1 346.386b .032 .061 
2 1 346.031c .033 .063 
3 1 376.930d .031 .056 
4 1 321.317e .034 .068 
5 1 374.793f .036 .064 
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Classification Table
a 

Imputation Number Observed 

Predicted 
DiscDecline Percentage 

Correct No Yes 
Original data Step 1 DiscDecline No 255 0 100.0 

Yes 39 0 .0 
Overall Percentage   86.7 

1 Step 1 DiscDecline No 422 0 100.0 
Yes 60 0 .0 

Overall Percentage   87.6 
2 Step 1 DiscDecline No 422 0 100.0 

Yes 60 0 .0 
Overall Percentage   87.6 

3 Step 1 DiscDecline No 414 0 100.0 
Yes 68 0 .0 

Overall Percentage   85.9 
4 Step 1 DiscDecline No 428 0 100.0 

Yes 54 0 .0 
Overall Percentage   88.8 

5 Step 1 DiscDecline No 414 0 100.0 
Yes 68 0 .0 

Overall Percentage   85.9 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all 
multiple 
imputation 
models 

 Gender(Male) -.216 .327   .509 .806 .424 1.531 .080 .084 .984 
Age .019 .018   .292 1.019 .984 1.055 .004 .004 .999 
Number of admissions in the 
previous 6m .009 .096   .926 1.009 .835 1.219 .113 .121 .978 

Pressure Sore -.265 .547   .630 .767 .258 2.280 .250 .299 .952 
ADLS(1 deficit) -.047 .673   .944 .954 .248 3.664 .284 .352 .946 
ADLS(2 deficits) .643 .620   .300 1.903 .563 6.433 .077 .081 .985 
ADLS(3 deficits) .177 .368   .631 1.194 .580 2.458 .040 .041 .992 
Cognitive Impairment .401 .314   .203 1.493 .805 2.767 .067 .070 .987 
Reduced Mobility .125 .432   .775 1.133 .458 2.807 .517 .876 .906 
Falls .642 .339   .062 1.900 .967 3.731 .255 .307 .951 
Incontinence .033 .347   .924 1.034 .523 2.042 .075 .079 .985 
Anxiety and/or depression .051 .312   .870 1.052 .571 1.940 .042 .043 .992 
Constant -3.931 1.475   .008 .020 .001 .353 .005 .005 .999 
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Diagnostics 

          

% Correct 
Classificatio
n 

Area 
Unde
r the 
Curv

e 

Std. 
Error

a 
Asymptoti

c Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitivit
y 

Specificit
y 

PP
V NPV 

LR
+ 

LR
- 

False Positive Rate(Type I 
Error) 

False negative rate(Type II 
Error) 

Powe
r  

Lowe
r 

Boun
d 

Uppe
r 

Boun
d 

Original 
Model 0.0% 100.0% Ind 

86.7
% Ind 1 0 1 0 

86.7 .701 .042 .000 .619 .783 

Model 1 0.0% 100.0% Ind 
87.6

% Ind 1 0 1 0 
87.6 .655 .039 .000 .579 .731 

Model 2 0.0% 100.0% Ind 
87.6

% Ind 1 0 1 0 

87.6 .660 .040 .000 .582 .737 

Model 3 0.0% 100.0% Ind 
85.9

% Ind 1 0 1 0 

85.9 .644 .035 .000 .575 .713 

Model 4 0.0% 100.0% Ind 
88.8

% Ind 1 0 1 0 
88.8 .663 .040 .000 .584 .742 

Model 5 0.0% 100.0% Ind 
85.9

% Ind 1 0 1 0 
85.9 .650 .035 .000 .581 .718 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 
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Appendix 20.14: Missing data analysis for Frailty Plus model 
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Appendix 20.15: Multiple imputation for frailty plus model 

 
Imputation Specifications 

Imputation Method Automatic 
Number of Imputations 5 
Model for Scale Variables Linear Regression 
Interactions Included in 
Models (none) 

Maximum Percentage of 
Missing Values 100.0% 

Maximum Number of 
Parameters in Imputation 
Model 

100 

 
Imputation Results 

Imputation Method Fully Conditional Specification 
Fully Conditional Specification Method Iterations 10 
Dependent Variables Imputed Gender,NumAdmit,Pressure_Sore,AnxDepBINA

RY,ADLS,Readmission7,Readmission30,DiscDe
cline,Waterlow_weight_below_average,Waterlow
_low_food_intake,COGNITIONOLDBINARY,Red
MobOLDBINARY,FALLSOLDBINARY,CONTINE
NCEOLDBINARY 

Not Imputed(Too Many 
Missing Values)  

Not Imputed(No Missing 
Values) 

Age,ADMISSIONNEW2LEVEL,POLYPHARMAC
Y,InPatientMortalityEpisode 

Imputation Sequence Age,ADMISSIONNEW2LEVEL,POLYPHARMAC
Y,InPatientMortalityEpisode,Gender,CONTINEN
CEOLDBINARY,NumAdmit,Readmission7,DiscD
ecline,ADLS,AnxDepBINARY,Readmission30,Re
dMobOLDBINARY,FALLSOLDBINARY,COGNITI
ONOLDBINARY,Pressure_Sore,Waterlow_weigh
t_below_average,Waterlow_low_food_intake 

 
Imputation Models 

 
Model 

Missing Values Imputed Values Type Effects 
Gender 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,CONT
INENCEOLDBI
NARY,Readmis
sion7,DiscDeclin
e,ADLS,AnxDep
BINARY,Readm
ission30,RedMo
bOLDBINARY,F
ALLSOLDBINA
RY,COGNITION
OLDBINARY,Pr
essure_Sore,W
aterlow_weight_
below_average,
Waterlow_low_f
ood_intake,Age,
NumAdmit 

3 15 
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CONTINENCEOLDBINARY 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,Readmission7,
DiscDecline,AD
LS,AnxDepBINA
RY,Readmissio
n30,RedMobOL
DBINARY,FALL
SOLDBINARY,
COGNITIONOL
DBINARY,Press
ure_Sore,Waterl
ow_weight_belo
w_average,Wat
erlow_low_food
_intake,Age,Nu
mAdmit 

6 30 

NumAdmit 

Linear 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Pressure
_Sore,Waterlow
_weight_below_
average,Waterlo
w_low_food_int
ake,Age 

10 50 

Readmission7 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Di
scDecline,ADLS
,AnxDepBINAR
Y,Readmission3
0,RedMobOLDB
INARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Pressure
_Sore,Waterlow
_weight_below_
average,Waterlo
w_low_food_int
ake,Age,NumAd
mit 

12 60 
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DiscDecline 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,ADL
S,AnxDepBINA
RY,Readmissio
n30,RedMobOL
DBINARY,FALL
SOLDBINARY,
COGNITIONOL
DBINARY,Press
ure_Sore,Waterl
ow_weight_belo
w_average,Wat
erlow_low_food
_intake,Age,Nu
mAdmit 

14 70 

ADLS 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,AnxDep
BINARY,Readm
ission30,RedMo
bOLDBINARY,F
ALLSOLDBINA
RY,COGNITION
OLDBINARY,Pr
essure_Sore,W
aterlow_weight_
below_average,
Waterlow_low_f
ood_intake,Age,
NumAdmit 

15 75 

AnxDepBINARY 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,R
eadmission30,R
edMobOLDBIN
ARY,FALLSOL
DBINARY,COG
NITIONOLDBIN
ARY,Pressure_
Sore,Waterlow_
weight_below_a
verage,Waterlo
w_low_food_int
ake,Age,NumAd
mit 

16 80 



 

403 
 

Readmission30 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
RedMobOLDBI
NARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Pressure
_Sore,Waterlow
_weight_below_
average,Waterlo
w_low_food_int
ake,Age,NumAd
mit 

16 80 

RedMobOLDBINARY 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
FALLSOLDBIN
ARY,COGNITIO
NOLDBINARY,
Pressure_Sore,
Waterlow_weigh
t_below_averag
e,Waterlow_low
_food_intake,Ag
e,NumAdmit 

17 85 

FALLSOLDBINARY 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,COGNITI
ONOLDBINARY
,Pressure_Sore,
Waterlow_weigh
t_below_averag
e,Waterlow_low
_food_intake,Ag
e,NumAdmit 

23 115 
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COGNITIONOLDBINARY 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,FALLSO
LDBINARY,Pres
sure_Sore,Wate
rlow_weight_bel
ow_average,Wa
terlow_low_food
_intake,Age,Nu
mAdmit 

37 185 

Pressure_Sore 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Waterlow
_weight_below_
average,Waterlo
w_low_food_int
ake,Age,NumAd
mit 

90 450 

Waterlow_weight_below_av
erage 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Pressure
_Sore,Waterlow
_low_food_intak
e,Age,NumAdmi
t 

106 530 
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Waterlow_low_food_intake 

Logistic 
Regression 

ADMISSIONNE
W2LEVEL,POL
YPHARMACY,I
nPatientMortalit
yEpisode,Gende
r,CONTINENCE
OLDBINARY,Re
admission7,Disc
Decline,ADLS,A
nxDepBINARY,
Readmission30,
RedMobOLDBI
NARY,FALLSO
LDBINARY,CO
GNITIONOLDBI
NARY,Pressure
_Sore,Waterlow
_weight_below_
average,Age,Nu
mAdmit 

106 530 
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Appendix 20.16: Logistic regression for Frailty Syndromes Plus model to predict 

inpatient mortality 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 45.063 17 .000 

Block 45.063 17 .000 
Model 45.063 17 .000 

1 Step 1 Step 61.265 17 .000 
Block 61.265 17 .000 
Model 61.265 17 .000 

2 Step 1 Step 66.497 17 .000 
Block 66.497 17 .000 
Model 66.497 17 .000 

3 Step 1 Step 68.993 17 .000 
Block 68.993 17 .000 
Model 68.993 17 .000 

4 Step 1 Step 60.079 17 .000 
Block 60.079 17 .000 
Model 60.079 17 .000 

5 Step 1 Step 65.223 17 .000 
Block 65.223 17 .000 
Model 65.223 17 .000 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 80.731a .136 .406 
1 1 184.586b .119 .299 
2 1 179.354c .129 .323 
3 1 176.857d .133 .334 
4 1 185.772e .117 .293 
5 1 180.628f .127 .317 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 5.736 8 .677 
1 1 7.912 8 .442 
2 1 17.228 8 .028 
3 1 6.477 8 .594 
4 1 7.623 8 .471 
5 1 7.836 8 .450 

Model 2 is over-fitted and should be excluded 
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Classification Table
a 

Imputation Number Observed 

Predicted 
InPatientMortalityEpisode Percentage 

Correct No Yes 
Original data Step 1 InPatientMortalityEpisode No 291 1 99.7 

Yes 12 4 25.0 
Overall Percentage   95.8 

1 Step 1 InPatientMortalityEpisode No 445 3 99.3 
Yes 31 3 8.8 

Overall Percentage   92.9 
2 Step 1 InPatientMortalityEpisode No 447 1 99.8 

Yes 27 7 20.6 
Overall Percentage   94.2 

3 Step 1 InPatientMortalityEpisode No 445 3 99.3 
Yes 24 10 29.4 

Overall Percentage   94.4 
4 Step 1 InPatientMortalityEpisode No 446 2 99.6 

Yes 27 7 20.6 
Overall Percentage   94.0 

5 Step 1 InPatientMortalityEpisode No 447 1 99.8 
Yes 29 5 14.7 

Overall Percentage   93.8 
a. The cut value is .500 
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Variables in the Equation 

 B S.E. Wald df P OR 

95% C.I.for OR Fraction 
Missing 

Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all 
multiple 
imputation 
models 

 Gender(Male) -.837 .449   .062 .433 .180 1.043 .044 .045 .991 
Age .035 .028   .215 1.035 .980 1.094 .099 .105 .981 
Number of admissions in the 
previous 6m -.093 .153   .541 .911 .675 1.229 .034 .034 .993 

Pressure Sore -.750 .574   .192 .473 .153 1.462 .128 .138 .975 
Anxiety and/or depression .517 .528   .328 1.677 .595 4.725 .064 .067 .987 
Admission NEWS 5-6 
compared to 0-4 -.540 .742   .467 .583 .136 2.497 .049 .050 .990 

Admission NEWS ≥ 7 
compared to 0-4 .073 .864   .933 1.076 .197 5.871 .073 .076 .986 

ADLS(1 deficit) -2.085 .562   .000 .124 .041 .374 .069 .072 .986 

ADLS(2 deficits) -.467 .841   .582 .627 .114 3.448 .364 .493 .932 
ADLS(3 deficits) -

16.121 7218.610   .998 .000 .000 . .000 .000 1.000 

Polypharmacy(>5 
medications) -.061 .455   .893 .941 .386 2.295 .023 .024 .995 

“Weight below average?” -1.488 .518   .006 .226 .080 .637 .291 .364 .945 

“Low food intake?” -.653 .606   .293 .520 .148 1.830 .477 .756 .913 
Cognitive Impairment 1.333 .623   .033 3.793 1.116 12.892 .083 .087 .984 

Reduced mobility 18.743 7104.218   1.000 137981675.431 137981675.431 137981675.431 .000 .000 1.000 
Falls .640 .524   .226 1.896 .667 5.387 .256 .308 .951 
Incontinence .566 .731   .440 1.761 .416 7.465 .167 .185 .968 
Constant -

22.337 7104.219   1.000 .000 .000 .000 .000 .000 1.000 
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Diagnostics 

          
Area Under the Curve 

          
% Correct 
Classificat
ion 

Are
a 

Std. 
Erro

ra 
Asympto
tic Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitiv
ity 

Specific
ity PPV NPV LR+ LR- 

False Positive Rate(Type 
I Error) 

False negative rate(Type 
II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 30.4% 90.9% 

63.8
% 

71.3
% 

3.3497
54 

0.7658
32 9.1% 69.6% 

0.3035
71 

95.8 .92
4 .021 .000 .882 .966 

Model 1 8.8% 99.3% 
50.0

% 
93.5

% 
13.176

47 
0.9179

11 0.7% 91.2% 
0.0882

35 
92.9 .85

1 .037 .000 .778 .923 

Model 2 20.6% 99.8% 
87.5

% 
94.3

% 
92.235

29 
0.7958

94 0.2% 79.4% 
0.2058

82 
94.2 .85

6 .036 .000 .785 .927 

Model 3 29.4% 99.3% 
76.9

% 
94.9

% 
43.921

57 
0.7106

41 0.7% 70.6% 
0.2941

18 
94.4 .85

2 .037 .000 .780 .924 

Model 4 20.6% 99.6% 
77.8

% 
94.3

% 
46.117

65 
0.7976

79 0.4% 79.4% 
0.2058

82 
94 .84

2 .036 .000 .772 .912 

Model 5 14.7% 99.8% 
83.3

% 
93.9

% 
65.882

35 
0.8548

49 0.2% 85.3% 
0.1470

59 
93.8 .85

3 .037 .000 .780 .925 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 

 

Model 3 has best HL fit 

0 

5 

10 

15 

20 

1 2 3 4 5 6 7 8 9 10 

InPatient Mortality by model risk 
deciles 

Observed Predictied Average 
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Appendix 20.17: Logistic regression for Frailty Syndromes Plus model to predict 7day 

readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 35.081 17 .006 

Block 35.081 17 .006 
Model 35.081 17 .006 

1 Step 1 Step 34.005 17 .008 
Block 34.005 17 .008 
Model 34.005 17 .008 

2 Step 1 Step 42.430 17 .001 
Block 42.430 17 .001 
Model 42.430 17 .001 

3 Step 1 Step 28.451 17 .040 
Block 28.451 17 .040 
Model 28.451 17 .040 

4 Step 1 Step 36.137 17 .004 
Block 36.137 17 .004 
Model 36.137 17 .004 

5 Step 1 Step 30.637 17 .022 
Block 30.637 17 .022 
Model 30.637 17 .022 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 106.935a .109 .292 
1 1 265.072b .068 .147 
2 1 256.647c .084 .182 
3 1 212.211d .057 .146 
4 1 204.525e .072 .184 
5 1 210.025f .062 .157 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 3.983 8 .859 
1 1 10.321 8 .243 
2 1 4.289 8 .830 
3 1 10.171 8 .253 
4 1 7.518 8 .482 
5 1 1.696 8 .989 
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Classification Table

a 

Imputation Number Observed 

Predicted 
Readmission7 Percentage 

Correct No Yes 
Original data Step 1 Readmission7 No 282 2 99.3 

Yes 18 1 5.3 
Overall Percentage   93.4 

1 Step 1 Readmission7 No 437 0 100.0 
Yes 43 2 4.4 

Overall Percentage   91.1 
2 Step 1 Readmission7 No 435 2 99.5 

Yes 42 3 6.7 
Overall Percentage   90.9 

3 Step 1 Readmission7 No 449 0 100.0 
Yes 32 1 3.0 

Overall Percentage   93.4 
4 Step 1 Readmission7 No 449 0 100.0 

Yes 31 2 6.1 
Overall Percentage   93.6 

5 Step 1 Readmission7 No 449 0 100.0 
Yes 30 3 9.1 

Overall Percentage   93.8 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled 
data from 
all multiple 
imputation 
models 

 Gender(Male) -.429 .408   .294 .651 .292 1.451 .071 .073 .986 
Age .031 .024   .195 1.032 .984 1.081 .096 .101 .981 
Number of admissions in the 
previous 6m 

.346 .100   .001 1.413 1.156 1.727 .277 .341 .947 

Pressure Sore .233 .654   .722 1.262 .348 4.572 .117 .126 .977 
Anxiety and/or depression -.120 .446   .789 .887 .368 2.140 .169 .188 .967 
Admission NEWS 5-6  -.266 .697   .703 .766 .195 3.005 .011 .011 .998 
Admission NEWS ≥ 7 -.308 .859   .720 .735 .136 3.974 .081 .084 .984 
ADLS(1 deficit) -.276 .564   .628 .759 .243 2.368 .334 .437 .937 
ADLS(2 deficits) -.033 .769   .965 .967 .214 4.369 .022 .022 .996 
ADLS(3 deficits) -.382 1.120   .733 .683 .076 6.159 .094 .099 .982 
Polypharmacy(>5 medications) -.153 .483   .753 .859 .330 2.232 .182 .205 .965 
“Weight below average?” -.089 .610   .884 .915 .267 3.135 .347 .460 .935 
“Low food intake?” -1.093 .579   .076 .335 .099 1.133 .525 .904 .905 
Cognitive Impairment .534 .558   .339 1.706 .569 5.119 .133 .145 .974 
Reduced mobility 8.200 4762.940   .999 3641.075 .000 . .000 .000 1.000 
Falls .467 .453   .305 1.596 .649 3.923 .233 .274 .956 
Incontinence -.236 .636   .712 .790 .224 2.791 .211 .244 .959 
Constant -12.807 4762.940   .998 .000 .000 . .000 .000 1.000 
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Diagnostics 

          
% Correct 
Classficat
ion 

Are
a 

und
er 
the 
curv

e 

Std. 
Erro

ra 

Asympt
otic 
Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitiv
ity 

Specific
ity PPV NPV LR+ LR- 

False Positive Rate(Type 
I Error) 

False negative rate(Type 
II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 5.3% 99.3% 

33.3
% 

94.0
% 

7.4736
84 

0.9540
87 0.7% 94.7% 

0.0526
32 

93.4 .855 .043 .000 .772 .939 

Model 1 4.4% 100.0% 
100.0

% 
91.0

% Ind 
0.9555

56 0.0% 95.6% 
0.0444

44 
91.1 .723 .042 .000 .640 .807 

Model 2 6.7% 99.5% 
60.0

% 
91.2

% 
14.566

67 
0.9376

25 0.5% 93.3% 
0.0666

67 
90.9 .770 .034 .000 .704 .836 

Model 3 3.0% 100.0% 
100.0

% 
93.3

% Ind 
0.9696

97 0.0% 97.0% 
0.0303

03 
93.4 .736 .046 .000 .645 .826 

Model 4 6.1% 100.0% 
100.0

% 
93.5

% Ind 
0.9393

94 0.0% 93.9% 
0.0606

06 
93.6 .781 .036 .000 .711 .852 

Model 5 9.1% 100.0% 
100.0

% 
93.7

% Ind 
0.9090

91 0.0% 90.9% 
0.0909

09 
93.8 .741 .045 .000 .653 .829 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 

 

Imputation model 5 has the best HL fit 

0 

5 

10 

15 

1 2 3 4 5 6 7 8 9 10 

7-Day Emergency Readmission by model 
risk deciles 

Observed Expected Average 



 

414 
 

Appendix 20.18: Logistic regression for Frailty Syndromes Plus model to predict 30day 

readmission 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 58.944 17 .000 

Block 58.944 17 .000 
Model 58.944 17 .000 

1 Step 1 Step 61.788 17 .000 
Block 61.788 17 .000 
Model 61.788 17 .000 

2 Step 1 Step 58.357 17 .000 
Block 58.357 17 .000 
Model 58.357 17 .000 

3 Step 1 Step 57.683 17 .000 
Block 57.683 17 .000 
Model 57.683 17 .000 

4 Step 1 Step 57.843 17 .000 
Block 57.843 17 .000 
Model 57.843 17 .000 

5 Step 1 Step 58.437 17 .000 
Block 58.437 17 .000 
Model 58.437 17 .000 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 255.137a .178 .275 
1 1 413.871b .120 .192 
2 1 405.746c .114 .184 
3 1 406.420d .113 .182 
4 1 400.319e .113 .184 
5 1 399.725f .114 .186 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 4.315 8 .828 
1 1 8.448 8 .391 
2 1 13.231 8 .104 
3 1 4.250 8 .834 
4 1 8.425 8 .393 
5 1 7.392 8 .495 
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Classification Table
a 

Imputation Number Observed 

Predicted 
Readmission30 Percentage 

Correct Yes No 
Original data Step 1 Readmission30 No 224 12 94.9 

Yes 47 18 27.7 
Overall Percentage   80.4 

1 Step 1 Readmission30 No 373 15 96.1 
Yes 77 17 18.1 

Overall Percentage   80.9 
2 Step 1 Readmission30 No 383 9 97.7 

Yes 72 18 20.0 
Overall Percentage   83.2 

3 Step 1 Readmission30 No 384 8 98.0 
Yes 71 19 21.1 

Overall Percentage   83.6 
4 Step 1 Readmission30 No 386 8 98.0 

Yes 71 17 19.3 
Overall Percentage   83.6 

5 Step 1 Readmission30 No 386 8 98.0 
Yes 71 17 19.3 

Overall Percentage   83.6 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 

95% C.I.for OR 
Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled data 
from all 
multiple 
imputation 
models 

 Gender(Male) -.129 .286   .651 .879 .501 1.540 .071 .074 .986 
Age -.042 .017   .012 .959 .927 .991 .076 .079 .985 

Number of admissions in the 
previous 6m 

.345 .070   .000 1.412 1.230 1.621 .034 .035 .993 

Pressure Sore -.303 .485   .534 .738 .280 1.945 .273 .334 .948 
Anxiety and/or depression -.021 .283   .940 .979 .562 1.706 .033 .034 .993 
Admission NEWS 5-6  -.135 .574   .814 .874 .284 2.691 .018 .018 .996 
Admission NEWS ≥ 7 -.117 .677   .863 .890 .236 3.359 .071 .073 .986 
ADLS(1 deficit) -.779 .344   .024 .459 .234 .901 .066 .069 .987 

ADLS(2 deficits) -.471 .582   .418 .624 .199 1.959 .094 .099 .982 
ADLS(3 deficits) -.356 .739   .631 .701 .162 3.039 .222 .259 .957 
Polypharmacy(>5 medications) -.543 .325   .096 .581 .307 1.100 .025 .025 .995 
“Weight below average?” .007 .459   .987 1.007 .402 2.522 .281 .347 .947 
“Low food intake?” .234 .340   .491 1.264 .649 2.462 .067 .070 .987 
Cognitive Impairment .818 .428   .056 2.267 .978 5.255 .102 .109 .980 
Reduced mobility .495 .621   .426 1.640 .485 5.547 .064 .066 .987 
Falls .086 .314   .785 1.090 .582 2.039 .268 .327 .949 
Incontinence .380 .464   .413 1.462 .589 3.629 .008 .008 .998 
Constant .860 1.815   .636 2.364 .066 85.089 .164 .182 .968 
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Diagnostics 

          
% Correct 
Classificat
ion 

Area 
Und
er 
the 

Curv
e 

Std. 
Erro

ra 

Asympt
otic 
Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitiv
ity 

Specific
ity PPV NPV LR+ LR- 

False Positive Rate(Type 
I Error) 

False negative rate(Type 
II Error) Power  

Low
er 

Bou
nd 

Upp
er 

Bou
nd 

Original 
Model 27.7% 94.9% 

60.0
% 

82.7
% 

5.4461
54 

0.7618
13 5.1% 72.3% 

0.2769
23 

80.4 .791 .031 .000 .730 .853 

Model 1 18.1% 96.1% 
53.1

% 
82.9

% 
4.6780

14 
0.8520

91 3.9% 81.9% 
0.1808

51 
80.9 .742 .029 .000 .686 .798 

Model 2 20.0% 97.7% 
66.7

% 
84.2

% 
8.7111

11 
0.8187

99 2.3% 80.0% 0.2 
83.2 .735 .029 .000 .677 .792 

Model 3 21.1% 98.0% 
70.4

% 
84.4

% 
10.344

44 
0.8053

24 2.0% 78.9% 
0.2111

11 
83.6 .722 .031 .000 .661 .782 

Model 4 19.3% 98.0% 
68.0

% 
84.5

% 
9.5142

05 
0.8235

4 2.0% 80.7% 
0.1931

82 
83.6 .729 .031 .000 .669 .790 

Model 5 19.3% 98.0% 
68.0

% 
84.5

% 
9.5142

05 
0.8235

4 2.0% 80.7% 
0.1931

82 
83.6 .731 .031 .000 .671 .791 

          

a. Under the nonparametric assumption 

          

b. Null hypothesis: true area = 0.5 

 

Imputation model 3 has the best HL fit 
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 Appendix 20.19: Logistic regression for Frailty Syndromes Plus model to predict 

institutionalisation 
Omnibus Tests of Model Coefficients 

Imputation Number Chi-square df Sig. 
Original data Step 1 Step 17.888 17 .396 

Block 17.888 17 .396 
Model 17.888 17 .396 

1 Step 1 Step 22.281 17 .174 
Block 22.281 17 .174 
Model 22.281 17 .174 

2 Step 1 Step 23.290 17 .140 
Block 23.290 17 .140 
Model 23.290 17 .140 

3 Step 1 Step 17.046 17 .451 
Block 17.046 17 .451 
Model 17.046 17 .451 

4 Step 1 Step 17.520 17 .420 
Block 17.520 17 .420 
Model 17.520 17 .420 

5 Step 1 Step 22.875 17 .153 
Block 22.875 17 .153 
Model 22.875 17 .153 

 
Model Summary 

Imputation Number Step -2 Log likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
Original data 1 221.725a .058 .105 
1 1 315.838b .045 .090 
2 1 314.829c .047 .094 
3 1 375.222d .035 .062 
4 1 374.748e .036 .064 
5 1 315.243f .046 .092 

 
Hosmer and Lemeshow Test 

Imputation Number Step Chi-square df Sig. 
Original data 1 8.397 8 .396 
1 1 10.535 8 .229 
2 1 5.427 8 .711 
3 1 15.064 8 .058 
4 1 8.576 8 .379 
5 1 6.326 8 .611 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

419 
 

Classification Table
a 

Imputation Number Observed 

Predicted 
DiscDecline Percentage 

Correct No Yes 
Original data Step 1 DiscDecline No 260 0 100.0 

Yes 41 0 .0 
Overall Percentage   86.4 

1 Step 1 DiscDecline No 428 0 100.0 
Yes 54 0 .0 

Overall Percentage   88.8 
2 Step 1 DiscDecline No 428 0 100.0 

Yes 54 0 .0 
Overall Percentage   88.8 

3 Step 1 DiscDecline No 414 0 100.0 
Yes 68 0 .0 

Overall Percentage   85.9 
4 Step 1 DiscDecline No 414 0 100.0 

Yes 68 0 .0 
Overall Percentage   85.9 

5 Step 1 DiscDecline No 428 0 100.0 
Yes 54 0 .0 

Overall Percentage   88.8 
a. The cut value is .500 
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Variables in the Equation 

Imputation Number B S.E. Wald df P OR 
95% C.I.for OR Fraction 

Missing Info. 

Relative 
Increase 
Variance 

Relative 
Efficiency Lower Upper 

Pooled data 
from all multiple 
imputation 
models 

 Gender(Male) .192 .334   .564 1.212 .630 2.331 .043 .044 .991 
Age .025 .019   .184 1.025 .988 1.063 .030 .030 .994 
Number of admissions in 
the previous 6m .013 .103   .900 1.013 .827 1.242 .147 .161 .972 

Pressure Sore .390 .635   .542 1.477 .410 5.316 .338 .443 .937 
Anxiety and/or depression -.190 .355   .594 .827 .410 1.668 .166 .185 .968 

Admission NEWS 5-6  .363 .745   .626 1.438 .333 6.206 .079 .083 .984 

Admission NEWS ≥ 7 -.483 1.038   .642 .617 .079 4.826 .208 .239 .960 

ADLS(1 deficit) -.391 .484   .427 .676 .249 1.838 .457 .704 .916 
ADLS(2 deficits) -.329 .698   .638 .720 .180 2.883 .239 .283 .954 
ADLS(3 deficits) .078 .707   .912 1.082 .270 4.333 .077 .080 .985 
Polypharmacy(>5 
medications) .639 .360   .080 1.894 .925 3.880 .251 .301 .952 

“Weight below average?” .010 .551   .985 1.010 .323 3.159 .460 .711 .916 

“Low food intake?” -.088 .440   .842 .915 .376 2.228 .354 .474 .934 

Cognitive Impairment .243 .495   .626 1.276 .467 3.482 .372 .508 .931 

Reduced mobility -.713 .622   .254 .490 .143 1.678 .185 .210 .964 
Falls -.359 .426   .411 .699 .285 1.714 .533 .931 .904 
Incontinence .365 .492   .458 1.440 .549 3.779 .035 .036 .993 
Constant -4.301 2.088   .041 .014 .000 .835 .161 .179 .969 
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Diagnostics 

 

Imputation model 5 has the best HL

0 

5 

10 

15 

1 2 3 4 5 6 7 8 9 10 

Institutionalisation by model risk 
deciles 

Observed Expected Average 

          
% Correct 
Classificati
on 

Area 
Und
er 
the 

Curv
e 

Std. 
Erro

ra 
Asymptot
ic Sig.b 

Asymptotic 
95% 

Confidence 
Interval 

 

Sensitivi
ty 

Specifici
ty 

PP
V NPV 

LR
+ 

LR
- 

False Positive Rate(Type I 
Error) 

False negative rate(Type II 
Error) 

Pow
er  

Lowe
r 

Boun
d 

Uppe
r 

Boun
d 

Original 
Model 0.0% 100.0% Ind 

86.4
% Ind 1 0.0% 100.0% 0 

86.4 .707 .041 .000 .626 .788 

Model 1 0.0% 100.0% Ind 
88.8

% Ind 1 0.0% 100.0% 0 
88.8 .687 .040 .000 .609 .766 

Model 2 0.0% 100.0% Ind 
88.8

% Ind 1 0.0% 100.0% 0 
88.8 .687 .040 .000 .609 .764 

Model 3 0.0% 100.0% Ind 
85.9

% Ind 1 0.0% 100.0% 0 
85.9 .665 .035 .000 .596 .733 

Model 4 0.0% 100.0% Ind 
85.9

% Ind 1 0.0% 100.0% 0 
85.9 .661 .035 .000 .592 .731 

Model 5 0.0% 100.0% Ind 
88.8

% Ind 1 0.0% 100.0% 0 
88.8 .690 .039 .000 .614 .767 

          
a. Under the nonparametric assumption 

          
b. Null hypothesis: true area = 0.5 
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