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Abstract  

 

Due to increasing pressures on healthcare services resulting from  unscheduled 

care, healthcare providers are  increasingly seeking to develop alternative care 

pathways to reduce avoidable hospital admissions for frail and elderly people. 

Previous research indicates mixed results on the effectiveness of such 

programmes. This thesis reports the results of a mixed -methods evaluation of a 

community -based programme called ôCloser to Homeõ, aimed at preventing 

hospital admissions among frail and elderly people living in the NHS Forth Valley 

health board  in Scotland .   

The evaluation sought to 1) understand the structures and operational  processes 

of the programme , 2) identify whether participation was associated with reduced 

hospital activity outcomes  and 3) understand the benefits and barriers to 

implementation. The methods used in the evaluation included process mapping 

in  an exploratory research phase to understand the programme processes, a 

scoping literature review to identify key features of previous studies evaluating 

community -based admission avoidance interventions, a quantitative 

retrospective cohort study evaluating the programmeõs effect on hospital activity 

outcomes and a qualitative study  using Normalisation Process Theory (NPT) to 

analyse stakeholdersõ perspectives on the programme imp lementation .  

This research found no evidence to support the hypothesis that the programme is 

associated with reduced hospital activity, but it also highlighted the difficulty in 

objectively evaluating such programmes due t o non-randomised roll -out, 

characteristic of community -based interventions. Healthcare professionals  

however, perceived clear benefits in the provision of ôCloser to Homeõ services 

extending beyond merely preventing hospital admissions.  

This research provides the first comprehensive mixe d-methods evaluation of a 

hospital admission avoidance programme within NHS Forth Valley. It is clear 

that ôCloser to Homeõ services have a key role to play in the local healthcare 

ecosystem but that the lack of full integration  into the healthcare system 

prevented them from reaching their full potential and that the assessment of such 

services against healthcare resource use provides a limited view of the associated 



 

 

benefits, highlighting the need to expand the focus of evaluation of such 

programmes on out come measures that capture wider impacts.  
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Clarification of terms and abbreviations  

 

The following key terms and abbreviations used throughout this thesis are 

outlined as a reference for the reader.  

 

NHS Forth Valley: A National Health Service (NHS) health board area located in 

the central area of Scotland.  

Reshaping Care fo r Older People (RCOP) programme 1: A Scottish government 

strategic programme supporting the vision that older people òare valued as an 

asset, their v oices are heard and they are supported to enjoy full and positive lives 

in their own home or in a homely setting.ó 

ôCloser to Homeõ programme: A collective of community -based interventions 

aimed at avoiding unnecessary hospitalisation for frail, elderly patients in the 

NHS Forth Valley health board of Scotland. Its three main components are the 

Enhanced Community Team (ECT), GP Fellows programme  and the Advice Line 

for You (ALFY).  

Enhanced Community Team (ECT):  A component of the ôCloser to Homeõ 

programme comprising a multidisciplinary team whose main aim is to avoid 

unnecessary hospitalisations for frail and elderly people through provision of 

equivalent home - and community -based medical care for medical conditions that 

can be effectively treated in a community setting.  

GP Fellows:  A fellowship programme for GPs in training, aiming to bridge the gap 

between primary and secondary care. GP Fellow became a core aspect of the ECT, 

providing additional support and medical expertise to the multidisciplinary team.  

                                                
1 NHS Scotland, The Scottish Government and COSLA, 2011. Reshaping Care for Older 
People: A Programme for Change 2011 -2021. Available at:  

<https://lx.iriss.org.uk/content/reshaping -care-older-people-programme -change-2011-

2021> 
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Advice Line for You (ALFY):  A component of the ôCloser to Homeõ programme 

aiming to prevent unnecessary hospital admissions through a nurse -led 

telephone advice line providing medical advice, referral to onward services for 

people over the age of 65.   

Information Services Division (ISD) Scotland: a division of NHS Scotland 

providing health information and intelligence, supporting quality impro vement 

in health and care  

SPARRA (Scottish Patients at Risk of Readmission and Admission) 2: a risk 

prediction tool developed by the Information Services Division in Scotland, 

predictive of a personõs risk of emergency hospitalisation within the next year 

 

                                                
2 NHS National Services Scotland, 2012. Scottish Patients at Risk of Readmission and 
Admission (SPARRA): A Report on the Development of SPARRA Version 3 . [online] 

Available at: <https://www.isdscotland.org/Health -Topics/Health -and-Social-

Community -Care/SPARRA/SPARRA-Model/>  
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Chapter 1  Introduction  

1.1 Motivation  

Population ageing has been described as a defining characteristic of developed 

countries (Crilly, 2007) . Based on 2014 National Population Projections, the Office 

for National Statistics reported that the population of over 75s in the UK would 

rise from 5.2 million in 2014 to 9.9 million by 2039 (90.4% increase) (Office for 

National Statistics, 2015) . In Scotland these figures are expected to increase fr om 

0.43 million to 0.8 million (85% increase). In the first ten years of the projection 

period  in Scotland , this population is expected to rise by 29% (0.43 million in 2014 

to 0.56 million in 2024) (National Records of Scotland, 2015) .  

The implications on health and social support systems have prompted 

governments to place increased priority on developing programmes aim ed at 

providing alternatives for elderly patients requiring additional care .  In Scotland, 

ageing issues prompted the Scottish government to develop the  2011-2021 

ôReshaping Care for Older Peopleõ strategy, with the vision that ôolder people in 

Scotland ar e valued as an asset, their voices are heard and older people are 

supported to enjoy full and positive lives in their own home or in a homely setting õ 

(NHS Scotland, The Scottish Government and COSLA, 2011, p.5)  

A wide variety of interventions have been developed as a result, at different s tages 

of the patient journey (Levin and Crighton, 2017) . Common among these are  

integrated care initiatives, which bring together care services òeither by vertically 

integrating between acute and community and social  care or horizontally across 

acute servicesó and are usually complex, with several inter -connected parts 

(Kumpunen et al., 2019, p.4) . Admission avoidance programmes are among these 

integrated care initiatives, bringing together multidisciplinary teams to provide 

hospital -level care in the community and home, as an alternative for older 

patients requiring acute medical care. One such programme developed under the 

ôReshaping Care for Older Peopleõ strategy in Scotland, is the ôCloser to Homeõ 

programme, a collection of initiatives  implemented in NHS Forth Valley  aimed at 

providing community  and home-based alternative for elderly patient s who may 

otherwise require unscheduled secondary care medical assistance.  
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The effectiveness of integrated care and admission avoidance programmes  for 

older people has been of considerable interest to healthcare and health policy 

researchers in recent yea rs. H owever, studies evaluating these programmes  have 

thus far found  mixed ð and at times conflicting ð results  regarding the 

effectiveness of these programmes , particularly around their impact on 

emergency hospital activity  (Liljas et al.,  2019; Huntley et al., 2017; Shepperd et 

al., 2016; Caplan et al., 2012; Low, Yap and Brodaty, 2011; Shepperd et al., 

2009a).  

This research aimed to evaluate the ôCloser to Homeõ programme, to understand 

its impact on emergency hospital utilisation and also to understand the wider 

impacts and challenges faced by the programme. A mixed -methods approach ð 

using  both quantitative and qualitative methods ð was employed for this research. 

This evaluation provides the first comprehensive assessment of a hospi tal 

admission avoidance programme within NHS Forth Valley and aims to add to the 

existing body of research around these programmes.  

1.2 Research aim and  questions  

The overall aim of this research was to provide a comprehensive evaluation of the 

effect and benefits of the ôCloser to Homeõ hospital admission avoidance 

community -based intervention programme,  aimed at preventing hospital 

admissions among frail and elderly people living in the NHS Forth Valley health -

board in Scotland .   

This work sought to investi gate the following research questions:  

RQ1. What w ere the structures and operational  processes of the ôCloser to 

Homeõ programme? 

RQ2. Is participation in the ôCloser to Homeõ intervention associated with 

reduced hospital activity outcomes?  

RQ3. What benefits and barriers to the ôCloser to Homeõ intervention were 

identified by key stakeholders involved in implementation or delivery of  

the programme?  

RQ1 was primarily investigated in Chapter 4  (ôExploratory Phase and Process 

Mapping R esultsõ), using a desk -based review of policy and operational documents 

of the ôCloser to Homeõ programme, followed by a detailed process mapping of key 

services and activities within the NHS Forth Valley health board.  The descriptive 
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analysis of the ôCloser to Homeõ services use and activity also addressed RQ1 and 

was presented in Chapter 8 . The quantitative study design and methods used to 

address RQ2 were informed by the scoping review presented in Chapter 5  and the 

narrative  review of quantitative evaluation approaches presented in 0.  The data 

collected and used towards addressing RQ2 was described in Chapter 7  

(ôQuantitative  Data Collection õ). RQ2 was investigated in Chapter 9  

(ôQuantitative  Analysis and  Resultsõ) using a ôretrospective cohort studyõ design 

and statistical models including logistic and Cox proportional hazards regression 

to assess the quantitative effect  of the programme  on hospital activity outcomes. 

Finally, RQ3 was investigated in Chapter 10  (ôQualitative Analysis and Resultsõ), 

using a theory -based approach to analyse the benefits and barriers to 

implementation of ôCloser to Homeõ from transcripts of semi-structured interviews 

with health and social care staff.  The research questions are related to the 

research phases and thesis chapters in more detail in Chapter 2  (ôMethodological  

Framework õ). 

1.3 Thesis outline  

An outline of the thesis is provided below, along with key research contributions.  

¶ Chapter 2  Methodological  Framework   

introduces the overall evaluation approach and underpinning fra mework 

that guided the evaluation along with an overview of the main methods 

employed at each phase of the project . 

¶ Chapter 3  Overview of policy context in NHS Scotland and ôCloser to 

Homeõ in NHS Forth Valley 

describes in detail  the motivation and national policy context for this 

research as well as introducing the ôCloser to Homeõ programme and its 

local context . 

¶ Chapter 4  Exploratory Phase and Process Mapping R esults  

outlines the resulting  descriptions and process maps developed in the 

exploratory phase of this research. Its ma in contribution is to provide an 

in -depth description and process analysis of the key specific components  of 

the ôCloser to Homeõ programme as outlined in the evaluat ion framework 

for this research  (presented in Chapter 2 ).  

¶ Chapter 5  Scoping Literature Review  
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provides a review of the existing evidence on the effectiveness of 

community and home-based interventions providing preventative  

treatment for elderly patients, with the  secondary aim of ident ify ing  the 

methods used for evaluation of such interventions. The main contribution s 

of this chapter  included: i) a synthesis of the  evidence on the effectiveness 

of community and home -based hospital avoidance  interventions and ii)  the 

identification of th e scope of methods employed for evaluating these 

interventions. This chapter was instrumental in further informing  the 

methods employed in this research.   

¶ Chapter 6  Narrative  Review of Quantitative Evaluation Approaches in 

Observational  Research 

provides the rationale for the specific methods selected for the quantitative 

evaluation in this research, reviewing a range of existing methods, 

discussing their suitability and describing th e methods selected in this 

research. This chapter was essential  given the wide range of methods 

available , and the complexities associated with handling confounding in 

observational research.  The main contributions of this chapter included: i) 

the selectio n of the ôretrospective cohort study õ as an appropriate study 

design for this evaluation and ii) the identification of methods that 

effectively handle  confounding , including matching methods and 

multivariable  regression. In combination with the results  from Chapter 5 

(scoping review ), these findings informed the design of the quantitative 

analysis  (see Chapter 9) employed in this research.  

¶ Chapter 7  Quantitative  Data Collection  

describes in detail the quantitative data available for use in the evaluation 

of the ôCloser to Homeõ programme . The main contribution  of this chapter 

is to provide an in -depth description and documentation of the data 

pertaining to the programme, including  reviewing  data quality issues and 

limitations , as outlined  in the evaluation framework for this research  

(presented in Chapter 2) .  

¶ Chapter 8  Services Use and Activity  

provides a descriptive analysis of the use and activity of each the ôCloser 

to Homeõ services. Its main contribution is to provide insight into the 
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operational processes of the programme and  into the level of reach of the 

programme.  

¶ Chapter 9  Quantitative  Analysis and  Results   

provides the results of the retrospective cohort studies comparing the effect 

of each of the ôCloser to Homeõ interventions on hospital activity outcomes 

(specifically emergency inpatient hospitalisation, emergency department 

attendances and emergen cy inpatient length of stay). The  main 

contributions of this chapter include: i) a quantitative evaluation 

measuring effect of the ôCloser to Homeõ programme , which found no 

evidence that the programme is associa ted with reduced hospital activity,  

and ii)  a brief discussion of the methodological challenges  associated with  

objectively  evaluating such interventions retrospectively.  

¶ Chapter 10  Qualitative Analysis and Results   

provides the results of the qualitative analysis of  semi-structured 

interviews with health  and social care staff , exploring their perspective on 

the benefits of the ôCloser to Homeõ programme and barriers to 

implementation using Normalisation Process Theory (NPT) . The main 

contribution  of this chapter included  finding that  the benefits of the 

programme extend beyond merely preventing hospital admissions . 

However, the benefits were not fully realised due to significant barr iers to 

implementation at scale. As a consequence, t he programme  was ultimately 

not successfully  embedded into routine care . These results complemented 

the quantitative results (presented in Chapter 9),  providing a more 

nuanced and in -depth understanding of the lack of effect on hospital 

activity outcomes observed.  

¶ Chapter 11  Discussion and Conclusion  

summarises the main findings of this research, addressing each research 

question and relating the findings to each other. Reflection on the 

limitations of this research and its findings is provided and suggestions 

are made for future work and new avenues of study that emerged from this 

research.  
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1.4 Main contribution  

The main contribution of thi s multidisciplinary, health informatics  research is the 

provision of the first comprehensive, mixed -methods evaluation of a hospital 

admission avoidance programme within NHS Forth Valley. The ôCloser to Homeõ 

programme employed new policies and new models of care that had never been 

implemented before. This research provides the first comprehensive look at the 

data collected surrounding the programme, the first robust statistical analysis 

quantitativel y evaluating the intervention effect and the first qualitative enquiry 

analysing the views of those involved in the ôCloser to Homeõ programme.  

This research adds to the existing body of evidence on home and community -based 

hospital avoidance programmes, namely that the effectiveness of such 

programmes remains uncertain and subject to local contextual factors and that 

their evaluation, implementation and full -benefit realisation remain challenging.  

This research also highlights the  practical difficulties  in retrospectively 

evaluating such programmes and highlights the need to expand the focus of 

evaluation of such programmes on other outcome measures that capture wider 

impacts than merely healthcare resource use.   
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Chapter 2  Methodological  Framework  

This chapter describes the overarching  methodological framework  used to conduct 

this research and the six main phases of the framework . The detailed methods 

employed for each study phase are described at the beginning of each 

corresponding chapter representing the outp uts from the study phases (mapped 

out in Section 2.1). This chapter describes the overall process and summarises the 

sequential  study phases, providing an overview o f the methods employed in each  

of these phases. It is important to note at the outset that the evaluation work was 

conducted retrospectively, meaning this research is completely observational.  

The six phases of this research  were guided by Glasgow, et al. õs implementation 

science RE-AIM (Reach Effectiveness Adoption Implementation Maintenance) 

framework  for evaluating public health impact in health promotion interventions 

(Glasgow, Vogt and Boles, 1999) .  

The use of research frameworks is recommended towards improving research 

quality as it helps facilitate rigorous evaluation by providing theoretical and 

practical guidance, helps simplify complex processes and helps to contextualis e 

results among other ben efits (Ibragimo va and Phagava, 2021; Bradford et al., 

2019). The RE-AIM framework is one of the most widely applied frameworks for 

evaluating the implementation of healthcare interventions (DõLima, Soukup and 

Hull, 2022; Fynn et al., 2020) . The framework takes a holistic approach to 

evaluation, aiming to capture the complexities of a sys tem that needs to be 

evaluated as a whole, and how idiosyncrasies and context affect effectiveness. 

When conducting this research, the RE -AIM framework was being rolled out 

within Forth Valley as a standard for evaluation among the governing bodies 

deliver ing service redesign in older peopleõs care. These features made RE-AIM 

an appealing option for use in the ôCloser to Homeõ context.  

Other frequently used frameworks for  guiding the  evaluation of  healthcare 

interventions  which also  aim to capture contextu al complexities and identify 

mechanisms for change  include the Medical Research Council (MRC) framework 

for implementing and evaluating complex interventions, the Consolidated 

Framework for Implementation Research (CFIR) and the realist evaluation 

approach (Bradford et al., 2019) .  These and other frameworks have been reviewed 
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and compared elsewhere (Bradford et al., 2019; Fynn et al., 2020) . The main 

reasons RE-AIM was selected to guide this research over other frameworks were  

that 1) it is a structu red framework with clear components, lending itself to clear 

reporting and relevant to both process and outcomes meaning it is applicable to a 

wide range of evaluation objectives ( e.g. when compared to MRC and CFIR 

frameworks)  (Fynn et al., 2020) , 2) in seeking a guiding methodological 

framework, it is more comprehensive, systematic and granulated that some  more 

loosely defined  frameworks (e.g. realist evaluation) (Kaminska, 2016)  but not too 

broad or highly complex (e.g. CFIR)  (Bradford et al., 2019) , and 3) there is a wide 

body of literature on the use and development of RE -AIM, with examples of its 

application (Fynn et al., 2020) .  

The use of RE-AIM led to the development of an evaluation framework used for 

guiding the overall research approach , which has  also been described elsewhere 

(Martin et al., 2017) . The evaluation fr amework consisted of the following aspects: 

1. Understanding and documenting the context  

2. Identifying the range of relevant data  

3. Selecting a robust study design and identifying  outcomes and 

performance measures  

4. Synthesising all of the above into a coherent  evalua tion of  the ôCloser to 

Homeõ programme  

Several study phases resulted from adopting  this evaluation framework as the 

overall methodological approach. The study phases and how they relate to the 

evaluation framework are described in the next section s.  

2.1 Overview of Study Phases  

The study phases along with the corresponding  evaluation framework 

components are illustrated  in  Figure 2.1. 
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Figure 2.1 ð Study phases and how they relate to the developed  evaluation framework for 'Closer 
to Home,' thesis chapters and research questions  

 

¶ Phase I  consisted of an exploratory phase, aiming to provide an in -depth  

understanding the ôCloser to Homeõ programme . In addition,  the data 

available in relation to NHS Forth Valleyõs elderly population and data 

collection processes were mapped out in this phase.  (Phase I results are 

documented in Chapter 4  ôExploratory Phase and Process Mapping 

Resultsõ).  

¶ Phase II  consisted of a review of the scientific literature which included: i) 

a scoping literature review to identify key features of previous studies of 

home and community -based interven tions aiming to reduce avoidable 

hospital admissions (Chapter 5  ôScoping Literature Review õ) and ii)  a 

narrative  review of quantitative methods used in observational research  

(0 ô  
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¶ Narrative  Review of Quantitative Evaluation Approaches in 

Observational  Researchõ).  

¶ Phase I I I  occurred in parallel to Phase II and consisted of the development 

of an analytical dataset for evaluation of the ôCloser to Homeõ programme 

using data linkage and cleansing techniques validated through 

consultations with clinicians and data managers  in Phase I  (the 

construction and resulting datasets are described in Chapter 7  

ôQuantitative  Data  Collectionõ). Phases II and III related to the third 

aspect of the evaluation framework, to select a robust study design and 

identify outcomes  and measures for assessing effect .  

¶ Phase IV  consisted of a descriptive analysis of the service activity of the 

ôCloser to Homeõ programme service activities , investigating the  reach and 

adoption of the range of services in order to understand and document  the 

programme  context  (Chapter 8  ôServices Use and Activity õ).  

¶ Phase V consisted of a retrospective  cohort study where elderly patients 

from the full Forth Valley population were selected based on their exposure 

to ôCloser to Homeõ interventions to identify whether receipt  was 

associated with reduced hospital activity outcomes for frail, elderly 

patient s in Forth Valley  (Chapter 9  ôQuantitative  Analysis and  Resultsõ).  

¶ Phase VI  consisted of a qualitative study involving semi -structured 

interviews with key stakeholders (healthcare staff  involved in 

implementation or delivery of  ôCloser to Homeõ) to identify the benefits and 

barriers to implementation of  ôCloser to Homeõ interventions in the view of 

the participants  (Chapter 10  ôQualitative Analysis  and Resultsõ).  

Phases V and VI comprised the main quantitative and qualitative strands 

of this research assessing the effect of ôCloser to Home,õ which together aim 

to synthesise the main findings of this research into a robust evaluation of 

the programme.  

Each of the  study phases have been linked  to the  corresponding  research 

questions it sought to answer in Figure 2.1.  
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2.2 Mixed methods study design  

In accordance with the RE -AIM framework, t his research combines both 

quantitative and qualitative methods in an effort to provide a holistic e valuati on 

of the ôCloser to Homeõ programme.  

The use of mixed methods is widely accepted and recommended as an appropriate 

study design for the  evaluation of complex interventions  (Datta and Petticrew, 

2011; Blackw ood, 2006; Campbell et al., 2000) . Blackwood states that òthere is 

internati onal agreement that mixed meth ods are useful not only in  evaluating 

complex interventions, but al so in defining their componentsó (Blackwood, 2006, 

p.613), which has very much been the case in this research . Qualitative 

approaches were required in Phase I  to collect information through informal 

meetings and interviews to develop process maps of the ôCloser to Homeõ services 

and visual maps of the available data. The qual itative outputs of Phase I  were 

used to guide the quantitative  construction of the analytical datasets. In addition, 

mixed methods  approaches were required throughout Phase I I I  when 

constructing analytical datasets , through continuous consultation with 

information services and the ôCloser to Homeõ service leads valid ating the 

quantitative steps taken. Qualitative methods to identify relevant themes as part 

of the literature  reviewsõ thematic analysis were required in Phase II. Phases IV 

and V were  conducted using quantitative methods. These phases were 

complimented by the qualitative study  conducted in Phase V, for further 

interpretation of the study results. In practice , the qualitative and quantitative 

research activities were conducted in parallel as illustrated  in  Figure 2.2. 

Figure 2.2 ð Steps involved in mixed methods research (Creswell and Plano Clark, 2011)  

 

Design the 
quantitative strand  

Collect the 
quantitative data  

Design the 
qualitative strand  

Collect the 
qualitative data  

Analyse the 

qualitative data  

Analyse the 

quantitative 

Use strategies 

to merge the 

two sets of 

results  

Interpret the 

merged results  

S
T

E
P

 1
 

S
T

E
P

 2
 

S
T

E
P

 3
 

S
T

E
P

 4
 



 

12 

 

2.3 Phases with hypotheses and aims  

2.3.1 Phase I  ð Exploratory and process mapping phase  

The first phase of this research was exploratory, intended for  the familiarisation 

with the range and scope of ôCloser to Homeõ interventions and related data. It 

involved several  informal  consultations with service leads and clinicians as well 

as NHS Forth Valley  information services. Two main lines of investigat ions were 

followed  in this phase: 1) an in -depth description of the context of the ôCloser to 

Homeõ services and general elderly care and 2) a review  of the data  and data 

collection processes pertaining to the ôCloser to Homeõ services and elderly 

patients in Forth Valley.  This phase was essential  in order to address the first 

two steps of the evaluation framework: i.e. i) to understand and document the 

broader context and ii) to identify the range of relevant data.  Not only wa s this 

essential to the  following  phases, but it was also necessary in order to document 

the context and  potential transferability of the results of this research.  

The main outputs of th is phase were: process maps and detailed descriptions of 

each of the ôCloser to Homeõ services as well as the  data collection processes, which 

are further described  in Chapter 4  (ôExploratory Phase and Process Mapping 

Resultsõ), addressing the first step of the evaluation framework.  

This phase alongside Phase IV, contributed towards answering the first research 

question (òRQ1. What were the structures and operational processes of the ôCloser 

to Homeõ programme?ó) 

Phase I Aim : 

1. Understand and document the particular structures and operational 

processes involved in the ôCloser to Homeõ programme, including data 

collection processes 

2.3.2 Phase II  ð Scoping literature review and review of 

quantitative methods  

The main purpose of Phase II  was to review the scientific  literature to further 

instruct the most appropriate  study design  for this research, as well as to identify 

the range of  existing m odels of care and outcome measures used for such 

evaluation studies . Initially, a scoping review was conducted to  identify key 

features of the studies evaluating home  and community -based interventions 

aiming to reduce avoidable hospital admissions  for elderly patients , using a 
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systematic approach . The scoping review not only enabled the identification of the 

main study designs and outcomes being used in the assessment of effectiveness of 

such interventions, but also provided a better understanding of  the key features  

of these interventions  and the current evidence of their effect iveness. The results 

are described in Chapter 5  (ôScoping Literature Review õ).  

Given that this research was l imited to observational methods ð and partly as a 

result of the scoping literature ð it was further established  that quantitative 

observational study designs and methods are complex, require careful 

consideration and offer a variety of options, hence a further investigation  of th e 

literature on such methods was undertaken . A discussion of these methods and 

the rationale for the selection of the  final study design for the quantitative 

evaluation  are provided in  0 (ô  
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Narrative  Review of Quantitative Evaluation Approaches in Observational  

Researchõ), including the justification for the selection of:  

¶ The retrospective cohort study design with confounder adjustment  

¶ The use of matching methods, specifically direct matching and propensity 

score matching where a pre -defined control group could not be determined  

¶ The use of multivariable  logistic and Cox proportional hazards regression, 

particularly a multiple -failure Cox extension model (Anderson and Gill 

model), accounting for use of matching  where appropriate (conditional 

logistic regression and robust variance estimators in Cox regression)  

¶ A combined approach using causal diagrams and empirical covariate 

selection to identify potential confounders  

¶ The use of missing data indicators for handl ing missing data in analysis  

2.3.3 Phase I I I  ð Construction of analytical dataset  

The main aim of Phase I I I was to construct an analytical dataset that could be 

used for research. This phase involved thorough study and consultation with 

information services on  all the available datasets pertaining to the ôCloser to 

Homeõ programme and the elderly population in Forth Valley , in order to 

understand the linkages between them  and any significant data quality issues . 

This process resulted in the building of  mind map s of relevant databases available 

within NHS Forth Valley information services along with detailed descriptions, 

and identification of data quality issues  (described in Chapter 7  ôQuantitative  

Data Collection õ), addressing the second step of the evaluation framework.  This 

phase also involved significant work to develop database queries (Structured 

Query Language scripts ) that processed the raw data into a form that was both 

usable for research and addressed the data quality issues identified. The aim was 

to bring together the several data sources identified, containing information 

relating to the ôCloser to Homeõ programme and elderly patients in Forth Valley  

to obtain optimised datasets that co uld be used for research. The construction of 

the analytical dataset and its contents are also described in  Chapter 7  

(ôQuantitative  Data Collection õ). 

Phase III  Aims: 

III.1.  To gain an in -depth understanding of the relevant data available and 

the linkages between different data sources  
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III.2.  To identify any data quality  issues and take best course of action to 

resolve or improve them  where possible  

III.3.  To construct an analytical dataset  maximising use of available data 

pertaining to the general elderly population in Forth Valley  

2.3.4 Phase IV ð Descriptive analysis of service ac tivity  

The aim of Phase IV  was to describe the service use and activity  of the ôCloser to 

Homeõ programme, using the research -ready datasets compiled in Phase III. 

Documenting the use of the service contributes towards  understand ing  and 

document ing the context, as part of the evaluation framework, specifically 

providing  some insight into the level of reach of the programme. This phase 

alongside Phase I, contributed  towards answering the first research question 

(òRQ1. What were the structures and ope rational processes of the ôCloser to Homeõ 

programme?ó) 

2.3.5 Phase V ð Retrospective cohort study assessing 

intervention  effect on hospital use  

Phase V involved  a retrospective  cohort study comparing ôCloser to Homeõ patients 

to comparable groups of patients, c areful ly selecting appropriate  control group s 

for each of the interventions. One of these interventions  (the Enhanced 

Community Team)  required the use of matching techniques to identify a suitable 

group. As determined by the narrative methodological review  conducted as part 

of Phase II, s everal matching strategies including direct covariate matching and 

propensity score matching with varying numbers of matches per controls and 

varying calipers (closeness of matches)  were explored and  are reported.   

Identification of potential confounders for inclusion in multivariable  models 

involved a combination of causal diagrams and empirical covariate selection, as 

determined by the narrative methodological review conducted as part of Phase II.  

The primary analy tical method  for measurement of effect  was a variation of the 

standard Cox Proportional -Hazards model that enabled time -dependent 

covariates and repeated measures  (Anders en and Gill model also known as the 

ôcounting processõ model). Conditional logistic  regression was also used in the 

analysis of the Enhanced Community Team where matched control groups were 

used and logistic regression was used in the analysis of the GP Fellows 

programme.  
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The specific methods employed are described in further detail and  the full findings  

of this phase  are reported in  Chapter 9  (ôQuantitative  Analysis and  Resultsõ). This 

study phase directly contributed to answering the second research question 

(òRQ2. Is participation in the ôCloser to Homeõ intervention associated with 

reduced hospital activity outcomes?ó). 

Phase V Aims : 

III.1.  Assess the effect of each ôCloser to Homeõ intervention on hospital 

activity outcomes ð namely emergency inpatient hospitalisation, 

emergency department attendance and emergency inpatient length 

of stay ð appropriately accounting for confounding  

III.2.  Examine the characteristics of the full study population, highlighting 

key differences  

III.3.  Identify potential confounders for consideration in any analysis  

2.3.6 Phase VI  ð Qualitative study assessing benefits and 

barriers to implementation  

Phase VI  involved  a qualitative enquiry  into  the ôCloser to Homeõ programme to 

analyse the implementation process, in particular identifying the main benefits 

and barriers to implementation. This phase involved semi -structured interviews 

with 18 key stakeholders in the ôCloser to Homeõ programme, ranging from 

clini cians to senior managers and policy makers , specifically those involved in 

implementation or delivery of  the programme.  Interview transcripts were 

obtained in order to conduct qualitative thematic analysis . The methods employed 

are described in detail in Chapter 10  (ôQualitative Analysis and Resultsõ). 

Normalisation  Process Theory (NPT) (May et al., 2009)  was used as the thematic 

framework for analysis.  The results of this phase are also described in Chapter 

10. This study phase directly addressed the third and final research question 

(òRQ3. What benefits and barriers to the ôCloser to Homeõ intervention were 

identified by key stakeholders involved in implementation or delivery of  the 

programme?ó) 

Phase VI  Aim:  

¶ Analyse the implementation process of ôCloser to Homeõ, identifying main 

benefits and barriers,  by drawing on Normalisation Process Theory.  
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2.4 Research governance and ethics  

This research was considered a service evaluation, as retrospective analysis was 

conducted on primarily locally held, routinely collected data to evaluate a quality 

improvement pro gramme . The research and development officer for NHS Forth 

Valley  confirmed that all the phases of the proposed study did not require NHS 

ethics or research and development  approval. Caldicott approval within Forth 

Valley  and the Information Services Divis ion (ISD ) Scotland was obtained for the 

request for prescribing data  (ID: CAL00000619, approved 22/03/2018) and for 

SPARRA (Scottish Patients at Risk of Admission and Readmission) scores  (ID: 

CAL 0000775, approved 31/07/2019, extension approved 16/06/2020), which were 

not locally held in Forth Valley . University departmental ethics approval was 

obtained for conducting the qualitative enquiry  in Phase IV  (ID: 829, approved 

18/10/2018). A data management plan was put in place prior to starting the 

research study to ensure the data was securely stored and processed. All data was 

pseudonymised, meaning that t he raw data was anonymised and given a code 

name, with the key for code names stored in a separate location from the raw data 

within NHS Forth Valley õs IT  systems. All analys es were conducted on 

pseudonymised data and only aggregated data are reported in the results of this 

study and in any related publications.  
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Chapter 3  Overview of policy context in 

NHS Scotland and ôCloser to Homeõ in 

NHS Forth Valley  

The aim of  this chapter is to provide  an overview of the  national and local context 

for the implementation of the ôCloser to Homeõ programme in NHS Forth Valley, 

the regional healthcare delivery programme which is the focus of  this research. 

This chapter begins by d iscussing the national policy context for older peopleõs 

care in Scotland, the 2011-2021 Reshaping Care for Older People (RCOP) strategy  

(NHS Scot land, The Scottish Government and COSLA, 2011) . The regional  

delivery of t he strategy in  the NHS Forth Valley  health board , is then briefly 

described, including implementation  of the ôCloser to Homeõ programme and other 

closely related  services. 

3.1 National policy  context for older peopleõs care in 

Scotland  

Demographic changes and financial pressures on the NHS occurring within 

Scotland mean that previous and current  models of care for older people are no 

longer sustainable  in the long -term (NHS Scotland, The Scottish Government and 

COSLA, 2011) . Rather than being designed to monitor and rehabilitate, these 

ôreactiveõ models were built on t he assumption  that care would always be required 

(ibid).  Changing ôlegacyõ models has proved extremely challenging, since they 

often developed infrastructures with little room for adaptation and flexibility, 

which in turn hindered any substantial services redesign over time  (ibid).  Yet, t he 

need for change is clear, hence the Scottish Government has been taking action 

in recent years to develop policies in order to promote the redesign of reactive 

models of care and develop new models that promote a more pr oactive approach 

to care, including supporting the  independence of older people in Scotland and 

embracing an ôassets-approachõ (ibid).   

This section will further explore this need for change and will discuss the actions 

and policies that the Scottish Gover nment has developed alongside the NHS and 

other stakeholder organisations.  
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3.1.1 The need for change in older peopleõs care 

One of the main strategic priorities of the Scottish Government  is the provision of 

high quality care and support for older people (NHS Scotland, The Scottish 

Government and COSLA, 2011) . The combined effects of demographic change and 

difficult publi c finance in the last two decades have caused this to be one of the 

most pressing issues Scotland faces (ibid).  Aside from these pressures, this type 

of care provision is a òfundamental principle of social justice and is an important 

hallmark of a caring and compassionate societyó (ibid , p.1).   

In 2011 , £4.5 billion of public funding was spent on health and social care for over 

65s in Scotland, of which £1.4 billion a year was spent on emergency admissions, 

(based on 2007/08 figures) (ibid).  Of the total expenditure, only 6.7% was spent  on 

care at home (See Figure 3.1). 

Figure 3.1 ð  Health and Adult Social Care Expenditure 2007/08 for Scottish Population aged 65+ 
(Total=£4.5bn) (NHS Scotland, The Scottish Government and COSLA, 2011, p.7)  

 

This expenditure is expected to continue growing as the population of this 

demographic grows. Previous models of care in place for older people in Scotland 

are unable to sustain the demographic changes and financial pressures on the 

NHS in Scotland, due to their lack of a preventative focus. Additionally, these 

models of care did not p rovide sufficient support for unpaid carers, who play a 

crucial role in helping older people remain at home, many of whom are older 

themselves. In 2011 it was estimated that òjust over 3,000 people over 65 years in 

Scotland received more than 20 hours of p aid care per week while over 40,000 

people over 65 provide more than 20 hours unpaid care per weekó (ibid, p.6).  Older 

people are valuable assets to society and provide far more care and support than 
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they receive. Having this ôassets-approachõ to older people promotes a focus on 

building their capabilities and independence and hence tackle the demographic 

changes and financial pressures. Part of changing the fragmented and disjointed 

models of care previously in place for their care is to change the attitud es that 

exist around older people and focus on personalised care, working with older 

people to design services that will truly help them.  

The Scottish Government has considered all of these factors triggering a need for 

new models of care and has developed various national policies governing the 

changes that need to take place. One of these, called Reshaping Care for Older 

People (RCOP) which launched in 2010, is a national programme for change 

aimed at improving care for a growing population of older peop le in Scotland  

(ibid) . Alongside RCOP, various other national policies have been put in place to 

support older people living in Scotland such as the National Dementia Strategy  

(2013), the Self-Directed Support Strategy  (2013), the Caring Together  Carerõs 

Strategy  (2010) and the Living and Dying Well  action plan (2008) which followed 

from the Better Health, Better Care  (2007) action plan for health and wellbeing. 

The national policy context for RCOP can be seen in Figure 3.2 in the form of a 

timeline.  
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Figure 3.2 ð National policy context for older people's care - various policies over recent years aim 
to improve ser vices for older people (Audit Scotland, 2014, p.13)  

 

3.1.2 RCOP approach and  commitments  

Through the RCOP strategy, the Scottish Government has made several 

commitments to change the current models of care and prepare for an increase in 

demand with the overall aim of providing the best possible care for older people 

in Scotland. The RCOP visio n (NHS Scotland, The Scottish Government and 

COSLA, 2011, p.5)  is that:  

ôOlder people in Scotland are valued as an asset, their voices are heard and 
older people are supported to enjoy full and positive lives in their own home 
or in a homely setting.õ 

This vision relates directly to Scotlandõs national outcomes, specifically outcome 

fifteen (Scottish Government, 2016) :  

ôOur people are able to maintain their independence as they get older and 
are able to access appropriate support when they need it.õ   
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The approach of the RCOP strategy has been outlined as follows (NHS Scotland, 

The Scottish Government and COSLA, 2011, p.20) : 

ω ôGrow societal support for the philosophy of a mutual care approach; both 

in principle and in practice;  

ω Support a shift in expectation away from institutional care settings, 

towards community and home -based care; 

ω Nurture a philosophy of care that embraces self -management, supported 

self-care and re -ablement;  

ω Adopt an asset approach that value and empowers older people and their 

communities; and  

ω Promote the development of third sector organisations which harness the 

energy of local communities and provide services responsive to the needs 

of local people.õ 

In 2012, the Scottish Governmentõs Integration and Reshaping Care policy team 

worked together with the Joint Improvement Team (JIT) and NHS Health 

Scotland to develop an outcomes framework for the RCOP strategy. The JIT was 

a partnership between the Scottish Government, NH S Scotland, COSLA, the 

third sector, the private sector, and the housing sector established in 2004 to 

facilitate health and social care integration (Joint Improvement Team, 2016) . The 

ful l strategic outcomes model can be found in  Appendix A , Figure A-1. One of its 

focuses was to shift towards  greater investment in preventative measures and 

less in acute care services. Additionally, these outcomes can more clearly be seen 

in the Reshaping Care pathway developed by the Scottish Government, NHS 

Scotland and the COSLA i n their review of RCOP in 2013. The pathway 

establishes four ôpillarsõ of interventions or approaches across primary, 

community and acute sectors  (see Figure 3.3).  
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Figure 3.3 ð Reshaping Care pathway including 4 'pillars' (The Scottish Government, NHS 

Scotland and COSLA, 2013, p.29)  

 

It is evident that one of the strategies of the RCOP programme  to fulfil its  

outcomes consists in  shifting the care of older people towards care provision in the 

patientõs own home and community . Results from the previously mentioned public 

engagement programme showed that a key message from stakeholders was that 

ògiven the option, people want to stay in their own homesó (NHS Scotland, The 

Scottish Government and COSLA, 2011, p.12) . This k ey message is consistent 

with  previous research, highlighting  that older people prefer care at home over 

hospital care (Shepperd et al., 1998)  and that  for older people ( i.e. over 65) living 

ôindependently õ was synonymous with ôliving at home õ (Roberts and Mort, 2009) . 

3.1.3 RCOP funding, partnership support and structure  

One of the commitments of the RCOP strategy in 2011 was to double the 

proportion of the total he alth and social care budget for older people that was 

spent on care at home from 6.7% to at least 13%, to support the shift to care at 

home (NHS Scotland, The Scottish Government and COSLA, 2011) ..  
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As part of the RCOP strategy, the Scottish Government set aside £300 million for 

a Change Fund, with the purpose of supporting the 32 health and social care 

partnerships across Scotland to carry out t he RCOP strategy over a four year 

period  (ibid) . Each of the 32 partnerships were required to put together a 

programme of change (Local Change Plan) that satisfied the council, NHS Board, 

the third sector and independent sector, to access the Change Fund  (ibid) . From 

2012, each partnership was required to put together a joint strategic 

commissioning strategy as a submission to access the Change Fund (Walker and 

Gillies, 2014) . Once the four -year Change Fund ended in April 2015, an Inte grated 

Care Fund of £100 million was set aside for 2015 -16. Its purpose was to support 

new initiatives in the same way that the Change Fund did rather than to be used 

for existing initiatives funded through the Change Fund. Change Fund guidance 

in 2014/15 stated that partnerships should be doing their own planning to sustain 

existing initiatives.  

Health and social care partnerships across Scotland existed during the 

development of the RCOP strategy b ut were formally put in place following 

government legisl ation in 2014 (Public Bodies (Joint Working) (Scotland) Act 

2014) to implement health and social care integration. The legislation required 

that all partnerships needed to submit their local integrated care plans to the 

Scottish Government for approval by 1 April 2015 and fully integrated services 

were to be operational by April 2016 (The Scottish Government, 2015) . Originally, 

each of these partnersh ips were given access to a member of the JIT.  This meant 

that each partnership had access to support in putting together their local 

delivery plans and in the overall delivery of the RCOP programme.  

Once the health and social care partnerships were offici ally established, an 

Integration Joint Board (IJB) was put in place for each of the partnerships to fulfil 

this supporting role. The IJBs òbring together local councillors, NHS Board 

members and senior staff from the relevant partner organisations along wi th 

carer, service user and third sector representatives, to oversee the work of the 

partnerships and ensure they deliver a number of key local and national 

outcomesó (NHS Forth Valley et al., 2016, p.1) . The IJBs can receive various forms 

of fund ing from the Scottish Government for the development of local integration 

plans  within local partnerships , such as the Delayed Discharge Fund and the 
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Integrated Care Fund.  The structure of the governing bodies discussed can be 

seen in Figure 3.4. 

Figure 3.4 ð Structure of RCOP governing bodies  

 

Various audits and reviews indicate improvement since the implementation of the 

RCOP strategy. Audit Scotland found that although the rates of emergency 

admissions have increased, the rates of bed days for those admissions per 1,00 0 

population over 75 in Scotland have decreased by 10.3% from 2009/10 to 2014/15 

(Audit Scotland, 2014; Hendry et al., 2016) . Additionally, the rates of long -stay 

residents in care homes have reduced and the rates of telecare for over 75s have 

increased over this period (Audit Scotland, 2014) .  

3.2 RCOP in NHS Forth Valley ð local context for 

ôCloser to Homeõ 

NHS Forth Valley,  the health boar d of interest to this research, is one of the 14 

regional health boards serving the Scottish population and is located in central 

Scotland. The health board administers an annual budget of £485.3 million  

(2016/17) and has a draft budget of £494.7 million for 2016/17 (The Scottish 

Government, 2016) . The Forth Valley area has a population of 302,650 people, 

based on 2015 mid-year estim ates (ISD Scotland, 2016) . Of the to tal population, 

18.3% are aged over 65 (See Figure 3.5). 
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Figure 3.5 ð Age distribution of total Forth Valley Populatio n based on 2015 mid -year estimates 
(ISD  Scotland, 2016)  

 

NHS Forth Valley is expected to see a 95% increase in its population aged 75 and 

over from 2014 to 2039 making it the health board with the fifth highest projected 

increase, exceeding the national average (See Figure 3.6). This NHS Board area 

is made up of three local authority areas: Falkirk, Stirling and 

Clackmannan shire. Clackmannanshire is the local authority  area with the second 

highest expected increase in population over 75 in Scotland by 2039 (112% 

increase) (See Appendix A , Figure A-2). 

Figure 3.6 ð Projected percentage change in population aged 75 and over, by NHS Board area, 
2014 to 2039 (National Records of Scotland, 2016, p.34)  

 

There is hence a clear need for the new models of care in place in Forth Valley to 

sustain the se demographic changes. To govern this change in alignment with the 
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RCOP strategy and government legislation on integration of health and social 

care (Public Bodies (Joint Working) (Scotland) Act 2014) , two healt h and social 

care partnerships were set up in the Forth Valley area ð one for Falkirk and one 

for Stirling and Clackmannanshire. For each of the two partnerships, in 

accordance with government legislation, an Integration Joint Board (IJB) was 

created to oversee and support the work of the partnerships. As one of the 14 

health boards in Scotland, NHS Forth Valley has been a recipient of RCOP 

funding (both the initial Change Fund and the Integrated Care Fund).  

With this funding, various initiatives or projec ts have been put in place within 

each of the two partnerships. Some of the initiatives span across the whole health 

board, however each of the two Forth Valley IJBs are responsible for running 

them within their partnerships. A timeline of significant event s related to the 

RCOP strategy in Forth Valley can be seen in Appendix A , Figure A-3. Over the 

course of the Change Fund , around £7 million in total were allocated to the 

Stirling and Clackmannanshire partnership throughout 2011/12 to 2014/15  (NHS 

Forth Valley, 2015b) . In the first year of funding (2011/12) about 15 projects were 

in place, increasing to about 30 projects and finally about 28 projects in the final 

year of the Change Fund. The projects all fit under one of five categories: 

Development of Intermediate Care Services, Anticipatory and Prevention, Carers, 

Supporting Service Users with Dementia and Mental Health conditions, or 

Developing Community Capacity/Com munity Supports (Niven, Middlemiss  and 

McNairney, 2015) .  

Appendix A , Table A-1 contains full details on all the projects that were put in 

place using the Stirling and Clackm annanshire partnership Change Fund, along 

with their category and funding allocation.  

As the Change Fund came to an end, The Integrated Care Fund was put in place 

for 2015/16 as discussed in the previous section. The Integrated Care Fund 

allocation for the Forth Valley NHS B oard area can be seen in Table 3.1. 

Table 3.1 ð Funding allocation of the Integrated Care Fund fo r 2015-16 for the Forth Valley NHS 
Board area  by Local Authority  (The Scottish Government, 2014, p.7)  

Local Authority Allocation 

Clackmannanshire £0.96m 

Falkirk £2.88m 

Stirling £1.52m 
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Forth Valley total £5.36m 

 

One of the projects that received funding from the Integrated Care Fund was a 

programme called ôCloser to Home,õ a collection of initiatives aimed at preventing 

hospital admissions for older people and supporting their independence at home. 

To date, evaluation of the ôCloser to Homeõ programme has been limited to routine 

reports of activity without any use of comparison groups. This programme will  

now be discussed in detail in the following section.  

3.3 ôCloser to Home,õ an NHS Forth Valley RCOP 

initiative  

Hav ing established the national policy context for the initiatives that have been 

developed as a result of the RCOP strategy, this section will proceed to give an 

overview of a specific initiative within NHS Forth Valle y. This initiative, called  

ôCloser to Home,õ is a direct recipient of RCOP funding . It was formally put in 

place in December 2015 (Falkirk Integration Joint Board, 2016) . The programme 

covers a range of services across NHS Forth Valley that aim to enable o lder people 

to remain at home, through the use of various initiatives aimed at preventing 

admission to hospital.  In its development, the integration of social care and health 

services has been a key element. This unique partnership aimed to bring  together 

two differing organisations towards one goal of improving care for older people in 

the surrounding areas of Forth Valley. This section will briefly describe  the 

individual sub -initiatives th at form part of ôCloser to Home.õ The three main 

components of the  ôCloser to Homeõ programme are as follows:  

1. Enhanced Community Team (ECT) : A team of primarily nurses who 

provide admission avoidance care in the home of elderly patients referred 

by their GP or identified through other routes (e.g. ambulance service, 

community services) as requiring hospital -level care. A team of GPs (GP 

Fellows) was subsequently added to the team in the second year of the 

service. 

2. GP Fellows : A team of General Practitioners (GPs) initially funded 

through a pilot GP Fellowship aiming to br idge the gap between primary 

and secondary care. They provide medical support and expertise  to the 

ECT.  
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3. Advice Line for You (ALFY) : A telephone advice line for people aged over 

65, led by nurses , providing health advice, reassurance, information about 

local services and referral on to appropriate community services as 

required, with the primary aim of support ing older people to remain well 

at home.  

3.3.1 Other  services connected to ôCloser to Homeõ  

Alongside ôCloser to Homeõ are a variety of community initiatives that  contribute 

towards supporting frail elderly people to remain at home. These services interact 

with the ôCloser to Homeõ programme and may support a patientõs recovery but 

are not expressly aimed at admis sion avoidance hence are not classified under  the 

ôCloser to Homeõ umbrella.  

1. Community Nursing (CN)/ Night Nursing (NN) Teams: These are teams 

of nurses who carry out home visit for patients who may need a short visit 

following a non -serious or non -recurring accident or illness. This service is 

different to the Enhanced Community Teams in that these nursing teams 

will generally provide a one -time service, while the ECT aim s to provide  

care for acute presentations and provide  support for a period of recovery 

time. Hence, CN/NN Teams may refer pati ents to the ECT after visiting 

them. Additionally, the nurses working in the CN/NN Teams, may also 

work within the ECT.  

2. Rapid Access Frailty Clinic (RAFC):  This clinic, widely referred to as the 

ôFrailty Clinic,õ was set up in Forth Valley Royal Hospital in 2013 to give 

older people in the community access to a service providing specialist 

assessment for older people, with the aim of reducing avoidable hospital 

admissions and supporting older people in the community. The service is 

available to over 65s liv ing in a care home requiring tests or treatment, or 

over 75s living at home who may require further assessment. During the 

assessment a range of blood tests, cognitive tests, X -rays and scans are 

carried out and the patient is seen by a consultant geriatri cian. The service 

assesses both the patientõs health and social care needs, as it runs in 

conjunction with social work, who are able to connect the patient with an 

appropriate care package or necessary support  at home. This way they are 

normally able to re turn home the same day.  
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3. Rehabilitation and Assessment in the Community and Home (ReACH):  

Part of a Falls Management Programme, this is a service which provides 

four one-hour assessments at home for people who have had a fall, and 

50% of these people are th en referred to the Falls Management Clinic for 

further assessment and therapy.  This re -ablement service is available to 

any patients over 16 years of age who may need it.  

4. Mobile Emergency Care Services (MECS):  This is a telecare service aimed 

at helping p eople with confusion or dementia, those who are frail, have a 

physical disability, a sensory impairment, predisposition to falls/accidents 

at home, or have been in a violent or abusive relationship, to live 

independently at home. The service installs equip ment in a personõs home 

such as an alarm unit with a trigger device, door sensors or pressure mats, 

which when triggered connect through a phone line to a control centre, 

open 24 hours a day. The service was a joint initiative between local 

councils and NH S Forth Valley.  

5. Anticipatory Care Planning (ACP) and ôYour Plan õ: Both of these services 

are focussed on helping older people prepare in advance for future 

difficulties they may face and to help them put a plan in place for their 

care. ACP is normally asso ciated with end-of-life  care but is a service that 

can be used at any stage. It provides a way for patients to plan for a change 

in health status and provides an opportunity for patients to involve their 

family in their wishes for their care and discuss th ese with health 

professionals. During an ACP assessment, a nurse trained for ACP visits 

a patient home and will ask them some questions and encourage 

discussion surrounding their future care. During the session, nurses do not 

use a form to fill in and do n ot take notes but  focus on making the 

discussion completely centred on the patientõs wishes. ôYour Plan õ is a 

modified version of this service but does not require a nursing visit and 

instead takes the form of a document that the patients themselves fill i n 

regarding their future care and wishes. The ALFY team promote d ôYour 

Planõ and completed documents were sent back to the ALFY team. The 

purpose of ôYour Planõ was to help patients begin thinking about their 

future care and their familiesõ involvement, which can also trigger an ACP 

assessment if required.  
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6. Joint Loan Equipment Service (JLES): This medical equipment loan 

service is a joint initiative between local councils and NHS Forth Valley. 

The service provides patients with access to equipment that wil l help them 

live independently at home and prevent accidents such as shower chairs 

or walking trolleys.  

In addition to the three main ôCloser to Homeõ services, these six additional 

services cover for the most part all the frail and elderly services in NHS  Forth 

Valley.  

Figure 3.7 displays a diagram created by the ôCloser to Homeõ evaluation team 

within NHS Forth Valley, displaying ôCloser to Homeõ services and how they were 

originally expected to interact with other services, however there have been 

various changes to the services which are further investigated in Phase IV of this 

research. 

Figure 3.7 ð Community Hub diagram created by the ôCloser to Homeõ evaluation team (NHS 

Forth Valley, 2016b)  
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3.4 Conclusion  

This chapter has set the national policy context for the ôCloser to Homeõ 

programme in NHS Forth Valley, as well as put into perspective how it relates to 

national government policies and targets. The need for initiatives such as these 

is clear, and even more so the need to ev aluate them in order to further instruct 

the constant improvement and adaptation of services put in place for the care for 

older people. Further, this chapter has described in detail the primary services of 

the ôCloser to Homeõ programme, along with a brief discussion of other 

interconnecting services. Providing this overview is an essential first step towards 

understanding the quality improvement programme with the aim of investigating 

its value and effectiveness. It also proves helpful in understanding wh ere the 

programme sits within national policy implementations  and what the service s 

cover. 
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Chapter 4  Exploratory Phase and Process 

Mapping R esults  

Having introduced the national policy context for the  ôCloser to Homeõ 

programme, this chapter provides the results of the exploratory phase of this 

research (Phase I), where the primary aim was to u nderstand and document the 

particular structures and operational processes involved in the ôCloser to Homeõ 

programme . An in -depth description of the main components of the ôCloser to 

Homeõ initiative and a brief description of data collection processes involved are 

provided . The outputs of this  chapter provide  a documentation of context which 

contributes towards f irst stage of the evaluation framework used to guide this 

research (ôUnderstanding and documenting the broader contextõ)  and address the 

first research question ( òRQ1. What were the structures and operational processes 

of the ôCloser to Homeõ programme?ó), as described in Chapter 2 . 

4.1 Methods  

The primary method s used in Phase I were informal consultation s with key 

members of staff knowledgeable about the ôCloser to Homeõ services and its data 

collection processes followed by  concept and process mapping. In order to contact 

the relevant members of ôCloser to Homeõ for consultation, the information 

services manager for NHS Forth Valley made the appropriate introductions, 

usually by e -mail. Consultations were mainly within NHS Forth Valley, however 

several consultations were also made with NHS Tayside and NHS Fife as well as 

other services such as NHS National Services and the Information Services 

Division (ISD) for Scotland . These informal consultations , which took primarily 

took place between December 2016 and March 2017,  were usually  held  face-to-

face at a location suitable to the relevant person, however some consultations 

were made over the phone and several over e -mail.  Notes taken during these 

consultations and internal documents shared following the consultations were 

used to develop the concept maps and process maps presented here. In addition, 

the qualitative study conducted in Phase VI presented the opportunity to g ain an 

in -depth understanding of the roles and responsibilities involved in ôCloser to 
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Home,õ relevant to Phase I, hence the resulting concept map developed from 

interviews with key stakeholders in Phase VI is included here.  

Process mapping was used as a tool for breaking down complexity and gaining a 

shared understanding of processes, which is a main benefit of using this method 

within healthcare quality improvement (Antonacci  et al., 2018) . Process mapping 

has also been highlighted to not only help understand the activities ongoing 

within a process but also the connections and interactions between activities, 

departments or areas (Björn Andersson and Tobias Brink, 2013) .  

4.2 Main components of ôCloser to Homeõ 

As briefly  described in  Chapter 3 , the ôCloser to Homeõ programme covers a range 

of overlapping services; however, three main services are considered its main 

components. These are: the Enh anced Community Team (ECT), the GP 

Fellowship Programme  and the Advice Line for You (ALFY) . These three 

components will each be discussed in further detail and in order to help the reader 

understand how they relate to each other, this section will begin wi th a case study 

displaying the interaction of these services. Data collection processes are  briefly 

discussed for each service, however specific details of data relevant to this 

research are described in detail in Chapter 7  (ôQuantitative  Data Collection õ), 

where the resulting datasets developed as part of Phase III of this research are 

described.  

4.2.1 Case study ð patient using ALFY , ECT and GP Fellows 

services 

The following case study is provide d to introduce and illustrate the use of the 

main components of the ôCloser to Homeõ programme. This case study is based on 

a promotional video developed by the NHS Forth Valley ALFY service (NHS Forth 

Valley, 2015 a). 

Moira Smith is 71 years old and lives at home but has been feeling dizzy and 

had a fall. She also hasnõt been eating or drinking very much. Her daughter 

Jane is concerned about her and recalls receiving a leaflet about the Advice 

Line for You (ALFY)  Service for over 65s. She decides to call late that 

morning on behalf of her mother as she is quite worried about her and gets 

through to a community nurse who begins by asking some details about the 
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situation to ensure this is not an emergency and asks f or consent from Moira 

to be able to speak to Jane about her. Jane describes the situation and the 

nurse gives her reassurance and tells her that they will send a community 

nurse out to see her at home that afternoon and assess the fall as she does 

not appear to be seriously injured. Once this has taken place, the community 

nurse confirms there is no serious injury but sees that Moira has reduced 

mobility due to the fall and is feeling more unwell and dizzy so to prevent 

an admission they decide to refer Moi ra on to the Enhanced Community 

Team (ECT). Following the visit, a letter is sent to Moiraõs GP to inform 

them of her fall and of the visit and that she has been referred to the ECT 

service. An ECT nurse provides a rapid response visit that evening to asse ss 

Moira,  where they identify that she may have a urinary tract infection so 

they request relevant testing and provide medication for her pain as it has 

become more severe. The team also provides a thorough initial assessment 

to identify areas of need such  as equipment needs.  

 

For the next few weeks, community nurses, home care staff and a 

physio therapist  from the ECT go out to see her. Although she seems to be 

recovering from the fall and pain subsides, the nurses notice that Moira is  

still feeling dizzy a nd suspect a new infection so they decide to involve  GP 

Fellows, a team of GPs who work as part of ECT and  are able to specifically 

treat elderly and frail people in their homes but provide more specialised 

treatment than the ECT  nurses and allied health professionals . A GP Fellow 

visits Moira at home and assesses her situation. He believes she will need 

to be admitted to a ôStep Upõ bed (short-stay bed) under his care to be closely 

monitored for a day or two, get rehydrated and c arry out specific diagnostic 

tests he thinks are necessary. Following results from the tests, the GP 

Fellow prescribes the necessary medication for Moira  and she is able to 

return  home, with a few more visits from the ECT until she can live 

independently a t home. 

4.2.2 Enhanced  Community Teams   

A core element of the ôCloser to Homeõ programme in Forth Valley is the Enhanced 

Community Team (ECT ), aimed at providing care at home for older people after 
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having had an accident, illne ss or stay in hospital. The ECT service components 

and processes involved are described in this section. A process map describing the 

service can be seen in Figure 4.1. 

4.2.2.1 Implem entation  

The ECT  was rolled out in December 2015 with the first contact occurring 9 th  

December 2015. The service aimed to then  be progressively rolled out across the 

whole Forth Valley area in the first year by promotion to and contact with GP 

practices an d emergency services. By June 2016, ECT covered all 57 GP practices 

in Forth Valley . As discussed and investigated in Phase VI of this research 

however, there was difficulty in encouraging its widespread use and promotion 

(presented in Chapter 10 ).  

4.2.2.2 Team resources 

From the start of the service, the core teams have consisted of nurses dedicated 

to ECT (ECT nurses). In 2016, the core ECT team consisted of one Advanced 

Nurse Practitioner and six Senior Staff Nurses funded by the health and social 

care partnerships in Forth Valley (Sharp, 2016) . Funding was also provided for 

social care input which resulted in health care assistants also forming part of the 

core team. This core team has direct access and input from other resources 

however, which form part of other services, hence are not considered dedicated 

ECT resource . This includes a ccess to allied health professionals 

(physiotherapists and occupational therapists from the Rehabilitation and 

Assessment in the Community and Home services described in  Chapter 3 , Section 

3.3.1), community practice nurses (CPN)  including night nursing and  social work 

including home care staff. In January 2017, the additional r esource of GPs called 

GP Fellows (described in Section 4.2.3) was made available to ECT. These services 

are managed separately but the ECT caseload is within their remit, hence they 

form part of the  same team.  

4.2.2.3 Care provided  

The services provided by the ECT are designed to provide immediate support in 

the intermediate phase of arranging long -term support (NHS Forth Valley et al., 

2016). Nurses are able to monitor vital signs, change dr essings, provide 

medication and request sample testing, physiotherapists help people get back on 

their feet, occupational therapists may conduct equipment assessments and home 
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care staff can prepare food as well as aid with washing, toileting and dressing.  

The ECT service is generally provided for up to 7 days, however this is flexible 

according to a patientõs needs (Sharp, 2016) . Patients referred to ECT remain 

under the overall medical direction of their own GP (Sharp, 2016) .  

4.2.2.4 Range of conditions and pathways  

Referrals can be made to ECT through various sources including GPs, c ommunity 

services, the Scottish Ambulance Service and  through  the telephone advice line 

which is also a part of ôCloser to Homeõ (ôAdvice Line for Youõ) as seen in Figure 

4.1. Generally , the service is for patients over 65, however those under 65 with a 

chronic condition such as multiple sclerosis (MS), chronic obstructive pulmonary 

disease (COPD) motor neuron dis ease (MND) would be considered. In addition , to 

meet the service criteria , the patient should have been seen by a medical 

practitioner and have a diagnosis  or reason for referral . The range of conditions 

typically  seen by the ECT include chest infections, urinary tract infections, 

delirium, cellulitis , falls with no suspected fracture , acute exacerbation s of chronic 

condition s and reduced mobility due to acute illness es (Sharp, 2016) .  

In the first year of the service the service intended to have two main pathways 

(i.e. types of patients), one  for ôunwell adultsõ which required that the patient had 

to have been seen by a medical practitioner and have a diagnosis  or referral 

reason. This pathway was for patients requiring any of ECTõs services to avoid 

hospital admission in a crisis or deteriora ting condition and to provide post -

discharge support  for patients who still require medical attention  which could be 

treated at home  following a hospital stay  (this is referred to as a òstep-downó 

service). The second pathway was for ôuninjured fallers,õ who mainly require AHP 

input but may benefit from the remaining ECT services. As the service developed, 

and pressures in hospitals in Forth Valley  increases, the service found itself 

requiring a third path way for ôdischarge facilitation.õ This pathway was for 

patients who were not able to be discharged from hospital primarily due to lack 

of social care arrangements. ECT took on these patients, primarily providing 

home care visits from their social work resource , which was not originally 

intended for the serv ice (further investigated in Chapter 10 ). For many of these 

patients, healthcare needs were also identified where ECT healthcare 

professionals provided input accordin gly.  
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4.2.2.5 Recording data  

ECT record details of their patients and their care on the community information 

system MiDIS  (Multidisciplinary Information System) . The data entry process 

can be seen in Figure 4.3. Data entry is only possible at the ECT office base, where 

MiDIS is accessible. Hence, for home visits or any other activity outside the team 

base, there will be a delay between the occurrenc e of activity and the recording of 

data which may have implications on data quality  (further discussed in Chapter 

7). Discussion with several ECT nurses however indic ated that members of ECT 

recorded some data on paper when visiting patients (such as the triage and 

general assessment forms ð see Figure 4.3), which is then entered o n M iDIS upon 

return to the office.   
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Figure 4.1 ð Process map of ECT service including Jan -Sept 2016 (Quarters 1 -3 statistics). Data source: (Henderson and Locke, 2016)  
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4.2.3 GP Fellows  

The GP Community Hub Fellowship Programme was put in place to develop a 

new role that bridges the gap between primary and secondary care. The one -year 

fellowship enables GPs (called GP Fellows) to develop further experience working 

in intermediate care bet ween the home and acute setting. Following the first year, 

GP Fellows have the opportunity to hold a two -year health board funded position 

as a community physician. The Fellowship Programme was piloted in NHS Fife 

and NHS Forth Valley, and officially launc hed in Forth Valley in January 2017.  

The GP Fellows in Forth Valley work very closely with the ECT and form part of 

the team, receiving referrals directly from them, but are managed separately. A 

GP Fellowõs treatment within the ECT service may involve home visits for 

patients with complex conditions requiring care beyond the ECT nursesõ skillset 

where they may also prescribe medicine and request further testing. Previously 

without the GP Fellows resource these patients would likely have been admitted 

to hospital. GP Fellows in Forth Valley also have access to ôStep Upõ beds in 

Boõness Hospital, which are short-stay beds they can use to admit their patients 

where hospital equipment is required to continue care, as an alternative to acute 

hospital admission. Once the GP Fellows have carried out their treatment, they 

may hand the patientõs care back to the ECT until necessary. Like ECT, the GP 

Fellows use MiDIS to record patient and activity information. The data entry 

process is the same as for ECT except that  there is an additional form that they 

fill in specific to their needs, as seen in Figure 4.3. 
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Figure 4.2 ð Concept map of GP Fellows Service  
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Figure 4.3 ð Data entry process map and data items collected for the ECT and GP Fellows services  
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4.2.4 Advice Line for You  

The Advice Line for You (ALFY) service was a nurse -led telephone service aimed 

at supporting older people to remain at home by providing advice on health and 

social care support or simply reassurance. Aimed at people over 65, it provided 

support 24 hours a day  and began on the 1 st December 2015. The advice line aimed 

to cater towards the need for simple reassurance or advice among elderly people 

in Forth Valley, aiming to prevent hospital attendances  by providing appropriate 

advice or reassurance over the phone  to avoid further deterioration where 

possible. Since its launch until September 2016, 45% of calls have been for the 

purpose of simple advice or reassurance (NHS Forth Valley, 2016a) .  

Figu re 4.4 displays a concept map of the current ALFY service and its potential 

outcomes. 

4.2.4.1 Implementation  

Following t he identification of a need for a service where elderly people can obtain 

simple reassurance and advice, the service was initially piloted in the Boõness 

area of Forth Valley, within the Falkirk partnership. Following positive feedback 

from the pilot, it was rolled out more widely across Forth Valley with promotional 

materials being sent to those aged 65 or over identified as being a t increased  risk 

of hospital admission (based on a Scottish Patients at Risk of Admission and 

Readmission score of 40 or above in September 2015  i.e. are said to have a 2 in 5 

chance of being admitted to hospital in the prediction year) and posters 

advertising the service throughout hospitals and GP practices in Forth Valley.   

4.2.4.2 Team resources 

In contrast to a service such as NHS  24 (the national general healthcare advice 

line) , this advice line is operated by experienced community nurses who are 

especially knowledgeable on the care provision and services available to over 65s 

in NHS Forth Valley . The service is provided through h ospital -based telephone 

lines, however s ome night nurses also have mobile handsets through which ALFY 

calls are routed  if they are on call for community nursing.  

4.2.4.3 Recording data  

While on a call, nurses primarily record data through electronic forms on the ward 

management system eWard, although they may also take paper notes, which are 
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later transcribed electronically, on their ôaide memoireõ which guides them 

through the conversation (See Appendix A , Figure A-4). Until September 2018, 

when the ALFY service came to an end, ALFY collected data for incomi ng call s in 

a ward management system called eWard.   
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Figure  4.5 displays a process map of data entry and data items collected by the 

ALFY service.  

Figu re 4.4 ð Concept map of ALFY service with routings from Jan -Sept 2016 data  (Quarters 1 -3). 
Data source: (NHS Forth Valley, 2016a)  

 

 

  



 

46 

 

Figure 4.5 ð Data entry process map and items collected for the ALFY service  

 

4.3 Roles and responsibilities in ôCloser to Homeõ 

The main roles and responsibilities of staff members involved in each component 

of the ôCloser to Homeõ programme have been briefly described based on informal 

consultations taking place early on in this research , however, as previously 

described, the semi -structured interviews with staff taking plac e during Phase VI 

of this research provided an opportunity to gain further insight into the roles and 

responsibilities involved in the programme. Hence, the concept map developed 

based on participantsõ responses about their role has been included here in 

fulfilling the Phase I aim to document the structures and operational processes 

involved in ôCloser to Homeõ (Figure 4.6). The role s of the various interconnecting 

services and structures linked with ôCloser to Homeõ also became clearer  in Phase 
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VI, including the role of primary care, secondary care, community s ervices and 

Health and Social Care Partnerships which have bee n included in this concept 

map. 

4.4 Summary and conclusion  

This chapter has provided the outputs of Phase I of this research, the exploratory 

phase aimed at understanding and documenting the structu res and operational 

processes involved in the ôCloser to Homeõ programme, primarily addressing the 

first research question and contributing towards the first stage of the evaluation 

framework focused on understanding and documenting the context. Towards 

addressing the first research question, namely, ôWhat were the structures and 

operational processes of the ôCloser to Homeõ programme?õ the following points 

summarise the findings from this exploratory phase.  

¶ The exploratory and process mapping exercise conf irms the  ôCloser to 

Homeõ programme is a complex healthcare  intervention, with various 

interconnecting parts , which have been well documented in this chapter  

¶ The dedicated ôCloser to Homeõ components, namely the Enhanced 

Community Team (ECT), GP fellows an d the Advice Line for You (ALFY)  

make use of a wide variety of existing community resources and are 

therefore interlinked with existing services and systems  

¶ Aside from community services, primary care, sec ondary care and Health 

and Social Care Partnerships  play key roles within the ôCloser to Homeõ 

programme  

¶ There are data collection processes in place at least at each point of 

referral, contact and discharge from the ôCloser to Homeõ services, 

therefore it is feasible to use existing data to build an inter vention cohort 

and understand activity of the services  



 

48 

 

Figure 4.6 ð Concept map describing r oles within 'Closer to Home ,' based on responses from interviews with key stakeholders in Phase VI  

**ALFY managers were not interviewed  in Phase VI ; hence, this description comes from  the informal consultations, researcherõs knowledg e of 

the service and d etails provided by other respondents  
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Chapter 5  Scoping Literature Review  

5.1 Purpose of this R eview 

Increased dependency on health care services by a growing population of elderly 

patients has led to a movement of healthcare provision towards community -based 

care. Various heterogeneous models of this type of care have been described  

(Young, 2009; Boult et al., 2009) . This review is concerned wit h interventions 

providing home or home -setting treatment of acute or subacute medical conditions 

in elderly patients, at risk of unscheduled hospital admission.  Various studies 

evaluate  the effectiveness of these types of interventions, many of which are 

Randomised Controlled Trials (RCTs).  In hospital avoidance schemes, it is often 

the case that randomisation is unfeasible or inappropriate (Steventon et al., 

2012). Reviews of these studies usually include only RCTs (Shepperd et al., 2009a, 

2016; Caplan et al., 2012) . Some reviews also include no n-randomised controlled 

trials (nRCTs) (Huntley et al., 2017; Low, Yap and Brodaty, 2 011), however there 

are few that include all comparative study designs (Victor and Higginson, 1994) .  

Hence this review is concerned with studies employing any comparative 

methodologies, including those where an RCT was not possible, which is the case 

in many healthcare environments, including the ôCloser to Homeõ programme, the 

community -based health care intervention of interest to the evaluation.  

The aims of this scoping literature review are to review existing research on 

interventions providing home treatment of acu te medical conditions in elderly 

patients, at risk of  unscheduled hospital admission with the following three aims:  

1) Document and identify themes, categories and classifications across the 

range of interventions  

2) Identify  methods and  measures of effectiveness being used to evaluate the 

comparative effectiveness of such interventions  

3) Review the existing evidence on the comparative effectiveness of these 

interventions  
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5.2 Methods  

This is a scoping review which takes  a systematic approach to  reviewing existing 

evidence from a broad range of study designs and methods . Sucharew and 

Mucaluso  (2019) describe the purpose of a scoping review as providing  òan 

overview of the available research evidence without producing a summary answer 

to a discrete research question ó and they highlight  that it  is a òparticularly useful 

approach when the information on a topic has not been comprehensively reviewed 

or is complex and diverse ó (2019, p.416). These features made the scoping review 

an attractive approach to the specific aims of the review previously outlined.  The 

specific methods employed for this scoping review including information sources, 

search strategy, criteria and quality assessment are described in the following 

sections.  

5.2.1 Information sources  

The search was conducted using PubMed, CINAHL  and additional  hand search, 

for research articles published between 2004 and August 2018 inclusive, where 

studies were in English and pertained to human subjects.  In setting the date 

limits, systematic reviews making  a similar investigation as this review  were 

searched. Upon finding a suitable review, the date of the search in the review was 

used as scientific justification in aiding the selection of a start date for this review. 

The identified review was of ôComplex interventions in preservation of physical 

function and  independence in elderly peopleõ published in The Lancet by Beswick 

et al. in 2008, however the search was conducted in 2005 (Beswick et al., 2008) . 

In addition, in selecting the start year, the research motivation was t hat in 2004 

the General Medical Contract (GMC) for General Practitioners (GPs) allowed 

them to òopt out of responsibility for providing out  of-hours care to their patients, 

transferring responsibility to thei r local primary care trust,ó (The Care Quality 

Commission, 2014, p.8)  which includes out -of-hours home visits.  This would 

indicate a growth in the provision of home treatment through alternative 

interventions. Hence, the search sta rt year was set as 2004.  

5.2.2 Reference management and s tudy screening  

References were managed using Mendeley reference management software. Once 

duplicates were removed in Mendeley, results were imported into  Rayyan, a web 
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application for screening of studie s in systematic reviews , for t he abstract 

screening of studies (Ouzzani et al., 2016) . The result s were exported as a CSV 

file and full -text screening was conducted on Mendeley with observations 

recorded on this CSV file. The file contains details of each study along with a 

decision, exclusion reason and tag for study design.  

5.2.3 Search strategy  

The search was for studies evaluating interventions providing home or home -

setting treatment of acute or subacute medical conditions (including 

rehabilitation) in elderly patients, at risk of unscheduled hospital admission  or 

institutionalisation by using the following search terms:  

("older patients" OR "geriatric patients" OR "elderly" OR òolder peopleó) 
AND (("Nurse -led" AND "community" AND "care") OR ("Community based" 
AND "nursing") OR "Hospital at home" OR "Hospital in the home" OR "home 
versus hospita l" OR "supported discharge" OR ("case management" AND 
"home") OR (("GP" OR "general practitioner" OR "nurse") AND ("home" OR 
"house") AND ("visits" OR "visiting") AND ("frail" OR "acute" OR "postacute" 
OR "chronic" OR "illness" OR "severely ill"))) AND ("e ffect" OR 
"effectiveness" OR "Evaluation" OR "case control" OR "retrospective study" 
OR "cohort studyó OR "quasi-experimental" OR "quasi -experiment" OR 
òobservational studyó OR randomized trial OR randomized study) 

5.2.4 Inclusion and exclusion criteria  

The Univ ersity of Yorkõs Centre for Reviews and Disseminationõs PICOS elements 

for a review protocol were used in this review (Centre for Reviews an d 

Dissemination, 2006) . Publications were included if they were articles published 

in the English language in peer reviewed journals and fit the following criteria:  

¶ Population aged over 60 years of any gender living in any country, at risk 

of hospital admission or institutionalisation, excluding nursing home 

residents  

¶ I ntervention providing short term home or home -setting treatment of 

acute or subacute medical conditions  

¶ Control group receiving usual care (including but not limited to acute 

hospital a dmission)  

¶ Outcomes of intervention effectiveness in terms of patientõs subsequent 

use or cost of health services, patient -related outcomes (including 

survival, quality of life and functional outcomes) and satisfaction with 

care  
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¶ Study designs employed are actual rather than proposed using primary 

data through randomised and non -randomised comparative designs 

(including controlled trials, quasi -experimental studies, before and after 

studies, prospective an d retrospective cohort studies and case-control 

studies ) 

5.2.5 Extraction of information  and thematic analysis  

Several pieces of information were collected for each of the included studies 

relating to methodology and other study details.  For each study the following 

elements were extracted: publication year, study location and setting , study 

design, sample size,  target  population (eligibil ity), intervention group definition, 

comparison group (control group) definition,  matching strategy if  one was used to 

select comparison groups , baseline assessments conducted, primary and 

secondary outcomes measured, follow -up period  (or duration of outcome 

measurement) , analysis performed (and adjustment factors used in the analysis ) 

and results of outcome measures of each study. Data e xtraction was conducted in 

NVivo  qualit ative data analysis software by encoding details of each study into 

nodes representing each of the aforementioned elements.  

After completing the data extraction instrument, thematic analysis was 

conducted finding classifications or themes for the majority  of the items in the 

data extraction instrument. The following items were included in the thematic 

analysis: target population, setting, types of interventions, study design, baseline 

assessments conducted, study outcomes, analysis employed by the studies 

including adjustment factors and the findings of the included studies.  

Meta -analyses were not performed primarily due to being outside of the remit of 

this review, however,  in addition,  the heterogeneity of interventions, study 

designs and outcomes would h ave made formal meta -analytic methods 

challenging, which is a feature of scoping reviews due to their broad scope 

(Sucharew and Macaluso, 2019) .   

5.2.6 Quality assessment  of included studies  

Assessment of study quality was conducted using the Downs and Black quality 

assessment for randomised and non -randomised studies (Downs and Black, 1998) . 

This quality assessment tool was selected as it allowed for a co nsistent tool to be 

used across all the studies and it was originally developed to be suited for studies 
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evaluating healthcare interventions. The original assessment tool contained 27 

items covering the following four domains:  

(1) òReporting ( 10 items)ñwhich assessed whether the information provided 
in the paper was sufficient to allow a reader to make an unbiased 
assessment of the findings of the study.  

(2) External validity ( 3 items)ñwhich addressed the extent to which the 
findings from the study could be generalised to the population from 
which the study subjects were derived.  

(3) Bias (7 items) ñwhich addressed biases in the measurement of the 
intervention and the outcome.  

(4) Confounding (6 items) ñwhich addressed bias in the selection of study 
subjects.  

(5) Power (1 item) ñwhich attempted to assess whether the negative findings 
from a study could be due to chance. ó (Downs and Black, 1998, p.378)  

A modified version of their checklist was used, as presented by Korakakis et al. 

(2018). This version modifies the scoring of the final item of the checklist (item 

27) referring to the power of the study, where instead of giving a rating according 

to a range of study powers, the rating is give n based on whether the study 

performed a power calculation or not, hence the maximum score for item 27 was 

1 (a power calculation was conducted). Hence, the maximum score for the 

checklist was 28 instead of 32 and corresponding quality levels were given as  

previously reported (Hooper et al., 2008)  as excellent (26 -28); good (20-25); fair 

(15-19); and poor (<14).  

The study quality scores were taken into account in the reporting of individual 

study findings, using the quality grading presented by Hooper et al. (2008) 

¶ 1a (very strong): the findings are  supported by the results of 2 or more 

studies of at leas t excellent quality  

¶ 1b (strong): the findings are supported by at lea st 1 study of excellent 

quality  

¶ 2a (moderately strong): the find ings  are  supported  by  2  or  more  

studies  of  at  least  good  quality  

¶ 2b (limited): the findings are supported by a t least 1 study of good quality  

¶ 2c (weak): the findings are supported  by at least 1  study of fair or poor 

quality  

¶ 3 (consensus): in the  absence of evidence, there is agreement by a group 

of experts  on  the  appropriate  treatment  course  

¶ 4 (conflicting):  there  is  disagreement  between  the  findings  of  at  least  

2  ran domized  controlled  trials.   



 

54 

 

5.3 Search results  

The Pubmed search yielded 323 articles and the CINAHL search yielded 227 

articles. Additional hand search identified 27 articles. After duplicates were 

removed, a total of 421 articles were screened  by abstract  for inclusion. Of these, 

379 articles were excluded based on the exclusion and inclusion criteria (reasons 

can be seen in Table 5.1), leaving 42 articles for full -text screening. Of these, 19 

were excluded from  the review as a result of not meeting the inclusion criteria  

and one was excluded due to lack of response on clarification from the author (full 

reasons can be seen in Table 5.2). This meant that 22 articles were included and 

data was extracted for each of these studies. The PRISMA diagram for the search  

results can be seen in  Figure 5.1. Full references for the included studies and their 

assigned study codes used throughout this chapter can be seen in Appendix B  

Table B-1. 

Table 5.1 ð Abstract screening exclusions by reason  

Article type 47 

Study protocol 18 

Intervention description or protocol 13 

Process evaluation 7 

Background discussion 6 

Commentary 1 

Conference proceedings 1 

Letter to the editor 1 

Population 9 

Nursing home residents 3 

Non acute telehealth 2 

Nursing home or home care staff 2 

Caregivers 1 

Primary care nurses 1 

Intervention 197 

No intervention 59 

Non acute case management or monitoring 29 
Education, training or counselling for patients, caregivers or care 

providers 18 

Primary care interventions including frailty screening, CGA, PHV 10 

NH, assisted living or long term care 10 

Discharge planning 9 

Medical or surgical intervention 8 

In hospital 7 

Exercise and/or diet programmes 7 

Social or psychosocial interventions 5 

Palliative care 5 

Medication management only 5 
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Fall prevention 5 

Adult day or respite services 5 

Community mental health 4 

Nurse led cardiovascular dementia prevention 3 

Non acute telehealth 3 

Use of screening or stratification tools 2 

Informal care 1 

Infection prevention intervention in NH residents 1 

Electronic health record 1 

Comparison group 22 

No comparison group 11 

Other variations 11 

Outcome 3 

Characteristics of home care supporting clinics 1 

Enrolment reasons 1 

Unwanted incidents 1 

Study design 101 

Review 68 

Exploratory case study 15 

Exploratory pilot study 8 

Cross sectional 6 

Longitudinal study with no comparison group 2 

Process evaluation 1 

Discrete choice experiment 1 

 

Table 5.2 ð Full -text exclusion reasons  

Study code Exclusion reason 

Cappelleri 2017 INT - Blood pressure monitoring in home with device vs hospital 

Chow 2014 INT - Case management (education and monitoring post-discharge) 

Courtney 2012 INT - Exercise programme (post-discharge plan with home visit and follow up 
calls) 

Del Sindaco 2007 INT - Non acute disease management (long-term, intensive post-discharge 
follow-up) 

Godwin 2016 INT - PHV (home visits for medically stable independent well elderly to identify 
any unmet needs) 

Gregersen2012 Required clarification but no response from authors (primarily an in-hospital 
geriatric team, but with follow-up physio home visits which are not described) 

Hofstad 2013 INT - Study protocol  

Isaia 2010 CG - Comparing hospital at home patients with and without pressure ulcers 

Janse 2016 INT - Primary care frailty screening, CGA and PHV 

Jeffs 2005 INT - Patient education (Chronic disease self-management for COPD i.e. no 
treatment) 

King 2018 INT - Primary care frailty screening, CGA and PHV 

Kirkham 2014 INT - Home medication management 

Looman 2014 INT - Primary care frailty screening and case management 

Prasad 2014 INT - Primary care case management, coordination, transitional care and 
monitoring by one ANP 

Rosenberg 2012 INT - Primary care CGA and case management 

Shepperd 2017 AT - Study protocol 
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Sinclair 2005 INT - Patient education (two post-discharge cardiac support home visits i.e. no 
medical treatment) 

Strupeit 2013 INT - Discharge planning with scheduled patient education and counselling 
home visits (i.e no medical treatment) 

Thygesen 2015 INT - Discharge planning (with scheduled medication review and care planning 
home visits i.e. no medical treatment) 

Watkins 2012 INT - Discharge planning (transitional care) 

Lb¢ҐέLƴǘŜǊǾŜƴǘƛƻƴΣέ /DҐ ά/ƻƳǇŀǊƛǎƻƴ ƎǊƻǳǇΣέ !¢Ґ ά!ǊǘƛŎƭŜ ǘȅǇŜέ 
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Figure 5.1 ð PRISMA diagram for review of home or home -setting treatment of acute or subacute 
medical conditions in elderly patients, at risk of unscheduled hospital admission or 
institutionalisation  
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5.4 Results of the thematic analysis  

The following section aims to describe the results of the thematic analysis carried 

out on the information extracted for each of the included studies.  The following 

items were included in the thematic analysis: target population, setting, types of 

interventions, study design, study outcomes, analysis employed by the studies 

including adjustment fact ors and the findings of the included studies.  Full details 

collected for each of the included studies can be seen in Appendix B  Table B-2.  

5.4.1 Target population  

All studies targeted patients aged 60 or over (only one study (Senior et al., 2014)  

also included those over 55 specifically for indigenous groups in New Zealand). 

The average age was 80.3 for intervention patients and 7 9.9 for comparison group 

patients. Ten studies (45.5%) targeted patients with a range of conditions (8 

unspecified, 1 frailty and 1 acute medical or orthopaedic). The remaining 12 

studies (54.5%) targeted patients with specific illnesses or conditions: thr ee 

studies targeted Chronic Heart Failure (CHF), two studies targeted orthopaedic 

conditions, two studies targeted hip fracture surgery, two studies targeted four 

specific illnesses ( community -acquired pneumonia, COPD, CHF or cellulitis) , one 

study targete d specific acute and subacute infections and the remaining two 

studies individually targeted Chronic Lung Disease (CLD) and COPD. Details can 

be found in Table 5.3.  

5.4.2 Setting  

Out of the reviewed publications, 11 (50.0%) were European studies, 4 (18.2%) 

studies were conducted in Australia or New Zealand, 4 studies (18.2%) were 

conducted in Hong Kong, two were conducted in the USA and one in Taiwan.  All 

studies except for one included both hospital and community elements either as 

part of the study design (recruitment) or as part of the intervention. The 

remaining study recruited an d compared patients from the community 

exclusively. All studies except for one delivered interventional care primarily at 

home. One study delivered interventional care in short -stay residential care 

facilities in addition to the patientõs home. Several of the studies were conducted 

within the same setting (same hospital or location) with either variations of a 
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similar intervention, or separate analyses of the same data (or subgroups of data).  

The unique interventions identified will be discussed in a separ ate section.
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Table 5.3 ð Setting, target patient category and specification of included studies  

Setting Study code Patient category Patient specification 

Acute care hospitals and community at 3 sites in 

Buffalo, NY, Worcester, MA and Portland, OR. 

Leff2005 
Illness/condition-specific: four target 

illnesses  

Attending ED or assessed at ambulatory setting as requiring admission for 

target illnesses (community-acquired pneumonia, COPD, CHF or cellulitis) 

Leff2006 
Illness/condition specific: four target 

illnesses 

Attending ED or assessed at ambulatory setting as requiring admission for 

target illnesses (community-acquired pneumonia, COPD, CHF or cellulitis) 

2 Acute hospitals and community in Shatin and 

Taipo, Hong Kong 

Kwok2004 Illness/condition-specific: CLD Admitted to acute hospital for CLD and at high risk of readmission 

Kwok2008 Illness/condition-specific: CHF Admitted to acute hospital for CHF and at high risk of readmission 

University hospital and community in Vitoria-

Gasteiz, Spain 
Mendoza2009 

Illness/condition-specific: CHF Attending ED with exacerbation of HF with pre-existing CHF diagnosis 

University hospital and community in Torino, 

Italy 

Aimonino2008 Illness/condition-specific: COPD Attending ED with exacerbation of COPD 

Isaia2009 Range of conditions (unspecifed) Attending ED with acute illness covering a range of conditions 

Tibaldi2009 
Illness/condition-specific: CHF Attending ED with acute decompensation of CHF with pre-existing CHF 

diagnosis 

Hospital and community in northern Taiwan Shyu2013 
Illness/condition specific: Hip 

fracture 

Admitted to hospital for hip fracture requiring surgery 

University hospital and community in Goteborg, 

Sweden 
Ziden2008 

Illness/condition specific: Hip 

fracture 

Admitted to a hospital emergency unit with hip fracture requiring surgery 

Tertiary referral teaching hospital and community 

in Sydney, Australia 

Caplan2005 Illness/condition-specific: infections Attending ED with targeted subacute and acute infections 

Caplan2006 Range of conditions (unspecified) Admitted to acute hospital and referred for geriatric rehabilitation 

Acute hospital, intermediate care hospital and 

community in Badalona, Spain 

Mas2016 
Illness/condition-specific: 

Orthopaedic 

Attending ED or admitted to acute hospital for acute orthopaedic conditions 

Closa2017 
Illness/condition-specific: 

Orthopaedic 

Attending ED or admitted to acute hospital for acute orthopaedic conditions 

Mas2017 
Range of conditions (acute medical 

and orthopaedic) 

Attending ED, admitted to acute hospital or community patients for acute 

medical or orthopaedic conditions 

2 Home visiting nursing service centres in 

Geneva, Switzerland 
DiPollina2017 

Range of conditions (frailty) Community-dwelling identified as frail and at risk of hospitalisation 

4 acute care hospitals and their community 

nursing services in Hong Kong 
Leung2015 

Range of conditions (unspecified) Admitted to acute hospital for range of conditions and at high risk of 

readmission 

Day hospital and community in Dublin, Ireland Lewis2017 
Range of conditions (unspecified) Admitted to hospital, day hospital or attending outpatient geriatric clinic 

assessed as frail with complex needs 

1 acute care hospital, 3 rehabilitation hospitals 

and community in Hong Kong 
Lin2015 

Range of conditions (unspecified) Admitted to acute hospital at high risk of readmission 

Tertiary hospital and community in Waikato, New 

Zealand 
Parsons2018 

Range of conditions (unspecified) Admitted to acute hospital at risk of hospital readmission or 

institutionalisation 

Hospital, short-stay residential care facilities and 

community in New Zealand. 
Senior2014 

Range of conditions (unspecified) Admitted to hospital or rehabilitation service at high risk of 

institutionalisation 

Hospital and community in London, UK Wright2013 Range of conditions (unspecified) Attending ED assessed having complex needs requiring hospitalisation 
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5.4.3 Types of interventions  

This section aims to describe the types interventions evaluated within the 

include d studies. The section will begin by describing the existing model 

definitions of interventions included in this review in order to define how they 

were classified in this review. A wide variety of interventions providing home 

t reatment of acute medical conditions have been described in international 

literature (Leff an d Montalto, 2004) . Various models of comprehensive care 

models for older adults with chronic conditions have been described (Boult et al., 

2009) as well as models of intermediate care defined as ò õcare closer to homeõ by 

expansion and development of community health and social servicesó (Young, 

2009, p.S21). Within these model descriptions, th e main recognised model 

providing home treatment of acute and subacute medical conditions is the 

òhospital-at homeó (HaH) model.  

Hospital -at-home (HaH)  has been described as "a service that provides active 

treatment by healthcare professionals in the pati entõs home for a condition that 

otherwise would require acute hospital inpatient care, and always for a limited 

time period"  (Gonçalves-Bradley et al., 2017, p.6) . Two main models of HaH have 

been described: admission avoidance and early discharge (Boult et al., 2009; 

Young, 2009). Shepperd and colleagues have conducted several reviews on HaH 

services resulting in two well -known Cochrane reviews of each of these models 

(Gonçalves-Bradley et al., 2017; Shepperd et al., 2016) . These models were both 

identified within the reviewed studies.  

An additional model was identified in the review ed studies that did not appear to 

be explicitly described as a separate model in academic literature (Boult et al., 

2009; Young, 2009). This may be because it is closely related to the early discharge 

HaH model hence, some authors may group it within this model, however, it has 

clear distinctions. The distinctive model could be described a s ôpost-acute 

discharge support õ or ôrestorative care,õ which supports patients after hospital 

discharge (rather than ôearlyõ) for subacute medical conditions and may be at risk 

of readmission, but do not provide substitution for a hospital stay at discharge. 

Though literature describes òtransitional careó which is òdesigned to facilitate 

smoother, safer, and more -efficient transitions from hospital to the next site of 
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care (another healthcare setting or home) ,ó transitional care is concerned with the 

transition between settings rather than care provision after transition (Boult et 

al., 2009, p.2332)  

Hence, the interventi ons within the reviewed studied were identified as being 

based on one or more of the following three models: admission avoidance HaH, 

early discharge HaH or post -acute discharge support. Some of the reviewed 

interventions included more than one of these mo dels or combined these models 

with additional elements, which will be later discussed. This is as expected, as 

having multiple components is a defining characteristic of complex interventions 

(Campbell  et al., 2007) . The three models will be described in detail in the next 

section. 

5.4.3.1 Admission avoidance HaH  

In admission avoidance (also referred to as òsubstitutiveó) HaH models, care is 

provided in lieu of acute hospital care and they are characterised by òrapid 

responseó teams (Young, 2009). Admission avoidance HaH òadmit [s] patients 

directly from the community thereby avoiding physical contact with the hospital, 

or may admit from the emergency room ó (Shepperd et al., 2016, p.8)  after 

assessment confirming the òpatient requires hospital -level treatment but can be 

treated safely at home  [é] by a HaH team that includes a physician, nurses, 

technicians , and rehabilitative therapistsó (Boult et al., 2009, p.2332) . Leff and 

Montalto (2004) further define admission avoidance HaH as meeting the following 

criteria:  

(1) It provides care that  substitutes entirely for an inpatient acute hospital 

admission.  

(2) It provides an intensity of care, including medical and nursing care, 

similar to that provided in the hospital appropriate to the severity of the 

illness treated.  

(3) It provides care that cann ot be provided by usual community -based home 

care services (Leff and Montalto, 2004)  

Due to the difficulty of defining the above criteria (e.g. What defines a hospital -

level intensity of care?) and sometimes lack of clarity of descriptions in  
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interventions within the studies included in this review, rather than using this 

criteria explicitly, studies were categorised as admission avoidance HaH if the 

intervention was defined as òsubstitutiveó for hospitalisation, òproviding home 

hospitalisatio nó or if intervention patients were òotherwise necessitating 

admission.ó Interventions that were categorised as admission avoidance HaH 

achieved entire substitution of an inpatient acute hospital admission by means of 

either 1) hospital -level care at home or 2) supportive and diagnostic care at home 

combined with access to a specialised day hospital or clinic. These interventions 

were further identified as admission avoidance if their comparison groups were 

described as receiving usual inpatient acute care in "hospital" or "geriatric ward ." 

5.4.3.2 Early discharge HaH  

After an initial hospitalisation, e arly discharge HaH  substitutes the remainder of 

a patientõs hospital admission by providing early discharge and acute care at 

home, involving rehabilitation that would usually be provided in a hospital. 

Specifically, òafter a patient õs medical condition has stabilised in the hospital, the 

patient returns home and is treated there by a HaH team consis ting chiefly of 

nurses, techni cians, and rehabilitative therapists ó (Boult et al., 2009, p.2332) . I f 

it were not available then the p atient "would not be discharged early and would 

remain on an acute hospital ward"  (Gonçalves-Bradley et al., 2017, p.6) . Studies 

were categorised as early discharge HaH if the intervention was defined with 

terms such as òearly discharge HaH,ó òearly discharge rehabilitationó or òhome 

rehabilitation.ó These interventions were further identified as early discharge if 

their comparison groups were described as receiving rehabilitation in a 

"rehabilitation unit/ward ," "intermediate care unit" or "geriatric ward"  or 

receiving usual care in hospital without early discharge.  

5.4.3.3 Post-acute discharge supp ort  

Post-acute discharge support was identified separately from early discharge 

models, as this model does not provide substitution for a hospital stay and does 

not provide discharge ôearlyõ but rather supports a patients recovery at home for 

patients who may be at risk of further hospitalisation at discharge from the acute 

setting, with the aim of restoring or enhancing functional ability at home.  This 

model was often combined with the admission avoidance HaH model after the 

initial discharge support, wit h the capability of offering admission avoidance HaH 
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in the event of a presentation of an acute condition after discharge, or access to a 

day hospital or specialised clinic to avoid an inpatient admission.  

5.4.3.4 Identified types of interventions  

All interventio ns provided either home treatment  or support for  acute or subacute 

medical conditions (including rehabilitation  and post -discharge support ) in 

elderly patients . Out of the 22 included studies, 18 unique  interventions were 

identified. The interventions coul d be broadly categorised into admission 

avoidance HaH, early discharge HaH and post -acute discharge support, some 

including more than one of these models or combining additional elements, as 

previously mentioned. These can be seen in  Table 5.4. 

Table 5.4 ð Intervention models and additional elements  

Intervention models and distinctive additional elements 

Number of 

unique 

interventions 

Admission avoidance HaH 6 

No further interventions identified 5 

With access to day hospital, preceded by preventive home visiting 1 

Early discharge HaH 5 

Both early discharge HaH and admission avoidance HaH 1 

Post-acute discharge support 6 

No further interventions identified 2 

In short-stay residencial care followed by supported home rehabilitation 1 

With access to day hospital (for any further acute presentations) 1 

With capacity for admission avoidance HaH (for any further acute presentations) 1 

With capacity for admission avoidance HaH and access to day hospital (for any 

further acute presentations) 

1 

Total unique intervention models 18 

 

The staff involved in care for each of the interventions are presented in  Table 5.5 

below. Full details of the 18 individual interventions can be seen in  Table 5.6. 

Table 5.5 ð Medical and social care professionals involved in each intervention model observed in 
reviewed studies  

Study code Intervention group G P N PT OT SCW Other 

Admission avoidance HaH 

DiPollina2017 Admission avoidance HaH 
 

ǒ ǒ ǒ ǒ ǒ Psychologists 

Aimonino2008 

Isaia2009 

Tibaldi2009 

Admission avoidance HaH ǒ ǒ ǒ ǒ 
 

ǒ Counsellor 

Leff2005 

Leff2006 

Admission avoidance HaH 
 

ǒ ǒ 
    

Mendoza2009 Admission avoidance HaH 
 

ǒ ǒ 
    

Wright2013 Admission avoidance HaH ǒ ǒ ǒ 
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Caplan2005 Admission avoidance HaH 
 

ǒ ǒ ǒ ǒ 
 

Hospital 

doctors 

(specialty 

unspecified) 

Early discharge HaH 

Caplan2006 Early discharge HaH 
  

ǒ ǒ ǒ 
 

Doctors 

(specialty 

unspecified) 

Parsons2018 Early discharge HaH ǒ ǒ ǒ ǒ ǒ ǒ 
 

Shyu2013 Early discharge HaH ǒ 
 
ǒ ǒ 

   

Ziden2008 Early discharge HaH ǒ 
 
ǒ ǒ ǒ ǒ Dietician 

Mas2016 

Closa2017 

Early discharge HaH ǒ ǒ ǒ ǒ ǒ 
  

Both early discharge HaH and admission avoidance HaH 

Mas2017 Both early discharge HaH and 

admission avoidance HaH 

ǒ ǒ ǒ ǒ ǒ 
  

Post-acute discharge support 

Kwok2004 Post-acute discharge support ǒ ǒ ǒ 
    

Kwok2008 Post-acute discharge support ǒ 
 
ǒ 

   
Cardiologist 

Leung2015 Post-acute discharge support ǒ ǒ ǒ 
   

AHPs 

(specifics 

unspecified) 

Lewis2017 Post-acute discharge support 
  

ǒ ǒ ǒ ǒ Pharmacist 

Lin2015 Post-acute discharge support ǒ 
 
ǒ ǒ ǒ ǒ 

 

Senior2014 Post-acute discharge support 
  

ǒ ǒ ǒ 
  

Total  11 11 18 12 10 6 8 

 

G=Geriatrician, P=Physician, N=Nurse, PT=Physiotherapist, OT=Occupation al 

Therapist, SW=Social Care Worker  
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Table 5.6 ð Intervention details for each included study  

Study code Available 

staff 

Intervention 

specification 

Intervention description Avg 

duration 

Num of visits 

(average unless 

otherwise 

specified) 

Admission avoidance HaH 

DiPollina2017 P, PT, OT, 

Psychologists, 

SCW, N 

Admission 

avoidance HaH  

(with access to 

day hospital, 

preceded by 

preventive home 

visiting) 

Integrated care at home defined as formally coordinating existing services: home visiting nursing services 

with nursing teams and a community geriatric unit (CGU) team of home-visiting physicians, PTs, OTs, 

psychologists and SWs. Nursing teams were able to provide the same care they usually provide, as in the 

control group (includes management of patient needs and home hospitalisation).The physician performed 

home geriatric assessment in the following domains: cognition, mood, functional status, gait, nutrition, 

pain and medication review and adherence. Results were shared with the patient's physician and the 

nursing teams. CGU teams and nursing teams held meetings for any complex issues. Patients and nursing 

teams were instructed to contact patient's physician in an emergency and if unavailable, patients had access 

to a 24/7 medical call service from the CGU. A day hospital was also part of the provided services.  

- 6.3 home 

visits/telephone 

consultations 

Aimonino2008 P, G, N, PT, 

SCW, 

Counselor 

Admission 

avoidance HaH 

Immediate transfer home from ED by ambulance to physician-led substitutive hospital-at-home care 

(GHHS), provided by a multidisciplinary team of three geriatricians, 13 nurses, two PTs, one SW and one 

counsellor, with access to seven cars, in addition to usual ED care. Hospital-level care included blood 

tests, ECG, antimicrobials and other medicines, blood transfusions, surgical treatment of pressure ulcers, 

echocardiograms, echographs, Doppler ultrasonographies. Other care includes physiotherapy, 

occupational therapy, patient and caregiver disease management education and counselling. Patients 

requiring hospital diagnostics (e.g. x-ray, endoscopy) were transferred to hospital during the GHHS 

episode but returned home within a few hours. In first few days, patients receive daily physician and nurse 

visits, followed by daily nurse visits and physician visits every 2-3 days subsequently.  

- 4.1 nursing, 9.9 

physician 

Isaia2009 - - 

Tibaldi2009 20.7 days 13.8 nursing, 11.1 

physician 

Leff2005 P, N Admission 

avoidance HaH 

Transfer home from ED or ambulatory site by ambulance for substitutive hospital-at-home programme, 

provided by physicians and nurses, evaluated by the physician either at ED or shortly after arriving home, 

where they were met by a nurse. The hospital-at-home program involved subsequent direct one-on-one 

nursing supervision initially for at least 8 hours (site 3) or 24 hours (sites 1 and 2), followed by at least 

daily visits from both nurses and the physician, who was available 24 hours a day for emergency visits. 

The program also included other care components such as medical equipment, oxygen therapy, IV fluids, 

IV antimicrobials, skilled therapies, pharmacy support, home radiology and diagnostic studies (ECG, 

radiography). A Lifeline medical alarm device was provided to patients without caregivers.  

3.2 days 1.5 by physician, 

1.4 nurse. 

Leff2006 - - 

Mendoza2009 P, N Admission 

avoidance HaH 

Hospital at Home (HaH) unit after ED, including scheduled and urgent visits at home by internal medicine 

physician every other day depending on condition and a daily by a specialist nurse. Care included nursing 

and clinical evaluation, home ECGs, sample collection for laboratory tests. Discharge to primary care or 

cardiology ward in case of no response to treatment. Outside of normal working hours (8am-9pm), patients 

were instructed to call emergency services. Access to hospital X-ray and ECG services. 

- - 

Wright2013 N, G, P Admission 

avoidance HaH 

Triage and Rapid Elderly Assessment Team (TREAT) following ED attendance. Admissions that were 

transferred to TREAT received CGA at the ED followed by prompt intervention and tailored rapid 

supported discharge on the day of admission, by a multidisciplinary team of a consultant geriatrician, 

specialist registrar, nurse practitioner, OT and an administrator. Immediately after discharge, a post-acute 

care enablement team provided short-term nursing support, monitoring and treatment for up to 5 days and 

a rapid access geriatric 'hot clinic' provided follow-up investigations and tracked recovery progress 

Up to 5 days 

(nursing 

support) 

- 
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(unclear who provided the clinic and where it took place). TREAT was available during working hours on 

weekdays and -am-1pm on weekends or holidays. 

Caplan2005 P, N, PT, OT, 

Hospital 

doctors 

Admission 

avoidance HaH 

Transfer home from ED within 24 hours to admission substitution to hospital-in-the-home (HITH), 

provided primarily by nurses. Treatment according to diagnosis at ED, including medication 

administration, blood transfusions, IV antibiotics, subcutaneous enoxaparin injections and warfarin for 

DVT. 

10.1 days 9 nursing, 0.8 

physician, 0.9 

hospital doctor, 0.2 

PT, 0.1 OT 

Early discharge HaH 

Caplan2006 N, PT, OT, 

Doctors 

Early discharge 

HaH 

Transfer home from inpatient hospital stay to early discharge rehabilitation at home provided by a hospital-

based multidisciplinary team of nurses, doctors, PTs and OTs. Care provided include rehabilitation, 

treatment of any deterioration such as infections through IV antibiotics and provision of equipment. 

15.97 days 20 rehabilitation 

team 

Parsons2018 N, PT, OT, 

HA, P, G 

Early discharge 

HaH  

 

Early supported discharge for home-based rehabilitation from a team of healthcare assistants, registered 

nurses, PTs and OTs, providing home visits up to 4 times daily, 7 days a week up to 6 weeks. Weekly 

multidisciplinary team meetings with consultant geriatricians and close collaboration with GPs and 

practice nurses. Care provided utilised functional rehabilitation principles maximising recovery through 

incorporating exercises with ADL tasks, setting rehabilitation goals with a care plan. Once discharged 

from the team, patient care was returned to their GP. (Inclusion criteria: consented to being treated at home 

and agreed with the objectives set by the team) 

- Up to 4 home visits 

daily 

Shyu2013 N, PT, G Early discharge 

HaH 
Early discharge subacute care model or comprehensive care model. The subacute care model included 

geriatric nurse consultation (CGA, physical, cognitive, functional and nutritional assessment before 

surgery), geriatrician evaluation based on assessment results before surgery, continuous rehabilitation 

beginning in hospital after surgery and continuing at home after discharge and early discharge planning 

(including assessment of home, caregiver's competence, family function, self-care ability, need for long-

term care) providing care up to 3 months. The comprehensive care model included the components of the 

subacute model in addition to health-maintenance interventions to prevent falls (falls risk assessment), 

nutritional assessment (dietician referral based on results) and depression screening and management. 

Up to 1 year 7.5 nursing and 2.5 

PT for subacute 

model, 10.9 nursing 

and 3.2 PT for 

comprehensive care 

model. 

Ziden2008 PT, OT, N, G, 

SCW, 

Dietician 

Early discharge 

HaH 
Geriatric home rehabilitation programme with supported discharge in addition to usual care (control), 

provided by a PT, OT, nurse and hospital geriatrician. During hospital stay the patient was offered an 

individually tailored rehabilitation programme and was accompanied by the PT and OT at discharge. 

Home rehabilitation consisted of PT and OT visits for up to 3 weeks, focusing on physiotherapy, 

encouraging confidence in locomotion and physical activity, with a focus on outdoor ambulation, in 

addition to at least one nurse visit (not able to fulfil for all patients due to resources). Hospital geriatrician 

was medically responsible for patient care during rehabilitation and patients could be readmitted where 

necessary. Access to a medical social worker and dietician where needed.  

Up to 3 weeks 2.4 PT, 1.6 OT 

Mas2016 P, G, N, PT, 

OT 

Early discharge 

HaH 

Rehabilitation at home (HHU) within 24 hours of discharge from the acute setting, from specialist geriatric 

health team providing CGA, MDT review and rehabilitation therapy but in a home setting, by 

rehabilitation medicine physicians, geriatricians, nurses, physiotherapists, and occupational therapists. 

Management of comorbidities and acute illness, with specialist nurses able to manage complex conditions 

such as severe functional loss and delirium with access to diagnostic techniques (e.g. blood tests, ECG) 

and acute treatments (e.g. IV treatments) from acute hospital.  

50 days 5 physician, 15 

nursing and 19 PT 

or OT 

Closa2017 49.4 days Up to 7 nursing 

visits and up to 5 

therapy sessions per 

week 

Both early discharge HaH and admission avoidance HaH 

Mas2017 P, G, N, PT, 

OT 

Both early 

discharge HaH 

Rehabilitation/early supported discharge at home (HHU - ESD) after discharge from the acute setting, or 

admission avoidance hospital-at-home (HHU - AA) after attendance at ED or from the community 

46.6 days Up to 2-3 visits per 

day 
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and admission 

avoidance HaH 

providing the same acute or post-acute protocol of usual care (control group) but in a home setting, with 

up to 2-3 visits per day. All the same staff providing usual care were available for both HHU - ESD and 

HHU - AA. Management of comorbidities and acute illness such as infections or heart failure, with 

specialist nurses and therapists able to manage complex conditions such as severe functional loss leading 

to immobility, delirium or behavioural symptoms, with access to diagnostic techniques (blood and 

microbiologic tests, ECG, radiology) from acute hospital.  

Post-acute discharge support 

Kwok2004 N, G, P 

(Respiratory) 

Post-acute 

discharge 

support 

Supported discharge program through intensive home visits by community nursing teams (CN). Initial 

visit in hospital for health promotion and education, encouraging use of a trained clerk telephone hotline 

in case of deterioration, as part of the intervention (any messages were relayed to nurses by pager). Post-

discharge home visits within 7 days of discharge weekly up to 4 months and monthly thereafter up to 6 

months for monitoring vital signs, health promotion and education, psychosocial support for patient and 

family, arrangement of health and social care services as required. Patients refusing home visits could be 

monitored by phone. Nurses had direct access via phone and pager to hospital geriatricians and respiratory 

physicians and could alter medication regimes and arrange urgent hospital outpatient and inpatient services 

after discussion. Prior to the intervention nurses received training and ward experience in management of 

chronic lung disease.  

- 11.8 home visits, 

10.3 telephone 

consultations 

Kwok2008 N, G, 

Cardiologist 

Post-acute 

discharge 

support 

Supported discharge program through intensive home visits by community nursing teams (CN) in addition 

to usual care (control). Initial visit in hospital for health promotion and education (drug compliance and 

dietary advice), encouraging use of a trained clerk telephone hotline in case of deterioration, as part of the 

intervention (any messages were relayed to nurses by pager). Post-discharge home visits within 7 days of 

discharge weekly up to 4 months and monthly thereafter up to 6 months for monitoring vital signs, 

medication and compliance review, monitoring CHF control, health promotion and dietary and exercise 

education, arrangement of health and social care services. Patients refusing home visits could be monitored 

by phone. Nurses liaised with hospital geriatricians and cardiologists and could alter medication regimes 

and arrange urgent hospital outpatient and inpatient services after discussion. Average number of home 

visits per patient: 8.8. Average number of telephone calls per patient: 15.0. 

- 8.8 home visits, 

15.0 telephone 

consultations 

Leung2015 N, P, AHPs, G Post-acute 

discharge 

support 

(with capacity 

for admission 

avoidance HaH 

for any further 

acute 

presentations) 

Post-discharge support ("virtual ward") to prevent readmission provided at home by a team of nurses, 

physicians, geriatricians and other AHPs. Hospital-level care included bloods measurement, insulin 

administration, wound dressing with first nursing visit for a health assessment within 48 hours from 

discharge, first physician visit within first week, with 4 visits per week on average. Other services provided 

at home visits by nurses included symptom monitoring, management and health education as well as 

psychosocial support for patients and carers. Patients and their carers also had access to extended out of 

hours service and telephone consultation service aimed at fast-tracking patients to other services such as 

enhanced nonemergency ambulance transport. 

- 4 home visits per 

week 

Lewis2017 N, PT, OT, 

SCW, 

Pharmacist 

Post-acute 

discharge 

support 

(with capacity 

for admission 

avoidance HaH 

and access to day 

hospital for any 

Community virtual ward (CVW) model, overseen by a clinical case manager (senior nurse working across 

primary and secondary care) providing risk stratification and conducting home visits and telephone 

consultations alongside a primary care team (including GP, public health nurse, PT, OT, SW and 

pharmacist). The CVW had access to a specialist therapist-led integrated care team for those at risk of 

admission due to functional decline, a nurse-led community intervention team for home-based 

interventions such as IV therapy, a day hospital in case of clinical or functional deterioration exceeding 

primary care team service and/or a planned admission to hospital, and increased social support including 

medication management and nutrition if required. Conditions managed include delirium, dementia, pain 

3-7 months Daily to 2-weekly 

nursing visits 
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further acute 

presentations) 

management, symptomatic polypharmacy, dehydration, heart failure, exacerbation of COPD, chest 

infection and cellulitis 

Lin2015 N, G, PT, OT, 

SCW 

Post-acute 

discharge 

support 

(with access to 

day hospital for 

any further acute 

presentations) 

Integrated Care and Discharge Support (ICDS), including risk stratification, multidimensional assessments 

(including CGA) and discharge planning in hospital, provided by link nurses (serving as 'link' between 

community and hospital care) working with geriatricians. After assessment, link nurses allocate patients 

to either 1) Integrated Care Model (ICM) case management with post-discharge home visits (wound care, 

home oxygen) and telephone support for high-risk patients with complex medical and social problems, 

provided by SWs, PTs, OTs and APN for around 3 months (44%) or 2) Home Support Team (HST) 

services, for patients requiring urgent social services, providing rapid and intensive community support 

(meal delivery, household cleaning, respite care and home assessment and modification) (56%). Link 

nurses, ICM case managers and HST hold weekly multidisciplinary meetings chaired by geriatrician. 

Access to rehabilitation in geriatric day hospital and fast-track or follow-up clinics.  

75.8 days 

(ICM 101.5 

days, HST 

55.9 days) 

- 

Senior2014 N, PT, OT Post-acute 

discharge 

support 

(in short-stay 

residential care 

followed by 

supported home 

rehabilitation) 

Post-discharge 'Promoting Independence Programme' (PIP) to restore function and return patient to living 

in the community, coordinated by a case manager, conducting CGA with care plan development 

(integrating physical activity and ADL) in hospital and delivering supported discharge at a short-stay 

residential care facility, where care plan was delivered by a nurse, PT and OT, followed by home 

rehabilitation on discharge from residential care 3-4 times per week over 2 to 3 months by a rehabilitation 

assistant after which care was handed over to trained support workers when sufficient progress had 

occurred. PT and OT conducted a 3-month visit to re-assess care plan and if goals were attained, patients 

were monitored by phone and contacted monthly. Patients were referred to specialised care in case of 

decline. Prior to discharge from short-stay residential care, an OT conducted a home assessment for any 

modification needs. 

2-3 months 

(rehabilitation) 

3-4 home visits per 

week 

(rehabilitation) 

G=Geriatrician, P=Physician, N=Nurse, PT=Physiotherapist, OT=Occupational Therapist, SW=Social Care Work er
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5.4.4 Study design 

Study design was classified according to Reeves, Wells and Waddingtonõs (Reeves, 

Well s and Waddington, 2017)  classification of study designs evaluating the effects 

of health care interventions (Box 2 in their paper). This was done to facilitate 

thematic analysis of study designs. Self -reported study design was also collected 

for comparison. Communicating study design is challenging outside of 

randomisation, with descriptions or lab els often described ambiguously. 

Differences in how study designs are understood between research fields also 

cause these difficulties (Reeves, Wells and Waddington, 2017) . Hence a 

standardised classification was used comparing the self -reported designs.  

Thirteen experimental designs (where the researcher is actively involved in 

allocating study groups ) and nine observational designs (where groups are 

identified based on existing information) were identified among included studies. 

Of the included studies, 11 (50.0%) were classified as randomised controlled trials 

(RCT), one (4.5%) as a quasi-randomised  controlled trial (Q -RCT), one as a 

nonrand omised controlled trial (NRCT), which are experimental designs. F ive 

(22.7%) were classified  as concurrently controlled prospective cohort studies 

(PCS), one as a historically controlled cohort study (HCS), one as  a retrospective 

controlled before -and-after study (CBA) and two (9.1%) as before -and-after 

studies (BA) (self -controlled) , which are all observational designs . Both the self -

reported and classified study designs can be seen in  Table 5.7.  

5.4.4.1 Randomised controlled trials (RCT)   

Of the 11 identified RCTs, all except one used a traditional 1:1 intervention to 

control allocation, with only one study using a 2:1 allocation. The  study stated 

that this was òto allow efficient functioning of the home rehabilitation service 

without affecting the power of the study ó (Caplan et al., 2006, p.55) . One study 

used randomisation with minimisation (Senior et al., 2014) , which is a òmethod of 

ensuring excellent balance between groups for several prognostic factors , [with] 

treatm ent allocated to the next participant enrolled in the trial depend [ing]  

(wholly or partly) on the characteristics of those participants already enrolled ó 

(Altman and Bland, 2005, p.843) . 
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5.4.4.2 Quasi -randomised  controlled trial (Q -RCT) 

The term ôquasi-experimental studyõ causes particular ambiguity (Reeves, Wells 

and Waddington, 2017) . Instead, here we classified a ôquasi-randomised 

controlled trialõ (Q-RCT) using Reeves, Wells and Waddingtonõs definition:  

Individual participants, or clusters of participants, are allocated to intervention 

or comparator in a quasi -random manner. In hea lth care evaluation studies, the 

allocation rule is often by alternation, day of the week, odd/even hospital, or social 

security number (Reeves, Wells and Waddington, 2017, p.35)  

The identified Q -RCT allocated patients into intervention or control nursing 

teams using sequential allocation  (two clusters of participants b ased on 

geographic area were sequentially allocated to an intervention or control nursing 

team in their area ) (Di Pollina et al., 2017) . According to Reeves, Wells and 

Waddington, in a Q -RCT, òthe allocation rule may be as good as random but, 

typically, gives rise to a less credib le studyó (2017, p.35). 

5.4.4.3 Nonrandomised  controlled trial (NRCT)  

The ônonrandomised controlled trialõ (NRCT) as described by Reeves, Wells and 

Waddington takes on the following definition:  

òéallocation to intervention and comparator is not random or quasi -random and 

is applied by research personnel ó (Reeves, Wells and Waddington, 2017, p.35)  

This design has often also been described as a ôquasi-experimental studyõ or 

ônatural experiment.õ One study was identified as an NRCT with allocation to 

intervention or control groups applied prospectively by researchers by an 

organisational factor (the intervention was applied to three hospitals and leaving 

care as usual in one hospital) (Leung et al., 2015) . This study attempted to ensure 

balance between groups (similarly to minimisation previously described), by 

selecting from the control hospital patients that individually matched the 

characteristics of those allocated to the inter vention group.   

5.4.4.4 Concurrently controlled  prospective cohort studies (PCS)  

The ôconcurrently controlled prospective cohort studyõ (PCS) design is defined as: 

òA cohort study in which subjects are identified prospectively and classified as 

having received th e intervention or comparator of interest on the basis of the 

prospectively collected  informationò (Reeves, Wells and Waddington, 2017, p.35)  

This design is similar to the NRCT but differs in respect to the method of 

allocation which is not based on application of the intervention according to some 

factor decided by rese arch personnel but is rather determined by information that 
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is collected prospectively. Of the five studies classified under this study design, 

four of them considered patients in the intervention group to be those who 

consented to intervention (information collected prospectively), while those not 

consenting to the intervention were considered part of  the control group.  One of 

the studies did not explicitly state their allocation rule, however according to the 

researcherõs best judgement of the  description of the study, allocation appeared to 

be based on some information collected prospectively (Isaia et al., 2009) . All of 

these studies had a concurrent control group (selected and followed -up during the 

same time period).  

5.4.4.5 Historically controlled  cohort study (HCS)  

Like the PCS, the ôhistorically controlled cohort studyõ selects the intervention 

group based on information collected prospectively, however the control group is 

selected as a group that did not receive the intervention in a period pri or to the 

intervention taking place, hence the comparison is not of contemporaneous 

groups. Within this study design according to Reeves, Wells and Waddington 

(2017), the historical control group is selected retrospectively, however for the 

included study fitting the description of a HCS, the control group was a historical 

group of patients who would have been eligible for the intervention and were 

prospectively identifi ed prior to the intervention. For this study, the selected 

intervention group, was a group of eligible patients for the intervention after it 

was implemented regardless of whether they were treated or not.  

5.4.4.6 Retrospective controlled  before-and-after study ( RCBA)  

One study was identified as being a combination of two designs described by 

Reeves, Wells and Waddington (2017). These were the ôconcurrently controlled 

retrospective studyõ (RCS) and the ôcontrolled before-and-after studyõ (CBA). The 

RCS is described as òa cohort study in which subjects are identified from historic 

records and classified as having received the intervention or comparator of 

interest on the basis of  the historic informationó and the CBA is described as a 

òstudy in which outcomes are assessed at two time periods for several clusters, 

[é] [which are] classified into intervention and comparator groupsó (Reeves, 

Wells and Waddington, 2017, p.35) . Hence, this design retrospectively identifies 

several clusters of both i ntervention and control groups from record reviews, and 
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compares their outcomes during two periods, one before and one after the 

intervention.  

In this design òobservations usually represent episodes of care, so may or may not 

correspond to the same indivi duals during the two time periodsó (Reeves, Wells 

and Waddington, 20 17, p.35). One study was identified as a RCBA and fit this 

description, comparing groups of hospital admissions rather than groups of 

patients. The study compared a group of emergency department admissions 

regardless of whether they were treated or not,  before and after the intervention, 

compared to control groups of admissions (Wright et al., 2013) .  This study 

measured outcomes through r etrospective record review.  

5.4.4.7 Before-and-after studies (BA)  

Two studies were identified as before -and-after studies (BA), with intervention 

patient acting as their own controls. Both studies measured outcomes for a single 

group of patients exposed to the int ervention 6 months prior to enrolment to the 

intervention as well as after the intervention, with one study measuring outcomes 

at discharge from the intervention for the ôafterõ period (Lewis et al., 2017)  and 

the other study measuring outcomes 6 months after discharge (Lin et al., 2015) . 

One study measured outcomes retrospectively through record review (Lewis et 

al., 2017), while the other measured outcomes prospectively (Lin et al., 2015)  

before and after the intervention.  

Table 5.7 ð Study designs (both classified and self -reported) of the included reviewed studies  

Study code Study design (classified) Study design (self-

reported) 

Experimental ï Randomised controlled trials (RCT) 

Aimonino2008 Randomised single-blind controlled trial (RCT) Randomised single-blind 

controlled trial (RCT) 

Tibaldi2009 Randomised single-blind controlled trial (RCT) Prospective single-blind 

randomised controlled 

trial (RCT) 

Caplan2005 Randomised controlled trial (RCT) Randomised controlled 

trial (RCT) 

Caplan2006 Randomised controlled trial (RCT) with 2:1 allocation Randomised controlled 

trial (RCT) 

Kwok2004 Randomised controlled trial (RCT) Randomised controlled 

trial (RCT) 

Kwok2008 Randomised controlled trial (RCT) Randomised controlled 

trial (RCT) 

Mendoza2009 Randomised controlled trial (RCT) Prospective randomised 

study 

Parsons2018 Randomised controlled trial (RCT) Randomised controlled 

trial (RCT) 
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Senior2014 Randomised controlled trial (RCT) with minimisation by 

residential care needs ('high' or 'very high'), age, gender and 

living alone. 

Randomised controlled 

trial (RCT) 

Shyu2013 Randomised controlled trial (RCT) Randomised controlled 

trial (RCT) 

Ziden2008 Randomised controlled trial (RCT) Randomised controlled 

study 

Experimental ï Quasi-randomised controlled trial (Q-RCT) 

DiPollina2017 Quasi-randomised control trial (Q-RCT) (two clusters of 

participants based on geographic area were sequentially 

allocated to an intervention or control nursing team in their 

area) 

Prospective controlled 

trial 

Experimental ï Nonrandomised controlled trial (NRCT) 

Leung2015 Nonrandomised controlled trial (NRCT) (non-random 

prospective allocation to concurrent groups by research 

personnel applying intervention to patients from three 

hospitals and leaving care as usual for patients at fourth 

hospital as the control group) 

Matched-control quasi-

experimental study 

Observational ï Concurrently controlled prospective cohort study (PCS) 

Isaia2009 Concurrently controlled prospective cohort study (PCS) 

(allocation decision seems to be based on information 

collected prospectively, potentially availability of resources, 

specified as observational but allocation rule not described) 

Prospective non-

randomised observational 

study 

Mas2016 Concurrently controlled prospective cohort study (PCS) 

(allocation based on patient and caregiver consent (assigned to 

control if declined treatment), i.e. allocation decision based on 

information collected prospectively) 

Observational cohort 

study 

Closa2017 Concurrently controlled prospective cohort study (PCS) 

(allocation based on patient and caregiver consent (assigned to 

control if not met), i.e. allocation decision based on 

information collected prospectively) 

Quasi-experimental 

longitudinal study 

Mas2017 Concurrently controlled prospective cohort study (PCS) 

(allocation based on patient and caregiver consent (assigned to 

control if declined treatment), and availability of resources i.e. 

allocation decision based on information collected 

prospectively) 

Quasi-experimental 

longitudinal study 

Leff2006 Concurrently controlled prospective cohort study (PCS) 

(allocation based on patient consent (received usual care if 

declined treatment) and operating hours of intervention 

(availability of resources) i.e. allocation decision based on 

information collected prospectively) 

Prospective, non-

randomised clinical trial 

Observational ï Historically controlled cohort study (HCS) 

Leff2005 Historically controlled cohort study (HCS) (slight modification 

of this design: both comparator group and intervention group 

selected prospectively, comparator group was a group of 

eligible patients observed prior to the implementation of the 

hospital-at-home programme, intervention group was a group 

of eligible patients treated, presented (and declined) or not 

presented (due to being outwith operating hours) with the 

option of hospital-at-home, after it had been implemented) 

Prospective quasi-

experimental study 

Observational ï Retrospective controlled before-and-after study (RCBA) 

Wrigh t2013 Retrospective controlled before-and-after study (RCBA) 

(Several clusters identified retrospectively, one cluster 

including intervention patients and those matching their 

admission details, another cluster of all ED geriatric 

admissions, and a third cluster of the residual ED geriatric 

admissions not matching the intervention patients admission 

details. Observations represent episodes of care i.e. admissions 

as is usual with this design. Rather than adjustment for the 

before period observations, this study uses the comparator 

groups as reference groups.) 

Pre- and post- 

retrospective cohort study 

Observational ï Before and after studies (BA) 
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Lewis2017 Before and after (BA) (Single exposed cohort with outcomes 

measured 6 months before intervention and at discharge from 

intervention, retrospectively) 

Quantitative 

observational study 

Lin2015 Before and after (BA) (Single exposed cohort with outcomes 

measured 6 months before and after intervention, 

prospectively) 

Prospective cohort study 

 

5.4.4.8 Control groups  

Control groups within the included studies were not often well described, which 

has also previously been observed in a review of hospital -at-home interventions 

(Shepperd and Iliffe, 2005b) . Control groups were most commonly cited as being 

patients receiving usual hospital care. For the nine studies with admission 

avoidance HaH interventions, comparison groups were patients receiving usu al 

hospital inpatient care (sometimes specified to be in a geriatric or specialist ward) 

in eight of the studies, while in one study, the comparison group comprised of 

patients receiving usual community home visiting and home hospitalisation (the 

intervent ion group was admission avoidance HaH through integrated care i.e. 

formal coordination of services with a community geriatric unit for HaH and home 

CGA (Di Pollina et al., 2017) ). For the six studies with early discharge HaH 

interventions, comparison groups were patients receiv ing usual care in an in -

hospital geriatric rehabilitation unit, or in a hospital ward where patients 

received usual rehabilitation sessions. For the study in which both early discharge 

and admission avoidance HaH were offered, the comparison group was made  up 

of patients receiving usual inpatient hospital care followed by care in an 

intermediate care bed -based unit offering rehabilitation where necessary (Mas et 

al., 2017).  

For the remaining six studies with post -acute discharge support interventions, in 

four of these studies comparison groups were patients discharged from hospital 

receiving usual care comprising outpatient or community nursing care. The 

remaining two studies were before -and-after studies, hence intervent ion patients 

acted as their own controls, with little to no detail provided about care before the 

intervention. In these two studies, patients receiving  usual care before the 

intervention were ònot formally risk stratified and often had multiple service 

providers involved ó in one study (Lewis et al., 2017)  and no details of care prior to 

the intervention were provided in the other study (Lin et al., 2015) .  
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5.4.4.8.1 Matching  

Three studies used a matching strategy to select a comparison group that was 

similar in baseline characteristics to the intervent ion group. One study used 

propensity score matching, in which each subject in the sample is assigned a 

probability (propensity score) of receiving treatment based on observed baseline 

characteristics and using this score, control subjects are matched to in tervention 

subjects. Two studies used direct matching on selected covariates, with one study 

selecting one control for each intervention subject, and the other study, an RCBA, 

making selections of ED admissions rather than patients of all eligible admissio ns 

matching the selected characteristics. The details of the studies that used 

matching and the details of their matching strategy can be seen in  Tabl e 5.8 

below.  

Tabl e 5.8 ð Studies using matching to select control groups and details of their matchings strategy  

Study code Study design (classified) Matching strategy 

Closa2017 Concurrently controlled 

prospective cohort study 

(PCS)  

One-to-one propensity score matching including age, 

gender, Charlson index score, baseline Barthel index 

score, Barthel index score at admission to 

rehabilitation, number of geriatric syndromes, 

prevalence of delirium at admission, cognitive 

impairment, and main clinical diagnosis. 

Leung2015 Nonrandomized 

controlled trial (NRCT)  

One-to-one direct matching on age (±5 years), gender, 

patient disease diagnosis (COPD, chronic heart failure, 

cancer, other), Clinical Frailty index, carer relationship 

with patient. 

Wright2013 Retrospective controlled 

before-and-after study 

(RCBA) 

All matching ED admissions directly on HRG, 

treatment function and patient classiýcation of ED 

admissions used to find TREAT-matching admissions 

as comparison group 

Of the 19 studies that did not use matching to select a control group, two were 

before-and-after studies hence intervention patients acted as their own controls 

and seven reported no significant differences in baseline characteristics between 

intervention and control groups (these were all either RCTs or Q -RCTs). Of those 

remaining 10 studies that did not use matching and reported some differences 

between groups, seven used statistical adjustment for confounding covariat es in 
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their analysis while in the remaining three, no adjustment was reported. 

Statistical adjustment will be further discussed in the analysis section.  

5.4.5 Quality of included studies  

As previously described,  information was collected for each of the studies on items 

relating to study quality included in the Downs and Black checklist for assessing 

study quality of studies evaluating healthcare interventions  (Downs and Black, 

1998). The study quality scoring was then used to identify a quality grading for 

each study according to Hooper et al.õs grading (2008). 

Of the 22 included studies, none were identified as being of excellent quality, six 

were identified as being of good quality, 15 were identified as being of fair quality 

and one was identified as poor q uality. The good quality studies mostly included 

RCT designs, however one prospectively cohort study (PCS)  and one non-

randomised controlled trial (NRCT)  was graded as being of good quality. The poor 

quality study was of a before -and-after (BA) study.  

These quality gradings were  considered in the summary of individual study 

findings.  
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Table 5.9 ð Results of quality assessment using the Downõs and Black quality assessment tool for randomised and non -randomised studies (modified version (Korakakis et 

al., 2018)) 

Study code Aimonino2008 Isaia2009 Tibaldi2009 Caplan2005 Caplan2006 Mas2016 Closa2017 Mas2017 DiPollina2017 Kwok2004 Kwok2008 
Study design code RCT PCS RCT RCT RCT PCS PCS PCS Q-RCT RCT RCT 

Q1: Aim clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No 

Q2: Outcomes clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q3: Patients characteristics clearly 
described (inclusion/exclusion criteria)? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q4: Interventions clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes No No 

Q5: Principal confounders clearly 
described? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Partially 

Q6: Main findings clearly described? Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 

Q7: Random variability for main 
outcome provided? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q8: Adverse events reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q9: Loss-to-follow up reported? Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 

Q10: Actual p-value reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q11: Sample asked to participate 
representative of the population? 

Yes Yes Unable to 
determine 

Unable to 
determine 

Yes Yes Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Unable to 
determine 

Q12: Sample agreed to participate 
representative of the population? 

Unable to 
determine 

Yes Yes Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Q13: Staff participating representative 
of the ǇŀǘƛŜƴǘǎΩ ŜƴǾƛǊƻƴƳŜƴǘΚ 

Yes Yes Yes Unable to 
determine 

Yes Yes Yes Yes Yes Unable to 
determine 

Unable to 
determine 

Q14: Attempt to blind participants? No No No No No No No No No No No 

Q15: Attempt to blind assessors? Yes No Yes No No No No No No No Unable to 
determine 

Q16: Data dredging based results 
stated clearly? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q17: Analysis adjusted for length of 
follow up? 

Yes Yes Yes No Yes No No No Yes Yes Yes 

Q18: Appropriate statistics? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q19: Reliable compliance? Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Yes Yes Yes Unable to 
determine 

No Unable to 
determine 

Q20: Accurate outcome measures? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q21: Same population? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q22: Participants recruited at the same 
time? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q23: Randomised? Yes No Yes Yes Yes No No No No Yes Yes 

Q24: Adequate allocation concealment? No No No No No No No No No No No 

Q25: Adequate adjustment for 
confounders? 

Yes No No Yes Yes Yes Yes Yes Yes No No 

Q26: Loss of follow up taken into 
account? 

Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Yes Yes Yes Yes Yes Unable to 
determine 

Unable to 
determine 

Q27: Power calculation? Yes No Yes Yes Yes No No No Yes Yes Yes 

Total score/28 22 19 19 18 22 20 19 19 21 17 15 
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Study code Leff2005 Leff2006 Leung2015 Lewis2017 Lin2015 Mendoza2009 Parsons2018 Senior2014 Shyu2013 Wright2013 Ziden2008 
Study design code HCS PCS NRCT BA BA RCT RCT RCT RCT RCBA RCT 
Q1: Aim clearly described? Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes 
Q2: Outcomes clearly described? Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 
Q3: Patients characteristics clearly 
described (inclusion/exclusion criteria)? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes 

Q4: Interventions clearly described? Yes Yes Yes Yes No Yes Yes Yes Yes No Yes 
Q5: Principal confounders clearly 
described? 

Yes Yes Partially No Yes Yes Partially Partially Yes No Yes 

Q6: Main findings clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Q7: Random variability for main 
outcome provided? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q8: Adverse events reported? Yes No Yes Yes Yes Yes Yes Yes No No Yes 
Q9: Loss-to-follow up reported? Yes Yes Yes No Yes Yes Yes Yes Yes Yes No 
Q10: Actual p-value reported? Yes Yes Yes Yes Yes Yes Yes No No Yes Yes 
Q11: Sample asked to participate 
representative of the population? 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Yes Yes 

Q12: Sample agreed to participate 
representative of the population? 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

No Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes 

Q13: Staff participating representative 
ƻŦ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ŜƴǾƛǊƻƴƳŜƴǘΚ 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Yes Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes Yes 

Q14: Attempt to blind participants? No No No No No No No No Yes No No 
Q15: Attempt to blind assessors? Unable to 

determine 
Unable to 
determine 

No No No No Yes No No No No 

Q16: Data dredging based results stated 
clearly? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Q17: Analysis adjusted for length of 
follow up? 

Yes Yes No No No Yes Yes Yes Unable to 
determine 

Yes Yes 

Q18: Appropriate statistics? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Q19: Reliable compliance? Unable to 

determine 
Unable to 
determine 

Yes Yes Yes Unable to 
determine 

Unable to 
determine 

Yes Unable to 
determine 

Yes No 

Q20: Accurate outcome measures? Yes Yes Yes Unable to 
determine 

Yes Yes Yes Yes Yes Yes Yes 

Q21: Same population? Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 
Q22: Participants recruited at the same 
time? 

No Yes Yes No No Yes Yes Yes Yes Yes Yes 

Q23: Randomised? No No No No No Yes Yes Yes Yes No Yes 
Q24: Adequate allocation concealment? No No No No No No No No No No No 
Q25: Adequate adjustment for 
confounders? 

Yes Yes No No No Yes No Yes Yes No Yes 

Q26: Loss of follow up taken into 
account? 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Unable to 
determine 

Yes Yes Unable to 
determine 

Unable to 
determine 

Yes Yes Yes 

Q27: Power calculation? No No Yes No No Yes Yes Yes Yes Yes Yes 

Total score/28 16 16 15 12 15 21 18 19 17 17 22 
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5.4.6 Study outcomes 

The included studies included several outcome measures used to evaluate 

intervention effectiveness, covering a range of domains. The four main domains 

identified were functional, physical, and mental health out comes in addition to 

mortality outcomes, quality of life (QoL) outcomes, satisfaction with care 

outcomes and use or cost of health care services outcomes. This section aims to 

describe the outcome measures identified  within each of these domains.  

5.4.6.1 Function al, physical  and mental health outcomes 

Functional, physical and mental health outcomes were used as measures of 

intervention effectiveness in 16 of the included studies  (10 RCTs, 5 PCSs and 1 

HCS). These outcomes included differences or changes in functional ability or 

independence (ADL, IADL BI, IAM, FAI, FIM) ( Aimonino2008, Tibaldi2009, 

Caplan2006, Caplan2005, Mas2016, Closa2017, Mas2017, Leff2005, Lin2015, 

Mendoza2009, Parsons2018, Ziden2008 ) (one of these studies reported the change 

in BI as a p roportion of length of rehabilitation (Mas2016) and another as 

achieving functional resolution or not i.e. recovering at least a third of functional 

loss (Mas2017), level of functional handicap (LHS) (across mobility, independence, 

occupation and orientati on domains ) (Kwok2004 , Kwok2008), physical mobility 

[exercise capacity (6 -min walking test) (Kwok2004, Kwok2008), proportion 

walking outdoors/indoors, basic mobility (TUG),  lower muscle strength (STS)  and 

balance confidence (FES) (Ziden2008) and w alking ab ility (MFAC) (Lin2015)] , 

cognitive status (MMSE, MSQ, AMT, InterRAI -HC CPS) (Aimonino2008, 

Tibaldi2009, Caplan2006 , Caplan2005, Lin2015, Senior2014), depression (GDS, 

InterRAI -HC DRS) (Aimonino2008, Tibaldi2009, Caplan2006, Senior2014), 

psychological healt h (GHQ) (Kwok2004), incidence, risk, severity and duration of 

delirium ( Isaia2009, Ti baldi2009, Caplan2006, Leff2005), incidence of medical 

complications (including infections and falls) ( Tibaldi2009, Leff2005 ), nutrition 

(MNA) (Aimonino2008, Tibaldi2009) and instability in health (InterRAI -HC 

CHESS) (Senior2014). For a chronic lung disease specific intervention study, 

respiratory function was used as an outcome measure (peak expiratory flow rate 

and oxygen saturation at rest) (Kwok2004). In addition, the u se of psychoactive 

drugs (Isaia2009) was reported in one study, while prescription of sedative 
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medication and use of chemical restraints (Leff2005) were reported as adverse 

events another study.  

5.4.6.2 Mortality  

Mortality was used as an outcome measure in nine of  the included studies. 

Mortality was assessed over two weeks in one study (Leff2005), 3 -months in one 

study (Leung2015), six months in four studies (Aimonino2008, Isaia2009, 

Tibaldi2009, Caplan2006), 12 -months in two studies (Mendoza2009, Senior2014), 

and two years in one study (DiPollina2017). All these studies compared mortality 

rates between groups, with three of these also measuring cumulative proportion 

mortality (Aimonino2008, Tibaldi2009, DiPollina2017) and one measuring 

absolute risk reduction of mo rtality (Senior 2014), over the given time periods.  

5.4.6.3 Quality  of life  

Measures of quality of life (QoL) for either patients or caregivers were reported in 

12 of the included studies. Eight of these studies used validated patient or 

caregiver QoL instruments (Aimonino2008, Isaia2009, Kwok2004, Leung2015, 

Mendoza2009, Senior2014, Shyu2013, Tibaldi2009), while nine  included other  

measures relating to quality of life (Closa2017, DiPollina2017, Mas2016, 

Mas2017, Senior2014, Shyu2013, Aimonino2008, Tibaldi2009, Kwo k2004). The 

validated patient QoL outcomes included were the NHP QoL measure (emotional, 

social and physical health) (Aimonino2008, Tibaldi2009), the mQOLC -E QoL 

measure (emotional, physical discomfort, value of life, existential distress, care 

and support , and food-related concerns ) (Leung2015), and the SF -36 health -

related QoL measure (mental and physical component summaries in addition to 

general health, general mental health, physical functioning, disability due to 

emotional problems, disability due to physical health problems, bodily pain, social 

functioning and vitality ) (Mendoza2009, Shyu2013). The validated caregiver QoL 

measures used were caregiver stress (RSS) (Aimonino2008, Isaia2009, 

Tibaldi2009), caregiver health -related QoL  (SF-36) (Senior2014) and caregiver 

burden (CRA, CCI) (Senior2014, Kwok2004).  

The measures relating to quality of life were the proportion of patients discharged 

home (Mas2016, Closa2017), proportion achieving health crisis resolution 

(recovered at least a third of functional loss and discharged to community/primary 

care) (Mas2017), incidence of home death (DiPollina2017), pain (InterRAI -HC 
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Pain scale) (Senior2014, Shyu2013), time to first readmission (Aimonino2008, 

Tibaldi2009), perceived control of healt h (HLC) and level of social handicap (LHS) 

(Kwok2004).  

5.4.6.4 Satisfaction with care  

Measures of patient, caregiver or GP satisfaction with care received were assessed 

in four of the included studies. Two of the included studies used ad -hoc 

questionnaires to rate  patient, caregiver or GP satisfaction (Aimonino2008, 

Caplan2006), while the other two used a modified Picker Hospital Survey covering 

several domains ( physician, nurse, staff, comfort and convenience, safety, pain 

management, admission procedu res, discharge procedures and overall)  in 

addition to measuring the p roportion reporting they would choose to receive care 

again in the same setting and  the proportion reporting that they would 

recommend the type of care they received to other family members or frien ds 

(Leff2005, Leff2006).  

5.4.6.5 Use or cost of health services  

The use or cost of health care services was included as an outcome measure in 20 

of the included studies. Outcomes for use of health care services included numbers 

of inpatient hospital admissions (6 studies: Tibaldi2009, DiPollina2017, Leff2005, 

Leung2015, Lewis2017, Lin2015), numbers or incidence rate of at least one 

readmission (6 studies: Aimonino2008, Caplan2006, Kwok2004, Kwok2008, 

Leff2005, Mendoza2009) and numbers of ED attendances (4 studies: Kwok2004, 

Leff2005, Lewis2017, Lin2015) or incidence rate of at least one ED attendance (1 

study: DiPollina2017), incidences of nursing home admissions (including 

institutionalisation, admission to skilled nursing facilities) (4 studies: Isaia2009, 

Tibaldi 2009, DiPollina2017, Leff2005) or absolute risk of permanent residential 

care placement (1 study: Senior2014), cumulative incidence of the first 

hospitalisation or ED attendance and cumulative incidence of unnecessary 

hospitalisations (1 study) (DiPollina2 017) and numbers of home health visits (1 

study : Leff2005 ), Length of stay (LOS) outcomes included h ospital bed days or 

LOS over a given time period  [7 studies: one over 3 -month follow -up (Leung2015), 

four over 6 -month follow -up (Kwok2004, Parsons2018, Lew is2017, Lin2015), one 

over 12-month follow -up (Wright2013) and one over 3 -year follow -up 

(DiPollina2017)], LOS of the index acute care episode and/or rehabilitation 
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episode provided in the intervention or usual care setting  (10 studies:  

Aimonino2008, Isaia 2009, Tibaldi2009, Caplan2006, Mas2016, Closa2017, 

Mas2017, Leff2005, Parsons2018, Ziden2008), LOS of the first readmission (1 

study: Tibaldi2009) and time spent in the ED before transfer (2 studies : 

Caplan2005, Leff2005 ).   

Outcomes for the cost of health  care services were reported in 10 studies and 

included total costs of care per patient or per patient per day or per vi sit (and cost 

of rehabilitation or  acute episode only) (Aimonino2008, Isaia2009, Tibaldi2009, 

Caplan2006, Closa2017, Leff2005, Lin2015, Mendoza2009, Parsons2018) and 

total public health costs per patient, total health and social care costs per patient 

and total personal costs per patient (1 study: Kwok2008). Additional outcomes 

related to the use of health care included the primary cause o f the first 

readmission (2 studies: Kwok2004, Kwok2008) and the proportion of same -day 

discharges (1 study: Wright2013).  

5.4.7 Analysis  

This section aims to describe the analysis of outcome measures described in the 

included studies. Full details of each of the  study analyses can be found in  

Appendix B  Table B-3. 

5.4.7.1 Statistical techniques employed by the included studies  

It was observed within the included studies that clarit y in the description of 

analyses was variable. There were several studies that d id not explicitly state 

their selected statistical analyses in sufficient detail to understand what 

statistical tests were carried out.  

Generally, the included studies carried out unadjusted analyses with about half 

of the studies  additionally  carrying out  adjusted analyses and/or survival 

analyses.  

In order to compare outcome measures without adjustment, twenty -one of the 

included studies reported using specific parametric and non -parametric tests, 

while one study did not report the specific hypothesis te sting used and reported 

only p -values of their unadjusted analysis (Mas2017). Sixteen studies reported 

using paired or unpaired t -tests for comparing continuous normally distributed 

outcomes. 
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The non-parametric tests used for comparing ordinal or continuou s outcomes 

included the Kruskal -Wallis test (Mas2016, Closa2017), Mann -Whitney U -test 

(Kwok2004, Kwok2008, Mendoza2009, Wright2013, Ziden2008), the Wilcoxon 

signed-rank test (for paired data) (Leung2015, Lewis2017, Lin2015, Ziden2008). 

The non-parametric t ests used for comparing categorical outcomes and 

proportions included Fisherõs exact test (for dichotomous outcomes) (Tibaldi2009, 

Caplan2005, DiPollina2017, Leff2005, Leff2006, Ziden2008), Chi -square test 

(Aimonino2008, Isaia2009, Tibaldi2009, Caplan2006,  Mas2016, Closa2017, 

DiPollina2017, Kwok2008, Leff2006, Mendoza2009, Parsons2018, Shyu2013, 

Ziden2008), Mann -Whitney U -test (Caplan2006 Kwok2004, Kwok2008, 

Mendoza2009, Wright2013, Ziden2008), Mantel -Haenszel Chi -squre (Ziden 

2008), McNemarõs test for multiple observations, logistic regression (for 

dichotomous outcomes) (Leff2005) and ANOVA (Senior2014, Shyu2013).  

The statistical techniques used for analysis of outcomes adjusting for residual 

differences between treatment groups were multivariable  linear r egression 

(Mas2016, Closa2017, Mas2017, Leff2005), multivariable  logistic regression 

(Isaia2009, Mas2017, Leff2005, Leff2006) reporting odds ratios (ORs) or risk 

ratios (RRs), multiple regression analysis (Caplan2005), analysis of variance 

(Parsons2018), analysis of covariance (Mendoza2009) and a mixed model 

(Senior2014). There were two studies that reported ORs but did not describe any 

adjusted or regression analyses (Caplan2006, Wright2013). The adjustment 

factors reported in the included studies are desc ribed in the next section.  

Six of the included studies carried out survival analyses (Aimonino2008, 

Isaia2009, Tibaldi2009, DiPollina2017, Leff2005, Senior2014). Five of these 

studies employed Kaplan -Meier survival analysis for analysing cumulative 

propor tion survival for mortality or institutionalisation (Aimonino2008, 

Isaia2009, Tibaldi2009, DiPollina2017, Leff2005) with three of these reporting 

the use of a log-rank test to compare survival curves (Isaia2009, DiPollina2017, 

Leff2005). Three studies empl oyed Cox proportional hazards regression for 

mortality (DiPollina2017), cumulative incidence of delirium (Leff2005) and 

ôinstitution-free survivalõ (Senior2014), with one reporting the use of a Wald test 

to compare cumulative incidences (DiPollina2017).  
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5.4.7.2 Adjustment  factors  

Twelve of the reviewed studies carried out statistical adjustment for different 

factors in their analysis. The adjustment factors selected included age (7 studies:  

Caplan2005, Mas2016, Closa2017, Mas2017, Leff2005, Parsons2018, 

Senior2014), gender (8 studies: Isaia2009, Caplan2005, Mas2016, Closa2017, 

Mas2017, Leff2005, Leff2006, Senior2014), functional status at admission or pre -

admission (5 studies:  Mas2016, Closa2017, Mas2017, Leff2005, Shyu2013), 

history or current status of delirium o r confusion (4 studies: Isaia2009, Mas2016, 

Mas2017, Caplan2005), comorbidity (3 studies Charlson index: Mas2016, 

Closa2017, Mas2017, 1 study APACHE II: Leff2005 ), number of geriatric 

syndromes (3 studies:  Mas2016, Closa2017, Mas2017), cognitive impairment  or 

cognitive status (3 studies: Mas2017, Leff2005, Leff2006), mood disorder or 

depression (3 studies: Mas2017, Leff2005, Leff2006), living alone or living 

arrangements (3 studies: Caplan2005, Leff2006, Senior2014), length of acute stay 

or rehabilitation s tay (2 studies: Caplan2005, Mas2017), and primary diagnosis 

or diagnostic group (2 studies:  Mas2017, Leff2005). In the majority of these 

studies, these adjustment factors were added into multivariable  models analysing 

intervention effect directly, but in o ne study (Mas2017), these were added into a 

propensity score model from which a propensity score was used as an adjustment 

factor in the multivariable  analysis of intervention effect.  

Additional patient factors selected were poverty and number of medicatio ns 

(Leff2005), òbasal levelsó (e.g. oxygen saturation) (Mendoza2009), health and 

disability needs level (Senior2014) and attrition (deaths and dropouts) 

(Shyu2013). Caregiver factors were selected including caregiver health 

(Leff2006), caregiver functional  status (Leff2005, Leff2006) and having a child as 

a caregiver (Leff2005).  Finally, additional adjustment factors relating to the 

intervention were selected by three studies including treatment strategy 

(Mas2017), treatment site (Leff2005) and allocated nu rsing team for an 

intervention where multiple nursing teams were involved (DiPollina2017).  

5.4.8 Findings of included studies  

This section aims to describe the findings of the included studies with regards to 

the evaluated outcome measures. The findings were inc luded if they were 

statistically significant and can be seen in detail in  Appendix B  Table B-4. 
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5.4.8.1 Functional , physical  and mental health outcomes 

All the included studies assessing the functional, physical and mental health 

outcomes outlined reported either no difference or a positive impact of the 

intervention on these outcomes (of statistical significance).  

There is conflicting evidence (category 4: disagreement between the findings of at 

least 2 RCTs) among the 12  studies evaluating functio nal ability or independence 

with four studies reporting a statistically significant improvement in one or more 

aspects of functional ability (1 good quality and 3 fair quality studies including 3 

RCTs) (Caplan2005, Lin2015, Ziden2008, Parsons2018) and the remaining eight  

studies reporting no statistically significant difference (4 good quality and 4 fair 

quality studies including 4 RCTs) (Aimonino2008, Tibaldi2009, Caplan2006, 

Mas2016, Closa2017, Mas2017, Leff2005, Mendoza2009), though one of these 

seven studies showed an improvement in an adjusted analysis. The two studies 

evaluating functional handicap (across mobility, independence, occupation and 

orientation domains ) also show conflicting evidence with one study showing an 

improvement (Kwok2008) and one study showing no difference (Kwok2004) (both 

fair quality RCTs).  

There is also conflicting evidence (category 4: disagreement between the findings 

of at least 2 RCTs) among the four studies evaluating physical mobility. Two 

studies (1 good quality and 1 fa ir quality study including 1 RCT) reporting a 

statistically significant improvement in walking ability before and after the 

intervention (Lin2015) and a statistically significant increase in the proportion 

walking outdoors/indoors and an  improvement in basic mobility (TUG), lower 

muscle strength (STS) and balance confidence (FES)  compared to a control group 

(Ziden2008). Two studies (2 fair quality, both RCTs) showed no statistically 

significant difference in the 6 -minute walking test indicating exercise cap acity 

(Kwok2004, Kwok2008).  

There is moderately strong  evidence (category 2a: the findings are  supported  by  

2  or  more  studies  of  at  least  good  quality ) that there was no significant effect 

of the interventions on cognitive status with all six st udies reporting no 

statistically significant difference between comparison groups (2 good quality and 

4 fair quality studies, including 5 RCTs) ( Aimonino2008, Tibaldi2009, 

Caplan2006 , Caplan2005, Lin2015, Senior2014).  
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There is conflicting evidence (catego ry 4) among the five studies evaluating 

depression or psychological health, with two studies indicating an improvement 

in depression (1 good quality and 1 fair quality study, both RCTs) (Aimonino2008, 

Tibaldi2009) and three studies indicating no difference  in depression or 

psychological health (1 good quality and 2 fair quality studies, all RCTs) 

(Caplan2006, Senior2014, Kwok2004).  

There is conflicting evidence (category 4) among four studies evaluating the 

incidence or risk of delirium. Three studies found  a statistically significant 

lowered incidence or risk of delirium (3 fair quality studies including 1 RCT) 

(Isaia2009, Tibaldi2009, Caplan2006) and one study found no significant 

difference (1 good quality RCT) (Leff2005). One of these studies also invest igated 

duration, onset, and severity  of delirium and it found a statistically significant 

lowered duration, slower onset and lower severity of delirium (1 fair quality study) 

(Isaia2009), hence there is weak evidence of these results.   

There is weak eviden ce (category 2c: the findings are supported  by at least 1 study 

of fair or poor quality ) among the two studies evaluating complications that the 

interventions made no statistically significant difference to the incidence of 

medical complications including infections and falls (2 fair quality studies 

including 1 RCT). One study evaluated the intervention effect on infections and 

found no difference (Tibaldi 2009) and the other evaluated the intervention effect 

on bowel complications, urinary  infections , emergency situations, falls, physical 

restraints and nosocomial infection s, and again found no significant effect 

(Leff2005) . The latter study however, did a find lower incidence of critical 

complications, hence there is also weak evidence of lowered criti cal complications.  

With regards to additional adverse events in terms of the use of adverse drugs, 

there is weak evidence from two fair quality studies (no RCTs) of significant 

reductions in their use, one finding a reduction in the use of psychoactive dru gs 

(Isaia2009) and the other finding a reduction in  prescription of sedative 

medication and use of chemical restraints (Leff2005).  

There is conflicting evidence (category 4) between two studies evaluating the 

intervention effect on nutrition with one study  finding an improvement in 

nutrition (1 fair quality RCT) (Tibaldi2009), and the other finding no difference 

(1 good quality RCT) (Aimonino2008).  
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There is weak evidence from one study evaluating general instability in health 

(InterRAI -HC CHESS)  that there is no significant difference between 

intervention and control groups (1 fair RCT) (Senior2014).  

Finally, for a  chronic lung disease specific intervention study, there weak evidence 

that there is no significant difference in respiratory function (peak expi ratory flow 

rate and oxygen saturation at rest) (1 fair RCT) (Kwok2004).  

5.4.8.2 Mortality  

Overall, seven of the studies found no statistically significant difference in 

mortality rates while two of the studies found a statistically significant reduction 

(DiPollin a2017, Leff2005). There is moderately strong evidence (category 2a: the 

findings  are  supported  by  2  or  more  studies  of  at  least  good quality ) from 

four studies that there is no significant difference in six -month mortality rates 

between interven tion and control groups (2 good quality and 2 fair quality studies 

including 3 RCTs) (Aimonino2008, Isaia2009, Tibaldi2009, Caplan2006). There is 

also limited evidence (category 2 b: the findings are supported by at least 1 study 

of good quality ) from two o f these studies of no difference in six -month cumulative 

proportion survival (1 good and 1 fair quality RCT ð limited evidence) 

(Aimonino2008, Tibaldi2009).  

There is limited evidence (category 2b) from two studies that there is no 

significant difference i n 12-month mortality rates between intervention and 

control groups (1 good quality RCT - Mendoza2009, 1 fair quality RCT - 

Senior2014) and in addition, weak evidence (category 2c) of no difference in 12 -

month absolute risk reduction from one of these studi es (Senior2014). There is 

weak evidence (category 2c) of no difference in 3 -month mortality rate from one 

fair quality study (Leff2005 -HCS).  

Two studies found a reduction in mortality rates. There is weak evidence of a 

statistically significant reduction in two -week mortality rate from one fair quality 

study (Leung2015 -QRCT). There is limited evidence of a statistically significant 

reduction in two -year mortality rate and no difference in two-year cumulative 

proportion survival  from one good quality study (DiPollina2017 -NRCT).  

5.4.8.3 Quality  of life  

There is conflicting evidence (category 4) among the five studies reporting the 

intervention effect on patient QoL scores. Three studies reported a statistically 
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significant improvement in overall patient QoL (1 good q uality and 2 fair quality 

studies including 2 RCTs) (Aimonino2008, Tibaldi2009, Leung2015) while one 

study reported no significant difference in overall mental and physical QoL 

(Mendoza2009 ð good quality RCT) and another study found no difference in the 

mental component but an improvement in the physical component of QoL 

(Shyu2013 ð fair quality RCT).  

There is also conflicting evidence (category 4) among the five studies reporting 

the intervention effect on caregiver QoL, including health -related QoL, car egiver 

stress and caregiver burden. Two studies observed no statistically significant 

difference between comparison groups in caregiver stress (1 good and 1 fair 

quality RCT) (Aimonino2008, Tibaldi2009), while one study observed an increase 

in caregiver st ress in the control group with no change in the intervention group 

(Isaia2009 ð fair quality PCS) and another study observed no difference in the 

change in caregiver burden (Kwok2004 ð fair quality RCT). The last study 

observed a slower decline in caregive r physical health -related QoL but no 

difference in other health -related QoL components or in caregiver burden 

(Senior2014 ð fair quality RCT).  

There is limited evidence (category 2b) among two studies indicating no 

statistically significant difference bet ween comparison groups in the proportion 

who are discharged home (1 good quality and 1 fair quality study not RCTs) 

(Mas2016, Closa2017). There is weak evidence (category 2c) from one fair quality 

study indicating a statistically significant improvement in  health crisis resolution 

(recovering  at least a third of functional loss and discharged to 

community/primary care)  (no difference in unadjusted analysis) (Mas2017 ð PCS). 

There is limited evidence (category 2b) of a statistically significant increase in t he 

incidence of home death in one good quality study (DiPollina2017 ð Q-RCT). There 

is weak evidence (category 2b) indicating no statistically significant difference in 

pain among two fair quality RCTs (Senior2014, Shyu2013). There is limited 

evidence (category 2b) of a statistically significant increase in the time to 

readmission in the intervention group among two RCTs (1 good quality and 1 fair 

quality) (Aimonino2008, Tibaldi2009). Finally, there is weak evidence (category 

2c) from one fair quality RCT i ndicating no difference in perceived control of 

health and stability observed in the level of social handicap of the intervention 

group while worsening in the control group (Kwok2004).  
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5.4.8.4 Satisfaction with care 

There was conflicting evidence (category 4) of the intervention effect on patient 

satisfaction with their care. Three studies reported statistically significant 

improvement s in  patient satisfaction in the intervention group compared to the 

control group (1 good quality and 2 fair quality studies includ ing 1 RCT) 

(Caplan2006, Leff2005, Leff2006), while one study reported no statistically 

significant difference (Aimonino2008 ð good quality RCT).  

There is limited evidence (category 2b) among three studies indicating a 

statistically significant increase in caregiver satisfaction in the intervention 

compared to the control group (1 good quality and 2 fair quality studies including 

1 RCT) (Caplan2006, Leff2005, Leff2006).  

There is limited evidence from a good quality study indicating no difference in GP 

satis faction with care (Caplan2006).  

One of these studies (fair quality, indicating weak evidence) also measuring the 

proportion reporting they would choose to receive car e again in the same setting 

and the proportion reporting that they would recommend the typ e of care they 

received to other family members or friends  found no significant difference in 

these measures (Leff2006).   

5.4.8.5 Use or cost of health services  

5.4.8.5.1 Use of health services 

There is limited evidence (category 2b) among six studies indicating no 

statistically significant difference in the number of inpatient admissions between 

comparison groups (1 good quality, 4 fair quality and 1 poor quality study 

including 1 RCT)  (Tibaldi2009, DiPollina2017, Leff2005, Leung2015, Lewis2017, 

Lin2015)  

There is conflicting evidence (category 4) among four studies evaluating the 

intervention effect on the number of readmissions with three studies finding no 

statistically significant difference in the number of readmissions (2 fair quality 

studies, including 1 RCTs) (Kwok2004, Leff2005) and one study finding a 

statistically significant reduction in the number of readmissions (1 fair quality 

RCT) (Kwok2008). There is conflicting evidence (category 4) among five studies 

evaluating the intervention effect on the incidenc e rate of at least one 

readmission, with four studies finding no statistically significant difference (2 



 

90 

 

good quality and 2 fair quality RCTs) (Caplan2006, Kwok2004, Kwok2008, 

Mendoza2009) and one good quality RCT finding a lower incidence of readmission 

in the intervention group (Aimonino2008 )  

There is weak evidence (category 2c) among two studies finding no statistically 

significant difference in the number ED attendances between comparison groups 

(2 fair quality studies, including 1 RCT) (Kwok2004, Leff2005), although two 

before and after studies (of  fair and poor quality) indicate lowered ED attendances 

(Lewis2017, Lin2015). There is limited evidence (category 2b) of a lower incidence 

rate of at least one ED attendance found in the intervention grou p from one good 

quality Q -RCT (DiPollina2017).  

There is conflicting evidence (category 4) among four studies evaluating 

institutionalisation, with two studies finding a statistically significant reduction 

in institutionalisation rate in the intervention g roup (2 fair studies including 1 

RCT) (Isaia2009, Tibaldi2009) and two studies finding no statistically significant 

difference (1 good and 1 fair quality study including 1 Q -RCT) (DiPollina2017). 

There is weak evidence (category 2c) of no statistically sig nificant difference in 

absolute risk reduction of permanent residential care placement from one fair 

quality RCT (Senior2014).  

There is limited evidence (category 2b) from one good quality Q -RCT finding a 

statistically significant reduction in cumulative i ncidence of the first 

hospitalisation or ED attendance and cumulative incidence of unnecessary 

hospitalisations (DiPollina2017).  

There is weak evidence (category 2c) from one fair quality study finding no 

statistically significant difference in the number of home health visits between 

comparison groups (Leff2005).  

There is conflicting evidence (category 4 ) among seven studies  evaluating hospital 

bed days or LOS over a given time period  with three studies finding no 

statistically significant difference  (DiP ollina2017 ð 3-year follow -up, Kwok2004 ð 

6-month follow -up, Leung2015 ð 3-month follow -up) (1 good quality and 2  fair 

quality studies, including 1 RCT) and four  studies finding  a statistically 

significant reduction (1 poor a nd 3 fair quality , including 1 RCT) (Lewis2017  ð 6-

month s before and after , Lin2015  ð 6-month follow -up, Parsons2018 ð 6-month 

follow -up, Wright2013  ð 12-month follow -up).  
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There is conflicting evidence (category 4) from ten studies on the intervention 

effect on the length of the index acute episode and/or rehabilitation . Three studies 

found an increase (1 good and 2 fair quality studies including 1 RCT ) 

(Aimonino2008, Isaia2009, Tibaldi2009), six studies found a reduction (2 good and 

4 fair quality studies including 2 RCTs) (Caplan 2006 , Mas2016, Closa2017, 

Mas2017, Leff2005, Parsons2018) and one study found no difference (1 good 

quality RCT ) (Ziden2008) .  

There was weak evidence (category 2c) among one fair quality RCT finding no 

statistically significant difference in the length of sta y of the first readmission 

(Tibaldi2009). There was also weak evidence (category 2c) among one fair quality 

RCT finding a shorter time spent in ED before transfer home or hospital of 

statistical significance (Caplan2005).  

5.4.8.5.2 Cost of health services  

Although t en studies reported cost outcomes, one of them did not appear to have 

tested the differences statistically and describes the result as òpotential cost 

savingsó hence the result of this study is excluded from this summary. Within the 

nine studies that teste d cost differences statistically, all of them found a 

statistically significant reduction in at least some costs for the intervention group 

compared to the control group. There is moderately strong evidence among eight  

studies indicating a statistically si gnificant reduction in patient care provision 

costs with the intervention compared to the control groups (in terms of total cost 

of episode per patient, or total costs of episode per patient per da y) (3 good quality 

studies and 5  fair quality studies including 3 RCTs) (Aimonino2008, Isaia2009, 

Tibaldi2009, Caplan2006, Closa2017, Kwok2008, Leff2005, Mendoza2009). There 

is conflicting evidence (category 4) of the effect of the interventions on longer term 

costs with one good quality  RCT finding no difference in the costs per patient over 

one year (Mendoza2009) and one fair quality RCT finding a greater reduction of 

health -related costs in the intervention group over a six -month follow -up period 

(Parsons2018). There is weak evidence ( category 2c) from a fair quality study of a 

statistically significant reduction of total health and social care and personal costs 

per patient (Kwok2008).  

There is weak evidence from two fair quality RCTs indicating no difference in 

primary cause of readmi ssions (Kwok2004, Kwok2008). There is weak evidence 
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from one fair quality RCBA indicating an increased proportion of sa me-day 

discharges (Wright2013).  

5.5 Summary of findings  

This scoping review aimed to  

1) Document and identify themes, categories and classifica tions across the 

range of interventions  

2) Identify methods and measures of effectiveness being used to evaluate the 

effectiveness of such interventions  

3) Review the existing evidence on the effectiveness of these interventions  

The findings of this review are s ummarised according to these aims.  

5.5.1 What categories and classifications can be identified 

across the range of interventions?  

A range of classifications and configurations of interventions were identified 

among the included studies, even within the relative ly narrow focus interventions 

providing home treatment of acute medical conditions in elderly patients, at risk 

of unscheduled hospital admission. They were also identified as having  multiple 

components which was as expected, given this is a defining characteristic of 

complex interventions  (Campbell et al., 2007) .  

Eighteen unique interventions were identified across the 22 included studies. The 

following models of care were identified among th e range of interventions in these  

studies:  

¶ Admission avoidance (or substitutive) Hospital at Home (HaH):  provides 

medical and nursing care that substitutes entirely for inpatient acute 

hospital care, characterised by òrapid responseó teams and which cannot 

be provided by usual community -based home care services 

¶ Early discharge  Hospital at Home  (HaH ): substitutes the remainder of a 

patientõs hospital stay after a patientõs medical condition has stabilised 

following initial hospitalisation , which  involv es rehabil itation, usually 

provided in a hospital  

¶ Combined early discharge HaH and admission avoidance HaH : 

combination of the above two models  
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¶ Post-acute discharge support  (or restorative care) : rather than 

substituting  for a hospital stay or providing early discharge, patients 

recovery following a hospital stay is supported  at home for where patients 

are identified as being  at risk of further hospitalisation following  

discharge, aiming to restor e or enhance functional ability at home   

Across these interventions with varying  models of care, there was some 

consistency in the types of healthcare professional roles involved in care delivery  

(see Table 5.10). Nurses were involved in care delivery in all 18 of the unique 

interventions identified across the 22 included studies. Geriatricians, physicians  

(also known as General Practitioners) , physio therapists and occupational 

therapists were involved in care delivery in at least half of the interventions.  

About a third of the interventions involved social care workers. Nine of the 

interventions involved other health professionals including other type s of doctors 

or specialists and pharmacists.  

Table 5.10 ð Frequency of healthcare professional roles involved in care, observed among the 
unique interventions in the included studies  

Healthcare professional role 
Number of unique interventions among 
included studies (% of total studies) 

Geriatrician 11 (61.1%) 

Physician 11 (61.1%) 

Nurse 18 (100.0%) 

Physiotherapist 12 (66.6%) 

Occupational therapist 10 (55.6%) 

Social care worker 5 (27.8%) 

Other 9 (50.0%) 

 

5.5.2 What  methods and measures of effectiv eness are being 

used to evaluate the effectiveness of such interventions?  

5.5.2.1 Methods  

The specific m ethods employed for assessing the effectiveness of interventions 

were reviewed in this scoping review. Specifically , this included the study designs 

being employed including selection of comparison groups and the specific 

statistical analysis methods  including any statistical adjustment of observed 

differences between groups.   

Identifying study designs outside of experimental  designs was challenging due to 

a lack of standardisation in literature around describing observational designs  

and variation among research fields in how different designs are understood 
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(Reeves, Wells and Waddington, 2017) . This is an interesting observation because 

it highlights the complexity and ambiguity around observational designs, and the 

need for greater clarity in reporting observational study design in literature.  

Six main study designs were identified among the included studies , three 

experimental designs and four observational designs . As indicated in Table 5.11, 

experimental designs included  11 RCTs where intervention and comparison  

groups were randomly allocated, a Q-RCT where groups were allocated in a quasi-

random manner (sequentially allocated)  and a NRCT (also called a natural 

experiment), where allocation was not random but was determined by 

researchers. Observational designs included six studies employing a cohort study 

design (most of them using concurrent comparison groups and one using histo ric 

control groups ) and three before and after studies ( two of which were self -

controlled and one of which included a separate comparison group identified 

retrospectively ). 

Table 5.11 ð Classified study design s identified among included studies  

Study group selection Study design 
Number of studies 
(% of total studies) 

Experimental (groups 
allocated by 
researchers) 

Randomised controlled trials (RCTs) 11 (50.0%) 

Quasi-randomised controlled trial (Q-RCT) 1 (4.5%) 

Nonrandomised controlled trial (NRCT) 1 (4.5%) 

Observational (groups 
identified based on 
existing information) 

Concurrently controlled prospective cohort 
studies (PCS) 

5 (22.7%) 

Historically controlled cohort study (HCS) 1 (4.5%) 

Retrospective controlled before-and-after 
study (CBA) 

1 (4.5%) 

Before-and-after studies (BA) (self-controlled) 2 (9.1%) 

Comparison groups are summarised in Table 5.12. As previously noted, they  were 

not often well described as noted in other reviews of similar interventions  

(Shepperd and Iliffe, 2005a) . However, comparison groups  were often described 

as those receiving usual care, which depended on which model of care the 

intervention employed.  

Table 5.12 ð Comparison groups used among included studies  

Study group selection Comparison group 
Number of studies 
(% of total studies) 

Admission avoidance 
Hospital at Home (HaH) 

Usual hospital inpatient care 8 (36.4%) 

Usual community home visiting and 
home hospitalisation (intervention added 
integrated care, formal coordination of 
services with a community geriatric unit 
and home CGA) 

1 (4.5%) 
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Early discharge Hospital 
at Home (HaH) 

Usual hospital inpatient rehabilitation 
care 

6 (27.3%) 

Combined admission 
avoidance and early 
discharge HaH 

Usual hospital inpatient care followed by 
intermediate care in a rehabilitation unit 

1 (4.5%) 

Post-acute discharge 
support (restorative care) 

Usual post-discharge outpatient or 
community nursing care 

4 (18.2%) 

Self-controlled (intervention patients 
acted as own controls in before-and-after 
studies, little information provided about 
care prior to intervention) 

2 (9.0%) 

To account for confounding due to differences between groups, included studies 

most frequently used statistical adjustment in their analyses. However in three 

studies, matching methods were used to identify comparison groups to minimise 

the differences between groups (the three studies were an NRCT, a PCS and a 

RCBA). Two of these used direct matching (matching directly on specified 

covariates) and one used prop ensity score matching (matching based on a 

propensity score generated through a multivariable  model developed to predict 

the likelihood of forming part of the intervention group).  

Covariates used for matching and for statistical adjustment were of interest , as 

these are informative of the potential confounders one may face in the analysis of 

effect of admission avoidance interventions. Table 5.13 summarises the 

confounders used in matching or adjustment among the included studies.  

Table 5.13 ð Confounders identified by studies in cluded in this  scoping review  

Risk factor Matching Statistical adjustment 

Socio-demographic factors 

Age  V N=2 V N=7 

Sex  V N=2 V N=8 

Living alone or living arrangements  V N=3 

Socioeconomic group  V N=1 

Caregiver factors including health  V N=1 V N=2 

Healthcare utilisation factors 

Prior length of hospital or 
rehabilitation stay 

 
V N=2 

Medical and health related factors 

Overall diagnosis group (e.g. HRG) V N=2 V N=2 

Specific medical diagnoses 
Delirium or confusion 
Mood disorder or depression 
Cancer 

 

 

V N=1 
V N=1 

V N=4 
V N=3 

Comorbidity (Charlson index, APACHE 
II, number of geriatric syndromes) 

V N=1 V N=3 

Frailty index V N=1  

Cognitive issues  V N=1 V N=3 
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Functional dependency  V N=1 V N=6 

Clinical measurements (oxygen 
saturation) 

 
V N=1 

Number of medications  V N=1 

In terms of statistical analysis methods  for measuring effect , it was quickly 

recognised that analyses were poorly described in  the included studies. 

Descriptions of analyses and statistical tests used were often ambiguous and in a 

few cases the specific analysis used could not be well determined from the studiesõ 

descriptions.  Generally, the investigation of the analyses conducted in these 

studies included the reporting of unadjusted (specific parametric and non -

parametric test according to type of outcome and data distributions, unadjusted 

survival analyses) and adju sted analyses (including multivariable  linear 

regression, multivariable  logistic regression reporting odds ratios or risk ratios, 

multiple regression analysis, analysis of variance or covariance, mixed model s 

and adjusted survival analyses such as Cox prop ortional hazards regression), with 

specific methods and statistical tests being appropriate to the specific 

distributions of data and study designs , as is expected. It also highlighted a need 

for reporting clearly and in detail the analyses being conducted  and why.   

5.5.2.2 Measures of effect  

Studies used a variety of measures of to evaluate the effect of interventions.  They 

could broadly be categorised into:  

¶ Functional, physical and mental health outcomes (16 studies)  

¶ Mortality outcomes (9 studies)  

¶ Quality of life  outcomes (12 studies)  

¶ Satisfaction with care outcomes (4 studies)  

¶ Use or cost of health service outcomes (20  studies ) 

The variety of these measures is summarised in Table 5.14 below. 

Table 5.14 ð Outcome measures used in studies included in this scoping review  

Domain Outcome 
Number of studies 
(% of total studies) 

Functional, physical 
and mental health 
outcomes (N=16) 

Functional ability, independence or handicap 14 (63.6%) 

Physical mobility (walking ability, balance 
confidence) 

4 (18.2%) 

Cognitive status 6 (27.3%) 

Depression or psychological health 5 (22.7%) 

Delirium 4 (18.2%) 
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Incidence of medical complications (including 
infections and falls) 

2 (9.1%) 

Nutrition 2 (9.1%) 

Instability in health 1 (4.5%) 

Respiratory function 1 (4.5%) 

Adverse events (use of psychoactive drugs, 
sedatives or chemical restraints) 

2 (9.1%) 

Mortality  outcomes 
(N=9) 

Two-week mortality 1 (4.5%) 

Three-month mortality 1 (4.5%) 

Six-month mortality 4 (18.2%) 

Twelve-month mortality 2 (9.1%) 

Two-year mortality 1 (4.5%) 

Quality of life (QoL) 
outcomes (N=12) 

Validated patient QoL assessment measures 
or instruments  

5 (22.7%) 

Validated caregiver QoL assessment 
measures or instruments 

5 (22.7%) 

Other QoL measures (proportion discharged 
home, proportion achieving crisis resolution, 
incidence of home death, time to first 
readmission, pain, social handicap) 

9 (40.9%) 

Satisfaction with care 
(N=4) 

Various measures of patient, caregiver or GP 
satisfaction with care 

4 (18.2%) 

Use or cost of health 
services (N=20) 

Number of inpatient hospital admissions 6 (27.3%) 

Number or incidence rate of readmission 6 (27.3%) 

Number or incidence rate of ED attendance 5 (22.7%) 

Incidence of nursing home admission or 
placement 

5 (22.7%) 

Cumulative incidence of hospitalisation or ED 
attendance 

1 (4.5%) 

Number of home health visits 1 (4.5%) 

Length of stay outcomes (hospital bed days 
or LOS over a time period, LOS of index 
admission/episode, LOS of first readmission, 
time in ED before transfer) 

17 (77.3%) 

Proportion of same day discharges 1 (4.5%) 

Cost of health services (total cost of care per 
patient, total public health cost per patient, 
total health and social care costs, total 
personal costs) 

10 (45.5%) 

 

5.5.3 What does the existing evidence tell us about the  

effectiveness of these interventions ? 

A summary of the study findings is presented in Table 5.15, including the overall 

evidence grading for the findings presented against each  outcome. The evidence 

reviewed indicates that overall there are several areas of conflicting findings  

across the outcomes investigated. Where evidence has not been conflicting, 

findings are mostly  classified as weak or limited evidence , given quality and 

design of the r eviewed studies. However, some generalisations can be made. It 
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appears that the impact of home - and community - based interventions for treating 

acute conditions on functional, physical and mental health outcomes is overall 

either positive or there is no si gnificant impact on these outcomes. While most 

findings were conflicting or of weak evidence grading, here is moderately strong 

evidence that these interventions have no impact on cognitive status. These 

findings highlight that for these physical outcomes,  home- and community -based 

treatment is at least as effective as hospital treatment and that there is no 

detrimental impact.  

When it comes to mortality, there is moderately strong evidence that there is no 

significant impact of these interventions on six -month mortality. Across other 

follow -up times, evidence was weak or limited, but  indicated  either no difference 

or an improvement in mortality rates hence overall  the evidence points to these 

interventions being at least  as effective as hospital treatment w ith no detrimental 

impact  on mortality .  

Across the nine studies reviewing  either patient or  caregiver quality of life,  there 

was conflicting evidence as to whether these interventions are associated with an 

improvement or have no significant impact. There was weak or limited evidence 

across the studies evaluating a variety of other quality of life indicators overall 

finding either no difference or an improvement across groups. The studies finding  

a positive impact on these other quality of life indica tors found an improvement 

in health crisis resolution (weak evidence, 1 study), an increase in time to 

readmission (limited evidence, 2 studies) , an increase in incidence of home death 

(limited evidence, 1 study). Those finding no difference included no si gnificant 

difference in proportion discharged home (limited evidence, 2 studies), no 

difference in perceived control of health (weak evidence, 1 study) and no difference 

in pain (weak, 2 studies). Hence, again, overall across quality of life indicators, 

th e evidence points to these interventions being at least as effective as hospital 

treatment with no detrimental effect on quality of life.  

The reviewed evidence indicates conflicting evidence across the four studies 

measuring patient satisfaction with care , finding either no difference or an 

improvement. There was limited evidence from three studies finding an 

improvement in caregiver satisfaction. There was weak evidence (1 study) of no 

difference in GP satisfaction and limited evidence (1 study) of no dif ference in 

recommender rates. Hence overall, again, satisfaction with care is at least as good 
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as usual care satisfaction across the various satisfaction measures, with some 

indication that caregiver satisfaction may be significantly improved.  

As with othe r outcomes, use or cost of health services included a variety of 

outcomes, across which there were mixed results and conflicting evidence. In 

particular there were several areas of conflicting evidence across the number and 

incidence of hospital admission or attendance outcomes, finding either no 

difference or  a reduction in these outcomes (see Table 5.15 for details). Where 

evidence was not conflicting, there was limite d evidence from six studies 

indicating that there is no difference in the number of inpatient hospital 

admissions and there were some areas of limited evidence indicating a reduction 

in outcomes including ED attendance incidence rate and cumulative inciden ce of 

hospitalisation or ED attendance. Hence, these results around number and 

incidence of hospitalisation are very mixed.  

Length of stay outcomes also pointed to conflicting results. Studies found either 

no difference or a reduction in length of stay ov er a given  follow -up time period . 

Among studies assessing length of stay of the index acute care episode and/or 

rehabilitation (provided in either intervention or usual care settings),  results were 

more conflicting finding either no  difference, an improvem ent or an increase in 

length of stay.  There is some weak evidence of an association with shorter time in 

the ED before transfer.  

In terms of cost outcomes, there is moderately strong evidence of a reduction in 

patient care provision costs  of the acute epis ode from eight studies  as well as weak 

evidence of a reduction in total health and social care and personal costs per 

patient  from one study.  However, results on longer term costs seem to be 

conflicting with one study indicating a reduction and another ind icating no 

difference.  Hence, of all the outcomes reviewed, evidence appears strongest for an 

effect on costs, particularly in reducing patient care provision costs of the acute 

episode. 

Table 5.15 ð Summary of evidence across outcomes and evidence grading identified among studies 
included in this scoping review  

Outcome Evidence grading1 Summary of study findings 
 no difference 
 positive effect 
 negative effect 

Functional, physical and mental health outcomes (N=16)  
Functional ability, independence or 
handicap (N=14) 

(4) Conflicting evidence  Either no difference (N=9) 
 or an improvement (N=5) 
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Physical mobility (exercise and walking 
ability, balance confidence) (N=4) 

(4) Conflicting evidence  Either no difference (N=2) 
or an improvement (N=2) 

Cognitive status (N=6) (2a) Moderately strong 
evidence 

 No difference (N=6) 

Depression or psychological health 
(N=5) 

(4) Conflicting evidence  Either no difference (N=3) 
 or an improvement (N=2) 

Incidence or risk of delirium (N=4) (4) Conflicting evidence  Either no difference (N=1) 
 or an improvement (N=3) 

Duration, onset and severity of 
delirium (N=1) 

(2c) Weak evidence  Improvement (N=1) 

Incidence of medical complications 
(including infections and falls) (N=2) 

(2c) Weak evidence  No difference (N=2) 

Nutrition (N=2) (4) Conflicting evidence  Either no difference (N=1) 
or an improvement (N=1) 

Instability in health (N=1) (2c) Weak evidence  No difference (N=1) 

Respiratory function (N=1) (2c) Weak evidence  No difference (N=1) 

Adverse events (use of psychoactive 
drugs, sedatives or chemical 
restraints) (N=2) 

(2c) Weak evidence  Improvement (N=2) 

Mortality outcomes (N=9) 

Two-week mortality (N=1) (2c) Weak evidence  Reduction (N=1) 

Three-month mortality (N=1) (2c) Weak evidence   No difference (N=1) 

Six-month mortality (N=4) (2a) Moderately strong 
evidence 

 No difference (N=4) 

Twelve-month mortality (N=2) (2b) Limited Evidence  No difference (N=2) 

Two-year mortality (N=1) (2b) Limited Evidence  Reduction (N=1) 

Quality of life (QoL) measures (N=12) 

Validated patient QoL assessment 
measures or instruments (N=5) 

(4) Conflicting evidence  No difference (N=1),  an 
improvement (N=3) or  
improvement in physical QoL 
component but  no 
difference in mental QoL 
component (N=1) 

Validated caregiver QoL assessment 
measures or instruments (N=5) 

(4) Conflicting evidence  No difference (N=3),  no 
deterioration compared to 
control group (N=1) or slower 
deterioration compared to 
control group (N=1)  

Other QoL measures (proportion 
discharged home, proportion 
achieving crisis resolution, incidence of 
home death, time to first readmission, 
pain, social handicap) (N=9) 

(2b) Limited or (2c) 
weak evidence across 
these measures 

 Improvement (N=4) or no 
deterioration compared to 
control group (N=5) 

Patient, caregiver or GP satisfaction with care (N=4) 

Various measures of patient 
satisfaction with care (N=4) 

(4) Conflicting evidence  Either no difference (N=1) 
 or an improvement (N=3) 

Various measures caregiver 
satisfaction with care  (N=3) 

(2b) Limited evidence  Improvement (N=3) 

GP satisfaction with care (N=1) (2b) Limited evidence  No difference (N=1) 

Proportion recommending care to 
family or friends  (N=1) 

(2c) Weak evidence  No difference (N=1) 

Use or cost of health services (N=20) 
Number and incidence of hospital admission or attendance outcomes 
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Number of inpatient hospital 
admissions (N=6) 

(2b) Limited evidence  No difference (N=6) 

Number of readmissions (N=4) (4) Conflicting evidence  Either no difference (N=3) 
 or a reduction (N=1) 

Incidence rate of readmission (N=5) (4) Conflicting evidence  Either no difference (N=4) 
 or a reduction (N=1) 

Number of ED attendances (N=4) (2c) Weak evidence  No difference (N=2) 
( though two before-and-
after studies of poor and fair 
quality found a reduction) 

Incidence rate of ED attendance 
(N=1) 

(2b) Limited evidence  Reduction (N=1) 

Incidence of nursing home 
admission or placement (N=5) 

(4) Conflicting evidence  Either no difference (N=3) 
 or a reduction (N=2) 

Cumulative incidence of 
hospitalisation or ED attendance 
(N=1) 

(2b) Limited evidence  Reduction (N=1) 

Number of home health visits (N=1) (2c) Weak evidence  No difference (N=1) 

Length of stay outcomes (N=17) 

Hospital bed days or LOS over a time 
period (N=7) 

(4) Conflicting evidence  Either no difference (N=3) 
 or a reduction (N=4)  

LOS of index acute episode and/or 
rehabilitation (N=10)  

(4) Conflicting evidence  No difference (N=1),  a 
reduction (N=6)  or an 
increase (N=3) 

LOS of first readmission (N=1) (2c) Weak evidence  No difference (N=1) 

Time in ED before transfer (N=2) (2c) Weak evidence  Reduction (N=1) 

Cost outcomes (N=10) 
Patient care provision costs (total 
costs per episode per patient or per 
patient per day) (N=8) 

(2a) Moderately strong 
evidence 

 Reduction (N=8) 

Longer term costs (total costs per 
patient over a year) (N=1) 

(4) Conflicting evidence  Either no difference (N=1) 
 or reduction (N=1) 

Total health and social care and 
personal costs per patient (N=1) 

(2c) Weak evidence  Reduction (N=1) 

Other outcomes   
Primary cause of readmissions (N=1) (2c) Weak evidence   No difference (N=1) 

Proportion of same day discharges 
(N=1) 

(2c) Weak evidence  Increase (N=1) 

1Note Hooper et alΦΩǎ (2008) evidence grading was used: 

¶ 1a (very strong): the findings are supported by the results of 2 or more studies of at least 

excellent quality 

¶ 1b (strong): the findings are supported by at least 1 study of excellent quality 

¶ 2a (moderately strong): the findings  are  supported  by  2  or  more  studies  of  at  least  

good quality 

¶ 2b (limited): the findings are supported by at least 1 study of good quality 

¶ 2c (weak): the findings are supported by at least 1 study of fair or poor quality 

¶ 3 (consensus): in the absence of evidence, there is agreement by a group of experts on  

the  appropriate  treatment  course 

¶ 4 (conflicting): there  is  disagreement  between  the  findings  of  at  least  2  randomized  

controlled  trials.   

 



 

102 

 

5.6 Discussion  and conclusion  

This scoping review of literature forms part of Phase II of this research where the 

aim was to review existing literature to obtain guidance on the selection of a 

robust study design and identification of outcome measures. The scoping review 

not only enabled identification of the main study designs and outcomes being used 

in the assessment of  effectiveness of home- and community -based interventions 

aiming to reduce avoidable hospital admissions for elderly patients, but also 

provided a better understanding of key features of these interventions and 

current evidence on their effect.  The followi ng main observations arise from this 

scoping literature review, which directly inform and influence the study design 

for this research.  

¶ Though such interventions are varied with multiple features, some  

categories and key features  can be identified, enablin g categorisation 

into  admission avoidance (or substitutive) Hospital at Home (HaH ), 

early discharge Hospital at Home (HaH), c ombined early discharge HaH 

and admission avoidance HaH  and post -acute discharge  support (or 

restorative care). It is clear however  that these interventions are 

complex and involve several interconnecting parts, and that making 

distinctions in terms of the processes involved and particularities of a 

given intervention of such kind is important towards identifying 

appropriate control g roups and comparative methods.   

¶ Observational study designs and methods were used in only a small 

proportion of the existing literature included in this scoping review. It 

was highlighted that the description of study design lacked consistency 

and clarity among the included studies and that particularly for 

observational methods, the study designs and methods can be highly 

complex. Hence, there is a requirement for further study of these 

designs and analytical methods, which resulted in the  narrative  review 

of quantitative evaluation approaches in observational research also 

conducted as part of Phase II of this research (presented in the chapter 

that follows ð 0).  

¶ A variety of measures of effect are being used across studies evaluating 

home- and community -based interventions aiming to reduce avoidable 

hospital admissions among elderly patients. These could be broadly 

categorised as functional, physical and mental healt h outcomes, 

mortality outcomes, quality of life outcomes, satisfaction with care 

outcomes and use or cost of health service outcomes.  The most 

frequently used outcomes are use or cost of health services indicating 

that evaluation of such interventions is h eavily focused on such 

outcomes. The next most frequently used outcomes were functional, 

physical and mental health outcomes; however, these outcomes were 

widely limited to studies employing experimental designs, which is 
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expected as these types of functional measures require physical 

assessment and are not routinely collected in electronic healthcare 

systems hence often need to be prospectively collected.   

¶ Analyses were often not well described in detail and difficult to 

determine, however, analyses  usually included both unadjusted and 

adjusted methods with the specific statistical tests and methods 

selected according to data distributions and study designs, which 

highlights the requirement for thorough consideration of the 

appropriate statistical me thods to be employed for this research. This 

was also considered in the narrative  review of quantitative evaluation 

approaches in observational research taking place as part of Phase II of 

this research (presented in the chapter that follows - 0). 

The following observations can be made about the evidence reviewed across the 

included studies in terms of the effectiveness of these interventions against the 

study outcomes .  

¶ In reviewing the evidence on the effectiveness of these interventions 

against the identified outcomes,  overall,  it was clear that there are 

conflicting results across all outcomes, primarily as to whether  the 

interventions lead to an improvement or make  no difference to the 

range of outcomes. However, it appears that for the most part, these 

interventions do not have a detrimental impact on study outcomes, 

except in the case of length of stay of the acute care or rehabilitation 

episode where several stud ies found an increased length of stay, 

however, again, there were conflicting results with other studies 

indicating no difference or an improvement on this outcome. It did 

appear that overall, the strongest evidence for an improvement in a 

given outcome wa s in cost outcomes, where there was evidence of 

reductions in costs of care of the acute or rehabilitation episode in at 

least eight studies, though results for longer term costs were conflicting 

as to whether there was a reduction or no difference.  

These observations align with the findings of other reviews investigating the 

effectiv eness of similar interventions. A Cochrane review of RCTs evaluating 

admission avoidance hospital at home programmes found little to no difference on 

mortality, little to no di fference on readmission, low -certainty evidence that 

satisfaction with care may be improved, low -certainty evidence that cost of care 

may be reduced and conflicting results on the impact on length of stay  (Shepperd 

et al., 2016) . A Cochrane review of RCTs evaluating early discharge hospital at 

home programmes found insufficient evidence of a difference in mortality, 

increased readmission rates, increased satisfaction with care and mixed evidence 

on cost savings (Shepperd et al., 2009a) . Overall, systematic reviews and meta -
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analyses have identified mixed results across these types of interventions  in terms 

of their effectiveness  (Shepperd et al., 2009a, 2016; Caplan et al., 2012; Huntley 

et al., 2017; Low, Yap and Brodaty, 2011) . 

As Shepperd et al. (2009b) have highlighted, lack of agreed definition of complex 

interventions across studies makes it difficult to reach conclusions on their 

effectiveness due to the complexity and variation across the interventions. 

Alternative approaches such as the ôrealist reviewõ and theory-based analysis 

have been proposed, focusing more on òtrying to explain as opposed to judge 

complex health interventionsó (Shepperd et al., 2009b, p.5) . The following excerpt 

highlights this issue well and expands on this proposal:  

òThe upshot of all of this is that systematic reviews of complex health 
interventions can and should be done, but if they are to shed more light than 
darkness, the systematic reviewers need explicitly to consider doing two 
things. First, they should search  for and include relevant theoretical and 
qualitative work. Second, where relevant, they should include data from a 
broader range of experimental study designs than is currently normally the 
case in most Cochrane systematic reviews. Such an approach will i n turn 
necessitate development of better search strategies to locate this non -trial 
literature and also the availability of techniques for the quality assessment 
of such studies. Theory -driven analysis, wherever possible, should also 
accompany the more conventional quantitative syntheses, the emphasis on 
the latter being down - played.ó (Shepperd et al., 2009b, p.6)  

These issues highlight confirm the need for the use of mixed methods in 

evaluating the effectiveness of complex interventions, and the results of this 

scoping review highlight that the effectiveness of home- and community -based 

interventions aiming to reduce avoidable hospital admissions for elderly patients  

is mixed, hence justifying the need for continued research in this area, in 

particular mixed methods research considering not only ôifõ these interventions 

are effective against specified outcomes but also ôhow,õ ôwhy,õ ôin what 

circumstances,õ ôfor whom,õ and ôto what extent.õ 

It should be noted that this was a review of studies assessing comparative 

effectiveness where comparison groups were used to assess a variety of outcomes, 

some of which were qualitative (e.g. satisfaction with care), however, exclu sively 

qualitative studies (e.g. participant interviews  and thematic analyses) were not 

included in this review. This was outside the scope of this review as one of the 

main aims was towards informing the methods for comparative quantitative 

evaluation, wh ich required a narrower focus on such studies. However, it is noted 
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as a limitation of this review , for example , in  informing all possible types of 

evaluation such as qualitative approaches. An area of  future work  which would 

expand on this scoping review , is to review qualitative evaluative studies of 

integrated care interventions  such as those included here, which has also been 

recommended by other researchers as noted previously.  
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Chapter 6  Narrative  Review of 

Quantitative Evaluation Approaches in 

Observational  Research 

6.1 Introduction  

As described in Chapter 5 , the complexity and variety of available quantitative 

observational study designs and methods required further revie w in order to 

identify a suitable approach for this research. This chapter provides a  narrative  

review of  the methods available for comparing the effect of an exposure on an 

outcome in observational studies, identifying the methods suitable for the specifi c 

setting of this research and presenting those being employed for each of the 

comparative studies  evaluating the  comparative effect of the ôCloser to Homeõ 

programme .  

Though the use of randomised controlled trials (RCTs) to evaluate the association 

between an exposure and an outcome is the gold standard, research in healthcare 

often requires alternatives for reasons such as ethical issues or due to an 

evaluation being conducted in hindsight, requiring retrospective methods  as is 

the case here. In such set tings, other study designs and analytical methods exist, 

with certain designs enabling the estimation of treatment effect despite the lack 

of randomisation. This can be done by eliminating factors that may confound 

estimation of treatment effects (due to t he lack of random assignment) in the 

design and/or analysis in order to simulate an RCT. These types of studies are 

called observational studies, where there is some control (quasi -experimental 

studies, usually prospective) to no control (observational stu dies, usually 

retrospective) over the implementation/assignment of the treatment.  

Inferring causality to any degree of certainty requires experimental research 

designs, however, well designed observational studies can be used to assess and 

evaluate causal  hypotheses about the effects of exposure on outcome (Levin, 2006; 

Carlson and Morrison, 2009) . This research was limited to the use of retrospective 

observational methods due to the retrospective nature of the evaluation, including 
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the lack of control over treatment assignment. Hence, only retrospective methods 

will be reviewed here.  

 

6.2 Structure  of this chapter  

This chapter will  comprehensively  review the available methods for comparing 

the effectiveness of the ôCloser to Homeõ programme and subsequently describe  

the specific methods selected for each of the comparative studies, providing an in -

depth description of the methods available and providing rationale for the 

selection of the specific methods employed (methodology).  

The following four main areas of quantitative evaluation approaches were 

reviewed. This chapter is structured according to these four areas, describing the 

available  methods in detail and concluding with the rationale for the selected 

approach for each of the four areas within this research.  

¶ Retrospective observational study designs for evaluating associations 

between exposures and outcomes 

¶ Matching methods for obser vational research  

¶ Statistical analysis for observational com parative effectiveness studies 

(multivariable  regression models ) 

¶ Confounder identification and covariate selection  

¶ Handling of missing data in observational research  

6.3 Retrospective observational study designs for 

evaluating associations between exposures and 

outcomes 

Retrospective methods that take advantage of large administrative healthcare 

databases have had increasing interest in the past decade, due to enabling a 

comprehensive coverage of ful l populations, having a relatively low cost for 

acquiring data on covariates and outcomes, and due to the ability to observe 

exposures and outcomes in a natural environment rather than in a tightly 

controlled RCT environment (Austin et al., 2012) . Retrospective cohort studies 

and case-control studies are the two main types of retrospective observational 

studies for evaluating associations between exposures and outcomes (Song and 

Chung, 2010; Salkind, 2012) . In this section, these two designs are summarised,  



 

108 

 

followed by a review of different types of control  groups and ending with a 

discussion of the control groups and study design selected for the quantitative 

evaluation conducted for this research.  

6.3.1 Retrospective  cohort and case-control studies  

In cohort studies, the study population is selected based on the ir exposure status 

to some factor. In retrospective cohort studies (also known as historical cohort 

studies), longitudinal exposure and outcome data is collected retrospectively 

(Thiese, 2014). The following figure represents the general design of a cohort 

study.  

Figure 6.1 ð General design of a cohort study  

 

In case-control studies,  the study population is selected based on their outcome or 

event status where those with the outcome are known as ôcasesõ and those without 

the outcome are known as ôcontrols.õ The outcome or event status is a 

characteristic that is developed in a participant, typically the presence or absence 

of a disease or condition but can also be other features such as quitting smoking 

or not (Hackshaw, 2014) . Because case-control studies select the study population 

based on outcome, they are always retrospective by nature (Lewallen and 

Courtright, 1998) . As with ret rospective cohort studies, in case -control studies, 

exposure and outcome data is collected retrospectively. The following figure 

represents the general design of a case -control study.  
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Figure 6.2 ð General design of a case-control study  

 

There are two main types of case -control studies: the nested case -control and the 

case-cohort study (Ernster, 1994) . Both types are based on the identification of 

cases and controls within a previously defined cohort. The nested case -control 

study selects all cases and then sele cts time -matched controls (for example 

matched on length of time in the cohort or date of entry) (Ernster, 1994) . The case-

cohort study selects all cases and then selects a random sample of controls from 

the entire sample. The main feature of case -control studies that contrasts them 

from cohort studies is th at in all types of case -control studies, all cases are selected 

but only a selection of controls are included, without regard for the number of 

exposed and unexposed within these groups. This is why case -control studies are 

best for studying rare outcomes.  This feature is the main argument in favour of 

case-control studies as they are associated with reduced costs in terms of burden 

of data collection, given covariates must be collected from all cases but only from 

a sample of controls (i.e. those where the  outcome is not observed) (Austin et al., 

2012).  

Considerations of cost in terms of burden of data collection are not relevant to 

studies using administrative observational datasets however (Austin et al., 2012) ; 

hence, either cohort  studies or case-control studies can be equally considered in 

this respect. The traditional approach to conducting a retrospective observational 

study using large observational datasets is the retrospective cohort study design, 

however, case-control studie s have increasingly been used (Austin et al., 2012) . 

Hence, some of the main further relevant advantages and disadvantages of 

retrospective cohort and case -control studies are highligh ted in Table 6.1 below.  

Table 6.1 ð Advantages and disadvantages of retrospective cohort and case -control studies  

 Retrospective cohort studies Case-control studies 

Advantages ¶ Good for investigating rare 
exposures (Song and Chung, 2010) 

¶ Good for investigating rare outcomes 
(Song and Chung, 2010; Thiese, 2014) 
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¶ Can assess multiple exposures and 
outcomes (Song and Chung, 2010) 

¶ Can assess multiple exposures  (Song 
and Chung, 2010) 

Disadvantages ¶ Not good for investigating rare 
outcomes (Thiese, 2014) 

¶ Not good for investigating rare 
exposures (Song and Chung, 2010) 

¶ Can only assess one outcome (Song 
and Chung, 2010) 

 

Based on these highlighted advantages, the retrospective cohort study design 

appears most appropriate for the co ntext of this research. In particular, the 

retrospective cohort study design works best for contexts such as that of this 

research where exposure is uncommon or rare (roughly 5% of the entire 

population aged 65 or over received treatment), and it allows fo r the assessment 

of more than one outcome which was desired for this research (several measures 

of hospital activity). Further to this, Austin and colleagues (Austin et al., 2012)  

found that retrospective cohort designs result in estimates with greater precision 

and lower mean squared error in a comparison of the retrospective cohort study 

design and the nested case -control design, using administrative datasets such as 

in the context of  this research (Austin et al., 2012) . 

It is worth noting that it can be difficult to distinguish between these designs 

which is observed in literature, where studies have reported the use of case-

control studies where they have actually employed a retrospective cohort design 

(Bredemeier, 2011) .  

6.3.2 Control group definition in retrospective observational 

studies  

Retrospective observational studies that use administrative datasets lend 

themselves to some control over the choice of control group that will be selected 

as a comparison to the treatment group, due to having access to datasets covering 

full populations in these cases. In RCTs, for example, the choi ce of control group 

is not necessarily at the discretion of the researcher, as allocation is random 

(Malay and Chung, 2012) . The criteria used to define control groups in 

observational studies contributes to their validity. In a review of control group 

selection in retrospective observational stu dies (namely case-control and 

retrospective cohort studies), Malay and Chung (2012) identified that many 

studies used poorly defined control groups, often containing specific inclusion and 

exclusion criteria, but having a lack of detail in describing how control groups 
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were selected. This may contribute to the previously highl ighted difficulty in 

distinguishing observational study designs in literature. However, they were able 

to identify that retrospective observational studies usually employ two broad 

types of controls: concurrent and historical controls  (ibid) .  

Concurrent c ontrols are subjects who are from the same source population and 

are followed during the same time period as the intervention group. In the case of 

concurrent controls, a group is identified who did not receive the intervention or 

received an alternative o r unrelated intervention at the time that the intervention 

group received the intervention (Malay and Chung, 2012) . Concurrent controls 

who did not receive the intervention can be identified as subjects who segregate 

themselves into exposure status (e.g. voluntary enrolment into intervention such  

as use of a public advice line, use of a repeat -prescribing app available to the 

public) or are segregated into exposure status due to external factors (e.g. living 

outside region of eligibility for intervention, treated in a hospital not offering 

interve ntion) (Grimes and Schulz, 2002) .  

Historical controls are subjects who, at some specified period in the past,  did not 

receive the intervention and are followed during a period in the past that may be 

parallel to the follow -up time period of the intervention patients. The use of 

historical controls is subject to chronology bias (i.e. the effect of differing time a nd 

place can confound the results), hence, it is advised that they should only be used 

in settings where the selection of a concurrent control group is not possible (Malay 

and Chung, 2012) . These settings include those where it is unethical to use a 

concurrent control group or where there is such  strong selection for the 

intervention that it is uncontrollable even with rigorous methods (Setoguchi and 

Gerhard, 2013) . 

Figure 6.3 graphically represents the selection of concurrent and historical control 

groups. 
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Figure 6.3 ð Concurrent and historical control group selectio n in retrospective observational 
studies  

 

Whether a concurrent or historical control group is chosen, how these are 

identified is important. Sometimes these can be identified retrospectively as a 

clearly defined group who received a different treatment or  a group that was 

defined in advance as being eligible or being a target group for the intervention. 

However, there are times where a well -defined group is not available, hence the 

control group must be identified from a pool of potential controls in the f ull 

population.   

It is important to identify whether the reasons for lack of exposure or selection to 

the intervention are associated with the outcomes being studied (Setoguchi and 

Gerhard, 2013) . In the case of historical controls, the reasons for lack of exposure 

are often due to lack of availability of the intervention at the time or receipt of a 

different treatment. However, in the case of concurrent control g roups, though 

reasons for lack of exposure include lack of availability (e.g. treated outside of 

region or hospital offering intervention) and receipt of a different treatment, there 

may be other reasons for lack of exposure as the intervention is known to  have 

been available when selecting the concurrent control group.  

For example, lack of exposure may be due to lack of eligibility or lack of need of 

the intervention, in which case there are likely to be observed differences between 

the exposed and unexposed groups. This is less likely to be the case where a well -

defined control group has been identified in advance, however it can be difficult 
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to distinguish reasons for lack of exposure where the control group must be 

selected from a pool of potential cont rols in the full population.  

Where observed differences between the exposed and unexposed groups are 

associated with the outcome of interest, these are a source of selection bias and 

need to be adequately adjusted for or controlled through the study design  or 

analysis  (Setoguchi and Gerhard, 2013) . Incomparability of intervention and 

control subjects can lead to selection bias due to unaccounted differences in the 

characteristics between them (Malay and Chun g, 2012).  

One way of selecting a comparable control group, where a well -defined group of 

eligible or target patients has not been defined, is identifying control subjects from 

a pool of potential controls who match the characteristics of intervention subjects. 

This approach will be required within this research due to a lack of a well -defined 

control group  for the ECT intervention .  

While matched case -control studies are common and widely covered in literature, 

matched cohort studies are less common an d not widely covered in literature 

(Sjölander et al., 2012; Sjölander and Greenland, 2013) . Analysis of matched 

cohort studies is sparsely covered in literature (Cummings and Mcknight, 2004; 

Holford, Bracken and Eskenazp , 1989). It is hypothesised that the reason for this 

is due to availability of data sources as matched cohort studies require access to 

large population -based data sources including exposure information (Sjölander et 

al., 2012). Though less common, they are increasingly recommended (Sjölander 

and Greenland, 2013) . The literature on general matching methods, however, is 

vast, hence these will be described in more detail  in Section 6.4. 

6.3.3 Control group definition for comparative evaluation of 

ôCloser to Homeõ  

As previously described, retrospective observational studies require the sel ection 

of a carefully selected and well -defined cohort. As identified by Roland and 

colleagues (2005), this is particularly the ca se for evaluating admission avoidance 

schemes for elderly patients, as admissions for this age group fall in subsequent 

years after experiencing a crisis which means an inadequate control group could 

result in the misattribution of falling admission rates to a given intervention. The 

following excerpt by Roland and colleagues describes why this particular setting 

necessitates careful selection of a control group:  
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òTo attribute reduced admission rates to a healthcare intervention it is essential to 
compare the intervention group with a carefully selected control population. If a 
randomised trial design is not feasible then, at the very least, admissions after the 
intervention should be compared with a  control group who satisfy the ôhigh riskõ 
criteria used t o select the intervention group.ó (Roland et al., 2005, p.291)  

Hence, it is vital to carefully identify and define appropriate control groups that 

serve as a comparison to subjects who received the ôCloser to Homeõ interventions. 

As previously described, these should be groups who as much as possible, differ 

from ôCloser to Homeõ patients only by their exposure to the interventions. These 

control groups can be identified as those who were target patients or eligible 

patients for the interventions but  did not receive them.  

Retrospectively identifying a target population who did not receive treatment ( i.e., 

a cohort of patients eligible for the intervention who did not receive the 

intervention), can be difficult. As previously described, it is important to identify 

whether the reasons for selection of the intervention are asso ciated with the 

outcomes being studied as observed differences can be a source of selection bias.  

In the context of this research, based on the proportion of recipients of the 

intervention being very small and based on the lack of mainstreaming of the 

services (which is explored in detail in Chapter 10 ), it is likely that many patients 

eligible for the intervention did not receive treatment due to reasons relating to  

lack of mainstreaming (e.g. lack of capacity, lack of awareness) rather than due 

to reasons related to their eligibility (unfortunately it was not possible to ascertain 

the specific reasons as this data was not collected). This reasoning provides a 

ration ale for seeking a comparison cohort within the source population.  

However, the results from  Phase V (ôRetrospective cohort study assessing 

intervention effect on hospital activity outcomesõ which will be  presented in 

Chapter 9 ) highlight that the intervention groups are significantly different from 

the remainder of the source population. Hence, it became apparent that well -

defined, carefully selected comparison cohorts need to be identified out of the 

source population.    

Specific study cohorts will be defined in detail in the presentation of the results 

in Chapter 9  Section 9.2, however, Table 6.2 gives an overview of the control 

groups identified for each of the studies evaluating the comparative effectiveness 

of each intervention. For two of the interventions (ALFY and GP Fellows), a well -

defined pre -determi ned comparison target population was available for use as the 
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unexposed group in their corresponding retrospective cohort studies. However, for 

the ECT intervention, no clear or well -defined target population could be 

identified, as no pre -determined compa rison target group was specified, and the 

referral criteria are loosely defined (further explored in the Qualitative Results 

chapter). Hence, to identify a comparison group for the ECT intervention, 

matching methods were used. Matching methods are varied a nd extensive, hence 

will be described in the next section, providing the rationale for the choice of 

matching methods employed for the selection of a control group for the ECT 

intervention.  

Table 6.2 ð Comparison group definition for each of the 'Closer to Home' interventions  

Intervention Well-defined 
comparison target 
group available? 

Concurrent or 
historical 

Target group who did not receive the 
intervention (potential control group) 

Enhanced 
Community 
Team (ECT) 

No Concurrent Matched control group to be identified 
(loosely defined referral criteria) 

GP Fellows Yes Historical Patients receiving ECT before GP 
Fellows was available 

Advice Line for 
You (ALFY) 

Yes Concurrent Patients identified as high risk 
(SPARRA 40) who were sent ALFY 
promotional materials (ALFY mailing 
list) 

 

6.4 Matching methods for observational research  

This section provides an overview of matching methods and approaches informing 

the selection of matchin g methods for the analysis of the Enhanced Community 

Team intervention within the ôCloser to Homeõ programme. As will be discussed, 

literature indicates that variations in matching methods and approaches lead to 

differing levels of bias of treatment effect  estimates. Hence, these variations are 

carefully investigated in this section, concluding with the selected methods to be 

employed for the analysis based on the literature discussed.  

6.4.1 Matching vs adjustment  

There are several methods in existence for reduc ing bias due to lack of 

randomisation such that causal effects can be estimated from observational data. 

These include stratification methods such as matching, regression adjustment, 

instrumental variables, structural equation models and selection models (Stuart, 
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2010).  Three key advantages of matching methods over other methods have been 

highlighted (Stuart, 2010) : 

1. Matching methods are complimentary to regression  

2. Matching methods highlight areas of covaria te imbalance between 

treatment and control groups, where treatment effect estimates would rely 

heavily on extrapolation. Regression and selection models perform poorly 

where there is insufficient overlap.  

3. Matching methods have straightforward diagnostics to assess their 

performance  

Given these advantages and given that within the setting of this study the pool of 

potential comparison group  subjects have significantly different baseline 

characteristics to the treatment group  (as will be presented in Chapter 9 ), 

matching methods aiming to identify similar groups with the potential to be 

combined with regression adjustment will be considered for the evaluation of the 

Enh anced Community Team (ECT). Hence, this section will briefly discuss the 

relative advantages of matching and regression adjustment methods. Matching 

methods are those where control subjects are selected to have similar covariate 

distributions as treated su bjects, aiming to eliminate confounding on those 

covariates and replicate a randomised experiment. Regression adjustment 

methods refer to the statistical procedure of adjusting the estimated treatment 

effects by estimating the relationship between the outc ome and covariates in each 

treatment group (Rubin, 1979) .  

Covariate adjustment is the traditional approach to correcting potential 

confounding, covariate imbalance and selection bias (Elze et al., 2017) . However, 

statistical adjustment through multivariable  regression has been criticised in 

that models may be over -fitted where the number of outcome events is low 

compared to the number of covariates, hence only a restricted number of 

confounders can be in cluded in the model before overfitting (Benedetto et al., 

2018; Elze et al., 2017) . Matching on its own or as a precursor to covariate 

adjustment provides a potential solution to this issue. However, some studies 

have found that covariate adjustme nt and matching perform similarly (Elze et al., 

2017; Posner et al., 2001) . 
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Nevertheless, as highlighted previously, an  advantage of matching is that it can 

be combined with regression. Rubin has found that covariate adjustment in 

matched samples is more robust (provides least biased treatment effect estimates) 

than covariate adjustment in unmatched samples, hence matching  increases the 

robustness of statistical adjustments (Rubin, 1979, 1973) . Hence the retrospective 

cohort study comparing the effectiveness of ECT aims to use matching methods 

combined with covariate adjustment. Covariate adjustment w ill be discussed 

separately in S ection 6.5.3.1. Matching methods will be discussed in detail in the 

following sections, as there is a wide range of matching methods and 

configurations available.  

6.4.2 Matching methods for rolling entry interventions  

As is the case with  'Closer to Home' services, it is common among healthcare 

interventions for treated subjects to enter the intervention on a rolling basis 

rather than at a fixed time point. It has been noted that this is particularly 

common among home-based healthcare serv ices, as these patients often 

experience sudden deterioration from acute events leading to their receipt of such 

services (i.e. entry into intervention is based on surrounding events) (Pimentel et 

al., 2019). In these cases, the main challenge of comparison group selection is 

defining a baseline period for the potential control group so that they can be 

matched on time -dependent covariates (Witman et al., 2019) . Observational 

studies with rolling entry (also called time -dependent treatment or longitudinal 

entry) require special methods (Thomas et al., 2020) . These methods include 

matching on time -dependent covariates to generate comparable groups 

(longitudinal matching) and including time -dependent covariates (including 

treatment) in a Cox model (Thomas et al., 2020) . 

Several longitudinal matching methods have been identified, including exact 

matching, bala nced risk set matching, sequential cohort matching, rolling entry 

matching (REM) and a more newly developed method 'GroupMatch' based on the 

notion of time agnosticism (i.e. two subjects with similar outcome trajectories but 

different enrolment periods are  compared) (Thomas et al., 2020; Pimentel et al., 

2019). These methods are very recently being reviewed in literat ure (Thomas et 

al., 2020; Pimentel et al., 2019)  and statistical packages for conducting these 
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methods readily are  only recently being produced (Jones et al., 2019; Pimentel et 

al., 2019) 

Hence, the relative advantages and direct comparisons between these identified 

longitudinal matching methods have not been widely studied (Thomas et al., 

2020). In one study, comparing REM and sequential cohort matching , overall 

REM was found to achieve a better covariate balance between treatment and 

control groups in three out of four case studies (Witman et al., 2019) . In another 

study comparing REM, exact matching, sequential cohort matching and 

ôGroupMatch,õ the latter three outperformed REM in terms of covariate balance 

in a simulated setting but perform similarly in the empirical setting (case study) 

(Pimentel et al., 2019) . Sequential matching has been n oted to be laborious and 

time consuming, especially in large datasets (Pimentel et al., 2019) . ôGroupMatchõ 

has been noted to be more simple and easier to i mplement, but at the time of 

writing has not yet been made readily available through software, though the 

authors note a statistical package is in development to make this method readily 

available (Pimentel et al., 2019) . REM, however, has been identified as a method 

that can be readily implemented through existing statistical packages, making 

this method computationally feasible for this study (Jones et al., 2019) . 

6.4.3 Matching strategy  

Further to deciding on a method for matching which  accounts for patterns over 

time, several other considerations are required in defining a specific matching 

strategy. The main considerations in developing a matching strategy can be 

defined by four factors: defining a measure of closeness, matching ratio,  caliper 

selection (maximum difference allowed within a matched pair) and with or 

without replacement (Xie, 2011). These will be described in the following sections.  

6.4.3.1 Defining closeness in matching  

A wide range of approaches for determining distance measures in match ing exist. 

They can be widely classified as stratification and modelling approaches 

(Sizemore and Alkurdi, 2019) .  

Stratification approaches match directly on covariates. These methods include 

exact matching where subjects are matched exactly on confounding covariates 

(e.g. if matched on sex, a female treated  subject is matched to a female untreated 

subject) and coarsened exact matching (CEM) where treated subjects are matched 
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on stratified versions of covariates (i.e. continues variables are placed into bins) 

(e.g. 60-70 year oldõs are matched to 60-70 year oldõs).  

Modelling approaches include matching on distance scores generated by models 

representing the distance between covariates of treated and untreated subjects. 

Two widely used approaches for matching using modelling are Mahalanobis 

Distance Matching ( MDM) and Propensity Score Matching (PSM). The 

Mahalanobis distance measures the multi -dimensional distance between a point 

and a distribution. In MDM, treated subjects are matched to the nearest 

untreated subject, based on the Mahalanobis distance meaning that the subjects 

are matched on the distribution of their covariates. The Propensity Score 

represents the probability of treatment based on a multivariable  model of the 

covariates predictive of receiving treatment. In PSM treated subjects are matched 

to untreated subjects with the smallest difference in propensity scores.  

The relative advantages of the above -mentioned matching approaches have been 

highlighted in literature. The difficulty with exact matching is that it often leads 

to many unmatched subjec ts, leading to bias if they are kept in the analysis as 

the matched subjects will be inexact to the whole sample (Stuart, 2010)  and also 

leading to bias if they are dropped, as the full treated sample becomes less 

representative of the whole. This is also the case with CEM and MDM as the 

number of covariates increases, as an attempt is made to identify untr eated 

subjects that match all the included covariates of the treated subjects to some 

extent. MDM has been identified to work well when there are relatively few 

covariates (less than eight) but not so well with many covariates or when they are 

not normally  distributed (Stuart, 2010) . Similarly, CEM has been found to work 

well when there are relatively few c ovariates (less than ten) (Ripollone et al., 

2020). PSM does not have these issues as the covariates are summarised in a 

single score. Sizemore and Alkurdi (2019) describe the how PSM differs to CEM 

and MDM:  

ôWith exact matching, CEM and MDM the inability to find good counterfactual 

òtwinsó in the dataset becomes increasingly difficult in higher dimensions and 

necessitates some way to reduce the dimensionality of the data. PSM does exactly 

this: instead of matching units on all X, it collapses the covariate space into one 

variable defined as the probability of be ing treated, conditioned on X. After 

calculating the propensity score, instead of trying to fill n -bins we can simply match 
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units within strata of the propensity score, and instead of finding nearest neighbours 

in a sparse n -dimensional space we need only to find nearest neighbours on a 

unidimensional plane. õ 

Hence, PSM solves the matching problem for high -dimensional data, however, 

because it uses a summarised score, matched pairs may not necessarily be similar 

across all their covariates (Sizemore and Alkurdi, 2019) . PSM has been further 

critici sed as paradoxically exacerbating covariate imbalance and bias, as first 

identified by King and Nielsen (2018). This is because PSM is based on scores 

representing the probability of treatment across the whole sample, hence, as 

matching is made more strict (e.g. using narrower calipers), more treated subjects 

are pruned because they do not have a close enough match so the overall matched 

sample may become more imbalanced as the distance between treated and 

untreated subjects was determined by the distribution of covariates of the whole 

sample (King et al., 2011). PSM prunes observations in a manner of independence 

of the covariates (and thus approximately randomly) which has been shown to 

cause imbalance (King and Nielsen, 2018) . Hence, this so-called ôPSM Paradoxõ 

kicks in at some point, particularly quickly for datasets where treated and 

untreated subjects are relatively well balanced to begin w ith (King and Nielsen, 

2018).  This does not occur with CEM and MDM because matches are based on 

distributions of covariates for individuals rather than for the full sample.  

However, other research has shown that in empirical settings, òalthough 

covariate imbalance sometimes increased after progressive pruning of matched 

sets, the application of common ly used propensity score calipers for defining an 

acceptable match stopped pruning near the lowest region of the imbalance trend 

and resulted in an improvement over the imbalance in the prematched data set ó  

(Ripollone et al., 2018, p.1951) . In addition, Jann highlights that òthe arguments 

brought forward by King and Nielsen against Pr opensity Score Matching are 

valid, but they mostly apply to one specific form of PSM: pair matching (one -to-

one matching without replacement). Other PSM matching algorithms perform 

much better because they are less affected by the random pruning problemó (2017, 

p.65). 

6.4.3.2 Number of matches and caliper selection  

In selecting the both the optimum number of matches to be included and t he 

optimum caliper width (maximum difference allowed within a matched pair) in 
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studies matching treated subjects to untreated subjects, the trade -off between 

maximising sample size and minimising bias is of important consideration. This 

reflects the varian ce-bias trade -off: a higher untreated to treated ratio increases 

matched sample size which may increase the precision of treatment estimates 

thereby reducing variance, however, it may increase covariate imbalance between 

the groups as each additional contr ol may be less comparable to the treated 

subject, thereby increasing bias (Austin, 2010; Linden and Samuels, 2013). Using 

lower untreated to treated ratios should have the opposite effect. There is a 

similar trade -off with using narrower caliper widths: us ing narrower caliper 

widths should reduce covariate imbalance between groups, thereby reducing bias, 

however, it may reduce the matched sample size, which reduces the precision of 

treatment estimates, thereby increasing variance (Austin, 2011). Using wider  

caliper widths should have the opposite effect.  

Several studies have investigated the optimum numbers of matches and optimum 

caliper widths.  

Ratios of 20 controls to treated subjects or even higher have been used (Rubin and 

Thomas, 1996). The rule of thumb however, is to choose at most ten controls to 

treated subjects so that the proportion of treated subjects in the full sampl e is not 

lower than 10% (Baser, 2006). Linden and Samuels have identified that generally 

a matching ratio of at most four control subjects to treated subjects elicits lowest 

bias i n matching studies (2013). Selecting between one to up to four or five 

matches is common practice in matching studies (Austin, 2010; Rassen et al., 

2012). Austin (2010) recommend that for PSM, in most settings, researchers 

should match one or two controls to each treated subject, based on finding that 

the mean squared error of the estimated treatment effect was min imised by 

approximately 84% . Linden and Samuels (2013) advocate undertaking a 

methodological approach to deciding on the optimum number of matches in 

matching studies, assessing the performance of several matching ratios in terms 

of covariate balance to identify and opt imum ratio.  

It has been identified that certain caliper widths (maximum difference allowed 

within a matched pair) can reduce varying levels of bias. Cochran and Rubin 

(1973) determined that using a caliper width defined as some proportion ‌ of the 

standard deviation of the confounding variable reduces bias ( ‌ „z.  
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When matching directly on covariates, the calip er width is specified directly based 

on the maximum distance sought for based on values of the covariate. For 

example, when matching on age, if matches are sought within two years of the 

age of the treated subjects,  ‌z „ is set to be equal to two, where „ is the standard 

deviation of the covariate (and ‌ would be typically be calculated for use in 

matching algorithms). Defining these widths will be determined by the 

requirements of the researcher and significance of varying values of the 

covariates.  

When matching on propensity scores, given Cochran and Rubinõs (1973) above 

observation, Austin (2011b) conclude there is rationale for using caliper widths 

that are dependent o n the distribution of propensity scores, such as some 

proportion ‌ of the standard deviation of the propensity score. The caliper for 

propensity scores can be defined as ‌z „, where  

„ „ „ Ⱦς 

where „  and „  are the variances of the propensity scores or logit of the 

propensity scores of the treatment and potential control groups respectively 

(Jones et al., 2019; Cochran and Rubin, 1973) . The table below indicates the 

change in bias identified by Cochran and Rubin (1973) and Austin (2011b), 

according to varying values of ‌ and varying ratios of treatment to control group 

variance.  

Table 6.3 ð Effect of varying values o f some proportion ‌ of the standard deviation of the 
propensity score and varying ratios of treatment to control group variance  

 
Cochran and Rubin 1973 Austin 2011 

♪ „Ⱦ„  ρȾς „Ⱦ„  ρ „Ⱦ„  ς „Ⱦ„  ρ 

0.2 99% 99% 98% At least 99.3% 

0.4 96% 95% 93% - 

0.6 91% 89% 86% 95.2%-99.6% 

0.8 86% 82% 77% - 

1.0 79% 74% 69% - 

 

As the ratio of the variance in the treatment to control group ( „Ⱦ„) increases, 

the performance is somewhat poorer, hence as the ratio increases, smaller calipers 

are recommended (Stuart, 2010)  however overall, the ratio has a minor effect 
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(Cochran and Rubin, 1973) . Hence, regardless of this ratio, caliper widths equal 

to 0.2 (Austin, 2011b)  or 0.25 (Rosenbaum and Rubin, 1985)  of the standard 

deviation of the propensity score or logit of the propensity score have been 

recommended.  

However, in practice, a wide variety of calipers are used (Austin, 2008) , ranging 

between 0.001-0.06 standard deviations of the logit of the propensity score, with 

0.2 being most common, as identified in a systematic review (Ali et al., 2015) . One 

study comparing the use of calipers between 0.002 -0.06 standard deviations found 

that bias was reduced by approximately 50 -99% and numbers of matched pairs 

were reduced by approximately 1 -10%, identifying that wider calipers were 

needed where initial imbalance between groups was greater or where fewer 

untreated subjects were available to match (Lunt, 2014) . This suggests that the 

specific context and requirements of the matching setting should be considered 

when selecting a caliper for PSM and that the performance of several caliper 

widths should be assessed to identif y an optimum caliper.  

6.4.3.3 Matching with or without replacement  

Particularly in scenarios where there are few comparable controls, re -using 

controls for more than one treated subject (i.e. with replacement) can be helpful. 

Doing so also involves a bias -variance trade -off, as the average quality of 

matching will increas e thus reducing bias, but there will be an increase in 

variance (Baser, 2006). In addition, it has been highlighted that inference 

becomes more complex because matched controls are no longer independent, 

hence the analysis would need to account for this (Stuart, 2010) . Matching with  

replacement has been discouraged when using PSM, as matching with 

replacement has not been found to have superior performance compared with 

better performing caliper matching approaches without replacement (Austin, 

2014a). Hence, matching will be conducted without replacement.  

6.5 Statistical analysis for observational comparative 

effectiveness studies: multivariabl e regression 

models 

The primary t hreat to the validity of observational research is confounding, given 

the lack of random allocation. Confounders can distort the measured effect of an 

intervention if not managed appropriately. As previously described, adju stment 
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for confounders is necessary in observational research as observed differences 

between treatment groups are expected ð introducing bias ð due to lack of 

randomisation. As briefly described in section 6.4.1, regression adjustment for 

covariates is the traditional method for controlling for potential confounding (Elze 

et al., 2017) .  Traditional analyses in observational comparative effectiveness 

research estimate effect sizes by using multivariable  regression models, which 

enable such adjustmen t for confounding covariates (Arbogast and VanderWeele, 

2013; Morshed, Tornetta and Bhandari, 2009) . 

The main  multivariable  regression models appropriate for observational 

comparative effectiveness studies are logistic regression, linear regression, 

Poisson regression and Cox proportional -hazards regression (Morshed, Tornetta 

and Bhandari, 2009) . Table 6.4 outlines these models according to their 

appropriate type of outcome and resulting effect estimate.  

Table 6.4 ð Appropriate multivariable  adjust ment models for common types of outcomes, adapted 
from Table III in Morshed, Tornetta and Bhandariõs ôAnalysis of Observational Studies: A Guide to 
Understanding Statistical Methodsõ (2009) 

Type of outcome Example Model Estimate of 
effect 

Binary Prevalence of postoperative 
infection 

Logistic regression Odds ratio 

Continuous Range of motion or functional 
outcome score 

Linear regression Mean difference 

Rate National rates of total joint 
replacement 

Poisson 
regression 

Rate ratio 
(Relative risk) 

Survival-time 
(time-to-event) 

Time to reoperation following hip 
replacement, risk of death 
(outcomes which may occur at any 
time over a given time period)  

Cox proportional 
hazards 

Hazard ratio 

These models are based on the generalised linear model:  

Ὁὣ ὃ ὄ ὢ  ὄὢ  ȢȢȢὄὢ  

where the expected value of ὣ is the sum of an intercept ( ὃ) and explanatory 

variables (ὢ) multiplied by their respective coefficients ( ὄ) and where each 

coefficient represents the effect estimate or risk depending on the type of model 

(e.g. mean difference for linear regression, log odds ratio for logistic regression, 

log hazard ratio for Cox proportional -hazards regression) (Morshed, Tornetta and 

Bhandari, 2009) .  
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Given that the outcome of interest to this research is discrete hospital activity, 

linear regression (u sed for continuous outcomes) will not be considered here. In 

addition, Poisson regression is not generally appropriate in cases where a large 

proportion of subjects do not experience the outcome (e.g. are never hospitalised)  

or there is too much variabili ty (Weaver et al., 2015) . This was expected to be the 

case in this research and was later confirmed, hence Poisson models were not a 

focus in this research  and rather binary outcomes were primarily explored , 

particularly given that in the case of rare outcom es, the odds ratio and relative 

risk are almost the same (Hoffmann and Lim, 2007 ). However, the rema ining 

models ð namely logistic and Cox proportional -hazards regression models ð are 

relevant  and are discussed here.  

6.5.1 Logistic regression  

Logistic regression models are used for estimating effects of an exposure on an 

outcome where th e outcome is binary (e.g. having a hospital admission or not, 

presence or absence of disease). The effect estimate in l ogistic regression is the 

odds ratio (OR), given by  

ὕὙ
ὕὨὨί έὪ έόὸὧέάὩ Ὥὲ ὩὼὴέίὩὨ ίόὦὮὩὧὸί

ὕὨὨί έὪ έόὸὧέάὩ Ὥὲ όὲὩὼὴέίὩὨ ίόὦὮὩὧὸί
 

(Hoffmann and Lim, 2007) .  

Though l ogistic regression models are helpful, they are primarily useful for 

evaluating the effect of events in a single time frame (e.g. a hospital admission in 

30-day follow -up, or number of admissions in year follow -up) and they require 

index dates  (or ôtime zeroõ) for both untreated and treated subjects, which can be 

difficult to identify in studies with staggered/rolling entry interventions. As 

briefly described in Section 6.4.2, it is common among healthcare interventions 

for subjects to enrol in the intervention on a rolling basis based on surrounding 

events rather than at a fixed time point and for exposure to occur more than once 

over time  (time -dependent exposure).  

It is also common in observational research for confounding covariates such as 

comorbidity to change over time (time -dependent covariates) (Arbogast and 

VanderWeele, 2013) . Longitudinal matching was described in Section 6.4.2 as one 

way to counter time -dependent confounding in baseline covariates. However, 



 

126 

 

whether matching has been used or not, if subjects are followed through time, 

covariates may change during follow -up, and exposure may occur more than once,  

requiring adjustment for these time -dependent covariates in the multivariable  

regression models themselves. In addition, it is common for the outcome of 

interest to occur more than once, where the researcher may be interested in not 

only the first but als o subsequent events. Logistic regression is not  able to factor 

in these particularities.  

Cox proportional -hazards models (also known as Cox models) are a helpful 

alternative. Cox models can be used to assess the ef fect of an exposures on 

outcome within sin gle time frames as with logistic regression models, however 

extensions of the Cox model have the flexibility of assessing effects of exposures 

on outcomes over longitudinal time frames with time -varying coefficients  and 

time -varying treatments. In addition , time -varying extensions of Cox models do 

not require analyses to be based on  index dates  (dates of exposure to treatment  or 

ôtime zeroõ), hence provide advantages for observational comparative effectiveness 

studies , where there may be no index dates with in a comparison group . 

6.5.2 Cox proportional -hazards models 

The primary type of analysis for multivariable  regression with time -dependent 

covariates is the time -dependent Cox proportional -hazards model. Because of how 

the Cox model works, it is well suited to the incorporation of time -dependent 

covariates. At each time period, the Cox model compares the covari ate values of 

the subject who had the event to those of all others who were at risk at that time 

and tries to assign a risk score to each subject that best predicts the outcome at 

each time period, based on the risk set (subjects present for each event e.g . the set 

of those still at risk at each time point) and the covariate values of each subject 

just prior to the event  (Therneau, Crowson and Atkinson, 2020) .  

The effect estimate in Cox prop ortional -hazards regression is the hazard ratio 

(HR), given by  

ὌὙ
ὌὥᾀὥὶὨ έὪ έόὸὧέάὩ Ὥὲ ὩὼὴέίὩὨ ίόὦὮὩὧὸί

ὌὥᾀὥὶὨ έὪ έόὸὧέάὩ Ὥὲ όὲὩὼὴέίὩὨ ίόὦὮὩὧὸί
 

where the hazard represents the instantaneous  event rate at time ὸ among 

survivors to ὸ (Gail et al., 2019) . Though very similar to risk ratios (or relative 

risk), hazard ratios are differentiated by their accounting for timing of events.  
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The standard Cox proportional -hazards model is appropriate for analysing 

survival data where time to first event is captured. The standard model cannot 

analyse repeated events because multiple events from the same individual are 

likely to be correlated, violating the assumption of indepen dent observations 

required for the standard Cox model (Westbury et al., 2016; Amorim and Cai, 

2015). Where subjects have multiple events, statistical models should account for 

correlated data, as rows for the events are correlated within subject (Therneau, 

Crowson and Atkinson, 2020) . Ext ensions of the Cox model enable analysis of 

such recurrent events.  

There are several methods for factoring in within -subject correlation in survival 

models, which these extensions of the Cox model employ. Two main multiple -

failure Cox models that are widel y used and are easily implemented using routine 

statistical software are the Andersen and Gill (AG) model and the Prentice, 

Williams and Peterson (PWP) model, which employ variance correction to factor 

in within -subject correlation in recurrent events (Westbury et al., 2016) .  These 

multiple -failure Cox extension models are outlined in Table 6.5 below.  

Table 6.5 ð Extended Cox models for recurrent events and their mechanisms  

Cox model 
extension 

Mechanism Comment 

Andersen and Gill 
(AG) 

Assumes correlation between events within 
subject can be explained by past events, 
captured by appropriate specification of time-
dependent covariates (e.g. number of previous 
events). Baseline hazard (underlying risk) is the 
same for each event. (Amorim and Cai, 2015) 

Suitable when 
correlations between 
events within subject 
are induced by 
measured covariates 
(Amorim and Cai, 2015) 

Prentice, Williams 
and Peterson 
(PWP) 

Stratifies analysis by event, allowing the 
baseline hazard (underlying risk) to vary for 
each event. (Amorim and Cai, 2015) 

Suitable when effects of 
covariates expected to 
be different in 
subsequent events 
(Amorim and Cai, 2015) 

Of these two multiple -failure Cox extension models, the Andersen and Gill (AG) 

model (also known as the counting process model) has been highlighted as  the 

most frequently applied and is recommended for settings where òdependence 

between subsequent events is mediated through time -varying covariates and the 

interest is in the overall effect on the intensity of the occurrence of a recurrent 

eventó (Amorim and Cai, 2015, p.326) . Prentice, Williams and Peterson (PWP) 

models (also known as conditional models) have been recommended for settings 

where there are few recurrent events per subject, where risk of recurrence varies 
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between recurrences because there is a strong biological relationship between 

events (e.g. risk of viral infection may be reduced in subsequent occurrences due 

to the development of immunity) and where interest is in separate risk of events 

rather than overall ris k (Amorim and Cai, 2015; Guo, Gill and Allore, 2008) .  

Because the underlying mechanism of the PWP models is stratification by event, 

as the recurrence of events increases, the number at risk becomes very small for 

later strata leading to strata -specific effect estimates with low precision (Ozga, 

Kieser and Rauch, 2018; Amorim and Cai, 2015) . This is why PWP models are 

more suitable for s ettings where there are few recurrent events per subject and 

why when using these models, data usually needs to be truncated, omitting events 

beyond the fourth occurrence for example (Amorim and Cai, 2015) .  

Westbury et al. (2016) suggest that in the context of hospital admission among 

older people, it is reasonable to expect that recurrent risk of admission increases 

based on previous admission (suggesting a biologic al relationship between 

events), hence PWP models may be better suited because they allow the 

underlying risk to vary between events through stratification. However, they do 

not address the issue of many recurrent events leading to many strata. Given that 

within setting of this research, the interest is primarily in treatment effect 

considering overall effect of recurrent events rather than in the separate risk of 

events and given that there are many recurrent events per patient which would 

require the use of many strata potentially leading to estimates with low precision 

in the case of PWP models, the AG model appears more appropriate for this 

research.  

It seems reasonable to suggest that the use of time -varying covariates in an AG 

model may mediate depend ence between events as there are many other factors 

that contribute to the recurrence of a hospital admission for an older person, 

especially if the number of previous admissions is included as a time -varying 

covariate as this relaxes the assumption that t he underlying risk for all events is 

the same (Smedinga et al., 2017) .  It should be noted however, that because PWP 

models account for underlying increase in risk of admission based on number of 

accumulated p revious admissions, they have been found to lead to more 
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conservative effect estimates, while failure to account for increase in underlying 

risk may lead to exaggerated effect estimates (Westbury et al., 2016) .  

Alternative  models including the Wei, Lin and Weissfeld (WLW) model, frailty 

models and multi -state models, however, these are less widely used. An in depth 

comparison of these less widely used models is outwith the scope of this research, 

however, Table C-1 in Appendix C  provides a brief description of these models 

with a summary of their suitability or lack thereof.  

6.5.3 Analytical  considerations for matched studies  

Because matching, on average, generates samples  of subjects that have more 

similar baseline covariates than randomly selected subjects would have and 

because baseline covariates are related to the outcome, matching implies within -

matched-set association (exemplified by the fact that matched subjects wi ll 

display more similarity in outcomes than randomly sampled subjects would) 

(Austin, 2014b) . Though i t is widely agreed that matching needs to be accounted 

for in the analysis of case -control studies, th ere is no universal agreement on 

whether matching needs to be accounted for to estimate significant levels in 

matched cohort studies (Austin, 2014b; Cummings and Mcknight, 2004) , however, 

studies have found that ignoring matching can lead to incorrect significance levels 

and confidence intervals (Austin, 2014b) .  Hence it is recommended that matching 

be accounted for in t he analysis to avoid bias due to within -matched-set 

association.  

Matching can be accounted for in logistic regression through conditional models. 

Conditioning on matched -set allows these models to account for within -matched-

set dependence, similar to stra tifying with matched sets as strata (Xu et al., 2010) .  

Two widely used approaches that account for matching in Cox proportional -

hazards models are stratification for matched sets and the use of a robust variance 

estimator that accounts for clustering within matched sets (Austin, 2014b) . The 

stratification approach stratifies the analysis by matched set, allowing the 

baseline hazard (underlying risk) to vary across matched sets (Brazauskas and 

Logan, 2016). Research indicates that this approach appears to give conditional 

effect estimates because the analysis is conditioned on the matched pairs (gives 

within -matched-set treatment effects), leading to bias ed marginal hazard ratio 
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estimates (overall effect estimates). Hence the use of a robust variance estimator 

is a preferred method as this approach averages the within -pair treatment effects 

to obtain the marginal/overall hazard ratio which is equivalent to  that obtained 

in a conventional Cox proportional -hazards model, while within -matched-set 

correlation is accounted for in p-values and confidence intervals (unlike 

conventional Cox models) (Austin, 2014b; Brazauskas and Logan, 2016) . 

6.5.3.1 Covariate adjustment in matched and unmatched analyses  

Covariate adjustment works by comparing exposed and unexposed subjects 

within levels of the potential confounders in the regression analysis (Sjölander 

and Greenland, 2013) . To perform the adjustment using regression models, the 

potential confounding variables are included as covariates in the multivariable  

models assessing the effect of exposure on outcome.  

Where matching has been used as a method for  controlling for confounding, 

regression adjustment for further controlling confounding has been debated   

(Sjölander and Greenland, 2013) . In matched case -control studies, bec ause 

subjects are selected based on outcome rather than exposure, regression 

adjustment for confounding covariates is often required, including the matching 

variables, given there may be confounding through observed differences 

associated with exposure (Sjölander and Greenland, 2013; Mansournia, Hernán 

and Greenland, 2013) . In  matched cohort studies, however, because subjects are 

selected based on exposure, thus balancing baseline confounding covariates 

through the matching process, regression adjustment for matching variables may 

not be required as the they will no longer be a ssociated with exposure ð a condition 

for confounders (Sjölander and Greenland, 2013) . Nguyen and colleagues (2017) 

show that wh ere propensity scores have been used for matching to balance 

covariates across treatment groups, adjustment for residual differences in 

covariates (residual confounders) is advised. They showed that regression 

adjustment could drastically reduce residual c onfounding bias where covariates 

with a standardised mean difference greater than 0.1 were included.  

Hence, in the retrospective matched cohort study of the ECT intervention, where 

both covariate matching and PSM will be conducted, only covariates identif ied as 

residual confounders will be included in adjustment for PSM, whereas for direct 
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covariate matching, the matching variables will be included in adjustment in 

addition to residual confounders.  

Whichever method is used for controlling for confounding ð namely regression 

adjustment, matching with regression adjustment or matching alone ð the 

potential confounding variables to be included need to be carefully identified, 

considering their association with exposure and outcome. The process selected for 

identifying potential confounders and selecting covariates for adjustment is 

described in S ection 6.6 below. 

6.6 Confounder identification and covariate selection  

As previ ously described, comparative studies should always consider potential 

confounders and should take them  into account if possible , as confounders can 

distort the measured effect if not appropriately managed . A confounder influences 

both the dependent and in dependent variable s in a study, introducing  this type  

bias, where if removed, results would change in a clinically significant way . 

Confounding factors can either mask or falsely demonstrate an effect of an 

exposure on an outcome, making it difficult to est ablish causality (Skelly, Dettori 

and Brodt, 2012) .  Skelly et al. (2012) propose three steps towards dealing with 

confounding.  

1. Measure and report all potential confounders  

2. Routinely assess the role of confounding factors and adjust for them in the 

analy sis 

3. Report  crude and  adjusted estimates of association and discuss limitations 

of the study that may be due to confounding and the magnitude of the 

influence  

Performing these steps are particularly important to this study due to its 

observational nature, m eaning there are many confounders involved and there 

has been no adjustment made at the outset (e.g. randomisation or quasi -

experiment with pre -established similar groups).  

Skelly et al. (2012) propose three main criteria for identifying true potential 

confounders. They establish that true potential confounders must be:  

¶ Predictive of the outcome even in absence of the exposure  

¶ Associated with the exposure  

¶ Cannot be an intermediate between exposure and outcome  (i.e. a 

confounding factor is not a consequence of exposure)  
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A representation of a true potential confounder can be seen in the figure below . 

Figure 6.4 ð Representation of a true potential confounder  

 

Once potential confounders have been identified. There are several strategies for 

selecting which confounders (covariates) will be adjusted or controlled for, 

generally falling under two broad approaches: 1) selecting variables on the basis 

of background k nowledge on the relationship of the variable to treatment and 

outcome and 2) selecting variables based on statistical associations using 

automatic variable selection methods (empirical variable selection) (Sauer et al., 

2013). Both approaches will be described as defined by Sauer et al. (2013). 

The first approach includes using causal graph theory to select covariates (which 

specifies causal assumptions using causal graph criteria so that a sufficient set of 

covariates can be identified), selecting all observed pre -treatment covariates, 

selecting all possible risk factors for the outcome and selection of all observed 

variables that are associated to treatment, outcome or both (disjunctive cause 

criterion). Using causal graph theory requires knowledge of the true causal 

network representing all  cause pathways, however it is rarely known. The other 

approaches require partial knowledge of the causal structures which is more 

common, however they also have their limitations (Sauer et al., 2013) .  

The second approach, empirical variable selection, include identifying a subset of 

variables with statistical associations with the treatment and/or outcome from 

the original set. These me thods can factor in background knowledge of the 

relationships or can be fully automated and include forward and backward 

selection procedures, best subset selection, sophisticated approaches such as 

machine learning algorithms and automatic high -dimensional ôproxyõ adjustment 

in which large sets of variables are included in propensity score models (Sauer et 

al., 2013).   

As Sauer and coll eagues (2013) highlight, unmeasured confounding is likely to 

remain in observational comparative effectiveness research, hence every variable 

selection appro ach will result in bias. However, the focus can be placed on 

minimising bias, taking consideration of over - and under -adjustment. Sauer and 
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colleagues (2013) suggest that a practical approach may involve combining these 

two above-mentioned approaches. This involves initially selecting a set of a priori 

variables based on the researcherõs knowledge of causal relationships and to then 

ultimately select those to be included in the analysis by empirical selection 

methods (Sauer et al., 2013) . Hence, this is the approach that will be taken here.  

6.7 Handling missing data  in observational research  

Missing data is a problem which affects most real -world datasets and which needs 

to be appropriately handled when using statistical models because they are 

mostly designed to be utilised on complete observati ons (Salgado et al., 2016) . 

Inadequate handling of missing data can lead to potentially weak or invalid 

results and conclusions (Pedersen et al., 2017) . Particularly within observational 

research, where the use of data from electronic health records  and record linkage  

is prevalent , the issue of missing data is common, as d ata from electronic health 

records often contain missing data (Groenwold et al., 2012; Salgado et al., 2016; 

Pedersen et al., 2017) . The data from this research is no exception, hence handling 

methods need to be considered f or this research.  

Salgado et al. (2016) suggest th ree general steps for handling missing data 

(adapted):  

1. Identify patterns and reasons for missing data;  

2. Analyse the proportion of missing data;  

3. Choose the best method for handling missing data  

6.7.1 Patterns and reasons for missing data  

Determining the reasons fo r missing data and identifying any underlying patters 

is important towards determining the best handling method for missing data. In 

particular, different approaches should be taken for data that is missing at 

random (MAR), missing completely at random (MC AR) and for data that is 

missing not at random (MNAR). In settings where data is MCAR, the probability 

of being missing is equivalent for all observations, for example where there is an 

accidental reason for the missing data such as equipment malfunction. The MAR 

term is counterintuitive, as it refers to situations where the probability of being 

missing is related to some of the observed data but not unobserved data, for 

example if the likelihood of completion of a data field is related to age or gender 
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(which are fully observed). In contrast, with data that are MNAR, the probability 

of being missing is related to unobserved or unmeasured data. In healthcare 

research, missing data are mostly MAR rather than MCAR or MNAR (Pedersen 

et al ., 2017).  

Figure 6.5 Mechanisms of missing data and their ignorability from (Nakagawa, 2015)  

 

Though identifying if data are MCAR can be relat ively straightforward, 

distinguishing between MAR and MNAR is less simple, and there is no 

prescriptive way of determining whether data are MAR or MNAR. The only way 

to make the distinction is through the investigatorõs detailed knowledge of the 

mechanisms and data collection processes. However, Nakagawa (2015) highlights 

that no pure forms of MCAR, MAR and MNAR exist but that all missingness can 

be considered to be on a continuum between these forms.   

It is clear that the missing data pertaining to this research are not MCAR, as the 

probability of missing values is not equivalent across observations and is not 

accidental. It is expected that for most if not all variables with missing data, the 

data are les s likely to be recorded for individuals will lower levels of comorbidity 

and complexity (and therefore, hospital activity), because they do not attend 

healthcare facilities as frequently as those with high comorbidity and complexity. 

Because the reasons for missing data are most likely related to other observed 

data, they could be considered MAR, however, it is also likely that missing data 

are related to other unobserved data in addition to the observed data. For 
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example, several variables with missing dat a regarding functional ability are 

related to the lack of receiving a functional assessment, which is completed based 

on need, indicating that the missing values are related to the values themselves 

(e.g. those with no functional assessment more likely to be those with high 

functional ability), which would indicate the data are MNAR. However, those with 

lower comorbidity levels (a separately observed variable) are expected to be less 

likely to have a functional assessment, and hence have missing values for 

functional ability, which would indicate the data are MAR. Hence, it is expected 

that the missing data are somewhere on the continuum between MAR and MNAR, 

but given that where there has been no functional assessment, there are no 

complete values of any va riables on functional ability, and that there are few other 

variables that directly inform functional ability, it seems unlikely that the 

missing values could be adequately recovered from the observed data.  Hence, it 

seems more likely that data are MNAR, given that missing data are considered 

MCAR or MAR where missing values are recoverable from observed data (Choi, 

Dekkers and le Cessie, 2019) .  

6.7.2 Analysing the proportion of missing data  

Model selection is concerned with identifying a subset of useful variables often 

from a large pool of variables. Large proportions of missing values can limit the 

usefulness of variables hence, measuring the proportion of missing  values can 

help guide appropriate model selection. Salgado et al. (2016) suggest that a good 

rule of thumb is to remove variables with excessive amounts of missing data 

(>50%) from consideration, but highlight that rejecting variables can lead to bias 

and loss of predictive power; hence, variable selectio n should be tailored to the 

missing data mechanisms observed.   

6.7.3 Choosing the best method for handling missing data  

There are several, well -documented methods for handling missing data (Pedersen 

et al., 2017; Raghunathan, 2004) . The most w idely used is complete -case-analysis 

(where only individuals with complete observations are included), however, it 

requires data to be MCAR to produce unbiased estimates (Pedersen et al., 2017) . 

Two popular alternatives are imputation methods and missing indicator methods 

which will be discussed here.  
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6.7.3.1 Imputation methods  

Imputation methods are an alternative and very popular met hod for handling 

missing data. Imputation methods include  replacing th e missing values with the 

mean, using the last observation carried forward (in longitudinal data), or by 

generating a predictive model from observed variables  (Salgado et al., 2016) .  

Imputation methods however, rely on the ability to recover missing values from 

other observed v alues, hence, they are suitable for data that are MCAR and MAR 

but not MNAR (Stavseth, Clausen and Røislien, 2019) . The following excerpt 

summarises the main issues with imputation:  

òThe idea of imputation is both seductive and dangerous. It is seductive 
because it can lull the user into the pleasurable state of believing the data 
are complete after all, and it is dangerous because it lumps together 
situations where the problem is sufficiently minor that it can be legitimate ly 
handled in this way and situations where standard estimators applied to 
the real and imputed data have substantial biasesó (Dempster, A.P and 
Rubin, 1983, p.8)  

Stavseth, Clausen and Røislien (2019, p.10) importantly highlig ht that òno matter 

how fancy the statistical method, and no matter how robust the results, no 

imputation method can truly compensate for the fact that data are indeed 

missing. Statistics is information handling, but it is not information. ó In addition, 

analyses based on data generated using imputation methods (particularly 

multiple imputation) can be difficult to interpret (Pedersen et al., 2017;  

Zhuchkova and Rotmistrov, 2019) .  

6.7.3.2 Missing -indicator method  

Another popular method of handling missing data is to use missing indicators. 

Little (1976) proposed that datasets (and consequently variables) with missing 

data can be divided into the observed and the missing parts. The missing -

indicator method adds a dummy indicator variable to the statistical model when 

a continuous variable has missing valu es or for categorical variables missing 

values are grouped into a separate level (òmissingó category) (the two are 

mathematically equivalent) (Pedersen et al. , 2017; Center for Behavioral Health 

Statistics and Quality, 2018) . Missing indicator methods are a useful alternative 

to imputation, where missing data are MNAR. The reasoning is that òwhen 

missingness is associated with some hidden reason and regarded  as just 
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additional substantive value of a variable, it is expected to produce unbiased 

resultsó (Zhuchkova and Rotmistrov, 2019, p.6) . 

The use of missing indicators has been debated in literature, though several 

studies  point  towards these methods as producing greatest levels of bias in 

comparison to other methods of handling missing data, other results in literature 

indicat e that the y do not produce bias  (ibid).   

Zhuchkova and Rotmistrov highlight that missing -indicator methods are not 

appropriate where the objective of the analysis is developing predictive models, 

as they cannot estimate the real predictive power of chosen variables,  greatly 

deteriorating a modelõs predictive ability (ibid).  However, they suggest that where 

the key objective is to investigate and detect relationships between variables, 

missing -indicator methods can be appropriate for handling missing data as they 

found estimates to be unbiased in most cases (ibid). In addition, other researchers 

have found that  the missing indicator can lead to smaller bias than a model 

without it  when data are MNAR  and the covariate with  missing value s is strongly 

associated to its mi ssing indica tor  (Choi, Dekkers and le Cessie, 2019) . 

6.8 Summary of methodological approach  selected 

based on this review  

Statistical methods and study designs for comparing the effectiveness of 

interventions within observational research are vast and can be complex, 

particularly due to the need to appropriately manage confounding fact ors 

resulting from a lack of randomisatio n. Hence, this review of methodological 

approaches of quantitative evaluation in observational research was required to 

inform a robust approach for the quantitative evaluation of the ôCloser to Homeõ 

programme.  

The following four main areas of quantitativ e evaluation approaches were 

reviewed within this chapter.  

¶ Retrospective observational study designs for evaluating associations 

between exposures and outcomes 

¶ Matching methods for observational research  

¶ Statistical analysis for observational com parative effectiveness studies 

(multivariable  regression models ) 

¶ Confounder identification and covariate selection  
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¶ Handling of missing data in observational research  

Available methods in each area were described in detail and the suitability to this 

research of th e various approaches was discussed. This section will conclude this 

chapter by  presenting and  summarising the rationale for the selected approach 

for each of the four areas within this research.  

6.8.1 Retrospective observational study designs for evaluating 

associations between exposures and outcomes  

This chapter began by discussing  the methodology for selecting the overall design 

for the comparative studies conducted for the quantitative evaluation of ôCloser to 

Home,õ including selection of control groups. Based on the highlighted aspects of 

retrospective cohort studies, this design was identified most appropriate for the 

comparative studies conducted for this research, particularly due to their 

selection of the study population by exposure, making them advanta geous for 

settings where exposure is rare as is the case in this context. Different types of 

control groups were discussed, particularly highlighting that control groups need 

to be carefully selected, with great consideration for the reasons for lack of 

exposure to the intervention. Well -defined target groups who did not receive the 

intervention could be identified for two of the ôCloser to Homeõ interventions 

(including both concurrent and historical control groups). However, a well -defined 

target group as  a comparator to the ECT intervention could not be identified, 

necessitating matching methods to identify a concurrent, comparable group.  

Matching methods are varied and extensive, hence, were reviewed separately.  

6.8.2 Matching methods for observational researc h 

An overview of existing methods for reducing bias in observational data so  that 

causal effects can be estimated  was provided. Matching methods with the 

potential for regression adjustment were highlighted as methods appropriate for 

the evaluation of ôCloser to Homeõ interventions (particularly the Enhanced 

Community Team intervention) , highlighting their advantages over other 

methods.  

Given that there is a wide range of matching methods and their configurations, 

these were also reviewed. The setting of t his study was highlighted to require 

longitudinal matching methods, as participants enter the intervention on a rolling 

basis, and their entry into the intervention is sensitive to the events and 
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characteristics surrounding their entry, which is typical of  healthcare 

interventions. Though these methods and comparisons between them have not 

been widely studied, rolling entry matching (REM) was highlighted as a method 

for which there is some evidence that it outperforms its alternatives in an 

empirical settin g and for which a statistical software package exists, making it 

computationally feasible for this study. Hence, REM, which finds untreated 

subjects matching the covariates of the treated subjects in the time preceding 

treatment, is selected as the longitu dinal matching method o f choice for the 

quantitative evaluation within this research . 

Further to identifying an appropriate longitudinal matching approach, the 

specific matching strategy to be used needed consideration. Comparisons studying 

the differences  in results between different matching strategies have been made, 

including comparisons across different measures of closeness used for matching 

(e.g. CEM, MDM or PSM)  (Austin, 2014a; Ripollone et al., 2020; Thompson, 2014; 

Gu and Rosenbaum, 1993) , specific matching strategy (e.g. nearest neighbour or 

optimal matching) (Baser, 2006; Gu and Rosenbau m, 1993), matching ratio 

(Rassen et al., 2012; Austin, 2010; Linden and Samuels, 2013) , caliper selection 

(Austin, 2011b; Cochran and Rubin, 1973)  and with or without replacement 

(Austin, 2014a) . Some of the advantages and trade -offs involved in these different 

configurations have been discussed here, however, Fulle rton and colleagues 

(2016) highlight that the abundance of matching methods and their variations is 

too great to be compared in one study.  

King a nd Nielsen advise that òthe key to the productive use of modern matching 

methods is that many matching solutions be compared ó (2011, p.21). King and 

Nielsen advise particularly that if PSM is used, it should be used very carefully 

(King and Nielsen, 2018) , and that it should not be used without comparing its 

results to other methods (King et al., 2011) .  

Hence, the matched analysis planne d for this research will take into account some 

of the specific previously discussed guidance around these different approaches 

and configurations but  will also consider more than one approach in its matching 

strategy  and configuration. Table 6.6 below summarises the approaches selected 

for each matching element and the main rationale for the choice, thus concluding 

this section.  
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Table 6.6 ð Matching approach selected for selection of control group in comparative analysis of 
Enhanced Community Team  

Matching 
element 

Approach selected Main rationale 

Longitudinal 
matching (LM) 
approach  

Rolling entry matching 
(REM) 

¶ Though comparisons in LM have not been 
widely studied, there is some evidence REM 
performs better than alternatives in empirical 
settings 

¶ Readily available through existing statistical 
software package, making it computationally 
feasible for this  study 

Matching 
strategy ς 
Measure of 
closeness 

¶ Propensity Score 
matching (PSM) 

¶ Direct covariate 
matching with 
calipers 

¶ PSM was selected as it works well where there 
are many covariates as is the case in this study, 
whereas other approaches (e.g. MDM and CEM) 
work well where there are fewer covariates 
(less than 10). The logit of the propensity scores 
will be used for matching as it is more likely to 
be normally distributed that the propensity 
score itself (Austin, 2011b). 

¶ Based on the discussed issues and advice 
surrounding PSM, an additional matching 
approach, will be taken. Direct covariate 
matching with calipers was identified to have 
advantages to other alternatives such as CEM 
and MDM in that it can distinguish between 
closer matches rather than those in each 
category (e.g. If matching on age groups, CEM 
would for example find matches within age 
brackets such as those aged 60-70 matched 
with 60-70-year-olds, without regard for how 
close they are within the 60-70 range. Direct 
covariate matching with calipers would for 
example find matches within 10 years, enabling 
the selection of closest matches in the range), 
hence it seemed favourable, while having the 
advantages of other alternatives.  

Matching 
strategy ς 
Number of 
matched controls  

Between 1 up to 5 
controls per treated 
subject, assessing 
performance of each 
option 

¶ As advised in the discussed literature, a 
methodological approach will be taken 
assessing performance of matching between 1 
up to 5 controls per treated subject 

Matching 
strategy ς Caliper 
selection 

PSM: Caliper widths of 
0.2, 0.02 and 0.002 of 
the standard deviation 
of the logit of the 
propensity scores, 
assessing performance 
of each option 
Covariate matching: 
Caliper widths as 
appropriate for each 
covariate 

¶ As described, though literature advises caliper 
widths of 0.2 or 0.25 of the standard deviation 
of the propensity score or logit of the 
propensity score in PSM, it also suggests that 
wide ranges of caliper widths are used in 
practice and that different calipers lead to 
varying levels of bias reduction. Hence a 
methodological approach will be taken 
assessing performance of three levels of 
calipers: the recommended 0.2 of the logit of 
the propensity score in addition to a 10- and 
100-fold decrease in the caliper (0.02 and 0.002 
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Matching 
element 

Approach selected Main rationale 

standard deviations of the logit of the 
propensity scores). Ten-fold decreases have 
been used in literature to assess sensitivity 
(Wyss et al., 2015).  

¶ For direct covariate matching, caliper widths 
will be defined in the analysis for each covariate 
using a caliper, based on the ǊŜǎŜŀǊŎƘŜǊΩǎ 
knowledge of the significance of unit changes in 
each covariate 

Matching 
strategy ς With 
or without 
replacement 

Without replacement ¶ Based on the direct discouragement of using 
matching with replacement in PSM as 
discussed, PSM will be conducted without 
replacement. In addition, despite the potential 
increase in sample size, matching with 
replacement will not be used for direct 
covariate matching either based on the fact that 
inference becomes more complex, as discussed. 

 

6.8.3 Statistical analysis for observational comparative 

effectiveness studies ( multivariable  regression models)  

As described, statistical analysis for evaluating comparativ e effects in 

observational studies requires methods that account for factors that may 

influence outcomes, other than the exposure being studied (confounders). These 

methods generally include the previously described matching methods and 

multivariable  adjustment models. Such models discussed here include d 

multivariable  logistic and Cox proportional -hazards regression models. These 

regression models in particular offer advantages to matched studies, due to their 

ability to account for dependence within matched sets, which can be achieved 

through conditional logistic models and through stratification or robust variance 

estimators in Cox models.  

Hence, logistic regression models will be used to compare binary  outcomes within 

single time frames for the comp arative evaluation of ôCloser to Home,õ making use 

of conditional models where matched comparison groups are used. Further, a 

multi ple-failure Cox extension model (specifically the Anderson and Gill model, 

whose advantages were previously outlined)  will be  used to assess recurrent 

events and to be able to adjust for time -varying covariates which are advantages 

of this model over logistic models.  
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6.8.4 Confounder identification and covariate selection  

In terms of adjusting for confounding, as described, a combin ed approach to 

selection of covariates for adjustment is recommended, hence will be taken  within 

this research . Causal diagrams will be used in combination with empirical 

covariate selection in each analysis. This process was applied to the analysis in 

thi s research and is described in Chapter 9  Section 9.2.3 (ôConfounder 

identi fication and multivariable  model selectionõ). The main benefit of using a 

causal diagram is to avoid over -adjusting for confounders (e.g. including 

covariates strongly associated with exposure but unrelated with the outcome can 

increase bias) and identifying unobserved confounders (Fullerton et al., 2016; 

Sauer et al., 2013) .  

6.8.5 Handling missing data in observational research  

As discussed, missing data are common within healthcare research, particularly 

with observational research which often makes  use of existing electronic health 

record data. Sever al approaches were presented for handling missing data, of 

which imputation and missing data indicators were discussed. Imputation does 

not appear appropriate as an approach for handling missing data within this 

research given that most if not all missing values are related to observed data, 

but the observed data is not sufficient to be able to appropriately impute values. 

Though the use of missing indicators is not optimum and has been criticised in 

literature, literature also indicates that their use can lead to smaller bias that 

models without them in scenarios where data are missing not at random  (Choi, 

Dekkers and le Cessie, 2019) . Hence, missing data indica tors appear likely to be 

a suitable approach within this research. Ultimately, the use of missing indicators 

comes with the limitation of only partial adjustment for confounding covariates 

(Ibrahim, Chu and Chen, 2012; Choi, Dekkers and le Cessie, 2019) . However, to 

ensure an optimum handling method suited to the data used within this  research, 

Salgado et al.õs (2016) approach will be  followed by first identifying patterns and 

reasons for missing data and the proportions of missing data, which will be 

presented as part of the quantitative results.  
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6.9 Chapter summary  

This chapter has provided the necessary review of quantitative observational 

methods available for selection, given their wide variety and complexity as 

identified by the scoping literature review presented in the previous chapter 

(Chapter 5 ). This review meets the Phase II aim to review existing literature to 

obtain guidance on the selection of a robust study design . It has laid out the 

rationale for the selected approaches in each element of study design, appropriate 

handling of confounding and statistical analysis among other elements pertaining 

to conducting a quantitative study evaluating the  effect of the ôCloser to Homeõ 

services.   
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Chapter 7  Quantitative  Data Collection  

The data pertinent to this research had not previously been used in the context of 

research hence research-ready datasets needed to be compiled from existing 

routinely collected data sources. It is recognised in literature that òin knowledge 

discovery in databases, data preparation is the most crucial and time consuming 

task, that strongly influences the success of the research ó (Salgado et al., 2016, 

p.144). Hence, understanding  the local l andscape of data including  the 

information systems  used and identifying any data quality issues  was necessary 

towards ensuring accurate analyses . In Scotland, the information system 

landscape varies across health board as systems can be implemented nationa lly ð 

being mandatory or elective ð or locally  (Bouamrane and Mair, 2011) , making this 

requirement especially  pertinent.  This chapter will begin by describing the 

consultation processes involved in the data collection stage and will then proceed 

to describe the information systems and pertaining datasets relevant to this study  

along with their limitations . The chapter will finish by describing the final 

datasets compiled for analysis.  

7.1 Consultation process  

One major aspect and undertaking of this PhD and the data collection process 

was continuous consultation with healthcare staff including information services 

analysts, community service managers and individual system users including 

nurses and GPs. The main aims of this consultation process were to 1) ensure a 

high standard of data quality and correct data linkage, 2) identify the 

interpretation of individual data fields, and 3) identify opportunities for the use 

of additional valuable dat a sources. 

7.1.1 Data quality assurance and ensuring correct data linkage  

Data quality has been noted to be a multi -dimensional concept .  Batini et al. 

(2009) have outlined three main steps involved in data quality assessment 

common to all methodologies they reviewed:  

1. State reconstruction:  Collecting contextual information on org anisational 

processes, services, data collections and associated management 

procedures and quality issues  
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2. Assessment/measurement : Measurement of data quality issues including 

identifying and determining root causes of discrepancies by comparing 

results to reference values  

3. Improvement:  Determining and taking necessary steps, strategies and 

actions for data quality improvement  

The data collection process for this research followed these steps in a cyclic 

fashion. An initia l stage of data familiarisation and  collecting contextual 

information (Step 1), was necessary prior to data collection to facilitate the 

process, to ensure data quality and ensure correct data linkage. This required 

extensive consultation initially with information services followed by 

consultations with services managers and clinicians to make clarifications on 

what was being observed both in relation to data quality and to interpretation of 

data discussed in the next section.  

A key output of  collecting contextual information was a conceptua l map of NHS 

Fort h Valleyõs data and information systems displayed in  Figure 7.2. During the 

data familiarisation stages, s everal data quality issues were identified requiring 

continuous measurement and assessment (Step 2) alongside consultation s with  

information systems, service managers and clinicians. T hese were all followed -up 

by an improvement stage (Step 3) considering options for improving data quality 

and takin g action where possible, usually involving making adjustments in data 

collection scripts. These data quality assurance steps took place continually and 

cyclically during the data co llection stage of this research and are illustrated by 

Figure 1 below.  

Figure 7.1 ð Process for data quality assurance of data used in this research, adapted  from Pipino, 
Lee and Wang (2002) 
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Figure 7.2 ð Concept map of NHS Forth Valley data and information systems  
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7.1.2 Interpreting individual data fields  

Due to lack of documentation, several data fields would have been i mpossible to 

interpret,  and data linkages could not have taken place correctly without 

consultation. Correct interp retation was especially crucial for date fields in order 

to understand which fields  should be used in fi ltering. This was the cas e with 

defining start dates of ECT episodes as there are referral received dates, episode 

registration dates  and timestamps for when users created an episode, hence 

consulta tions took place with nurses to understand that the last o f these was not 

appropriate to use as data may b e entered retrospectively. This is one example  

among several other required consultations.  

7.1.3 Opportunities for use of additional valuable data sources  

Due to the expertise, willingnes s and connections of NHS Fo rth Valley health 

boardõs information services (such as Information Services Division Scotland) , 

opportunities arose to expand the wealth of data for the study  population. Two 

valuable datasets obtained through this consultation process were prescription 

data and Scottish Patients at Risk of Admission and Readmission (SPARRA) 

scores. An initial enquiry within inform ation services led onto several discussions 

with both NHS Forth Valleyõs local Prescribing Support Team and I nformation 

Services Division  Prescribing (national) which resulted in the request and 

obtaining of prescribing  records for the cohort of this study  (further details in 

Section 7.2.6). A similar enqui ry within information services about the SPARRA 

datasets led onto discussions with the Information Services Division  SPARRA 

team which resulted in the request and obtaining of monthly SPARRA scores for 

the study cohort . This process is described in more de tail in Section 7.2.9 of this 

chapter.  

7.2 Relevant data, information systems and data 

quality issues  

This section will follow a structure of 1) introducing the relevant dat a to this 

study, 2) describing the informati on system or data entry system and 3) 

discussing any data qual ity issues applicable along with how these were resolved. 
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As an aid in understanding the information pre sented, the reader is encouraged 

to refer to Figure 7.3 below throughout this chapter. This  

figure displays the linkages that oc curred for compiling analytical datasets, which 

will be described at the end of this chapter.  
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Figure 7.3 ð Analytical datasets compiled for this research, with source records in databases 
and including source locations and  information systems  
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7.2.1 Patient registration records (CHI and Deaths)  

Patient registration records were requi red to identify the population of interest to 

this research and to obtain basic registration information such as  the patientõs 

unique identifier (Community Health Index  number) (required to enable linkage 

with other datasets), date of birth (required to ca lculate age), date of death if 

applicable (required for mortality), gender, registered GP practice, address and 

postcode (the latter two were required to derive deprivation and nursing home 

residency). This section describes the two main patient registrati on databases 

that were used ð the local Community Health Index (CHI)  database and the local 

database for the deaths register of Scotland ð and how they were used to compile 

the population of interest to this research. The local CHI database contains a tabl e 

of an extract of the national CHI registry of patients who are alive and are or have 

previously been registered with a Forth Valley GP practise (referred to as the ôCHI 

tableõ). The local deaths database contains a table of an extract of the Deaths 

Register of Scotland for Forth Valley residents (referred to as the ôDeaths tableõ). 

The compilation of patient demographics and data sources for these will be 

described in a later section.  

7.2.1.1 CHI table of living  patients in Forth Valley  

The national Community Hea lth Index (CHI) registry is a national population 

register uniquely identifying all patients in NHS Scotland and is used for health 

care purposes (ISD Scotland, 2019) . The CHI t able in NHS Forth Valley  is an 

extract of the national CHI registry and is updated on a quarterly basis. It 

contains details of patients who are alive and are currently or have previously 

been registered with a Forth Valley GP.   

7.2.1.1.1 Data quality issues and re solution  

The table contains an indicator for patients who have transferred from the health 

board, along with the reason for the transfer (for example ôTransferred out of 

health board areaõ). There is also a column indicating the date on which each 

patient was accepted at the registered GP practice that is recorded for them. The 

original CHI registry includes also a column indicating whether a patient is a new 

transfer from another health board . This way, on the original CHI registry, a 

distinction can be made between patients accepted to a Forth Valley  GP practice 

from another health board, and patients who have transferred GP within the 
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health board. This is not the case, however on the local CHI table which is an 

extract of the national CHI registry, hence it was not originally possible to make 

this distinction. This distinction is significant because previous hospital 

admission records for patients joining a Forth Valley  GP practice as a new patient 

to the health board, are held by their previous health board. Forth Valley  

information services holds only  hospital admission  records for patients 

hospitalised in Forth Valley  or registered with a Forth Valley  GP.  

Due to an internal project within  Forth Valley  already requesting additional 

variables form the national CHI registry, the opportunity arose to make additions 

to the requested variables. Hence, the column of data indicating if a patient is a 

new tra nsfer from another health board was obta ined, resolving the above-

mentioned  issue.  This request was made the 20 th  of July 2018 and the data was 

made available by the 8 th  of January 2019.  

7.2.1.2 Deaths table of Forth Valley patients  

The Deaths table contains an extract of the Deaths Register of Scotland for Forth 

Valley residents  or patients who have died in Forth Valley  and is updated on a 

weekly basis from files received from National Records of Scotland (previously 

known as the General Register Office for Scotland) who hold the deaths register.  

7.2.1.2.1 Dat a quality issues and resolution  

The weekly updates to the deaths table mean that data for patients who die at 

the weekend can be missed in the data collection, hence, on a yearly basis, these 

are retrospectively revised and added in.  Despite being frequen tly updated and 

then checked on a yearly basis, there are still some deaths missing from this 

database, which was found when investigating ECT patients who did not appear 

on either the CHI or Deaths tables. Some of these patients were found to have a 

death  date recorded on community and inpatient  patient registration tables. It is 

possible that these patients transferred health board hence are not captured on 

the Deaths Register for Forth Valley . Alternatively,  it is also possible that due to 

a patient dying in hospital, or a death occurring at a weekend as previously 

mentioned,  the community and outpatient  patient table contain more up to date 

information than the Deaths table because they retrieve patient demo graphics 

from the Scottish Care Information (SCI) Store and are subscribed to updates in 

demographics. Despite investigation, the reasons could not be identified  with 
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certainty. Hence, in compiling the population (which will be described in more 

detail fur ther on), these patients have not been included  in the study cohort , both 

to ensure data quality and reduce uncertainty.  

There are a few other minor data quality issues surrounding the Deaths table 

which are important to discuss as a limitation, however t hese have also been 

addressed where possible. The first issue is that there are several records in this 

table where the patient identifier is blank , hence, these were all excluded as it is 

not possible to link their characteristics or hospitalisations. Sec ondly, on occasion, 

some patient identifiers have been recorded incorrectly (for example, one digit is 

incorrect). This was identified when matching patients to CHI numbers in SMR01 

which was previously described. It was identified at this stage that the s ame 

patient had one or more different CHI numbers recorded in SMR01 when 

compared to the CHI and Deaths table. At this point, the incorrect CHI numbers 

were identified within the Deaths table and were corrected on a case -by-case 

basis, so that the data lin kage performed correctly  (106 patients) . This was 

important because without this step, hospitalisation records (and other data) for 

these patients would not be found.  

7.2.2 Community visits and assessment records  

Data relating  to home visits and other activity from community services in Forth 

Valley  was required in order to identify patients using the ECT and GP Fellows 

services. Community activity was also important when identifying time -

dependent matching variables and confounders. Any contact with a patient s uch 

as home visits or about a patient including telephone calls or muldisciplinary 

meetings are recorded as ôcontacts.õ In addition, community services record a vast 

amount of data within their Multidisciplinary Information System (MiDIS), 

including a rang e of demographics and assessments that are carried out in 

patient sõ homes. The collection of demographics for the full population of interest 

will be discussed in  Section 7.4.  

The community assessments carried out to assess patientsõ functional disabilities 

were of interest as potential matchin g variables confounders. These  assessments 

recorded aspects such as whether  

¶ Concerns with a patients functional mobility   

¶ Concerns with a patientõs ability to feed themselves independently 
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¶ Cognitive,  orientation or memory problems  

¶ Sight or hearing impairment  

¶ Depression or emotional concerns   

¶ Continence issues 

The assessments were recorded upon admission to certain community s ervices 

including ECT, district nursing, continence advisory services, ôRehab Care Groupõ 

(i.e. community rehabilitation services such as ReACH), or upon necessity once 

admitted to a service such as a continence or falls assessment. Despite some of 

these assessments being conducted over time, they were not found to be 

consistently completed and for some patients, assessment records were sparse 

over time (which is expected), hence rather than using these assessment variables 

over time, the worst recorded fun ctional variables were extracted. For example, 

for a patient who had five assessments over time where only the first identified a 

mobility concern whereas the remaining assessments indicated no mobility 

conerns, the positive mobility concern was extracted.    

MiDIS is a system that was designed for the purpose of community data collection, 

however there are still issues that have been observed in the data being collected. 

The issues with using MiDIS do not lie in the integral design of the system, but 

rather  with user understanding and lack of system support. MiDIS was designed 

as a small scale project initially intended for local use by NHS Tayside, hence, 

large scale support had not been a focus.   

7.2.2.1 Information system - MiDIS  

MiDIS is an Oracle based informat ion system designed for community ca re, 

developed and hosed by NHS Tayside a nd has been in place in their health board 

since 2010. NHS Forth Valley have used MiDIS to record community episodes 

since May 2011 . The MiDIS system is based around episodes of ca re for each 

community service and contacts within those episodes.  

7.2.2.2 Data quality issues and resolution  

One issue that arises from lack of support is that NHS Forth Valley receives a 

view (snapshot) of the full data captured on MiDIS. This means that there ar e 

selected fields which Forth Valley can see and make use of which cover a vast 

range, however other fields exist which are not accessible to NHS Forth Valley.  
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Within MiDIS, contacts directly with a patient or contacts relating to a patient 

are recorded and stored. On occasion, a community staff member may have 

accidentally created a contact under the wrong episode of care, or may have 

unintentionally created a contact for whatever reason. When this happens, the 

member of staff cannot delete the contact bu t instead can mark it as an invalid 

contact and the contact will visually have a strikethrough. The first data collection 

issue that exists within ECT data (and all other community services data stored 

on MiDIS at NHS Forth Valley), is that within NHS Fort h Valleyõs view of data 

collected on MiDIS the column indicating invalid contacts is not available. Hence, 

it is impossible to identify invalid contacts without manually checking each 

contact within the system.  

The inability to distinguish between invalid and valid contacts is a limitation of 

the contacts data from MiDIS, however where invalid contacts were identified 

these were marked to be excluded within the queries for extracting community 

visits data.  

7.2.3 ALFY calls 

Records of calls to the ALFY service were relevant to this study in order to identify 

patients using the service and any outcomes relating to the use of the service. 

When deciding on what system was to be used for recording information for the 

ALFY s ervice, NHS Forth Valley were limited to using their existing systems. 

There were no systems within NHS Forth Valley designed for call handling, which 

is still currently the case. The decision to use eWard, a ward management system, 

to record information p ertaining to ALFY, an advice line, was mainly based on 

the ability of the system to manage multiple cases in a single ward. ALFY uses a 

virtual ward in eWard which can handle multiple calls at one time.  

The ALFY service used eWard to record data pertaining  to calls until September 

2018. At this point, the service changed over to the community information system 

MiDIS, however, ALFY data has been fragmented since then due to exploratory 

use. Hence, only data recorded prior to September 2018 was considered fo r this 

research. The eWard system and its use for ALFY will be described in depth due 

to the implications on data quality.  
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7.2.3.1 Information System - eWard  

eWard is a ward management system currently used across NHS Forth Valley 

and was implemented in 2006. The  system was developed by The Solution Works, 

a computer software company, who worked together with NHS Forth Valley to 

develop a replacement for their previous system, Delta,  which was lacking in more 

modern tools and technologies. eWard was designed to as sist the management of 

in -patient care and was configured to deliver NHS Forth Valleyõs needs. Hence, 

the system includes electronic medicine management and automatically 

generated documents such as Immediate Discharge Letters (IDLs). In 2006, 

eWard was im plemented in Falkirk and District Royal Infirmar y and Stirling 

Royal Infirmary (Savantech, 2017). These hospitals were both replaced by the 

£300m Forth Valley Royal Hospital in Larbert, which opened to its first pati ents 

in 2010, which now also uses eWard  (BBC Scotland, 2010; Savantech, 2017) . 

7.2.3.2 Data quality issues and resolution  

The use of eWard for ALFY has caused some issues in data collection, mainly 

because of incompatibility of ALFY operations to the eWard system. There are 

two main design limitations that are at the root of the data collection i ssues. The 

first design limitation is that eWard is designed for in -patient stays, hence, for 

each episode of care, there is one reason for admission (called ôpresenting 

complaintõ in eWard) and one outcome. Due to this limitation, ALFY nurses are 

unable t o record more than one outcome, hence the service administrators decided 

to use a facility of eWard called ôsignifiersõ in a way it was not designed to be used. 

Signifiers in eWard are used as flags that can be added for patients during their 

in -patient st ay to indicate important information to clinical staff such as the fact 

that a patient may be on oxygen or has low blood pressure. For the ALFY service, 

signifiers were added as outcomes of the calls including a referral to equipment 

support or social serv ices, or to indicate that a patient needed advice and 

reassurance. These were also used to indicate who the caller was. Signifiers are 

in a picklist;  hence multiple signifiers can be selected for an episode of care. This 

means that there is inconsistency i n the availability of data for the caller and 

outcomes. 

The second limitation is that eWardõs design means that one episode of care may 

involve stays in multiple wards. The combination of these limitations cause the 
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observation of unusual data. For ALFY, a  single episode of care is in theory 

equivalent to an individual telephone call, without expecting stays in other wards. 

However, in practise, a patient who makes a call is kept on the ALFY virtual ward 

for the full duration of their management by a nurse,  which may extend to some 

time after the call due to a nurse making referrals or phoning social services for 

that patient. During this time, a patient who called ALFY may be admitted to a 

physical ward in a hospital. When this happens, a nurse or doctor in  the physical 

ward sees that an episode of care is already open, and because a patient can have 

only one episode of care at a given time (due to the assumption of eWard that 

wards are physical), they use this episode of care for the patientõs in-patient st ay 

and overwrite fields such as reason for admission or signifiers.  This limitation 

means that unusual reasons for admission and signifiers have been recorded for 

ALFY calls.  

To resolve this identified issue, information services within Forth Valley  limi ted 

the available linked signifiers to be within the subset of signifiers used for ALFY. 

This meant that no unusual signifiers were extracted.  Additionally, any reasons 

for admission  outwith the  ALFY options were replaced with a ôdata overwrittenõ 

tag. Thi s way, for reasons for admission, a distinction was clearly made between 

ALFY data and  data that had been overwritten.  

7.2.4 Inpatient hospitalisation records  

Acute inpatient hospitalisation records were relevant to this study as this is one 

of the primary outco mes being compared in the evaluation of ôCloser to Home.õ In 

Scotland, the Scottish Morbidity Record (SMR) datasets are nationally held 

healthcare datasets for individual patients and are used for reporting national 

statistics. The four SMR datasets are ou tpatient attendance (SMR00), 

general/acute inpatient and day case (SMR01), maternity inpatient and day Case 

(SMR02) and mental health inpatient and day case (SMR04). SMR datasets are 

obtained for each health board by processing the data held in each local 

information system to be standardised into the SMR format. In NHS Forth Valley, 

inpatient hospitalisations are recorded on their ward management system eWard. 

For the purpose of this research, SMR01 was used as the source of data for acute 

inpatient hospit alisations as it has undergone several data quality checks, has 
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undergone professional clinical coding and is used nationally. SMR datasets also 

contain various patient demographics to be discussed in a later section.  

SMR01 contains information on the prim ary and secondary medical conditions 

pertaining to the hospitalisation, in the form of International Classification of 

Diseases (ICD) codes.  

7.2.4.1 Data quality issues  and resolution  

Despite thorough data quality checks and despite being designed for national use, 

SMR datasets data quality issues are still observed in these datasets. Ensuring 

that patient identifiers (CHI numbers) were included in hospitalisation records 

was not always part of the processing of SMR datasets, possibly due to the fact 

these are used on an aggregate rather than individual basis. In consultation with 

Information Services in NHS Forth Valley, it was identified that a major push 

was made around 2014 to ensure CHI numbers were included. Hence after this 

date the number of records witho ut CHI numbers should be reduced.  

A second issue identified was that d uring a patientõs hospitalisation they may 

change consultant, significant facility, spec ialty and/or hospital (ISD Scotland, 

2009). Each of these movements are  recorded in SMR01 as individual rows of 

data, with the whole patient stay termed a ôcontinuous inpatient stayõ (CIS). After 

receiving SMR01, each healthboard adds their own indicator o f CIS using an 

algorithm that identifies and groups together rows that should be part of the same 

CIS. From consultation with Information Services, this algorithm has been used 

as standard across most health boards. Upon thorough inspection, the algorithm 

is problematic in certain situations making one stay appear as several stays, and 

vice versa.  

To resolve the issues of missing CHI numbers , record linkage was conducted to 

assign CHI numbers where  these were missing by matching on patient 

characteristics.  The matching was cond ucted on name and date of birth.  To 

resolve the issue of incorrect identification of a CIS, an algorithm included in the 

data extraction process to group CIS correctly.  

7.2.5 Emergency department attendances  

Emergency department attendances  were relevant to this study as a secondary 

outcome in the evaluation of ôCloser to Homeõ and in identifying time-dependent 

matching variables and confounders. In NHS Forth Valley, these are collected 
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through their Emergency Department Information System ( EDIS). One row of 

data is collected for each attendance at the ED.  

EDIS was developed by a healthcare sofware application provider known as 

iSOFT. The first implementation of EDIS in Scotland as part of a national A&E 

system roll -out was in NHS Grampian i n 2005 (Digital Health Intelligence 

Limited, 2005) . EDIS includes records of all emergency department attendances 

for patients in NHS Forth Valley.  

There were no  relevant  data quality issues identified with EDIS data.  

7.2.6 Delayed discharges  

Delayed discharges were of relevance to this research as a potential covariate in 

multivariable analyses, as experiencing a delay  may indicate of complex needs 

and potentially a lack of home or family support and/or functional disability. 

Delayed discharges are collected in the Scottish national system EDISON 

(Electronic Discharge Information System Online Nationally). The dataset 

includes details about delays including reasons for and length of delays of 

discharge from hospital.  

There were no  relevant  data quality issues identified in EDISON data.  

7.2.7 Outpatient atten dance records 

Outpatient activity in addition to emergency hospital activity was of relevance to 

this research as relevant patient history that may need to be factored in the 

analyses. Outpatient waiting lists and appointments within NHS Forth Valley 

are managed in the TOPAS patient management system, developed by Cambric 

Systems. The dataset includes details about outpatient appointments including 

date and time, location, specialty and clinic type.  

There were no  relevant  data quality issues identified in TOPAS data.  

7.2.8 Paid community prescription items  

Prescription records were relevant to this study in order to have a greater 

understanding of co -morbidities of the population of interest. Co -morbidities can 

be captured in a number of ways, including prescripti ons, and the Charlson co -

morbidity index. One study comparing these and other multiple measures of co -

morbidity found that òthe number of prescribed drugs is the most powerful 

measure for predicting future consultations and the second most powerful 
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measure for predicting mortality ,ó after the Charlson index (Brilleman and 

Salisbury, 2013) . Hence, there was the potential for data on prescriptions to be 

used as a proxy measure of multimorbidity in this research.   

In Scotland , prescriptions are recorded separately for items dispensed in the 

community (e.g. pharmacy) and those dispensed in acute hospitals. Prescriptions 

dispensed in the community are of most interest to this research as they provide 

the most information for the f ull population and  give a better picture of the 

populationõs regular medication requirements. Unlike the previously mentioned 

datasets in  Sections 7.2.1 ð 7.2.5 of this chapter, community prescriptions are not 

locally held by NHS Forth Valleyõs Information Services. Hence a request for this 

data for the population of interest was made from ISD Scotland prescribing.  

The process involved an initial consultation (13 th  February 2018) followed by a 

formal application (28 th  March 2018) detailing the variables requi red, the 

population (about 65,0 00 elderly patients in Forth Valley ) and timescales the data 

was required for. It also involved obtaining Caldicott approval within NHS Forth 

Valley  for the release of non -anonymised information. The requested extract was 

received on the 4 th  May as a compressed file , and after obtaining the correct 

extraction software it was accessed and transferred to the local NHS Forth Valley  

databases the 11 th  of May, hence this process from consultation to access took four 

months. Following this time, investigation and further c onsultation with ISD took 

place. It was identified due to data quality issues of one of the patient 

registrations used to obtain unique patient identifiers (UPIs) for the r equest that 

69 of the UPIs originally sent were incorrect, hence no data was found f or them 

in the obtained extract. Hence, after consultation and investigation from ISD, a 

request was made for the same data for these 69 patients, which was obtained the 

14th  of January 2019.  

An additional request was made for aggregate data for NHS Forth  Valley  of 

numbers of paid items by dispenser (community pharmacies, dispensing doctors 

etc.) and prescriber (GP, nurse, dentist etc .) as well as aggregate data for the 

percentage of paid items in NHS Forth Valley  without CHI numbers. The purpose 

of this r equest for aggregate data was to have a greater understanding of the 

sources and quality of data.  

The prescribing records obtained included  the number of paid items and the 

number of  British National Formulary (BNF) classes (paragraphs) covered by the 
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prescribed items (1,510,018 records). To reduce variation and the effect of 

exaggerated polypharmacy for patients with multiple medication under the same 

BNF class (paragraph), the average monthly number of BNF paragraphs was 

used as a proxy measure for multi morbidity, as repeated prescriptions of a drug 

may be more likely to relate to chronic conditions, and has been used by other 

researchers (Brilleman and Salisbury, 2013) .  

7.2.8.1 Information system ð PIS 

The national prescribing dataset held by ISD Scotland is kn own as the 

Prescribing Information System (PIS). PIS is  òone of the few nationwide 

databases which include routinely collected data on prescribed items and whether 

they were dispensed and reimbursed or not ó (Alvarez -Madrazo et al., 2016, 

p.715c). Before and after raw data are submitt ed for PIS they undergo 10 stages 

of quality checking and PIS has been used in multiple research publications 

(Alvarez -Madrazo et al., 2016) . PIS is not without its limitations with its main 

weaknesses described elsewhere (Alvarez -Madrazo et al., 2016) . 

7.2.8.2 Data quality issues 

Despite multiple quality checks, records without identifiers are still present in 

PIS, hence if there were any, these records would not be captured within the 

extract for the population of interest. Through the second request made to ISD  

prescribing , it was confirm ed that in NHS Forth Valley  unique patient  identifiers 

(UPI) were captured correctly for 96.18 % of paid prescription  items between 2015 -

17.  

Table 7.1 ð Proportion of UPI capture  among prescrib ing data  

Paid Year 2015 2016 2017 

Percentage of paid items with 
correctly captured UPI 

96.21% 96.10% 96.23% 

 

7.2.9 SPARRA scores 

The Scottish Patients at Risk of Admission and Readmission (SPARRA)  tool is a 

predictive algorithm developed in 2006 for identifying an individualõs risk of 

emergency hospitalisation within the next year (Mahmoud, 2016) . SPARRA is 

mainly used to for identifying cases or groups of patients at risk, for example 

patients  with complex care needs who may identify from intervention such as 
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anticipatory care (NHS National Services Scotland, 2012) . SPARRA scores range 

from 1 -99%, with a score of 40% or above generally regarded as an increased risk. 

The SPARRA model  has been reported to have a positive predicted value of 59.8% 

and a sensitivity of 10.5%  (Mahmoud, 2016) . The model was developed using 

logistic regression and considers a wide variety of patient -level  history , combining 

information about an individualõs hospital inpatient  admissions, community 

dispensed prescriptions, Emergency Department (ED) attendances , new 

outpatient  attendances and psychiatric inpatient admissions  in addition  (NHS 

Nationa l Services Scotland, 2012) . Hence, the SPARRA cohort includes patients 

who have these records, which covers about 67% of the Scottish population  (NHS 

National Services Scotland, 2012) . The SPARRA model cohort is divided into 

three groups, na mely ôFrail Elderly,õ ôLong Term Conditions,õ and ôYounger 

Emergency Departmentõ, each of which considers different additional factors in 

the predictive model. The ôFrail Elderlyõ cohort, which is the type of patient most 

relevant to this research, conside rs age, deprivation and prescriptions in specific 

British National Formulary (BNF)  chapters  as factors additional to patient -level 

history  (NHS National Services Scotland, 2012) .  

SPARRA scores are calculated monthly by ISD, at the end of each month, however 

the data used to calculate scores comes from pre -prediction periods up to the start 

(1st) of the month, to allow a four -week lag in hospital and prescribing records so 

that they are sufficiently complete. As an example. SPARRA scores for February 

2018 were calculated at the end of February 2018, using data up to the 31 st 

January 2018, and the result is said to be the SPARRA sco re òas at 1st February 

2018.ó The score represents the risk of emergency admission in the following 12 

months (i.e. from the 1 st February 2018 ð 31st January 2019).   

Similar to prescribing data, SPARRA scores are not routinely and locally held 

within NHS F orth Valleyõs Information Services, although access to query scores 

for living patients within Forth Valley is available. After initial queries  were 

made for these scores accessible by NHS Forth Valleyõs Information Services, it 

was identified that a reque st would need to be made with ISD SPARRA  team for 

a complete dataset of SPARRA scores for the study cohort, as the locally accessible 

database did not include scores for deceased patients.    

As with the prescribing request the process invo lved an initial c onsultation  with 

the ISD SPARRA team  (18th  July 2019 ) foll owed by a formal application (2 nd 
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August 2019  after obtaining  Caldicott approval within NHS Forth Valley  for the 

release of non-anonymised information. The formal application detailed  the 

variables required, the population (about 65,000 elderly patients in Forth Valley ) 

and timescale s the data was required for. The requested extract was received on 

the 24 th  of September 2019 and transferred to t he local NHS Forth Valley  

databases the same day, hence this process from consultation to access took  

roughly  three  months. The obtained data was reviewed and clarifications were 

made through consultation with the ISD SPARRA team.  

An update of the originally requested SPARRA data was required to match  the 

timeframes of the final study data. A new request following the same process of 

obtaining local Caldicott approval  (submitted 15 th  July 2020)  and submission of a 

formal application to the ISD SPARRA team upon local approval (3rd August 

2020) was made. The data update was obtained 11 th  August 2020.   

7.2.9.1 Data quality issues and resolution  

After a follow -up query about the received SPARRA data  regarding some missing 

scores for patients where scores were expected , it was identified that there had 

been an error made in the initial data query by the ISD SPARRA team meaning 

that some of the scores were incorrect. One of the issues was caused by a syntax 

typo and another issue was caused by UPIs changing over time for  a few patients, 

meaning they had missing scores for some months.  The issue was first highlighted 

to the ISD SPARRA team  on the 16th  April 2020 and after consultation, a correct 

extract was sent on the 25 th  May 2020 and analyses were re -run with the correc t 

extract.   

7.2.10 Additional patient demographics  

Some additional patient demographics were required for consideration as 

potential confounders or for any subgroup analysis required. In addition to 

patient registration records, some patient activity datasets re cord demographics. 

As briefly described in the preceding sections, some demographics were obtainable 

from the CHI and Deaths patient registration tables. Additional valuable 

demographics were available within other patient registration records, as these 

exist for most of the information systems previously described. The additional 

registration records used for demographics were the MiDIS community patient 

registration records and the TOPAS outpatient registration records. In addition, 
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patient activity datas ets recorded demographics, of which outpatient attendance 

data (SMR00), hospital inpatient stay data (SMR01) and community visit data 

(MiDIS) contained demographics of interest to this research. For demographic 

variables that can change over time, a script  was written in SQL that selected the 

most recent available information. The specific demographic variables and how 

they were collected will be described in more detail in the next  section.  

7.3 Derived data  

Two main data items were derived from the existing d ata described in the 

preceding section s. These were a measure of comorbidity, the Charlson 

comorbidity score, and a measure of frailty , the Hospital Frailty Risk Score 

(HFRS).  These were important measures considered likely to be potential 

confounders. Though they have some overlap and have prev iously been used 

interchangeably , i t is  now recognised in geriatric medicine that comorbidity and  

frailty are distinct presentations (Fried et al., 2004) . Díez-Villanueva et al. 

describe the distinction as follows:  òFrailty and comorbidity are clinical 

manifestations of two distinct aging -related processes, involving diminished 

functional reserve and accumulation of pathological processesó (2017, p.379). In 

addition the Charlson score and the HFRS have been found to be only weakly 

correlated (McAlister et al., 2020) .  

Both scores are based on the allocation of different weights to different  medical  

conditions  according to their prognostic ability , as defined by a specified algorithm  

that takes the sum of these weights to construct a prognostic score .  

7.3.1 The Charlson comorbidity score  

The Charlson comorbidity score  (Charlson et al., 1987)  (also known as the 

Charlson comorbidity index)  was developed as a prognostic tool for predicting  1-

year mortality , based on clinical conditions identified through hospital database 

or chart review (Sundararajan et al., 2004) . A weighted score is assigned to each 

of 17 comorbid conditions,  with  their  sum giving  the Charlson comorbidity  

summary  score (Sundararajan et al., 2004) . A score of zero indicates no 

comorbidities were identified, and higher scores indicate higher disease burden 

and higher mortality risk.  The comorbidities included in the C harlson  score are 

as follows (Sundararajan et al., 2004) : 
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¶ Acute myocardial infarction  

¶ Congestive heart failure  

¶ Peripheral vascular disease  

¶ Cerebral vascular accident  (stroke)  

¶ Dementia  

¶ Pulmonary d isease 

¶ Connective tissue disorder  

¶ Peptic ulcer disease  

¶ Liver disease and severe liver disease  

¶ Diabetes and diabetes complications  

¶ Paraplegia  (paralysis)  

¶ Renal disease 

¶ Cancer and metastatic cancer  

¶ HIV  

The Charlson score is widely used and validated within healthcare research 

(Sundararajan et al., 2004) . It can be generated by  identif ying  the above 

mentioned conditions through hospital r ecords or patient review, however it is 

frequently generated by identifying  the comorbid conditions through  the World 

Health Organisationõs (WHO) International Classification of Diseases (ICD) codes 

in hospital or patient records in electronic health care records. The ICD codes 

corresponding to the defined comorbidities have been specified in literature,  with 

coding algorithms  defined by Deyo et al. (Deyo, Cherkin and Ciol, 1992)  for the 

Ninth Revision of ICD (ICD -9) and by Quan et al. for the Tenth Revision (ICD -10) 

(Quan et al., 2005) .  

Given that ICD -10 codes were available in the SMR datasets previo usly 

mentioned, the Quan coding algorithm was used to identify the comorbidities for 

computing Charlson Scores. A readily available package exists within R 

statistical software (òicdó) for computing Charlson scores from ICD-10 codes using 

the Quan coding a lgorithm  (Wasey, 2018). This package was used to compute 

Charlson scores for the  65,188 patients  in the study cohort, based on ICD -10 codes 

recorded in SMR datasets in the five years prior to the introduction of ôCloser to 

Homeõ services. A five -year period of records for constructing Charlson scores has 

been used by other researchers  (Kavanagh et al., 2016) . A òbaselineó Charlson 

score was constructed for all patients in the study cohort, rather than capturing 
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scores over time, as the score measures comorbidity including long term 

conditions that are unlikely to change over the study time period.  

7.3.2 The Hospital Frailty Risk Score  

As with the Charlson score, the Hospital Frailty Risk Score (HFRS)  (Gilbert et 

al., 2018) is based on the identification and weighting of medical conditions. 

However, unlike the Charlson score, it has been developed solely for capturing 

these conditions from ICD -10 codes and its development is much more recent  

(2018). The HFRS was developed to me asure frailty using ICD -10 codes among 

older people in acute care settings. The ICD -10 codes included in the HFRS are 

frailty indicators and symptoms in the following categories: frailty (e.g. dementia, 

delirium, Alzheimerõs disease, cellulitis ), chronic heart problems, elective 

cataracts,   acute heart problems  and cancer and lung disease  (Gilbert et al., 

2018).  

The HFRS has been internally validated and was found to perform at least as well 

as other manual measures of frailty such as the Rockwood Fra ilty Index  at 

predicting hospital use and mortality  (Gilbert et al., 2018) . More recently , in the 

last two years since published,  it has been externally validated  by several studies  

(McAlister et al., 2020; McAlister and Van Walraven, 2019; Eckart et al., 2019; 

Shebeshi, Dolja -Gore and Byles, 2021) . The main advantage of the HFRS is that 

it provides a low -cost, systematic way to measure frailty  using routine data, as 

manual measures can be time -consuming and difficult to capture for large 

populations  (Gilbert et al., 2018) . 

A two -year period of records is recommended for constructing the HFRS (Gilbert 

et al., 2018) . Hence, th e HFRS was calculated for each patient on a monthly basis , 

to capture changes in frailty, as the frailty conditions captured in the HFRS are 

likely to change over time.  An R script was written to calculate these monthly 

scores based on the coding algorithm  detailed in Gilbert et al.õs supplementary 

appendix (Gilbert et al., 2018) . 

7.3.3 Limitations of derived data  

The use of the Charlson score and the HFRS in this research comes with the 

limitation of relying on ICD -10 codes for identification of the medical conditions 

and symptoms that form  the scores. Within the context of this research, the only 
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source of reliable and accurate ICD -10 diagnostic coding is found within the 

SMR01 inpatient hospitalisation dataset , as these codes are assigned by clinical 

coders who undergo specialty training to ensure the accuracy of such codes. This 

reliance means that the Charlson score and the HFRS can only be calculated for 

patients with SMR01  records (i.e. those who have had an inpatient 

hospitalisation).  This is an important limitatio n, as comorbidity and frailty will 

be unmeasured among patients without hospitalisations, however, the lack of 

measurement itself is a likely indicator of reduced comorbidity and frailty given 

the lack of hospitalisation  (Gilbert et al., 2018) . Hence, distinctions  were made for 

both the Charlson score and the HFRS between patients with no inpatient 

hospitalisation records in the relevant periods, and patients with a score of zero, 

whose ICD -10 codes were not within the medical conditions and symptoms 

comprising the  scores. This has been done by other researchers (Kavanagh et al., 

2016). 

In addition, the HFRS has been recently developed and although it has been 

validated  by several studies as previously mentioned, research is still ongoing, 

hence its use is not widely established as with the Charlson score. It is recognised 

that the HFRS as a measure of frailty is limited, as it cannot capture complex 

patient characterist ics important to frailty such as  dynamic functional states or  

caregiver factors , hence automatic assessment of frailty through ICD -10 codes 

cannot replace clinical assessment (Bruno et al., 2019; OõCaoimh et al., 2018). The 

use of HFRS been recommended as being òprimarily useful for estimating frailty 

prevalence for service -level planningó rather than being used to rationalise  

clinical assessment or for use in predicting clinical outcomes (OõCaoimh et al., 

2018). Given that the use of HFRS in the context of this research is for identifying 

distinguishing characteristics and identifying potential confounders, this 

limitation seems acceptable.    

7.4 Final m aster study datasets   

The first step towards developing an analytical dataset for the full population of 

over 65s in Forth Valley was to compile a list of their unique identifiers. These 

could then be linked to the required patient characteristic s for analysis. To 

compile this list, two main sources of data were used: the CHI table of living 

patients in Forth Valley and the Deaths table, as previously described. Both of 
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these tables are routinely updated, hence, due to their changing nature, a lis t of 

unique patient identifiers, found by combining these tables and setting a filter to 

select only patients aged over  65 by the time of data collection , was captured on 

the 20 th  of April, 2018 as the core list to be used as the cohort of elderly patients  

in Forth Valley and for compiling the population level analytical dataset. Prior to 

this, date, work was put into defining this dataset, and preliminary analyses were 

conducted, however, this date was set as the cut -off date for keeping the list of 

unique  patient identifiers static.  

This means that any patients who did not appear in neither the CHI or the Deaths 

tables as of the 20 th  of April, 2018, mainly due to having died, and not having 

appeared on the deaths register  yet (as previously described ), were excluded (50 

ECT patients, 111 ALFY mailing list patients). Information for these patients 

could have been recovered from the TOPAS outpatient or MiDIS community 

patient registration records, however, there is no indication on these databases of 

whether  these patients had been transferred from the health board, hence to 

ensure data quality and reduce uncertainty, these were excluded. The total 

number of patients in the final cohort including how they were identified is 

displayed in Table 7.2. 

Table 7.2 ð Total number of patients in full study population by their source location  

Source Number of patients in 
final study cohort 

CHI registry of patients registered with a GP in Forth 
Valley or with a Forth Valley postcode 

56,350 

Deaths registered in Forth Valley 8,680 

ECT patients in neither CHI nor deaths registries 72 

ALFY patients in neither CHI nor deaths registries 86 

Total patients in study population 65,188 

 

Having identified this study population, a master patient linkage dataset was 

developed including their key demographics and features to be used in analysis. 

Separately, master datasets were developed for other features such as time -

varying characteristics  and healthcare activity including outcome measures. The 

reader is strongly encouraged to refer back to Figure 7.3 for a visualisation of the 

complex lin kages involved in the development of the study datasets and for an 

overview of the final master datasets developed. However, these will be further 

described in Sectio ns 7.4.1 and 7.4.2. 
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7.4.1 Master patient linkage dataset  

The characteristics collected for each patient in the final analy tical dataset and 

how they were obtained from the source datasets are listed in  Table 7.3 below. In 

addition , an indicator for receipt of a ôCloser to Homeõ service (ECT, GP Fellows 

and ALFY in separa te columns) and a binary cohort indicator of whether the 

patient belongs to the control or the int ervention (any ôCloser to Homeõ service) 

population was added.  

Table 7.3 ð Final variables in master patient li nkage dataset used in analysis and how variables 
were obtained  

Source field Source location Transformation Final variable 

 
CHI number 

Patient registration 
dataset (CHI/Deaths) 

Search in pseudonymised 
lookup table after 
corrections 

 
Anonymous identifier 

Date of birth 
Patient registration dataset 
(CHI/Deaths) 

Subtract Date of birth from 
Date of data collection 

Age 

Gender 
Patient registration 
dataset (CHI/Deaths) 

Standardisation (e.g. Female 
to F) 

Gender (m, f, uknown) 

 
 

Postcode 

Main patient registration 
dataset (CHI/Deaths), where 
null most recent record in 
TOPAS/MiDIS patient 
registration datasets or 
SMR01records 

Search in lookup table for 
Datazone, Locality, HSC 
partnership and Health 
board name 

Datazone (2011 
version), Locality Name, 
HSC partnership, Health 
board name 

Search in lookup table for 
deprivation 

SIMD quintile and decile 
(2016 version) 

 
Address and 
Postcode 

Patient registration 
dataset (CHI/Deaths) for 
address, postcode as 
above 

Search address/postcode for 
names/postcodes of nursing 
homes in Forth Valley 

Care home resident 
(indicator, 1=yes, 
0=no)a 

Discharge 
location  

Hospitalisation records 
(SMR01) 

Indicator where discharge 
location indicates 
discharged to care home 
(code 25) 

Care home stay 
(indicator, 1=yes, 
0=no)a 

 

GP practice 
code 

Patient registration (CHI and 
where null, most recent 
record in TOPAS) 

Search in lookup table for 
GP practice health centre 
name (using GP practice 
postcode from Deaths and 
where null use GP practice 
code) 

 
 

GP practice name, GP 
Cluster 

 

GP practice 
postcode 

 

Deaths patient registration 

 

Date of death 
Patient registration 
(Deaths, where Deaths null 
TOPAS,where TOPAS also 
null MiIDS) 

 

None 
 

Date of death 

 
Location of 
death 

 
Deaths patient registration 

Standardisation (Care home, 
At home or non-institution, 
NHS hospital or Other) 

 
Location of death 

 

Ethnicity 

Most recent non-
null/non- unspecified 
from MiDIS, TOPAS 
patient registration 
datasets and hospitalisation 
(SMR01) records 

 

Standardisation (white, other, 
unknown, missing) 

 

Ethnicity (white, other, 
unknown, missing) 
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Marital status 

Most recent non-
null/non- unspecified 
from Deaths, MiDIS, 
TOPAS patient 
registration datasets and 
SMR01 records 

Standardisation (S=Single, 
M=Married / civil 
partnership, D=Divorced / 
separated, W=Widowed / 
surviving civil partner, missing) 

 
 

Marital status (S, M, D, W, 
missing)b 

 

 
Living alone 

Most recent record from 
MiDIS assessment forms and 
SMR01 discharge location 
codes 11-12 (Private 
Residence - living 
alone/living with relatives or 
friends) 

 

Standardisation (living 
alone=yes, no, missing) 

 
 

Living alone 
(indicator, 1=yes, 
0=no)b 

Smoking status 
Most recent MiDIS assessment 
forms record 

Standardisation (smoking 
status=yes, ex-smoker, no, 
missing) 

Smoking status 

Recorded fall 
Most recent MiDIS assessment 
forms record 

Indicator (0=no falls recorded, 
1=fall recorded) 

Ever fall (1=yes, 0=no) 

Community 
assessed 

¶ depression 
or emotional 
concerns 

¶ cognitive, 
orientation 
or memory 
problems 

¶ sight or 
hearing 
impairment 

¶ concerns 
with 
functional 
mobility 

¶ concerns 
with ability 
to feed 
themselves 

¶ continence 
issues 

Most recent MiDIS assessment 
forms record 

None Depression or emotional 
concerns (yes, no, missing) 

Cognitive, orientation or 
memory problems (yes, no, 
missing) 

Sight or hearing 
impairment (yes, no, 
missing) 

Mobility concerns (yes, no, 
missing) 

Feeding concerns (yes, no, 
missing) 

Continence issues (yes, no, 
missing) 

ICD-10 
diagnostic 
codes  

Hospitalisation records from 
past five years (SMR01) 

Algorithm identifying and 
scoring selected comorbid 
conditions to calculate 
Charlson score. Indicators for 
individual conditions as 
defined in the Charlson 
algorithm were also added 
(0=no, 1=yes).  

Charlson score, Charlson 
group (No ICD-10 codes, 0, 
1-2 (Mild), 3-4 (Moderate), 
5+ (Severe)) 

Comorbid conditions: 

¶ Myocardial or chronic 
heart failure (MI of 
CHF) (0=no, 1=yes) 

¶ Peripheral vascular 
disease (PVD) (0=no, 
1=yes) 

¶ Stroke (0=no, 1=yes) 

¶ Pulmonary disease 
(0=no, 1=yes) 

¶ Rheumatic condition 
(0=no, 1=yes) 

¶ Peptic ulcer disease 
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(PUD) (0=no, 1=yes) 

¶ Liver disease (0=no, 
1=yes) 

¶ Diabetes mellitus (DM) 
(0=no, 1=yes) 

¶ Renal condition (0=no, 
1=yes) 

¶ Dementia (0=no, 
1=yes) 

¶ Cancer (0=no, 1=yes) 

¶ Paralysis (0=no, 1=yes) 

a. Care home residency and care home stay were combined to develop a secondary variable indicating either a 
stay or residency in a care home 

b. Marital status and living alone were combined to develop a secondary variable, indicating if the patient has 
been recorded as living alone or not at any point, with not married being classified as living alone and 
married/cohabiting as not living alone due to missing values for the primary variable living alone. This reduced 
the missing values by 34.0%. 

7.4.2 Master linke d datasets  

The master patient linkage dataset was the backbone of the quantitative study 

design and analysis. It was then used to link time -variable characteristics, 

healthcare activity and outcome measures as required throughout the analysis. 

The final ma ster linked datasets are described in Table 7.4 

Table 7.4 ð Final master link ed dataset s used in analysis  

Source Master linked dataset Time frame 

 
SMR01 

 
Acute inpatient hospitalisation 
dataset 

01/01/2014-18/09/2019 

EDIS Emergency department attendance 
dataset 

01/01/2014-28/04/2019 

EDISON Delayed discharges dataset 03/01/2013-14/05/2018 

 

MiDIS 

Community episodes and 
community assessments dataset 

31/12/2013-17/10/2019 

MiDIS 
ECT episodes dataset 14/12/2015-03/12/2019 

eWard 
ALFY calls dataset 01/12/2015-31/08/2018 

ISD ς SPARRA  
SPARRA scores dataset 01/12/2014-01/04/2019 

ISD ς Prescribing 
(PIS) 

Paid community prescription 
items dataset 

01/01/2015-01/12/2017 

Derived from ICD-10 
codes in SMR01 
records 

Hospital Frailty Risk Score 
dataset 

01/01/2015-01/04/2019 

Note: See Sections 7.2 ς 7.3 for detailed descriptions of each of the source systems and datasets 

Abbreviations: SMR01=Scottish Morbidity Record of Inpatient Hospitalisations, EDIS=Emergency 
Department Information System, EDISON=Electronic Discharge Information System Online Nationally, 
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MiDIS=Multidisciplinary Information System, eWard=Electronic Ward Management System, 
ISD=Information Services Division, SPARRA=Scottish Patients at Risk of Readmission and Admission, 
PIS=Prescribing Information System, ICD-10=International Classification of Diseases (10th revision) 

7.5 Chapter summary  

This research was the first to make use of routinely collected, linked data 

describing the patient journey in NHS Forth Valley for the purpose of evaluating 

their ôCloser to Homeõ programme. Hence, research ready datasets were not 

readily available and  had to be compiled . Phase III of t his research was the 

construction of an analytical, research -ready dataset which could be used for the 

quantitative evaluation of the ôCloser to Homeõ services. The main aims of this 

phase were 1) to gain an in -depth understanding of the relevant datasets 

available and the linkages between them, 2) to identify any data quality issues 

and potential resolutions and 3) to construct an analytical dataset maximising 

use of available data pertaining to the general elderly population in Forth Valley.  

This chapter  has met these aims by documenting the relevant data sources, 

describing data quality issues and how these were resolved, describing the data 

linkages involved and describing how the analytical datasets were compiled. It 

should be highlighted that Phase II I was one of the most time -consuming and 

complex aspects of this research, requiring  a lengthy process of identifying data, 

conducting data quality checks, consulting with Information Services ( often due 

to lack of documentation) and conducting complex dat a linkage.  

This highlights one of the issues faced by services like ôCloser to Home,õ where 

evaluation has been commissioned far down the line of implementation and the 

design of research -ready or ôevaluation-readyõ datasets has not been considered at 

the outset. This chapter described how it was possible to use routinely collected  

electronic health record data to develop a dataset for analysis and evaluation of 

ôCloser to Homeõ. However, it was not without its challenges requiring complex 

data linkages, lengthy co nsultations and data quality checks. This chapter (and 

Phase III of this research) highlight the need for commissioners of evaluation to 

consider data collection processes early on (including data collection from existing 

systems), in order to identify the  suitability of existing systems and data for the 

purpose of evaluation. Commissioners are encouraged to prioritise the 

implementation of data collection processes that are fit for the purpose of 
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evaluation in order to reduce the resource -intensive process  of constructing 

evaluation datasets .  
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Chapter 8  Services Use and Activity  

8.1 Introduction  

Phase IV of this research involved a descriptive statistical analysis of the use and 

activity of the ôCloser to Homeõ services, using the research-ready datasets 

compiled in Phas e III. The aim was to gain some insi ght into the level of reach of 

the services, which serves towards understanding and documenting the context 

(part of the evaluation framework developed for this research described in 

Chapter 2 ). This chapter will present the results of the descriptive analysis 

including summary statistics such as monthly referrals and activity, service use 

over tim e, types of conditions treated and referral sources among other relevant 

figures.  

8.2 Enhanced Community Team  

The ECT service was operational from December 2015 and continues to be 

operational. For the purpose of summarising activity, d ata was obtained for 

episodes beginning between the 14th De cember 2015, when the first episode was 

recorded, and discharged by the 1st October 2019. There were 2 ,165 referrals to 

the ECT, which met the service criteria,  between these dates.  On average the 

service received 47 new referrals per month.  

Table 8.1 ð Summary statistics of monthly ECT referrals   

Statistic Mean SD Median Min Max 

Value 47.1 13.1 44.5 20 74 

 

ECT episodes recorded in their Multidisciplinary Information System ( MiDIS ) 

included those that may be classed as òfalseó episodes (i.e. episodes that did not 

truly begin for several reasons). These episodes were usually cases where the ECT 

service received a referral but when they  made an attempt to provide care , they 

could not do so for various reasons. These reasons include identifying that:  

¶ the referral was inappropriate (i.e. did not meet the service criteria) upon 

investigation by the team  

ω the patient had been admitted to the hospital prior to any involvement 

from ECT  
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ω the patient had been admitted to the hospital the same day the patient 

was referr ed before ECT completed any direct contact with the patient  

ω the patient had been transferred to another service, discipline or agency 

on the same day the patient was referred before ECT completed any direct 

contact with the patient  

ω a patient who was meant to be discharged from hospital and transferred 

to their care was not able to be discharged after all (failed facilitated 

discharge) 

ω the patient could not be contacted (non -att endance) 

ω the patient refused care (did not opt in)  

The total number of episodes by whether they were false or true episodes can be 

seen in Table 8.2 below. 

Table 8.2 ðFrequency of ôfalseõ ECT episodes by reason 

Episode Reason for false episode n 

False episode Admitted on referral date with no direct contact 6 

Admitted prior to ECT involvement 25 

Care transferred/no longer required on referral date with no direct 
contact 

11 

Deceased with no direct contact 10 

Did not opt in 6 

Failed Facilitated Discharge 28 

Inappropriate referral 59 

Non attendance 5 

True episode -  2015 

Total   2165 

 

The following figure displays the total number of ECT episodes by month, 

separating out òtrueó and òfalseó episodes. It appears that the number of false 

episodes was higher towards the beginning of the service which is aligned with 

potential implementation issues near the begi nning. Overall the peaks in activity 

roughly align with winter seasons, as expected.  
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Figure 8.1 ð Total number of ECT episodes by month  

 

From this point onward, only activity for òtrueó ECT episodes will be presented. 

This means activity for 150 episodes covering 147 patients will be excluded , 

leaving 2,015 true ECT episodes for 1,741 unique patients . The following table 

describes monthly activity for true ECT episodes.  

Table 8.3 ð Summary statistics of monthly true ECT episodes  

Statistic Mean SD Median Min Max 

Value 43.8 12.2 42 19 71 

 

Table 8.4 displays the frequency of recurrent ECT episodes. It was most common 

for patients to only receive one ECT episode, however a small proportion received 

two or more episodes during the observation period.  

Table 8.4 ð ECT patients by number of episodes per patient  

Number of ECT episodes Number of patients Percent 

1 1504 86.4% 

2 205 11.8% 

3 27 1.6% 

4 5 0.3% 

Total 1741 100.0% 
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About half of referrals to the ECT service came from the patientõs own GP. A wider 

range of referral sources covered the remaining half including discharge 

coordinators in hospitals or other GPs, which can be seen in Figure 8.2. 

Figure 8.2 ð Number of ECT episodes by referral source  

 

Patient locality was known for the vast majority of episodes (98.9%). While, a few 

patients were seen in areas outside Forth Valley (likely due to being registered 

with a Forth Valley GP despite being outside the area) (n=4), just under  half of 

episodes were for patients residing in the Falkirk area  (42.8%) and just over  half 

in the Stirling and Clackmannshire area  (57.2%). Figure 8.3 displays the 

distribution of episodes by locality. Episodes in the Stirling City locality accounted 

for a third of all episodes (34.3%).  
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Figure 8.3 ð ECT episodes by locality  

 

Each ECT episode is assigned a patient catego risation which gives a general idea 

of the type of patient the episode was for. About half of episodes were categorised 

under the ôunwell adultõ pathway, meaning a community-dwelling older patient 

who has become generally acutely unwell (49.7%). About a th ird of episodes were 

categorised as supporting a hospital discharge (29.0%), while the remainder were 

classified as ôacute disease management,õ specifically managing a chronic 

condition (13.1%), those suffering a fall (with no injury) (6.8%) and a small 

proportion were classified as requiring care provision in the home (1.8%) or ôotherõ 

(0.2%). Episodes by patient categorisation over time can be seen in Figure 8.4. It 

be seen that the ôacute disease managementõ pathway was created from July 2017, 

hence these will have been categorised as ôunwell adultõ prior to this date so 

cannot be distinguished.  
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Figure 8.4 ð Total ECT e pisodes by patient categorisation over time  

 

Table 8.5 displays the most frequent reasons for referral as recorded by ECT staff 

assessing the patients upon referral. A quarter of referrals indicated the 

facilitation of hospital discharge as the r eferral reason. The next most frequent 

reasons for referral were chest infection, urinary tract infection (UTI) and reduced 

mobility. These conditions help provide context for the types of patients and range 

of conditions that ECT treated.  

Table 8.5 ð List of observed ECT referral reasons ordered by frequency  

Referral reason Number of 
episodes 

Percent of total 
episodes 

Facilitate hospital discharge 489 24.3% 

Chest infection 261 13.0% 

UTI 239 11.9% 

Reduced mobility 236 11.7% 

Increased confusion 136 6.7% 

Fall 118 5.9% 

Increased falls 114 5.7% 

Support early discharge 108 5.4% 

Exacerbation of COPD 102 5.1% 

Delirium 96 4.8% 

Suspected UTI 92 4.6% 

Requires POC / Crisis Care 81 4.0% 

Increased shortness of breath 60 3.0% 

Other infection 58 2.9% 

Suspected chest infection 55 2.7% 
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Referral reason Number of 
episodes 

Percent of total 
episodes 

Worsening heart failure 49 2.4% 

Other 48 2.4% 

General deterioration 47 2.3% 

Back pain 42 2.1% 

Monitor bloods 33 1.6% 

Vomiting 33 1.6% 

Frail elderly 31 1.5% 

Other pain management 30 1.5% 

Diarrhoea 29 1.4% 

Cellulitis 28 1.4% 

Reduced fluid/food intake 28 1.4% 

Unable to mobilise 26 1.3% 

Dehydration 21 1.0% 

Fever/pyrexia 21 1.0% 

Dizziness/Lightheaded 19 0.9% 

Assessment (ECT/REACH) 18 0.9% 

Recent hospital admission 17 0.8% 

Support/monitor fracture 17 0.8% 

Nausea 16 0.8% 

Exacerbation of other chronic illness 15 0.7% 

Patient refusing/reluctant of hospital 
admission 

15 0.7% 

Acute Kidney Injury 13 0.6% 

Monitor Atrial Fibrillation 12 0.6% 

Pneumonia 11 0.5% 

Constipated 10 0.5% 

Cough 10 0.5% 

Gastroenteritis 10 0.5% 

Medications management 10 0.5% 

Swollen limbs 10 0.5% 

Unable to cope 10 0.5% 

Palliative patient 9 0.4% 

Decline in cognitive function 7 0.3% 

Suspected TIA or stroke 7 0.3% 

Carer stress 6 0.3% 

Sepsis 6 0.3% 

Continence care 5 0.2% 

Flu 5 0.2% 

Increased anxiety 5 0.2% 
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Referral reason Number of 
episodes 

Percent of total 
episodes 

Self-neglect 3 0.1% 

Depression 2 0.1% 

Episode of unresponsiveness 2 0.1% 

Falls risk 2 0.1% 

Suspected pneumonia 2 0.1% 

Tachycardia 2 0.1% 

Assessment (Equipment) 1 0.0% 

*ECT reason for referral was originally a free -text field. A standardised list of referral reasons was 
obtained through examination of the data and consultation with ECT members. Up to three referral 
reasons were extracted for each episode.  Note that given each episode could have up to three referral 
reasons, the numbers indicate the number of individual episodes where each reason was observed. 
The sum of these numbers does not equate to the total number of episodes, and the percentages are 
the percent out o f the total number of episodes hence do not add up.   

In order to better understand how these referral reasons interact, a chord diagram 

was created, displaying the frequency of referral reasons that appear together. 

The diagram can be seen in Figure 8.5. The diagram reveals, for example, that 

increased confusion, reduced mobility and delirium often present themselves 

alongside a UTI among ECT patients.  
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Figure 8.5 ð Chord diagram indicating frequency of referral reasons appearing together within 
episodes 

 

Note: This figure includes episodes with referral reasons that appear in conjunction with one or 
more other referral reasons. Episodes with only one referral reason are not included here. In 
addition, referral reasons appearing in conjunction with another referral reason for less than 5 
episodes are excluded from this figure, to improve readability. The width of each chord indicates the 
number of episodes where the two referral reasons appear together. Note that each chord appears 
twice within the diagram, as the chords are one-directional (e.g. width of chord from ôReduced 
mobilityõ to ôUTIõ is equal to the width of the chord from ôUTIõ to ôReduced mobilityõ). The figure runs 
clockwise, hence, each tick mark  indicates 20 episodes, as read clockwise.  

 

The ECT service conducted 25,876 contacts between the 14th December 2015 to 

the 31st October 2019. On average, the ECT service conducted 19 contacts every 

day, including both direct and indirect contacts. Direct contacts are those where 




















































































































































































































































































































































































































































































































































































































